New Cascadia Subduction Zone Tsunami Inundation Modeling to Guide Relocation of Coastal Infrastructure for Indian Tribes on the Northern Washington Coast

by

Timothy J. Walsh
Washington Department of Natural Resources, Division of Geology and Earth Resources
P.O. Box 47007 Olympia WA 98504-7007
and
Randall J. LeVeque, University of Washington, Applied Mathematics Department
Loyce M. Adams, University of Washington, Applied Mathematics Department
Frank 1. Gonzalez, University of Washington, Department of Earth and Space Science
John D. Schelling, Washington Washington Military Department, Emergency Management Division
Recep Cakir, Washington Department of Natural Resources, Division of Geology and Earth Resources

ABSTRACT

There have been advances 1n understanding the
potential for great tsunamigenic earthquakes on
the Cascadia subduction zone, motivating an
effort to update the assessment of tsunami hazards
on the Washington coast. Fine-resolution (1/3
arc-second) digital elevation models (DEMs) of
the Strait of Juan de Fuca and northern Olympic
Peninsula have recently been made available,

and coastal Indian tribes (Quinault, Hoh, and
Quileute) have made plans to move important
infrastructure out of their tsunami hazard zones.
We have made numerical simulations of tsunamis

incident on the Quinault, Hoh, Quileute, and
Makah Reservations and adjacent coast with the
GeoClaw numerical model for a local tsunami
generated by a 9.1M Cascadia subduction zone
earthquake, designated ‘L1’ by Witter and others
(2011). This scenario 1s estimated to have a 2%
probability of nonexceedance in 50 years, which
would be comparable to the International Building
Code standard for seismic loading on structures
of high importance, and provides appropriate
guidance to the affected communities for siting of
their significant infrastructure.
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Figure 1. Regional map of the Iympic Peninsula

showing Tribal lands.

INTRODUCTION

In 1995, Congress directed the National Oceanic and Atmospheric Administration (NOAA) to develop a plan to protect
the West Coast from tsunamis generated locally. A panel of representatives from NOAA, the Federal Emergency
Management Agency (FEMA), the U.S. Geological Survey (USGS) and the five Pacific coast states wrote the plan and
submitted it to Congress, which created the National Tsunami Hazard Mitigation Program (NTHMP) in October of
1996. The National Tsunami Hazard Mitigation Program is designed to reduce the impact of tsunamis through warning
guidance, hazard assessment, and mitigation. A key component of the hazard assessment for tsunamis is delineation

of areas subject to tsunami inundation. Because local tsunami waves may reach nearby coastal communities within
minutes of the earthquake, there will be little or no time to issue formal warnings; evacuation areas and routes will need
to be planned well in advance.

The Division of Geology and Earth Resources published several tsunami hazard maps for the outer Washington

found additional stories from native peoples up and down the coast that appear to corroborate this and also include
apparent references to associated strong ground shaking. Additionally, correlation of the timing of the last CSZ
earthquake by high-resolution dendrochronology (Jacoby and others, 1997; Yamaguchi and others, 1997) to Japanese
historical records of a distant source tsunami (Satake and others, 1996) demonstrate that it almost certainly came
from the CSZ. This tsunami may have lasted as much as 20 hours in Japan and contributed to a shipwreck about 100
km north of Tokyo in A.D. 1700 (Atwater and Satake, 2003; Atwater and others, 2005).

Estimates of the frequency of occurrence of Cascadia subduction zone (CSZ) earthquakes are derived from several
lines of evidence. Great subduction zone earthquakes cause coseismic subsidence (Plafker, 1969; Plafker and Savage,
1970), and where this subsidence occurs in coastal marshes, marsh deposits may be abruptly overlain by estuarine
mud, indicating sudden submergence and drowning of upland surfaces (Atwater, 1992). Atwater and Hemphill-Haley,
1997) reported six sudden submergence events in Willapa Bay over the last 3,500 years implying an average
recurrence interval of about 500-540 years, but varying from as little as 1-3 centuries to as much as 1,000 years.

Earthquake Magnitude and Slip Distribution

It 1s believed that the last earthquake on the CSZ was about magnitude (Mw) 9 (Satake and others, 1996, 2003).
Satake and others (2003) tested various rupture lengths and slips combined with observed tsunami wave heights in
Japan for the A.D. 1700 event and estimated that the A.D. 1700 event had a rupture length of ~1,100 km and slip
of 19 m, suggesting a magnitude of 8.7-9.2. They inferred that the most likely magnitude was 9.0 based on the
correlation between estimates of coseismic subsidence from paleoseismic studies and the subsidence predicted by
the dislocation models of their scenarios.

The magnitudes and slip distributions of earlier Cascadia earthquakes is less well constrained. Inferences of shorter
rupture zones affecting only the southern part of Cascadia generally imply smaller magnitude earthquakes. Priest and
others (2014) modeled tsunamis from various shorter ruptures and concluded that their tsunamis in Washington were
significantly smaller than those generated by full-length ruptures and they will not be considered further here.

(Williams and others, 2005), in the Snohomish delta near Everett (Bourgeois and Johnson, 2001), and at West Point
near Seattle (Atwater and Moore, 1992). Gonzalez (2003) summarizes the evidence for tsunamis generated within the
Puget Lowland by local earthquakes and landslides and estimates their probabilities.

LIMITATIONS OF THESE MAPS

Because the nature of the tsunami depends on the initial deformation of the earthquake, which is poorly understood, the
largest source of uncertainty is the input earthquake. The earthquake scenario used in this modeling was selected to
approximate the 2% probability of exceedance in 50 years, but the next earthquake will likely have a more complex slip
distribution than the simplified scenario modeled herein—the ensuing tsunami may differ in detail. Witter and others
(2011) suggest that the most likely earthquake will have an average slip of about 2/3 of the L1 scenario and generate a
smaller tsunami.
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Figure 3. Modeled coseismic uplift (red) and
subsidence (blue) for Scenario L1.

2005) and on the west shore of Whidbey Island (Williams and Hutchinson, 2000). Heaton and Snavely (1985) report
that Makah stories may reflect a tsunami washing through Waatch Prairie near Cape Flattery, and Ludwin (2002) has

ground shaking or rather the absence of preservation potential. They also however, questioned some of the
correlations among widely spaced sites used to infer the length of fault rupture.

well enough understood to be modeled. Apparently locally-generated-tsunami deposits have been found on Whidbey
Island (Williams and Hutchinson, 2000; Atwater and Moore, 1992), in Discovery Bay, southwest of Port Townsend
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