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@’3&__ i oh ' W I L{ H -j’ | W 4 INTRODUCTION The slip distribution was constrained, through trial-and-error, to match available field
~ gj j:}e QL\‘_\ u.;;r 1 Hl ﬁ, I 1995, Congress directed the National Oceanic and Atmospheric Administration (NOAA) le:{stlltllatetg Ofg e‘rtltca%‘dlsi)lzfemf‘n ¢ ai ﬂf; ¢ 51tesd—\/$lk: II:O.m: (11:: 18- 11 ’ Iljoca;[}on 2’ +f E))’S
\ | L H 1 to develop a plan to prot ct the West Coast from tsunamis generated locally. A panel of equra lon q Olrﬁ (Fig. I, Loca llon " d 1“21) and West Point ( q 1%1' , Location 4, d_ o 11n).
i a=30 ; A representatives from NOAA, the Federal Emergency Management Agency (FEMA), the itov and others (in press) also modeled a M7.6 event, and the tsunami inundation values
g B . U.S. Geological Survey (USGS) and the five Pacific coast states wrote the plan and and patterns were essentially the same as for the M7:3 event. No doubt this is due to the fact
: - submitted it to Congress, which created the National Tsunami Hazard Mitigation Program that the deformation patterns and values were very similar for both events, since they were
\ i f T T (NTHMP) in October of 1996. The National Tsunami Hazard Mitigation Program is each constrained by field estimates at the three sites. Also, ‘the smaller ground dlsplacempnt
Lk s gl Bu 1 designed to reduce the impact of tsunamis through warning guidance, hazard assessment, Zoneilof the Mg; evlent formts a more concentrated tsunami source that compensates for its
[-.. \ T e __Rh y_ s ,é\ / . , : and mitigation. A key component of the hazard assessment for tsunamis is delineation of Smaller overall displacement. L. )
N / b 4 S . ] j / areas subject to tsunami inundation. This map is part of a series of tsunami inundation maps The computed tsunami inundation is shown on the map in three color-coded depth
| i : O P % t R produced by the Washington Department of Natural Resources, Division of Geology and ranges—0-0.5 m, 0.5-2'm, and greater than 2 m. These depth Tanges were chosen becau§e
i T f e ol =ik« e | Earth Resources, in cooperation with the Washington Emergency Management Division, as a they e.lre‘apprommat‘e!y knee-'hlgh or less, knee-high to head-high, and more thap head-high.
LL] I ’ - i Py N HEE LT » L— 4 contribution of the National Tsunami Hazard Mitigation Program (Walsh and others, The limit of tsunami inundation is the lapdward edge Qf the green zone. In previous maps,
ST 45) s 2003a,b; 2002a,b; 2000). These maps are produced using computer models of earthquake- we have shown only the edge of inundation, but for this map, much higher resolution
] Q N7 } = M generated tsunamis from nearby seismic sources. The modeling for this map was done by the bathymetric and topographic data were available. Figure 2 also shows current velocities in
‘ ! ™ | Center for the Tsunami Inundation Mapping Efforts (TIME) at NOAA's Pacific Marine two Zones—.less than or greater than 1.5 meters./se‘conq (~3 miles/hour), whlch.1.s the current
O Duwarmnish . k| Environmental Laboratory in Seattle for a scenario earthquake on the Seattle fault. speed at which it would be difficult to stand. Within this zone, computed velocities locally
p ead W A AN exceed 20 meters/second (~40 miles/hour). Computed wave heights in Elliott Bay were
) D 7 ¥ . X THE SEATTLE FAULT approximately 6 meters. Figure 3 shows a time progression of the wave across Elliott Bay at
D 4 AT : i \ . 30-second intervals. Note that because Harbor Island is uplifted by the earthquake, the
o :i A (it : FLOATING Geographic features now known to be associated with the Seattle fault have been noted for Duwamish Waterway initially drains rapidly before the wave reflects off the north side of the
4 4 y # i H g many years. Vancouver (1798) noted that the fault-uplifted bedrock wavecut platform at bay and then inundates the Harbor Island area.
/ ?SK'. # ‘A A ' - Restoration Point (Fig. 1, Location 1) on Bainbridge Island “did not possess that beautiful
Q, (.‘3:»_, 1 i variety of landscape, being an almost impenetrable wilderness of lofty trees” that LIMITATIONS OF THE MAP
7 ; "HH :4 - "_,"4_“ e characterized the rest of his explorations in Puget Sound. Kimball (1897) described the b fih i d d he initial def ) fh hauak
2R ) : 3 ' ' L R iR § A 53 Newecastle Hills (Fig. 1, Location 2), part of the hanging wall of the fault, as a “postglacial Be(;aus_e the nature of the tsunami depends on the initial deformation of the earthquake,
A,’ ki S AL ;"'_--"‘ i KR T, > eruption”. Dane$ and others (1965) interpreted the large gravity and magnetic anomalies which is poorly understood, the largest source of uncertainty is the input earthquake. The
1 Point Yo\ | ; Sl 1 TR through central Puget Sound and the associated abrupt change in the sedimentary section earthquake scenario used in this modeling was selected to honor the paleoseismic
- ﬁ--_.:[ “ AW, (s : \ TA : B thickness as an active fault with about 11 km of displacement. Rogers (1970) collected ;(I)lnstra&nts,dbu‘;lthe n2e())<(t)OSea}tltle faﬁllt earthcll}}ake may b}i substaptlagy.dlfferilnt fromhthzs%
; / ol ,.{JT (¥ Bﬂ_@“ i 2 additional gravity and magnetic data across the structure and named it the Seattle—-Bremerton 90(‘;“9030311 others ( 11) S "1?W t l?‘t an 1;p 1 bt i\i/'ent at estoratlonh 01Snt prle ?tullg i[l e A.D.
\ VT T b AU S ] \ (AN fault. Gower (1978) demonstrated that the uplift at Restoration Point (Fig. 1, Location 1) h B t te\l/)ent was sma eél threnc 1ng% 0 lts? S1 1211\Irylstructu(1iesti[lo t 6206(:)a2tt © da,u ttt t?lt ?rti
AT -' 2 B = 1R :h)l was Holocene in age and Bucknam and others (1992) showed that there was an uplift of 7 ought to be coseimic with the main fault trace (Nelson and others, ) indicate that there
T - : A | . meters produced on the fault about 1,000 years ago. were at least two earthquakes in the ISOQ years before the A.D. 9(?0—.930 event. These,
DY i [ QQ\: | | ¢ 2 b HH In 1996, the first of a series of lidar (Light Detection And Ranging) surveys was flown however, did not produce prominent uphf‘Fed Wwavecut platforms similar to the one made by
\ \ - 41 i *\\" = |3 _ b AL .{L SR over Bainbridge Island. This and subsequent lidar missions have enabled scientists to locate tﬁe ‘?1121 3.(;?—930 ev(;:nt, Sillggestipfg that s1gn1f1}c)ant easrthqléakes have occurred on the fault
2 4L SWUNAES Mo 2 | W : ][hl ::l splays of the fault in a number of places accurately enough to dig trenches (Bucknam and t atA a thl e‘ren“cffm ir;,la ‘frt}lp ! tstlintcglntra }1gt?t 01f11t1h. deling i .
haa H TH | A W 1_ = \Q_L 14 others, 1999; Nelson and others, 2002). Lidar mapping and trenching have enabled scientists no flr Slgﬁu tl)ca}rll mita 1011113 a ehr.esg ution ((’1 T E, mode bmg 15 O grea cr or more
¥ il K T '-. W;\ Sy s to accurately map the amount of uplift on the fault in some places. Also in 1996, the U.S. accurate than the bathymetric and topographic data used. This can be up to 50 meters
i) 188 nu$~ AN A T\t . Geological Survey began several large-scale geophysical studies. An aeromagnetic study of horl‘zontally, although high-resolution multibeam data (Cjardng:r and others, 2_001) 1S
o100 n =\ el N &J: LI X7 B the Puget Sound (Blakely and others, 1999, 2002) enabled more accurate location of the ava}[{aitlble fo(; II:IIIOtEBay and 2-1foc(1)t c}(l)nt_OIEr topogra;ghifl 1S ava%lab_lg for tge, CIt};Of Sdeattle.
OIO ,\’L s ' _ R ] - =AME fault along its entire length. Seismic reflection and tomographic studies, such as SHIPS high © ino "I?h n‘tnd Ois not 1r(;ct}(11 T the mn tuences 0 lc;fanges (11n t ‘fhs and 1s rte c;rret to mean
\ 1 . % = :F\_-.T—\'t . (Seismic Hazards Investigations in Puget Sound) and other geophysical studies in Puget 1gh wa erf chides igelanE | 1% ?t lgurret?ls can amplily (t).rdre uce the lénpicl 10 f atsurélaml
p 3 [/ X %k:*- - Sound have greatly increased the understanding of the fault characteristics at depth (Pratt gn a spe01hlc co]rjnmurln63; n N(I)OAA ay, the n(lleanhsprgl/g 1de range 1S abou | ce 111 ;:an
Q ;i_:: -y AN \ ) H and others, 1997; Johnson and others, 1999; Brocher and others, 2001; ten Brink and others, ¢ asznguczzo 5‘; aT(El't eet (h h"laC(}:lesse datl' ttp: Col;OpS.HO;Llrioaa. 1gov cq;iops. tml, .
(9?‘ 1 ) AN | \\ \ A (S p ;‘ 2002; Van Wagoner and others, 2002), although considerable uncertainties and controversy June 25, 200 )- This means that, while the modeling can be a usetul tool to guide evacuation
\‘&/ é(p P - ¥ L | - NS 3 remain. planning, it is not of sufficient resolution to be useful for land-use planning.
} b - { o / - A - There also is substantial evidence that earthquakes on the Seattle fault can generate
Williams 1 SeEE T <\ AN ‘ e tsunamis. Atwater and Moore (1992) showed that tsunamis inundated part of Whidbey ACKNOWLEDGMENTS
Point\\ | _ ! s - A\S 'lkl..f" Island (Fig. 1, Location 5) and West Point (Fig. 1, Location 4) about 1000 years ago, and This project was supported by the National Tsunami Hazards Mitigation Program (NTHMP)
N - - (O VT Jacoby and others (1992) showed that a tree in the tsunami deposit at West Point died in the in cooperation with the city of Seattle and the Washington Emergency Management
Fauntleroy SR =% > — \ T | same season of the same year as a drowned forest carried into Lake Washington by a huge
Cove | e L}_ o § % landslide from Mercer Island, strongly implicating the A.D. 900-930 event. A discontinuous
i E [ : m : it A | sand layer along Snohomish delta distributaries—Ebey Slough, Steamboat Slough, Union
i A\ R L)) 8 = ! ) Slough, and Snohomish River (Fig. 1, Location 6)—also probably was deposited by the
e Brace Pt \ e ak 1 ) W AT tsunami from the large A.D. 900-930 earthquake on the Seattle fault (Bourgeois and
o e\ || Z\ AN Johnson, 2001). REFERENCES CITED
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i BN | 9) [ LE_ 1\ ‘/99\‘.- o . +, f‘,\ Tsunami inundation shown on the map is based on a computer model of waves generated by
- ashon Island [ e\ o ﬁ_’g ;L\ i \; < \ WiHRSE the Seattle fault (Titov and others, in press). The model used is the finite difference model of
P%\;\ / h in Pt ad AN "_4‘ "E\ ' —a#\+ R As N S 4~ Titov and Synolakis (1998), also known as the Method of Splitting Tsunami (MOST) model
= e AL P A | TH B LI AR : N (Titov and Gonzélez, 1997). It uses a grid of topographic and bathymetric elevations and
calculates a wave elevation and velocity at each gridpoint at specified time intervals to
simulate the generation, propagation and inundation of tsunamis in the Elliot Bay area.
In this MOST model study, the tsunami is generated by a Seattle fault deformation model
that simulates the A.D. 900-930 event as a credible worst-case scenario of magnitude 7.3.
The magnitude was chosen to be consistent with the 2002 USGS update of the National
Seismic Hazard Maps (Frankel and others, 2002). Parameter values are based on Brocher
SCALE 1:50,000 and others (2001), Calvert and Fisher (2001), and ten Brink and others (2002).
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Figure 3. Freeze frames of animation of modeled tsunami at 30-second intervals (from left to right). The wave crest is colored pale blue. Note that because Harbor Island is uplifted by the earthquake, the Duwamish Waterway initially drains rapidly before the wave
reflects off the north side of the bay and then inundates the Harbor Island area.
The phenomenon we call “tsunami” (soo-NAH-mee) is a series of traveling
ocean waves of extremely long length generated by disturbances associated
B Newcastle primarily with earthquakes occurring below or near the ocean floor.
e Underwater volcanic eruptions and landslides can also generate tsunamis. In
the deep ocean, their length from wave crest to wave crest may be a hundred
miles or more but with a wave height of only a few feet or less. They cannot be
felt aboard ships nor can they be seen from the air in the open ocean. In deep
water, the waves may reach speeds exceeding 500 miles per hour.

— shoElhie Tsunamis are a threat to life and property to anyone living near the ocean. For
example, in 1992 and 1993 over 2,000 people were killed by tsunamis
occurring in Nicaragua, Indonesia and Japan. Property damage was nearly one
billion dollars. The 1960 Chile Earthquake generated a Pacific-wide tsunami

e medium high that caused widespread death and destruction in Chile, Hawaii, Japan and other
Current velocity: none <1.5m/s >1.5 m/s [TIMOTHY J. WALSH] areas in the Pacific. Large tsunamis have been known to rise over 100 feet,
i ) N ) / —"1{/ Zé while tsunamis 10 to 20 feet high can be very destructive and cause many
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{-30-03 From Tsunamis—The Great Waves
by the U.S. Department of Commerce,
I N c ASE O F E A RT H Q U AKE G 0 National Oceanic and Atmospheric Administration,
4 National Weather Service, Intergovernmental Oceanographic Commission,
Figure 1. (left) Map showing Seattle fault and associated ground deformation model used in this and International Tsunami Information Center
study.. Numbered Iocatiops are localities mentioned in_text. 1, Restoration Point; 2, Newcastle Hills; To H IG H G Ro U N D O R I N LAN D Accessed at http://www.nws.noaa.gov/om/brochures/tsunami.htm on 8/27/02
3, Alki Point; 4, West Point; 5, Cultus Bay; 6, Snohomish Delta.




