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REGIONAL TSUNAMI HAZARD ASSESSMENT FOR
COMMUNITIES ON THE KENAI PENINSULA, ALASKA

E.N. Suleimani,” D.J. Nicolsky," J.B. Salisbury,? and R.D. Koehler?

Abstract
We assess potential tsunami hazard for three coastal communities on the Kenai Peninsula,
Alaska: Anchor Point, Nanwalek, and Port Graham. The primary tsunami hazard for these
communities is considered to be near-field, with a major threat originating from tsunamigenic
earthquakes alongthe Alaska-Aleutian megathrust. We numerically model tsunamis generated
by three different megathrust earthquakes and two volcanic sources, analyze tsunami
wave dynamics, and develop approximate tsunami hazard maps for the communities. The
hypothetical tsunami scenarios that we examined simulate M,, 9.0 megathrust earthquakes
with a slip distribution in the 5-35 km (3-22 mi) depth range along the Alaska-Aleutian
megathrust, as well as tsunamigenic mass flows originating from Augustine Volcano. The
maximum runup heights are 12.2 m (40 ft) in Anchor Point, 14 m (46 ft) in Nanwalek, and
14.9 m (49 ft) in Port Graham. Results presented here are intended to provide guidance to
local emergency management agencies in initial tsunami inundation assessment, evacuation

planning, and public education for mitigation of future tsunami hazards.

INTRODUCTION

Tsunami hazards along Alaska’s Pacific coast-
line are high. Virtually all of Alaska’s southern and
southeastern coasts are defined by major offshore
fault systems. Unlike tsunamis that are caused by
distant earthquakes on the other side of the Pacific,
Alaska’s greatest tsunami hazards originate just
offshore and can inundate coastlines within an hour
of a causative earthquake. This reduces the time
available to respond and evacuate, and can produce
drastically higher wave heights than far-traveled
tsunamis. Because many Alaska communities hug
the shoreline (due to some combination of steep
mountains, dense forests, and/or reliance on the
open water for transportation), many Alaska
communities are within the tsunami inundation
zone and are at risk of rapid flooding. In addition
to earthquake-generated (i.e., tectonic) tsunamis,
mass movements of sediments down slopes (either

on land or in the ocean) can also generate tsunamis.
While rapid tsunami flooding is the immediate
concern after a large coastal earthquake, dangerous
near-shore ocean currents and permanent changes
to the local coastline are additional concerns.

The local, tectonic tsunami danger to commu-
nities in south-central Alaska comes primarily from
the Alaska-Aleutian subduction zone (fig. 1). This
subduction zone marks the boundary between the
Pacific plate to the south and the North American
plate to the north. Relative to the North American
plate, the Pacific Plate is moving northwest at approx-
imately 5-8 cm (2-3 inches) per year, colliding with
the North American plate and diving beneath it in
a process known as subduction. The latest sequence
of large megathrust earthquakes began in 1938 with
a M, 8.3 earthquake west of Kodiak Island (Esta-
brook and others, 1994). Four subsequent events,
the 1946 My, 8.6 Aleutian (Lopez and Okal, 2006),
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Figure 1. Map of south-central Alaska. The rupture areas of the 1938 and 1964 earthquakes are shown by pink-shaded

polygons. Black rectangle outlines the area shown in figure 2.

1957 My, 8.6 Andreanof Islands (Johnson and others,
1994), 1964 My, 9.2 Alaska (Kanamori, 1970), and
1965 My, 8.7 Rat Island (Wu and Kanamori, 1973)
earthquakes, ruptured almost the entire length of the
megathrust. Tsunamis generated by these great earth-
quakes reached Alaska coastal communities within
minutes and resulted in widespread damage and loss
of life (National Centers for Environmental Informa-
tion [NCEIL formerly known as National Geophys-
ical Data Center] Global Historical Tsunami Data-
base, doi.org/10.7289/V5PNI3H?).

The specifics of tsunami hazards are particular
to each community and vary considerably over large

regions. The shape of the coastline, local bathymetry,
and topography all affect tsunami impacts. More
importantly, however, is the earthquake source (the
location, size, and style) being considered and the
community’s location relative to that earthquake.

The impacts of future earthquakes and
tsunamis can be reduced if citizens, emergency
managers, and city planners take steps to mitigate
the hazards. This report is intended to support
hazard mitigation efforts by providing approximate
tsunami hazard estimates for three Kenai Peninsula
communities: Anchor Point, Nanwalek and Port
Graham (fig. 2). The scenario earthquakes, numer-
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ical tsunami models, and resulting maps are devel-
oped on a regional level and lack the precision of
studies that are fully tailored to individual commu-
nities (e.g., Nicolsky and others, 2013; Nicolsky and
others, 2014; Suleimani and others, 2013, 2015).
The current study does not include sensitivity tests
and is based on three scenario earthquakes and two
volcanic sources. Even so, the results provide a good
first approximation of tsunami hazard. The maps,
documentation, and available digital data provide
a foundation for public education, support the
development of evacuation procedures, and provide
insights intended to improve community resilience.

PROJECT BACKGROUND:
REGIONAL AND HISTORICAL
CONTEXT

Community Profiles

The following information is paraphrased
from the Alaska Community Database Online
provided by the Alaska Department of Commerce,
Community, and Economic Development,
Division of Community and Regional Affairs

(DCCED/DCRA, 2013).

Anchor Point (59°46’39”N, 151°46’13”W),
population 2,059, is located on the
Kenai Peninsula at the junction of the
Anchor River and its North Fork, 14
miles northwest of Homer at mile 156
of the Sterling Highway. In the summer
of 1778, Captain James Cook and crews
of the Resolution and Discovery sailed into
Cook Inlet looking for the Northwest
Passage and gave Anchor Point its
name after losing a kedge anchor to the
“awesome tidal currents.” A post office
was established in 1949, and the Sterling
Highway provides access to Anchorage.
The nearby community of Homer offers an
airport, state ferry access, and docking and
boat launching facilities.

Port Graham  (59°20°52”N,  151°50'W),
population 168, is at the southern end of

the Kenai Peninsula on the shore of Port

Graham. It is adjacent to Nanwalek, 7.5
miles southwest of Seldovia, and 28 air miles
from Homer. The earliest known settlers
were Russians from the nearby trading
post at Nanwalek. In 1850, the Russian-
American Company established a coal mine
at Port Graham, but it was not economical
and lasted only a few years. Port Graham
became the site of a cannery and wharf,
according to the U.S. Geological Survey, in
1909. In 1911, the Fidalgo Island Packing
Company established a cannery, and Aleuts
from Nanwalek moved to the community.
A post office operated between 1938 and
1961. The cannery burned in 1960. It was
rebuilt in 1968 by Whitney/Fidalgo and
was sold to the village corporation in 1983.
A pink salmon hatchery began operations
in 1991. In January 1998, the hatchery and
salmon processing plant were destroyed by
fire. The hatchery and processing plant were
rebuilt and re-opened in June 1999. The
cannery continues to be the main economic
activity in the community, employing
residents of Nanwalek as well. Port Graham
is a traditional Alutiiq village with a fishing
and subsistence lifestyle.

Nanwalek (59°21'13”N, 151°54’45”W), formerly
English Bay, population 275, is located at
the southern tip of the Kenai Peninsula,
southwest of Seldovia and east of Port
Graham. The village of Nanwalek was
originally the site of a Russian trading post
called Alexandrovsk. A Russian Orthodox
church was built in the community in
1870. In 1930, a replacement church was
constructed, and it is a designated national
historic site. In 1991, locals changed the
community name from English Bay to
Nanwalek, meaning “place by lagoon.” Many
of the current residents are of mixed Russian
and Sugpiaq (Alutiiq) lineage. Villagers
speak Sugtestun, a dialect of Eskimo similar
to Yup'ik. Nanwalek is a traditional Alutiiq
village. Subsistence activities are a large part
of the culture.
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Figure 2. Map of southern Cook Inlet, showing locations of coastal communities considered in this report.

Seismic and Tsunami History

The rate of plate convergence near the Kenai
Peninsula is approximately 56 mm (2.2 in) per
year (DeMets and others, 1990). The eastern
end of the megathrust has produced significant
tsunamigenic earthquakes in the past. On March
27, 1964, south-central Alaska was struck by the
largest earthquake ever recorded in North America.
This My, 9.2 megathrust earthquake (fig. 1) gener-
ated a destructive tsunami that caused fatalities and
great damage in Alaska, Hawaii, and the west coast
of the United States and Canada. The earthquake
ruptured an 800-km-long (-500-mi-long) section
of the Alaska-Aleutian megathrust, producing
vertical displacements over an area of about
285,000 km? (110,039 mi®) in south-central Alaska
(Plafker, 1969). The area of coseismic subsidence
included Kodiak Island, Kenai Peninsula, Cook

Inlet, and part of northern Prince William Sound

(hig. 1). The major zone of uplift was seaward of the
subsidence zone, in Prince William Sound and the
Gulf of Alaska (Plafker, 1969). Of the 131 fatalities
associated with this earthquake, 122 were caused
by tsunamis (Lander, 1996).

According to Lander (1996) and the Global
Historical Tsunami Database of the National Centers
for Environmental Information (NCEI), National
Oceanic & Atmospheric Administration (NOAA)
(doi.org/10.7289/V5PN93H7), Port Graham and

Nanwalek have been affected by historical tsunamis
(table 1).

METHODOLOGY AND DATA
Methodology

The regional tsunami hazard maps presented
here are the product of collaborative efforts
between state and federal agencies to assist coastal
communities in Alaska with tsunami hazard assess-
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Table 1. Tsunami effects at the Kenai Peninsula communities. Data from the National Centers for Environmental
Information (NCEI; formerly known as National Geophysical Data Center [NGDC]) Global Historical Tsunami Database
(doi.org/10.7289/V5PN93H7) and comments from Lander (1996).

o . . Maximum water
Date Magnitude (MW) Origin height (m) Comments
Port Graham

10/06/1883 Volcano Cook Inlet 9.1 Flooded homes and scattered
boats

03/28/1964 9.2 Gulf of Alaska 3.0

Nanwalek

The daily log of the Alaska
Commercial Company trading

10/06/1883 Volcano Cook Inlet 6 post in English Bay recorded
the arrival of 4 waves during the
eruption of Augustine Volcano.

ment. In recent years, similar tsunami hazard
studies have been published for other communities
(Nicolsky and others, 2011a; Nicolsky and others,
2013; Nicolsky and others, 2014; Suleimani and
others, 2010; Suleimani and others, 2013, 2015).
Because the currently available digital elevation
models (DEMs) for these southern Alaska commu-
nities are of insufficient quality for high-resolution
modeling, we follow the National Tsunami Hazard
Mitigation Program (NTHMP, 2010) guidelines
(nws.weather.gov/nthmp/publications.html)  for
determining tsunami hazard zones for areas that
have either low risk due to small population size
and minimal infrastructure vulnerability, or do not
have access to high-resolution tsunami inundation
maps. The tsunami hazard maps of the three Kenai
Peninsula communities are developed using the
methodology described in detail in Suleimani and
others (2018). In short, for the three scenario earth-
quakes and two volcanic scenarios, we modeled
water dynamics from source to community and
computed maximum tsunami wave heights using
the highest resolution grids available (see table 2).
Each model run covers 3 hours of post-earthquake
tsunami propagation to account for all waves in
the wave train, as well as secondary (reflected)
wave interactions. At every location throughout
the high-resolution grids, the maximum tsunami

height from any of the five scenarios is saved, and
we use these maximum values to generate a new,
“composite” map of maximum wave heights that
can be expected from the earthquake scenarios.

Computational Grids and Data
Sources

To develop a regional tsunami hazard map we
use a series of nested computational grids. A nested
grid allows for higher resolution in areas where it
is needed without expending computer resources
in areas where it is not. The bathymetric and topo-
graphic relief in each nested grid is based on DEMs
developed at the NCEIL The extent of each grid
used in this mapping project is shown in figure
3 and listed in table 2. The coarsest grid, with
2-arc-minute (approximately 2 km [1.2 mi]) resolu-
tion, spans the central and northern Pacific Ocean.
The bathymetric data for the 2-arc-minute-resolu-
tion grid is extracted from the ETOPO2 dataset
(NGDC, 20006, doi.org/10.7289/V5]1012Q)). We
use two intermediate grids between the coarsest-
and highest-resolution grids (table 2). The first
intermediate grid of 24 arc-second resolution (level
1) was developed to accommodate the current
tsunami mapping project for the Kenai Penin-
sula as well as other tsunami mapping efforts for
communities located on Kodiak Island and around
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Table 2. Nested grids used to compute propagation of tsunami waves generated in the Pacific Ocean to the communi-
ties on the Kenai Peninsula. The fine-resolution grid is used to compute the inundation. Note that the grid resolution in
meters is not uniform and is used to illustrate grid fineness in the Cook Inlet region. The first dimension is the longitudinal

grid resolution; the second is the latitudinal resolution.

Resolution
. West-East South-North
Grid name . .
Meters (near boundaries boundaries
Arc-seconds .
Anchor Point)
. 120°00' E - 10°00' N -
Level 0, Northern Pacific 120 x 120 ~ 2,015 x 3,700 100°00" W 65°00 N
156°00" W - 55°00" N -
Level 1, South-central Alaska 24 x 24 ~ 403 x 740 145°00' W 62°00' N
Level 2, Coarse resolution, Augustine ~ 154°18'10" W - 58°56'28" N -
Island 8x8 =135 x 247 152°52'09"W | 59°48'01" N
Level 2, Coarse resolution, Kenai _ 152°27'46" W - 58°48'27" N -
Peninsula 8x8 =135 x 247 150°09'20" W | 60°00'34" N
Level 3, Fine resolution, Augustine _ 153°39'37" W - 59°11'43" N -
Island 8/3 x 8/3 =45 x 82 153°0510" W | 59°3027" N
. . . . 152°09'08" W - | 59°04'16" N -
Level 3, Fine resolution, Kenai Peninsula | 8/3 x 8/3 ~ 45 x 82 150°51'41" W 59°952'14" N

Prince William Sound. The data sources and meth-
odology used to develop the 24-arc-second DEMs
are described in detail by Lim and others (2011).
The 8- and 8/3-arc-second DEMs were devel-
oped by the NCEI in the scope of NTHMP by
resampling datasets used to produce the southern
Alaska 24-arc-second coastal relief model and the
Kachemak Bay 1-arc-second DEM at the appro-
priate resolution (Jason Caldwell, oral comm.).

The spatial resolution of the fine-resolution
grid cells, about 45 x 82 m (147 x 269 ft), satisfies
NOAA’s minimum recommended requirements for
estimation of the tsunami hazard zone NTHMP,
2010); however, no DEM verification efforts were
conducted to reduce uncertainties in the high-reso-
lution (level 3) grid of the Kenai Peninsula. There-
fore, in this report we do not perform high-reso-
lution runup modeling, but provide an estimation
of the tsunami hazard zone by extrapolating the
maximum composite tsunami wave height on
land according to the tsunami scenarios described
below. We account for uncertainties inherent to

this method by applying a safety factor of 1.3 to
the estimated hazard zone.

Tsunami Sources
Tectonic Sources

In this project we use a deterministic approach
to develop potential tsunami sources, which is
distinctly different from the probabilistic tsunami
hazard analyses used in projects with different objec-
tives, such as land-use planning or insurance esti-
mates (Geist and Parsons, 2006). Alaska tsunami
hazard maps are produced on the basis of significant
credible tsunami scenarios for a given segment of
the coastline. Although we do not explicitly develop
worst-case credible tsunami scenarios for the Kenai
Peninsula, we use the same underlying assumptions
and results regarding the maximum considered
earthquake scenarios for other locations along the
Alaska-Aleutian subduction zone.

In this regional tsunami hazard assessment we
consider three characteristic tsunamigenic earth-
quake scenarios (e.g., Suleimani and others, 2018)
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Figure 3. Nesting of the bathymetry/topography grids for numerical modeling of tsunami propagation and runup. The
coarsest grid, level 0, covers the central and northern Pacific Ocean. The location of each embedded grid is marked by

a red rectangle. Refer to table 2 for grid parameters.

and two volcano-generated tsunamis. The poten-
tial megathrust ruptures have a uniform slip distri-
bution along strike, but differ in the downdip slip
distribution pattern such that the depth range at

which the maximum slip occurs varies from the
shallow region close to the trench to the deeper parts
of the plate interface. All ruptures have the same
lateral extent, which is determined by the location of
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communities and constrained by maximum seismic
moment. Refer to Suleimani and others (2018) for a
description of the scenario development and for the
proposed slip distributions.

The five tsunami scenarios for the Kenai
Peninsula communities are outlined below. The

vertical coseismic deformations for scenarios 1, 2,
and 3 are shown in figure 4, and the initial tsunami
wave heights corresponding to scenarios 4 and 5 are
presented in figure 5. The main rupture parameters
are listed in table 3, and the amount of permanent
subsidence for each community is given in table 4.

Scenario 1. M, 9.0
earthquake: SAFRR-type
event.

Scenario 2. M, 9.0
earthquake: maximum slip at
15-25 km (9-15 mi) depth.

Scenario 3. M,, 9.0
earthquake: maximum slip at
25-35 km (15-21 mi) depth.

A hypothetical M,, 9.0 earthquake rupturing the Alaska-
Aleutian megathrust. During the 2011 Tohoku, Japan,
earthquake a large amount of slip occurred between the
subducting and overriding plates near the Japan trench (Fujii
and others, 2011; Shao and others, 2011). The USGS Science
Application for Risk Reduction (SAFRR) project, in collaboration
with NOAA and State of California agencies, has developed
a plausible hypothetical tsunami scenario (Kirby and others,
2013) to describe the impacts of a tsunami generated by an
earthquake in the Alaska Peninsula region (Ross and others,
2013). Here we assume that the slip distribution in the downdip
direction is the same as thatin the SAFRR source, where greater
slip occurs closer to the trench. The slip is distributed almost
uniformly along strike except for the edges of the rupture,
where ittapers. The maximum slip of 46 m (151 ft) is ata depth
of 5-15 km (3-9 mi). Vertical coseismic deformations for this
scenario are shown in figure 4A.

A hypothetical M, 9.0 earthquake rupturing the Alaska-
Aleutian megathrust. The slip is distributed almost uniformly
along strike, except for the edges of the rupture, where it
tapers. The maximum slip of 35 m (115 ft) is at a depth of
15-25 km (9-15 mi). Vertical coseismic deformations for this
scenario are shown in figure 4B.

A hypothetical M, 9.0 earthquake rupturing the Alaska-
Aleutian megathrust. The slip is distributed almost uniformly
along strike except for the edges of the rupture, where it
tapers. The maximum slip of 35 m (115 ft) is at a depth of
25-35 km (15-22 mi). Vertical coseismic deformations for this
scenario are shown in figure 4C.
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Volcanic Sources

In addition to tectonic tsunamis, we consider
tsunami waves that could be generated by volcanic
mass flows from Augustine Volcano, located on
the west side of Cook Inlet (fig. 2). Augustine
Volcano is the most historically active volcano in
this region, and in the past several million years
has produced numerous debris avalanches that
reached the sea. Deposits of these debris avalanches
are present along all flanks of Augustine Volcano
(Begét and Kienle, 1992; Waitt and others, 1996).
The 1883 eruption resulted in a large debris
avalanche that left deposits at Burr Point along
the north coast of Augustine Island (fig. 5). The
sudden displacement of sea water from the impact
of the 1883 debris avalanche apparently triggered a
tsunami that was recorded at the village of Alexan-
drovsk, now Nanwalek (Kienle and others, 1987).
Waythomas and others (2006) developed a model
of a gravity-driven subaerial mass flow to evaluate
the Burr Point debris avalanche and its motion
down Augustine Volcano to the shoreline, where
it entered the water. They estimated the volume
of the Burr Point avalanche deposit at about 8.8
x 107 m?, and the width at the shoreline at about
5 km. We use parameters derived by Waythomas
and others (20006) for initial tsunami amplitude
and wavelength to make two hypothetical tsunami
sources that enter the sea from the eastern and the
northeastern flanks of the volcano. Each of these
hypothetical debris flows has a volume of 1.25 x
10® m?, and the maximum initial wave height they
produce is 20 meters. Wave heights are limited by
the shallow water depth around Augustine Island
within the run-out zone of typical Augustine debris
avalanches (Waythomas and others, 2000).

Figure 4. Vertical coseismic deformations corre-
sponding to tectonic scenarios 1-3. Blue areas are
associated with coseismic ground subsidence;
areas of uplift are shown in red.
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Scenario 4. East-directed A hypothetical mass flow from the eastern flank of Augustine

mass flow from Augustine Volcano. The initial displacement of the sea surface for this

Volcano. scenario is shown in figure 5A.
Scenario 5. Northeast- A hypothetical mass flow from the north-eastern flank of Au-
directed mass flow from gustine Volcano. The initial displacement of the sea surface
Augustine Volcano. for this scenario is shown in figure 5B.
A Scenario 4: East-directed mass flow from Augustine Volcano Scenario 5: Northeast-directed mass flow from Augustine Volcano

1883 Burr Point
debris ayalanche

Wave height

—‘ZOm

59°25'N

Augustine Is.

59°20'N

153°30'W

163°20'W

163°10'W

1883 Burr Point
debris avalanche

Wave height

—‘20 m

59°25'N

>

ugustine Is.

59°20'N

153°30'W

153°20'W

153°10'W

Figure 5. Initial tsunami wave heights for volcanic scenarios 4 and 5, the east- and northeast-directed mass flows from
Augustine Volcano.

Table 3. Significant credible tectonic tsunami sources for the Kenai Peninsula communities.

25-35 km (15.5-
21.7 mi) depth

5 5 Maximum .
D Maximum slip . . . Maximum
. epth range, Maximum slip, regional . .
Scenarios . depth range, a regional uplift,
km (mi) . m (ft) subsidence,
km (mi) m (ft)
m (ft)
M,, 9.0
earthquake:
1 | SAFRR-type event, 8-54 (5-33) 11-14 (7-8.5) | 55-65(180-213) -3.6(-11.8) 10.6 (34.8)
slip near the
trench
M,, 9.0
earthquake:
2 | Maximum slip at 5-35(3-21.7) | 15-25(9.3-15.5) | 34-35(111-115) -8.6(-28.2) 8.9(29.2)
15-25 km (9.3-
15.5 mi) depth
M,, 9.0
earthquake:
3 | Maximum slip at 14-45 (8-26) 25-35(15.5-21.7) | 34-35(111-115) -9.6(-31.5) 12.0(39.4)
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Table 4. Summary of tsunami modeling results for the Kenai Peninsula communities. "Actual subsidence” is the subsid-

ence that the model shows for the community, which may be (significantly) less than the maximum expected subsidence

across the entire region for that same earthquake scenario. Maximum assumed runup height is the maximum composed

tsunami height multiplied by the safety factor of 1.3.

Maximum Maximum Actual Composite
. composite assumed subsidence in postt Tsunami Calculated
Community . - " tsunami . .
tsunami runup height, | communities, height hazard map time series
height, m (ft) m (ft) m (ft) 9
Anchor Point 9.4 (30.8) 12.2 (40) -4.6 (-15.0) Figure 8 Map sheet 1 Figure 11A
Nanwalek 10.8 (35.4) 14 (46) -7.3(-23.9) Figure 9 Map sheet 2 Figure 11B
Port Graham 11.5(37.7) 14.9 (49) -7.2(-23.6) Figure 10 Map sheet 3 Figure 11C

Numerical Model of Tsunami
Propagation and Runup

The numerical model currently used by the
Alaska Earthquake Center (AEC) for tsunami inun-
dation mapping is a nonlinear, flux-formulated,
shallow-water model (Nicolsky and others, 2011b)
that has been validated (NTHME, 2012) through
a set of analytical benchmarks and tested against
laboratory and field data (Synolakis and others,
2007). The application of the model to tsunami
inundation mapping of Alaska coastal communi-
ties, including its assumptions and limitations, is
described in a number of previous tsunami reports
(for example, Suleimani and others, 2010, 2013,
2015; Nicolsky and others, 2011a, 2013, 2014). In
this study, we conduct all model runs using bathy-
metric data that correspond to the Mean Higher
High Water (MHHW) tide level in the Kenai

Peninsula communities.

For each tsunami scenario, we first calculate
the maximum tsunami wave heights in the high-
est-resolution grid over the course of the entire
model run in the following way: at each grid
point, the tsunami wave height is computed at
every time step during the tsunami propagation
time, and the maximum value is kept. Then we
compute the composite maximum wave height
from all considered scenarios by again choosing
the maximum value for each grid point among all
scenarios, and plot the results.

MODELING RESULTS

Figure 6 shows the maximum tsunami heights
for scenarios 1-3 in the Kenai Peninsula level 3
grid. For the modeled tectonic sources, scenario
1 produces the smallest amplitudes in Kachemak
Bay and Cook Inlet, and scenario 3 generates the
largest waves in all communities. The volcanic
sources result in much smaller waves compared
to the tectonic tsunamis (fig. 7). The northeastern
volcanic source produces slightly larger waves in
the communities, probably due to deeper water
along the wave propagation path.

Figures 8-10 show maps of the maximum
composite tsunami height for all scenarios, calcu-
lated in the vicinity of each community.

Map 1-3

tsunami hazards for the Kenai Peninsula commu-

sheets illustrate approximate
nities, and table 4 summarizes all modeling results
and provides the absolute maximum value of
the tsunami height for each community (second
column). This value, multiplied by a safety factor
of 1.3, gives the value of the maximum estimated
runup height (third column). For each community,
we draw an elevation contour on the topographic
map that corresponds to the maximum estimated
runup height. This contour is the approximate
boundary of the tsunami hazard zone, and should
be used by emergency planners and public officials
as a guideline in tsunami mitigation activities. For
the communities of Port Graham and Nanwalek, we
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Scenario 1: M, 9.0 earthquake, SAFRR-type event
® Anchor Point

59°45'N

59°30'N

.5
fek. Port Graham

59°15'N

152°W 151°30'W 151°W
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Scenario 3: M,,9.0 earthquake, maximum slip at 25 - 35 km depth
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Maximum
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30m
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Figure 6. Maximum tsunami heights for scenarios 1-3 in the Kenai Peninsula level 3 grid.
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59°45'N

Scenario 4: East-directed mass flow from Augustine Volcano
® Anchor Point

Kenai

59°30'N
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59°15'N
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10m
= B 6.7
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eninsula 0.2

59°15'N

152°W

151°30'W

151°W

Figure 7. Maximum tsunami heights for scenarios 4-5 in the Kenai Peninsula level 3 grid.

used the DCRA elevation datasets and referenced
the DCRA elevation contours to the MHHW
datum (Macpherson and others, 2014). For both
communities, we selected the closest contour to
the estimated maximum wave height and extracted
it as the tsunami hazard boundary. The 14.9 m
(49 ft) contour was extracted from the DCRA data
for Port Graham, and the 14 m (46 ft) contour
was extracted for Nanwalek. No DCRA eleva-
tion data existed for Anchor Point, and therefore

we extracted the elevation contour of 12.2 m
(40 ft) from the 3-arc-second DEM of Anchor
Point. Refer to the metadata that accompanies the
report for more details.

To help emergency managers understand the
duration of tsunami hazards after a large megathrust
earthquake, we supplement the hazard maps with
the time series of the modeled water level at a near-
shore location in each community (white triangles
in figures 8—10). The time series plots are shown in
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Figure 8. Maximum composite tsunami height at Anchor Point. The white triangle indicates the location of the time series
point, and the dark red contour is the MHHW shoreline. The pink shaded rectangle in the upper map indicates the area
shown in the lower map.
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dicates the area shown in the lower map.
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Figure 10. Maximum composite tsunami height at Port Graham. The white triangle indicates the location of the
time series point, and the dark red contour is the MHHW shoreline. The pink shaded rectangle in the upper map
indicates the area shown in the lower map.
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figure 11, with zero time corresponds to the time
when the earthquake or volcanic event occurs. To
compare the height of arriving tsunamis for different
tectonic scenarios—which result in different values
of land subsidence—we use a vertical datum with a
zero mark corresponding to the post-earthquake sea
level. Analysis of the time series plot indicate that
dangerous waves may affect the communities for
more than 3 hours after the earthquake.

In addition to the time series of the simulated
water levels, we have also modeled the potential
permanent subsidence in the communities. The
yellow line in map sheets 1-3 shows the post-earth-
quake MHHW shoreline after ground subsidence.
Scenario 3 results in the largest amounts of subsid-
ence in all communities (table 3). Most low-lying
areas could be permanently flooded as a result of the
hypothetical earthquakes considered in this report.

SUMMARY

We present the results of modeling tectonic
and volcano-generated tsunamis in the region
of Cook Inlet and Kenai Peninsula, and their
effects on the communities of Anchor Point, Port
Graham, and Nanwalek. We numerically model
tsunami waves generated by local hypothetical
tectonic and volcanic sources, analyze tsunami
wave dynamics in the vicinity of the communi-
ties, and develop tsunami hazard maps. Specifi-
cally, we compute the composite maximum wave
height from all considered scenarios and follow
NTHMP guidelines to extrapolate the modeling
data on land for estimation of tsunami inunda-
tion. Maximum runup heights are 12.2 m (40 ft)
in Anchor Point, 14 m (46 ft) in Nanwalek, and
14.9 m (49 ft) in Port Graham.

Tsunami inundation approximations shown on
the tsunami hazard maps have been completed using

the best information available and are believed to be
accurate; however, their preparation required many
assumptions. In this assessment, we estimate the
potential tsunami inundation zone based on three
significant earthquakes and two volcanic scenarios.
Although the modeled tsunami inundation cannot
be considered exhaustive, modeling results are still
thought to provide a sound approximation to the
potential tsunami inundation zone in the commu-
nities. Note that actual conditions during a tsunami
event may vary from those considered, so the accu-
racy cannot be guaranteed. The limits of inunda-
tion shown should be used only as a guideline for
emergency planning and response activities. Actual
areas inundated will depend on specifics of the earth
deformation, land construction, and tide level, and
may differ from areas shown on the maps. The infor-
mation on the hazard maps is intended to assist state
and local agencies in planning emergency evacua-
tion and tsunami response actions in the event of
a major tsunamigenic earthquake or volcanic debris
avalanche. These results are not intended for land-use
regulation or building-code development.
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