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Introduction
T he O reg on Departm ent of Geolog y and Mineral Indu stries (DO GAMI)
has been identifying  and m apping  the tsu nam i inu ndation hazard along
the O reg on coast since 1994. In O reg on, DO GAMI m anag es the National
T su nam i H azard Mitig ation P rog ram , which has been adm inistered by
the National O ceanic and Atm ospheric Adm inistration (NO AA) since
1995. DO GAMI’s work is desig ned to help cities, cou nties, and other sites
in coastal areas redu ce the potential for disastrou s tsu nam i-related
consequ ences by u nderstanding  and m itig ating  this g eolog ic hazard.
U sing  federal fu nding  awarded by NO AA, DO GAMI has dev eloped a new
g eneration of tsu nam i inu ndation m aps to help residents and v isitors
along  the entire O reg on coast prepare for the next Cascadia Su bdu ction
Zone (CSZ) earthqu ake and tsu nam i, as well as for far-trav elled, or
“distant” tsu nam is.

T he "Ring  of Fire", also called the Circu m -P acific belt, is the zone of
earthqu ake activ ity su rrou nding  the P acific O cean. It is an arc stretching
from  New Zealand, along  the eastern edg e of Asia, north across the
Aleu tian Islands of Alaska, and sou th along  the coast of North and Sou th
Am erica (Fig u re 1). T he Ring  of Fire is located at the borders of the
P acific P late and other m ajor tectonic plates. T he P acific P late is colliding
with and sliding  u nderneath other plates creating  su bdu ction zones that
ev entu ally release energ y in the form  of an earthqu ake ru ptu re. T his
ru ptu re cau ses a v ertical displacem ent of water that creates a tsu nam i.
W hen these ev ents occu r arou nd the Ring  of Fire bu t not directly off the
O reg on coast, they take m ore tim e to trav el the P acific O cean and arriv e
onshore in O reg on (Fig u re 2). Distant earthqu ake/tsu nam i ev ents hav e
affected the O reg on coast: for exam ple, offshore Alaska in 1964 and
offshore Japan in March 2011.

H istorically, abou t 28 distant tsu nam is hav e been docu m ented by
O reg on tide g au g es since 1854. T he m ost sev ere was g enerated by the
1964 M9.2 P rince W illiam  Sou nd earthqu ake in Alaska. O reg on was hit
hard by the tsu nam i, which killed fou r people and cau sed an estim ated
750,000 to 1 m illion dollars in dam ag e to bridg es, hou ses, cars, boats,
and sea walls. T he g reatest tsu nam i dam ag e in O reg on did not occu r
along  the ocean front as one m ig ht expect, bu t in the estu ary channels
located fu rther inland. O f the com m u nities affected, Seaside was
inu ndated by a 10 foot tsu nam i wav e and was the hardest hit. T su nam i
wav e heig hts reached 10 to 11.5 feet in the Nehalem  Riv er, 10 to 11.5
feet at Depoe Bay, 11.5 feet at Newport, 10 to 11 feet at Florence, 11 feet
at Reedsport, 11 feet at Brooking s, and 14 feet at Coos Bay (W itter and
others, 2011).

Alaska-Aleutian Model Specifications:  DO GAMI m odeled two distant
earthqu ake and tsu nam i scenarios inv olv ing  M9.2 earthqu akes
orig inating  near the Gu lf of Alaska. T he first scenario attem pts to
replicate the 1964 P rince W illiam  Sou nd ev ent, and the second scenario
represents a hypothetical m axim u m  ev ent. T his m axim u m  ev ent is the
sam e m odel u sed by the U .S. Geolog ical Su rv ey (U SGS) in their 2006
tsu nam i hazard assessm ent of Seaside (T P SW , 2006). T his m odel u ses
extrem e fau lt m odel param eters that resu lt in m axim u m  seafloor u plift,
nearly tw ice as larg e as in the 1964 earthqu ake. T he selected sou rce
location on the Aleu tian chain of islands also shows hig her energ y
directed toward the O reg on coast than other Alaskan sou rce locations.
For these reasons the hypothetical “Alaska Maxim u m ” scenario is
selected as the worst case distant tsu nam i scenario for O reg on. Detailed
inform ation on fau lt g eom etries, su bsidence, com pu ter m odels, and the
m ethodolog y u sed to create the tsu nam i scenarios presented on this
m ap can be fou nd in DO GAMI Special P aper 43 (W itter and others,
2011).

Map Explanation
T his tsu nam i inu ndation m ap displays the ou tpu t of com pu ter m odels
representing  the two selected tsu nam i scenarios: Alaska M9.2 (1964)
and the Alaska Maxim u m . All tsu nam i sim u lations were ru n assu m ing
that prev ailing  tide was static (no flow) and equ al to Mean H ig her H ig h
W ater (MH H W ) tide; MH H W  is defined as the av erag e heig ht of the
hig her hig h tides observ ed ov er an 18-year period at the Yaqu ina Bay
(Central Coast Model) tide g au g e. T he m ap leg end depicts the respectiv e
am ou nts of deform ation and the earthqu ake m ag nitu de for these two
scenarios. Fig u re 3 shows the cu m u lativ e nu m ber of bu ilding s
inu ndated w ithin the m ap area.

T he com pu ter sim u lation m odel ou tpu t is prov ided to DO GAMI as
m illions of points w ith v alu es that indicate whether the location of each
point is wet or dry. T hese points are conv erted to wet and dry contou r
lines that form  the extent of inu ndation. T he transition area between the
wet and dry contou r lines is term ed the W et/Dry Zone, which equ ates to
the am ou nt of error in the m odel when determ ining  the m axim u m
inu ndation for each scenario. O nly the Alaska Maxim u m  W et/Dry Zone
is show n on this m ap.

T his m ap also shows the reg u latory tsu nam i inu ndation line (O reg on
Rev ised Statu tes 455.446 and 455.447), com m only known as the Senate
Bill 379 line. Senate Bill 379 (1995) instru cted DO GAMI to establish the
area of expected tsu nam i inu ndation based on scientific ev idence and
tsu nam i m odeling  in order to prohibit the constru ction of new  essential
and special occu pancy stru ctu res in this tsu nam i inu ndation zone
(P riest, 1995).

Time Series Graphs and Wave Elevation Profiles: In addition to the
tsu nam i scenarios, the com pu ter m odel produ ces tim e series data for
“g au g e” locations in the area. T hese points are sim u lated g au g e stations
that record the tim e, in seconds, of the tsu nam i wav e arriv al and the
wav e heig ht observ ed. It is especially noteworthy that the g reatest wav e
heig ht and v elocity observ ed are not necessarily associated with the first
tsu nam i wav e to arriv e onshore. T herefore ev acu ees shou ld not assu m e
that the tsu nam i ev ent is ov er u ntil the proper au thorities hav e sou nded
the all-clear at the end of the ev acu ation. Fig u re 4 depicts the tsu nam i
wav es as they arriv e at a sim u lated g au g e station. Fig u re 5 depicts the
ov erall wav e heig ht and inu ndation extent for the two scenarios at the
profile locations shown on this m ap.
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Figure 2: T his im ag e depicts the
actu al initial tsu nam i arriv al tim es, in
hou rs, arou nd the P acific Rim  from
the 1964 P rince W illiam  Sou nd
earthqu ake. T his m ag nitu de 9.2
earthqu ake and resu lting  tsu nam i
cau sed 125 deaths and $311 m illion
in property loss, $84 m illion and 106
deaths in Alaska (NGDC/W DC). T he
tsu nam i dev astated m any tow ns along
the Gu lf of Alaska, left seriou s dam ag e
in British Colu m bia, H aw aii, and along
the w est coast of the U nited States,
and w as recorded on tide g au g es in
Cu ba and P u erto Rico.

Ring of Fire

Figure 1: T he “Ring  of Fire” is a zone
of activ e earthqu akes and v olcanoes
that ring s m u ch of the P acific O cean,
inclu ding  the O reg on coast. V olcanoes
and earthqu akes on this ring  are
cau sed by the m ov em ents of tectonic
plates. O ne type of m ov em ent is called
su bdu ction —  w hen thin, oceanic
plates, su ch as those that com pose the
rock beneath the P acific O cean, sink
beneath thicker, lig hter plates that
m ake u p continental plates.
Earthqu akes that occu r as a resu lt of
su bdu ction can trig g er tsu nam is.

Maximum Wave Elevation Profiles

Figure 5: T hese profiles depict the expected m axim u m  tsu nam i w av e elev ation for the tw o Alaska tsu nam i scenarios along  lines A-A' and B-B'. T he tsu nam i scenarios are m odeled to occu r at a static (no flow ) tide and equ al to the Mean H ig her H ig h W ater (MH H W ) hig h tide.

Figure 4: T his chart depicts the tsu nam i w av es as they arriv e at the selected reference point (sim u lated g au g e station). It show s the chang e in w av e heig hts for
the tw o Alaska tsu nam i scenarios ov er an 8-hou r period. W av e heig hts v ary throu g h tim e, and the first w av e w ill not necessarily be the larg est as w av es
interfere and reflect off local topog raphy and bathym etry. Any absence of data indicates periods for w hich tsu nam i inu ndation has not yet reached or has
receded from  the station location and dry land is exposed.

Estimated Tsunami Wave Height through Time for Simulated Gauge Station

Figure 3: T he table and chart show  the nu m ber of bu ilding s inu ndated for the Alaska M9.2 (1964) and the
Alaska Maxim u m  tsu nam i scenarios for cities and u nincorporated portions of the m ap.
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