FinalHazard Profile Earthquake

Earthquake
Frequency | 50+ yrs | 1050 yrs | 1-10 yrs | Annually
People | <1,000 | 1,00010,000 | 10,00850,000 | 50,000+
Economy | 1% GDP | 1-2% GDP 2-3% GDP 3%+ GDP
Environment | <10% 10-15% 15%20% 20%+
Property | <$100M | $100M$500M | $500M$1B | $1B+

Earthquake

Hazard scale] < Low to High >

Risk Level

1 Frequency According to Washington State Department of Natural Resources, over 1,000
earthquakes occur annually in the state. This is an average of approximately 3 eoagly
most go unfelt and do not cause damdgearger magnitude earthquakes, which result in
damage, occur less frequently in the state.

1 Peopleg The population affected in an earthquake depends on many variables like the
magnitude of the earthquake, thgopulation present in the areas of strongest shaking, the time
of day, the age of buildings affected, soil at the location, and many other factors. It is plausible
that an earthquake in the state could injure or kill anywhere between 0 and 10,000 or more
people.

1 Economyg The economy affected by an earthquake depends on variables similar to above and if
there is a large magnitude earthquake near the major Puget Sound ports in Olympia, Seattle,
Tacoma, and Everett could cause significant damagetoth8 a8 S O2y 2Ye o

1 Environment; The type of environmental impact or damage that occurs in the event of an
earthquake does not meet the minimum threshold of ten percent or more loss of a single
species or habitat.

1 Propertyc Statewide annualized loss estimatiesm HazusMH 2.1 indicate total losses over
$300,000 million. Property damage could bektess of $20 billion dollars in tegent of a
catastrophic
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Summary

The hazard, An earthquake is the sudden release of stored energy that produces a rapid displacement
on a fault and radiates seismic waves. Although over a thousand earthquakes are recorded in
Washington each year, only a few have shaking strong enough to be fedtdple. Infrequent large
earthquakes such as the 2001 Nisqually event produce very strong ground shaking. This strong shaking
causes damage directly to structures and a variety of secondary effects such as ground failure,
landslides, and liquefactioEarthquakes also have a high potential for causalities given their sudden
onset.

Previous occurrencesThe Washington coast and the greater Puget Sound Basin are most at risk
although damaging temblors have occurred east of the Cascades. The Pugéb&sinrhad damaging
earthquakes in 1909, 1939, 1946, 1949, 1965, and 2001. Eastern Washington had a large earthquake in
1872 near Lake Chelan and in 1936 near Walla Walla.

Probability of future eventsBecause of its location near the collision bourydaf two major tectonic

plates, Washington State is particularly vulnerable to a variety of earthquakes. FEMA has determined
that Washington State ranks second (behind only California) among states most susceptible to damaging
earthquakes in terms of ecomic loss. FEMA notes that a majority of the state is at risk to strong

shaking (on a scale of minimal to strong) with shaking magnitude generally decreasing from west to

east.

Jurisdictions at greatest riskCommunities in western Washington, particularly those in the Puget

Sound Basin and along the Pacific coast, are most at risk from earthquakes. Some counties in eastern
Washington (Chelan, Douglas, Grant, Kittitas, Yakima, Benton, Franklin, WallaWwb8aokane) are

also vulnerable.

Table 5.41 belowusesUnited States Geological Service data and Had#d40 model several scenarios
completed throughout the state.

WashingtonState Hazard Mitigation Plan May 2013
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Table5.4-1. The Washington State Earthquake Hazards Scenario Gatalo

s _ —— "::l:l“ (;wl m";";‘” Total Number of Y:'hl Number People c;‘:cmkl YI::::: Tr;::l::?;su wm: " le ! .
(M) (2PM) o 2” " Shelter Losses in |Millions of| Tons Per (© '=) o Potable Water
Damaged Damaged (Indivduais) [ Mions | Tons | Truckioad) ad (Day 1)
Boulder Creek Boulder Creek fault 88 o 15 7 1 0 & s106 002 800,000 0 0
Tanyon River - Price
[canyon RiverrPrice Lake) el 74 0 "7 511 2 @ 2 s719 012 4,760,000 106 1188
[oancaitiy Subducion CSZ Megathrust 90 288 7246 43,681 8788 18,385 11,630 511,904 ses | 227240000 2017 131,035
[Cascadia Subduction TSZ Magathrust -
- 83 £ 1.404 12233 1,940 2602 2452 s2.708 140 | 5920000 0 2058
Chelan Faut 72 o 3 ars " 3 2 s151 005 1,880,000 0 88
Cle Bl Waila
Ry 88 1 4 550 7% 138 10 s215 007 2,600,000 1518 1,088
Devils Min. Fault 70 3s 617 2845 764 880 1,107 $1.137 037 | 14720000 1,198 &m0
Covis Win Faul -
[evils Mountain - west E 74 6 1,088 4884 1430 197 1,448 51,806 0es | 25920000 10176 20897
Mite Hite Fault 88 52 743 2700 1354 1321 10m sas6 o4e | 19480000 1743 19,321
Labe Cneel Povmon. Littie River Fault 68 13 240 1612 407 480 283 518 019 7,680,000 9,005 44
[Mill Croek
s anpenish Ridge | ToPPeniah Ridge Fautt | 7.0 3 185 1678 297 287 325 s330 017 | ess0000 1,135 0,440
olympiaiNisqually N”"":'x‘"'"‘)'" G2l 43 37 1713 6,028 547 328 2015 $5.325 143 | 57,040000 0 45916
olympia Attershock Olympia Faut 57 1 o 388 2 242 138 s426 008 3,480,000 0 274
:‘““':"‘“"""" Saddle Mountans Faut| 7.4 ° 260 2520 832 405 308 $500 027 | 10,760,000 4382 1533
Tac Sen-TacInbaelely (92 72 " 3,404 8801 1123 6,480 381 $8.241 238 94,480,000 0 132577
km depth)
seattie Seattie Faut 72 1,049 18,628 20,004 9,082 31278 18,198 $10,068 742 | 20720000 | 208580 200,991
Southem Whidhey: Ut 74 a2 7,381 17.502 8258 13,648 8108 $10315 3s7 | 142000000 | 115230 188,457
lsiand Fault Zone
Biind Faur 55 o 4 £ 0 2 16 5361 004 1,560,000 o 0
st Hetens Zone S Hee Oslomd. || 775 o 25 118 1 10 7 s162 003 1,120,000 0 0
[Tacoma Tacoma Faut 70 328 5742 15,410 4457 11576 7.148 8,654 205 | 117.000000 | 87075 103,544

* Ground motions with peak horizontal ground acceleraton (PGA) exceeding 002 g
** Counties st in Washington State. Does not include losses due to tsunami

Sourcehttps://fortress.wa.gov/dnr/seismicscenarios/

WashingtonState Hazard Mitigation Plan
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The Hazard?®*4

An earthquake is the sudden release of stored energy that produces a rapid displacement on a fault and
radiatesseismic waves. Earthquakes in Washington, and throughout the world, occur predominantly
because of plate tectonicghe relative movement of plates of oceanic and continental rocks that make

up the rocky surface of the earth. Earthquakes can also dmmause of volcanic activity and other
geological processes. With plate tectonics, accumulated stress is released as a result of the rupture of
NEOla |f2y3 2LlJaAy3d FldAd LXFySa Ay (GKS 9 NIKQa
borders of the Earth's 10 tectonic plates (including the Juan De Fuca Plate impacting the Northwestern
United States. Faults are arbitrary mapped and can be viewed in Fige2eadlFigure 5-8. The

areas of greatest tectonic instability occur at the pegters of the slowly moving plates, as these

locations are subjected to the greatest strains from plates traveling in opposite directions and at
different speeds. Deformation along plate boundaries causes strain in the rock and the consequent
buildup of sored energy. When the builip stress exceeds the rocks' strength, a rupture occurs. The
rock on both sides of the fracture is snapped, releasing the stored energy and producing seismic waves,
generating an earthquake.

Figure5.4-2: Tectonic Plates dhe WorlcP
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Earthquakes are measured in terms of their magnitude and intensity. Magnitude (M) is a measure of

the total energy released by an earthquake, and intensity refers to the shaking an earthquake produces.
¢KS Yz2aid O02YY2y YI3IyAadadzRS WSy ENBIZREBES B KROKI RS OF £
seismologists from the amount of slip (movement) on the fault causing the earthquake and the area of

the fault surface that ruptures during the earthquake. Moment magnitudes are similar to the Richter
magnitude, which s used for many decades but has now been replaced by the moment magnitude.
Beginning in 2002, the USGS began using Moment Magnitude as the preferred measure of magnitude

for all USGS earthquakes greater than magnitude 3.5. This was primarily due @ottiieefRichtescale

has an upper bound, so large earthquakes were difficult to measure.

The magnitudes for the largest earthquakes recorded worldwide and in Washington are shodote
5.4-2 below.

Table5.4-2 Largest Recorded Earthquakes in therlf and Washingtoh®

Worldwide Magnitude Washington Magnitude
1960 Chile 9.5 1872 Chelan 6.8%
1964 Prince William Sound, Alaska 9.2 1949 Olympia 6.8
2004 Sumatra, Indonesia 9.1 2001 Nisqually 6.8
2011 Japan 9.0 1965 Tacoma 6.7
1952 Kamchatka, Russia 9.0 1939 Bremerton 6.2
2010 Chile 8.8 1936 Walla Walla 6.1
1906 Ecuador 8.8 1909 Friday Harbor 6.0

& Estimated magnitude.

WashingtonState Hazard Mitigation Plan May 2013
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In evaluating earthquakes, it is important to recognize that the earthquake moment magnitude scale is
not linear, but rather logarithmic. Each one step increase in magnitude, for example from M7 to M8,
corresponds to amcrease of about a factor of 30 in the amount of energy released by the earthquake,
because of the mathematics of the magnitude scale.

Thus, a M7 earthquake releases about 30 times more energy than a M6, while a M8 releases about 30
times more energy thma M7 and so on. Thus, a great M9 earthquake releases nearly 1,000 times more
energy than a large earthquake of M7 and nearly 30,000 times more energy than a M6 earthquake.

¢KS LlzofAO0 2F0Sy |aadzySa GKIFG GKS NBESNASND ARESD Y F¢TFKyF
GoA3d 2ySé¢ Aa GKS ad SIFENIKIdZa 1S YR avlffSNI SINIKI
However, this is true only in very general terms. Higher magnitude earthquakes do affect larger

geographic areas, with much more watwead damage than smaller magnitude earthquakes. However,

for a given site, the magnitude of an earthquakedsa good measure of the severity of the earthquake

at that site. Instead, severity cdie measured by ground shaking, or the intensity of thetlegmake.

For any earthquake, the intensity of ground shaking at a given site depends on four main factors:

9 Earthquake magnitude,

f 9FNIKIdzZ- 1S SLAOSYUSNE 6KAOK A& GKS t20FGA2y 2V

origin of an earthquake,

1 Earthguake depth, and

9 Soil or rock conditions at the site, which may amplify or deamplify earthquake ground motions
An earthquake will generally produce the strongest ground motions near the epicenter (the point on the
ground above where the earthquake initiat) with the intensity of ground motions diminishing with
increasing distance from the epicenter. The intensity of ground shaking at a given location depends on
the four factors listed aboveThus, for any given earthquake there will be contours of waryitensity
of ground shaking vs. distance from the epicenter. The intensity will generally decrease with distance
from the epicenter, and often in an irregular pattern, not simply in concentric circles. This irregularity is
caused by soil conditionhe complexity of earthquake fault rupture patterns, and possible
directionality in the dispersion of earthquake energy.

The amount of earthquake damage and the size of the geographic area affected generally increase with
earthquake magnitude:
1 Earthquakedelow about M5 are not likely to cause significant damage, even locally very near
the epicenter.
9 Earthquakes between about M5 and M6 are likely to cause moderate damage near the
epicenter.
1 Earthquakes of about M6.5 or greater (e.g., the 2001 Nisgealtthquake in Washington) can
cause major damage, with damage usually concentrated fairly near the epicenter.
9 Larger earthquakes of M7+ cause damage over increasingly wider geographic areas with the
potential for very high levels of damage near the eptee.
Great earthquakes with M8+ can cause major damage over wide geographic areas.
A megaquake M9 earthquake on the Cascadia Subduction Zone could affect the entire Pacific
Northwest from British Columbia, through Washington and Oregon, and astitir as
Northern California, with the highest levels of damage nearest the coast.

= =

WashingtonState Hazard Mitigation Plan May 2013
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There are many measures of the severity or intensity of earthquake ground motions. The Modified
Mercalli Intensity scale (MMI) was widely used beginning in the early 190BH.is a descriptive,
gualitative scale that relates severity of ground motions to the types of damage experienced. MMIs
range from | to XIl. More accurate, quantitative measures of the intensity of ground shaking have
largely replaced the MMI and thesee used in this mitigation plan.

Modern intensity scales use terms that can be physically measured with seismometers, such as the
acceleration, velocity, or displacement (movement) of the ground. The intensity of earthquake ground
motions may also be easured in spectral terms, as a function of the frequency of earthquake waves
propagating through the earth. In the same sense that sound waves contain a mix,ahloderate

and highfrequency sound waves, earthquake waves contain ground motions iofugairequencies.

The behavior of buildings and other structures depends substantially on the vibration frequencies of the
building or structure vs. the spectral (frequency) content of earthquake wakaghquake ground

motions also include both horiztad and vertical components.

A common physical measure of the intensity of earthquake ground shaking, and the one used in this
mitigation plan, is Peak Ground Acceleration (PGA). PGA is a measure of the intensity of shaking,
relative to the acceleratioof gravity (g). For example, an acceleration of 1.0 g PGA is an extremely
strong ground motion, which does occur near the epicenter of large earthquakes. With a vertical
acceleration of 1.0 g, objects are thrown into the air. With a horizontal accelarat 1.0 g, objects
accelerate sideways at the same rate as if they had been dropped from the ceiling. 10% g PGA means
that the ground acceleration is 10% that of gravity, and so on.

Damage levels experienced in an earthquake vary with the intensgyoahd shaking and with the
seismic capacity of structures. The following generalized observations provide qualitative statements
about the likely extent of damages for earthquakes with various levels of ground shaking (PGA) at a
given site:
1 Ground motims of only 1% g or 2% g are widely felt by people; hanging plants and lamps swing
strongly, but damage levels, if any, are usually very low.
9 Ground motions below about 10% g usually cause only slight damage.
1 Ground motions between about 10% g and 30ftay cause minor to moderate damage in
well-designed buildings, with higher levels of damage in more vulnerable builditdhis level
of ground shaking, some pootyilt buildings may be subject to collapse.
1 Ground motions above about 30% g may causefigigni damage in welllesigned buildings
and very high levels of damage (including collapse) in poorly designed buildings.
1 Ground motions above about 50% g may cause significant damage in most buildings, even those
designed to resist seismic forces.

Themaps on the following pages show contours of Peak Ground Acceleration (PGA) with 10% and 2%
chances of occurring over the next 50 yedBgcause the earthquake sources are not uniform, the
earthquake threat in Washington is also not uniform. Shenapsare created with data from the

United States Geological Survey (USG $hoduceuniform probabilistic seismic hazard maps for the
United States.The ground shaking values on the maps are expressed as a percentage of g, the
acceleration of gravity. For example, the 10% in 50 year PGA value means that over the next 50 years
there is a 10% probability of this level of ground shaking or higher.

WashingtonState Hazard Mitigation Plan May 2013
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In very qualitative terms, the 10% in 50 year ground motion represents a likely earthquake while the 2%
in 50 year ground motion represents a level of ground shaking close to but not the absolute worst case
scenario.

A very important caveat for interpretirthese maps is that the 2008 USGS seismic hazard maps show
the level of ground motions for rock sites. Ground motions on soil sites, especially soft soil sites will be
significantly higher than for rock sites. Thus, for earthquake hazard analysisvahaige it is essential

i2 AyOfdRS O2y&aARSNIGAZY 2F G(KS aAi5Qa a2Af O2yRA

Figureb.4-4 on the following page, the statewide 2% in 50 year ground motion map, is the best
statewide representation of the variation in the level of seismic hazard ishiigton with location:
1 The dark red, pink and orange areas have the highest levels of seismic hazard.
1 The tan, yellow and blue areas have intermediate levels of seismic hazard.
1 The bright green and pale green areas have the lowest levels of seismic.hazard

The highest hazard is along the Washington codisése areas are immediately above the Cascadia
subduction zondFigure 5.43). Moving inland, the contours bend inland around the greater Puget

Sound area from about the Columbia River; this bendirayiely due to the hazard from deep

earthquakes like the 2001 Nisqually earthquake. Generally, the effect of crustal faults is muted because
they are poorly defined; however, these earthquakes are the most damaging due to their proximity to

0 KS S fdde.KTWvé notatdeNeceptions are the bubble of higher hazard (red color) over the Seattle
fault and the southern Whidbey Island fault in Puget Sound. While most earthquakes occur in Western
Washington, earthquake hazards are significant east of the @asda about the Columbia River. The
green area to the west of the Columbia shows acceleration values comparable to those seen over
portions of western Washington in the Nisqually earthquake.

The detailed geographical patterns in the maps reflect thgimgrcontributions to seismic hazard from

earthquakes on the Cascadia Subduction Zone and crustal earthquakes within the North American Plate.

For example, the bands of dark red (high hazard) in the Puget Sound area sh¢iguréss.4-4 and
5.45refled areas with a moderately high earthquake hazard from Cascadia Subduction Zone
earthquakes combined with a high hazard from the most active crustal faults in the Puget Soud Area
the Seattle Fault System and the Southern Whidbey Island Fault.

The diffeences in geographic pattern between the 2% in 50 year maps and the 10% in 50 year maps
reflect different contributions from Cascadia Subduction Zone earthquakes and crustal earthquakes.

These maps are generated by including earthquakes from all kfenlts, taking into account the

expected magnitudes and frequencies of earthquakes for each fault. The maps also include
contributions from unknown faults, which are statistically possible anywhere in Washington. The
contributions from unknown faults ae y Of dzZRSR @Al al NBlF ¢ aSAaYvYAOAane
state.

The current scientific understanding of earthquakes is incapable of predicting exactly where and when
the next earthquake will occur. However, the long term probability of eardikgs is well enough
understood to make useful estimates of the probability of various levels of earthquake ground motions
at a given location.

WashingtonState Hazard Mitigation Plan May 2013
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The current consensus estimates for earthquake hazards in the United States are incorporated into the
2008 USGHational Seismic Hazard Maps. These maps are the basis of building code design
requirements for new construction, per the International Building Code adopted in Washington. The
earthquake ground motions used for building design are set at 2/3rds ofdthaé 50 years level of

ground motion.

Figure5.4-4 2008 USGS Seismic Hazard Map: Washington State PGA value (%g) with a 2% Chance of
Exceedance in 50 yeasource http://earthquake.usgs.gov/earthquakes/states/washington/hazards.php
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Figure5.4-5 2008 USGS Seismic Hazard Map: Washington State PGA value (%g) with a 10% Chance of
Exceedance in 50 years
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Figure5.4-6 Seismic Hazard Curve Example
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The ground motions shown in the previous figuregresent ground motions with the specified
probabilities of occurrence. At any given site, earthquakes may be experienced with ground motions

over the entire range of levels of ground shaking from just detectible with sensitive seismometers to
higher tha the 2% in 50 year ground motion.

The complete probabilistic picture of earthquake ground motions at a given site is shown in a seismic
hazard curve, which shows the annual probability of ground motions covering the full range of ground

motions(Figure 5.46). For any site, the annual probability always decreases with increasing level of
ground shaking (PGA).

However, as illustrated in the preceding figures, the levels of ground shaking vary markedly with
location in Washington.

May 2013
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Although overonethousandearthquakesoccurin Washington each year, most produce ground shaking
that is too small to be feltOccasionally large earthquakes produce very strong ground shakiigthis
strongshaking and its consequenceground failure, landslides, liquefactigrthat damages buildings
and structures and upsets the regional economy.

2 3KAYy3G2yQa SIFNIKIdzr 1 S K THe PadifcdNoriNgedt fs 8t @ donvergeat (G S O
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fault boundary between the continental North America plate and the oceanic Juan de Fuca plate that
lies offshore from northern California to southern BritiSblumbia The two plates are converging at a
rate of about 2 inches per yeail he interaction between these two plates creates a complicated system
of three distinct earthquake source zoneBhe earthquakes produced by each source zone are
responsibleor the earthquake hazards across Washington

The first source zone is the Cascadia Subduction Zone; the long fault boundary between the North
American and Juan de Fuca plate (Bagire 5.43 and Figure 5-4). This source zone produces great
earthquakes, similar to the 2004 Indonesian earthquake, about every 500 years. Most of the fault area
is offshore, so most of the ground shaking effects is expected in western Washington.

WashingtonState Hazard Mitigation Plan May 2013
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As the Juan de Fuca plate subducts (slides) beneath North America, thbgdate to bend more

steeply into the earth. The area near this bend is the second source zone, usually called the deep

(Benioff) zone. This is the most frequent source of damaging earthquakes for PugetaBduhd
source othe 2001Nisqually earthgeke(This fault can be seen seeFigure 5.43).
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Since 2000, geologists have discovered over 12 active crustal faults in Puget Somesy gablogic
assessments east of the Casc&imgendicate that the earthquake hazard in central and northeast
Washington maybgreater than previously thought. This is a topic of active research within the
scientific community(Crustal faults can be seén Figure 5.4.)

Figure5.4-7. Earthquake source zones for Washington with maximum earthquake magnitude and

estimated recurrence time.
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Understanding local earthquake hazards requires understanding of how each of the three source zones
will affectindividual localities West of the Cascaddountains all three source zones combine to

determine local hazardsEast of the Cascad@ountains will usually not beffected by ground shaking

from deep earthquakedue to the manner in which seismic waveave! greater distances, and,
therefore, most structures will likely show minimal effects from Cascadia ground shalmgever,

WashingtonState Hazard Mitigation Plan
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certain large structures in eastern Washington, such as dams and bridges, may be vulnerable to very
long period shking expectd from a Cascadearthquake Crustal(shallow)faults, which are closer to
the surfacearelocated throughouthe entire state and can produce intense, localized ground shaking

Although the probabilistic magin Figures.4-4 and Figure 58 arethe primary input to the

International Building Code and the code governing highway construction, it is sometimes useful to
considerthe effects from arindividualfault. ¢ KA & NBIlj dzA NS & O f OdzAf F GAy 3 GaRSGS
models For a determinist model, seismologists calculate the expected ground shaking babtdo
consider how often the earthquake may occdrey pick reasonable faulting parameters and generally
use a known fault The USGS, Washington Department of Natural Resources, andnigtashi
Emergency Managememtivisionproduced a series of 15 deterministic ground motion modé&kble

5.4-3) for selected shallow faultsleep earthquakesand the Cascadia subduction zogyain, hese
deterministic modelsgnore the likelihood of an edrquake occurring, but focus on the shaking
expected should such an event occivhile many of these scenario models are centered on known
faults, some events have been developed for research purpdsese of thesground motion models
called ShakeMapsre availablet http://earthquake.usgs.gov/eqcenter/shakemap/list.php?s=18&y=2009

Table 5.43: Deterministic Ground Motion Models (USGS ShakeMaps) for Selected Sources

Scenario Magnitude Basis Source zone
Boulder Creek 6.8 Trenching Crustal
Canyon RivePrice Lake 7.4 Trenching Crustal
Chelan 7.1 Scenario: Not on a known faul Crustal
Cle Elum 6.8 Scenario: Not on a known faul Crustal
Lake Creek fault 6.8 Trenching Crustal
Mill Creek (Toppenish Ridge) 7.1 Scenario weakly based on Crustal
trenching, known fault
Saddle Mountains (eastern WA) 7.35 Trenching Crustal
St.Helens Seismic zone 7.0 Seismicity Crustal
Seattle fault 6.7 Trenching, uplift Crustal
SouthernWhidbey Island fault 7.4 Trenching, uplift Crustal
Spokane 5.5 Seismicity, not on a known Crustal
fault
Tacoma 7.1 Trenching, uplift Crustal
Cascadia 9.0 Paleoseismology Subduction
Nisqually 7.2 Historical seismicity Deep
SeattleTacoma 7.2 Historical seismicity Deep

Generally, most of these ground motion models are considered well determifaadlts with estimates

based on trenching (and in some cases uplift of coastal features) have at least some known history of
movement Likewisethe models for the two deep events are very well constrained, in part because of
their familiar occurrence in Puget Sountihe parameters used to model Cascadia are well constrained,

! Additional information on ShakeMaps and their usability can be found in the Earthquake Loss Avoidance Study
(2013).
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but certain characteristics of the ground motion (such as durationrohgtshaking and the effect on

long or tall structures) are not modeledn some cases, such as Chelan, the historical record documents
a strong earthquake, but the actual fault and fault parameters are still not kndwie same is true for

the Spokane mdels Finally, the Mill Creek and Saddle Mountain scenarios are based on limited
trenching but the fault traces themselves are known.

The Tacoma fault scenario (Figird-8) is an example of these new deterministic map®r this map,
seismologists pked specific traces of the mapped fault to break during an earthqu#tith the fault

trace and the magnitude of 7.1, seismologists then estimated the length of the fault, the depth of the

fault, its orientation in the earth, how much the fault moves dalculate the ground motions The

ground motions attenuate as they move away from the source and then are usually amplified by local
3S2t23A0 aAGS O2yRAGA2Z2Yya lFa GKS aSaavyaod ¢l #Sa NBI
Figure5.4-8: Tacoma fault scenaridrhis is aleterministic model, as opposed to the probabilitiGA
seismichazard maps in Figut4-4 and 5.55. This map is for a single fault and does not represent the

entire earthquake hazard in nearby communities.

-- Earthquake Planning Scenario --
ShakeMap for Tacoma7.1 Scenario
Scenario Date: Thu Jun 4, 2009 12:00:00 GMT M 7.1 N47.41 W122.70 Depth: 0.0k
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Deepor Benioff Zone Earthquakes

Theseearthquakes occuwithin the subducting Jan de Fuca plate at depths of 15 to 60 milehough

the largest events typically occur at depthsabbut 25 to 40 milesThey may produce events with
magnitudes exceeding 9.®ntil recentlythe Olympiaquakein 1949was thought to be the largest of
these deep earthquakesThe USGS recalculated this event, changing the magnitude from the original
7.1 to 6.8, the same size as the 2001 Nisqually ev@ther significant Benioff zone events inclutie
magnitude 65 SeattleTacomaguakein 1965, the magnitud®.8 Satsopguakein 1999, and the
magnitude6.8 Nisquallyjuakeof 2001 Strong shaking during the 1949 Olympia earthquake lasted
about 20 seconds; during the 2001 Nisqually earthquatteng shaking lasteabout 15 to 20 seconds

The probability of future occurrender earthquakes similar to the 1965 magnitude 6.5 Seafdeoma
event and the 2001 magnitude 6.8 Nisqually evemtbisutonce every 35 yearsThe USGS has
estimated that there is an 84% chanafa magnitude 6.5 or greater deep earthquake over the next 50
years

Subduction Zone (Interplate) Earthqualeés

Theseearthquakes occur along the interface between tectonic platesientists have foundvedenceof
greatmagnitude earthquakes alongé Cascadia Subductionngé. These earthgakesarevery
powerful, with amagnitudeof 8 to 9 or greater, they haveoccutred at intervals ranging froras few as
about100 yeargo as long a4,100 years Thelast of the® great earthquakes struck Washingtion
1700 Scientists currentlgstimate thata magnitude 9 earthquake in the Cascadia Subduction Zone
occurs about one every 500 years

Subduction zone earthquakes are particularly dangerous in that they prcdrareg ground motions
and in nearly all cases, damaging tsunamibng the Washington coast, tled colors in Figur®.4-4
indicate that very strong shaking is anticipated thefeseismic wave loses energy as it propagates
through the earth (attenuatin). Along thePuget Sound Basin, tlggound shaking will be attenuated by
the greater distance from the source zone, but significant damage will reRaltbuildingsand long
bridges may be especially susceptible to lmegiod ground shaking producexh the subduction zone
Finally, the longperiod motionsof the seismic wavenay affectthe largedamstructures in eastern
Washingtonand can generatstanding waves ageiches in susceptible water bodiége reservoirs

Shallowor crustalEarthquake¥

Theseearthquakes occuk Y (0 K'S S WitNiiithe@per @axtibiihé North American plate (Figure

5.4-7). Crustal earthquakes are shallow earthquakes, typically within the upper 5 or 10 miles of the
SINIKQ&a adz2NFIF OS F yR &2 Y SAlthdighlthemNdseinumédouws exbdpleok (1 K S
moderate magnitude shallow earthquakes occurring in Washingtast of these eventsannotbe

directly related to an individual faultRecent examples western Washingtoare earthquakes near

Bremerton in 1997Duvallin 1996, off Maury Island in 1995, near Deming in 1990, near North Bend in
1945, just north of Poland in 1962, andt Elk Laken the St.Helens seismic zone (a fault zone running
north-northwest through MountSt.Helens) in 1981 These earthquakebad amagnitudeof 5 t0 5.5.

Thel872earthquakenear Lake Chelamasii K S anmbst widel teltshallowearthquake The
magnitude for this event has been estimated/ad. The 1936 magnitud6é.1earthquake near Walla
Walla wasalso ashallowevent Because of theiremote locatiors damage was lightom these two
quakes
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Of the three earthquakeairces, the shallow zone is the least understothtil 200Q geologistshad

not located a fault trace, where deformation breaks to the surface, anywhere in the Puget lowlands
Without knowing the location of fault traces, geologists were unable to aeiee how often faults
moved and how largéheir movements were. Therefore, they were unabdedetermine how often
theseeventsoccurred This has changed dramaticalyth the development otight Detection and
RangindLDAR), a technique that cayenerally penetrate forest canopy and vegetation to image the
actual ground surface with an unprecedented accuracy of approximately one foot (3Gemg 2000,
geologistshave documentedt least 12 major faults with recent motion in the Puget SoundoiregA
systematic assessment of earthquake hazards in eastern Washington started in 2008

The findings of ongoing research on surface faults (see bet@ay)lead to an assessment of greater
earthquake risk ipparts of Washington

Puget Lowlantf** 151617

Recenmgeologicstudiesk I @S ANBI Gf & SyKFyOSR & Oyabtyefalts 6 2 Q | 0Af A
particularly in the Puget Sound basidsing a combination of aeromagnetic surveys, higgolution

light detecting and rangindata (LiDAR)and geolgical field investigatiorstudies havelocumented

about adozenactivefaultsor fault zonesn the greaterPugetSound basirfFigure5.4-9). Field evidence

shows magnitude 7 or greater earthquakes occurred on at least eight of these fab#se faults

include:the Seattlefault, Tacomdault, DarringtonDevils Mountairfault, Utsalady Point faulSouthern
Whidbeylsland faulf Frigid Creek fault, Canyon River fault and the Lake Creek fault.

While irnvestigation continues on Pugebwlandfaultsin an effort to better define the recurrence and
magnitude scientists already have learned much about theflar example, gidence points to a

magnitude 7 or greater earthquake on the Seattelt about900 A.D Such evidence includes a
tsunamideposit in Puget Sound, landslides in Lake Washington, rockslides on nearby mountains, and a
sevenmeter uplift of a marine terrace.

An earthquake with such a magnitude today would cause tremendous damage and economic disruption
throughout the central Pugt Soundregion Usingestimates of damage and loss developedhe

scenario for a magnitude 6éventon the Seattk fault showed such guakewould result in extensive

or complete damage to more than 58,000 buildingth a loss of $36 billignmore than 55,000

displaced households, and up to 2,400 deaths and 800 injtgtpsring hospitalization Although losses
would likely be less from similar earthquakes on other Puget Sound faults away framoréhef the

Seattle urban area, all of the newly ilefd active faults represent the possibility of very high damage

loss of life, and major economiimpact

Séentists currently estimate thapproximate recurrence rate of a magnitude 6.5 or greater earthquake
on the Seattle Fault at about once evdr00 yearand for an earthquake of this magnitude anywhere
on a fault in the Puget Sound basin to be once in about 350 ysaveral known earthquake faults in

the Pugent Sound areas area shown below in Figur® 5.4
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Fgure5.4-9. Known earthquake astal faults in the greater Puget Sound area

The map shows the location of faulieder study by earth scientist@ctive faultsas determined by
documented evidence of Holocene surface deformation or surface rupi@bbreviated as:

BCF, Boulder Creek fault;
OIF, Outer Island
fault,

1 DDMEFX, Devils
Mountain-
Darrington fault
zone,

1 UPF, Utsalady Point
fault;

9 LCF, Lake Creek
fault,

1 SWIF, Southern
Whidbey Island
fault;

1 SFZ, Seattle fault
Zone;

1 TFZ, Tacoma fault
Zone;

1 SMFZ, Saddle
Mountain fault
Zone;

1 CREF, Canyon River

fault zone

1
T

Source: USGS and
Washington DNR

Fault zones and seismogenic fold zones in Washington which are known to be active of suspected of being
active by the Washington State DepartmeniNzftural Resources are shown in Figdrg10.
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