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Introduction 
The U.S. Army Corps of Engineers, Seattle District (Corps) and the City of Seattle 
have begun a feasibility study on the Alaskan Way Seawall in Washington State.  
The City of Seattle requested Corps assistance in efforts to replace the seawall 
because of Corps expertise in seawall design and construction, and because the Corps 
may be able to obtain federal funding for the seawall rehabilitation.  The feasibility 
study will result in a recommendation to Congress regarding whether an Alaskan 
Way Seawall project should be authorized under the Corps' storm damage reduction 
authority and, if so, how much of the cost of the seawall rehabilitation effort could be 
supported by the Corps.  As part of this process, the Corps must prepare a National 
Environmental Policy Act (NEPA) environmental impact statement (EIS) and 
feasibility report. 

This scoping report was created to describe the scoping process and scoping results, 
including public comments received during the scoping period.  Specifically, this 
report includes an overview of scoping requirements under NEPA; the steps the 
Corps has taken to meet these requirements; a description of the alternatives to be 
addressed in the EIS; documents/products generated for public meetings and 
outreach; and comments made during the scoping process, both written and verbal. 

Description of the Study Purpose and Need 
The Alaskan Way Seawall is experiencing significant deterioration, leading to 
structural instability along the Seattle waterfront and central business district.  The 
structural instability is putting a tremendous amount of public and private 
infrastructure, development, and transportation linkages at risk from earthquake, 
wave scour, or tidal damage.  In addition, the failure of the seawall would result in a 
substantial risk to public safety as well as possible environmental damage. 

The proposed action involves an extensive structural rehabilitation or replacement of 
the Alaskan Way Seawall in order to reduce damage resulting from forces mentioned 
above.  The purpose of the proposed rehabilitation effort is to protect the public and 
private facilities and economic and recreational activities along the Elliott Bay and 
the City of Seattle shoreline.  

Study Area 
The study area includes approximately 8,000 feet of seawall along Seattle’s central 
waterfront, between S. Washington Street to the south and Broad Street to the north  
(Figure 1). 
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Figure 1. Vicinity Map Alaskan Way Seawall 

 

Proposed Alternatives 
The Alaskan Way Seawall EIS will evaluate four alternatives:   

 Alternative 1 – No action; 

 Alternative 2 – Vertical face wall with structural frame;  

 Alternative 3 – Drilled shaft wall with soil improvements; and  

 Alternative 4 – Tunnel wall.  

The scoping information packet in Appendix A provides a description of each 
alternative.  

Project Background 
The southern section of the seawall consists of two types of construction: an 
unreinforced concrete gravity wall with supporting timber relieving platform and a 
pile-supported concrete sidewalk.  The gravity wall and timber platform were 
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constructed in 1916, various types of the pile-supported concrete sidewalk were 
constructed in 1916 and 1964, with a significant replacement in 1987.  The 1964 and 
1987 construction replaced most of the original 1916 portion.  All seawall sections 
have loose, saturated, liquefiable fill material placed behind them, consisting 
primarily of very loose to medium dense sand, with some amounts of gravel and silt, 
and small amounts of clay. 

 
Photo of original seawall construction (Source: City of Seattle)  

City maintenance records of the existing seawall reveal that there has been extensive 
and continual maintenance and repair of the seawall.  Marine borers have extensively 
decayed the timber relieving platform behind the precast concrete walls. Based on 
subsurface geoprobe explorations, it is estimated that up to one-third of the seawall 
has sustained marine borer damage. 
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Photo showing current condition of the Alaskan Way Seawall (Source: City of Seattle) 

The seawall structure is at the end of its design life of 75 years and will require 
continual maintenance to remain functional.  If the marine borer damage is not 
repaired, the walls are expected to become unstable and potentially fail at key areas 
even during low-energy earthquakes.  As constructed, the existing seawall was not 
designed for major earthquakes and does not meet current American Association of 
State Highway and Transportation Officials (AASHTO) seismic standards.  A large 
seismic event could potentially displace liquefiable soils, exerting pressures up to 
three times the original pressures the structure was constructed to withstand, 
potentially leading to failure of the wall.  Failure could be limited to isolated sections 
or could be very extensive.   

Related Studies 

Alaskan Way Viaduct and Seawall Replacement Project (AWVSRP) 
The Corps’ seawall feasibility study is closely related to the viaduct replacement 
project.  The viaduct replacement project includes the replacement of a portion of the 
Alaskan Way Seawall in the same area as the Corps seawall study; however, the 
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viaduct replacement project was initiated several years ago.  Much of the preliminary 
engineering for the seawall has been completed by the viaduct replacement project.  
The Corps’ seawall study will utilize all applicable information and coordinate 
closely with the viaduct replacement project to lead synchronized seawall 
replacement efforts.  The Corps seawall study and report to Congress will determine 
if federal funds should be made available for seawall rehabilitation. 

Purpose and Need of Scoping  
Scoping is an initial and important component of the environmental review process.  
The scoping process enables a project proponent, in this case the Corps, to determine 
the public’s and agencies’ major concerns.  Scoping is intended to assist in 
identifying the issues and alternatives that will be analyzed in the draft EIS.  The 
scoping process also helps to eliminate from detailed study those issues that are not 
suitable for analysis in the EIS.   

NEPA Requirements for Scoping  
NEPA requires a formal scoping process for the preparation of an EIS.  Under 
NEPA, scoping is the process by which a lead agency for EIS preparation solicits 
input on the nature and extent of alternatives, issues, and impacts to be addressed in 
the EIS and the methods by which they will be evaluated.  NEPA specifically 
requires the lead agency to consult with federal agencies having jurisdiction by law 
and/or special expertise on the proposed action and to solicit information from the 
public during preparation of the EIS.  

The Council on Environmental Quality’s NEPA Guidelines require the lead agency’s 
scoping process to: 

 Invite affected federal, State and local agencies, Indian tribes, project proponents, 
and other interested persons to participate in the EIS process; 

 Determine the potential significant environmental issues to be analyzed in depth 
in the EIS;  

 Identify and eliminate issues determined to be insignificant or addressed in other 
documents; 

 Allocate assignments among the lead agency and any cooperating agencies 
regarding preparation of the EIS, including impact analysis and identification of 
mitigation measures; 

 Identify related environmental documents being prepared; and  

 Identify other environmental review and consultation requirements. 
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Scoping should occur as early as possible after the lead agency decides to prepare an 
EIS.  The NEPA lead agency is required to publish a notice of intent (NOI) in the 
Federal Register announcing its intent to prepare an EIS.  Appendix B includes the 
NOI for the Alaskan Way Seawall Feasibility Study and EIS.   

Public Involvement Process 

Notice of Intent 
The first formal step in EIS preparation is publication of a NOI to prepare an EIS.  
The Corps published the NOI for the proposed project in the Federal Register on 
March 31, 2006 (Appendix B).  The NOI described the proposed action and its 
purpose and need, and the alternatives under consideration.  The NOI also announced 
the initiation of the formal scoping process with a 30-day public comment period. 

Public Comment Period 
The public scoping period for the Alaskan Way Seawall Draft Environmental Impact 
Statement was from March 31 through April 30, 2006. 

Publicizing Scoping Efforts 
The Corps announced two public scoping meetings held on April 18, 2006 at 
1:30 p.m. and 4:30 p.m. in the Lopez Room of the Seattle Center.  The Corps 
provided notice in local newspapers, in an AWVSRP email update, and mailed 
scoping information packages to interested parties.  Notice of the public scoping 
meetings were published in the following newspapers: 

 Ballard News Tribune  
April 5 and 12, 2006; 

 West Seattle Herald 
April 5 and 12, 2006; 

 Sunday Seattle Times/Post Intelligencer 
April 9, 2006; 

 Daily Journal of Commerce 
April 12 and 17, 2006; 

 Seattle Times 
April 17, 2006; and 
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 Seattle Post Intelligencer 
April 17, 2006. 

Scoping information packages were mailed to 270 interested individuals, businesses, 
organizations/interest groups, and public agencies.  The scoping information packet 
included a request for public comments on the scope of the EIS; the address where 
written comments could be sent by mail and email; an announcement for the two 
public scoping meetings; information on the purpose and need for the feasibility 
study; descriptions and drawings of the alternative construction measures under 
consideration; and an initial list of possible environmental impacts.  A copy of the 
scoping information packet is provided in Appendix A. 

Public Meetings 
The Corps conducted two public meetings to solicit input from the public and 
agencies.  The purpose of these meeting was to inform the public of the Alaskan Way 
Seawall Feasibility Study and to solicit public input on the alternatives under 
consideration.   

According to the sign-in sheets from the two public meetings, approximately 11 
members of the public or representatives of local businesses or organizations 
attended the meetings.  A copy of the meeting agenda and sign-in sheets is provided 
in Appendix C.   

The public scoping meetings were conducted in an open house format.  The informal 
open house occurred during the first hour of each meeting and provided attendees 
with the opportunity to examine display boards with maps, photographs of existing 
conditions and diagrams showing the alternatives, as well as discuss the project with 
staff from the Corps and the City of Seattle.  The open house format enabled a 
two-way learning process.   

Project team leaders Col. Debra M. Lewis, Commander, Seattle District Corps of 
Engineers; Bob Chandler, Project Manager, Seattle Department of Transportation; 
and Tim Shaw, Project Manager, Corps of Engineers each made brief presentations at 
both public scoping meetings to: 

 Introduce themselves and welcome public participation; 

 Describe the location and function of the Alaskan Way Seawall; 

 Describe the NEPA scoping process; 

 Outline the purpose of the meeting; 

 Provide background on the seawall and its current condition; and 

 Describe the alternatives currently under consideration by the Corps and the City. 
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A copy of the presentation is included in Appendix C. 

After the presentation, the public was invited to provide oral comments that would 
assist the Corps in identifying issues that should be evaluated in the EIS.  

Website 
On March 16, 2006, the Corps established a project website for the Alaskan Way 
Seawall Feasibility Study.  The website contains public documents and scoping 
meeting information, provides answers to frequently asked questions, lists project 
contact information, and provides project updates.  

Lead and Cooperating Agencies  
The Corps as the Lead Agency in preparing the NEPA EIS invited 15 agencies and 
tribes to be cooperating agencies in the EIS process.  Responses to these invitations, 
received as of June 2, 2006, are shown below. 

Agencies and Tribes invited to be Cooperating Agencies 
Agencies and Tribes Cooperating agency status 

(as of June 2, 2006) 

Federal Highway Administration TBD 

U.S. Fish and Wildlife Service TBD 

National Marine Fisheries Service TBD 

U.S. Environmental Protection Agency TBD 

Washington State Department of Transportation Accepted 

Washington State Department of Ecology Declined 

Washington State Department of Fish and Wildlife Declined 

Washington State Department of Natural Resources Accepted 

Washington State Historic Preservation Officer Accepted 

Port of Seattle TBD 

King County Department of Water and Land Resources Accepted 

Muckleshoot Tribe TBD 

Suquamish Tribe TBD 

Tulalip Tribe TBD 

Yakama Tribe TBD 

TBD = to be determined 
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Public Scoping Results  

Oral Comments 
During the course of the two public meetings, members of the public, businesses, and 
organizations were invited to provide oral comments.  These oral comments were 
recorded by a court reporter at each of the two meetings.  The court reporter created a 
record of the public meeting presentation and oral comments.  These transcripts 
reflect the verbatim comments provided by the commenters at the two public 
meetings.  A copy of the transcripts from the public meetings is provided in 
Appendix C.  A total of three members of the public provided oral comments during 
the public scoping meetings. 

In addition, attendees were provided the option of recording their comments in a 
more private setting on a tape recorder in a separate room.  No meeting attendees 
chose to record their public comments on the tape recorder.  

Written Comments 
Meeting attendees were invited to fill out a comment card and leave it in a comment 
box at the meeting or to submit their comments and suggestions in writing to the 
following address:  

Aimee Kinney 
U.S. Army Corps of Engineers, Seattle District 
Environmental Resources Section 
P.O. Box 3755 
Seattle, WA 98124-3755  
-or- 
aimee.t.kinney@usace.army.mil 

Six comment cards were returned at the public scoping meetings, along with two 
letters submitted by individuals who also provided oral comments during the scoping 
meeting.   

The Corps received a total of 11 letters and emails commenting on the EIS scope 
from members of the public, businesses, organizations, and public agencies.  

Copies of the comments received during the scoping period can be found in 
Appendix C (comment cards) and Appendix D (letters and emails). 
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Future Steps 
Scoping comments and concerns will be addressed in the draft EIS, which is 
expected to be completed in 2008.  When completed, the draft EIS will be distributed 
for public and agency review.  Corps responses to public comments on the draft will 
be included in the Final EIS, which will also be made available to the public for 
comment.  

U.S. Army Corps of Engineers 
10 



 

Appendix A 
Scoping Information Packet 



 



 

 1

A L A S K A N   W A Y   S E A W A L L 
 

F e a s i b i l i t y   S t u d y  

 
 

Request for Comments on  
Scope of Environmental Impact Statement 

 
The U.S. Army Corps of Engineers, Seattle District, and the City of Seattle have begun a 
feasibility study on the Alaskan Way Seawall.  The City of Seattle asked the Corps to 
assist in their efforts to replace the seawall because the Corps has expertise in seawall 
design and construction, and may be able to obtain federal dollars for the seawall 
replacement.  The feasibility study will result in a recommendation to Congress 
regarding whether an Alaskan Way Seawall project should be authorized under the 
Corps' storm damage reduction authority and, if so, how much of the cost of the 
seawall rehabilitation effort could be funded by the Corps.  As part of this process, the 
Corps must prepare an environmental impact statement (EIS).   
 
This information packet provides the purpose and need for the feasibility study, 
descriptions and drawings of alternative construction measures under consideration, 
and an initial list of possible environmental impacts.  Additional information on the 
Alaskan Way Seawall feasibility study is provided on the Seattle District website at 
http://www.nws.usace.army.mil. 
 
We are seeking comment on the scope of issues to be addressed in the EIS.  We 
encourage commenters to focus on alternatives;  important natural and social resources 
in the study area;  probable significant adverse impacts;  and possible mitigation 
measures.  All comments must be received by April 30, 2006. 
 
Two public scoping meetings will be held to provide additional information and gather 
oral and written comments.  Both meetings will be held on April 18, 2006 at Seattle 
Center, Northwest Rooms Building, Lopez Room (see http://www.seattlecenter.com for 
map).  The first meeting will be held from 1:00 to 3:30 pm, and the second meeting will 
be held from 4:30 to 7:00 pm.  Both meetings will begin with an informal open house, 
followed by a brief presentation, followed by public testimony. 
 
Written comments may also be submitted to aimee.t.kinney@usace.army.mil or: 

Aimee Kinney 
U.S. Army Corps of Engineers, Seattle District 
Environmental Resources Section 
P.O. Box 3755 
Seattle, WA 98124-3755 

 

http://www.nws.usace.army.mil/PublicMenu/Menu.cfm?sitename=ELLIOTTBAY&pagename=ELLIOTT_MAIN
http://www.seattlecenter.com/information/map.asp
mailto:aimee.t.kinney@usace.army.mil
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F e a s i b i l i t y   S t u d y  

 

 
Project Purpose 
The Alaskan Way seawall is experiencing significant decay and deterioration, leading to 
structural instability along the Seattle waterfront and central business district.  Seawall 
structural instability is putting a tremendous amount of public and private 
infrastructure, development, and transportation linkages at risk of damage due to either 
an earthquake or wave and tidal erosion.  In addition, the failure of the seawall would 
result in a high risk to public safety and environmental damage.   
 
The purpose of the proposed rehabilitation effort is to protect the public facilities and 
economic activities along the Elliott Bay shoreline from wave and tidal damages 
associated with failure of the existing seawall.  The study area includes approximately 
7900 feet of seawall along Seattle’s central waterfront, between Washington Street to 
the south and Bay Street to the north.   
 

Relationship to Alaskan Way Viaduct and Seawall Replacement Project  
The feasibility study is closely related to efforts to replace the seawall as part of the 
Alaskan Way Viaduct Replacement project (AWVSRP).  The Corps is partnering with a 
project already in progress.  However, the Corps study process is separate because we 
do not have the authority to fund or construct transportation projects.  The seawall will 
be the primary focus of the Corps’ analysis, rather than a secondary element of a 
transportation project.  We are coordinating closely with the Federal Highway 
Administration, Washington State Department of Transportation, and City of Seattle to 
share information and reduce duplication of efforts.  They have accomplished much of 
the preliminary engineering for seawall replacement, and prepared a draft EIS which 
evaluates replacement of the seawall.  The vast amounts of data compiled and analysis 
completed for the March 2004 AWVSRP draft EIS will be used in the Corps EIS.  

 
Alternatives 
The Corps and the City have adopted the alternative screening process conducted for 
the AWVSRP.  At this time, we are considering four alternative construction measures.  
These alternatives, described below, correspond to the seawall alternatives described in 
the March 2004 AWVSRP draft EIS.   
 
We have not yet identified a preferred alternative, but we may identify a preferred 
alternative in the draft EIS.  We encourage you to provide recommendations for 
improvements to these alternatives, especially ways to create habitat for fish/wildlife, 
and improve public access and aesthetics along the Seattle waterfront.  
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Alternative 1 – No action:  The no action alternative consists of continuing to repair 
and maintain the existing seawall.  Without seismic events, the seawall could potentially 
remain serviceable for 25 years with continuing periodic repairs.   As the structure 
continues to age, the cost of repairs will likely increase considerably.   
 
Alternative 2 – Vertical face wall with structural frame:  Alternative 2 consists of 
two concrete walls connected by a concrete T-beam.  A secant pile wall would be built 
behind the existing seawall.  A secant pile wall consists of two drilled shafts next to 
each other.  The shafts are driven into competent soils—up to 90 feet below ground—
and filled with concrete.  Another shaft is drilled between the first two, overlapping both 
of them and eliminating voids.  This forms a continuous wall of interlocking drilled 
shafts.  The second wall would be a bulkhead constructed of drilled shafts spaced 10 to 
20 feet apart and located 30 to 60 feet east of the secant pile wall.  The shafts making 
up the bulkhead would anchor the secant pile wall.  A T-beam deck, consisting of 
multiple bulkhead cap beams, would connect the two walls.  This alternative is the 
same as the frame seawall alternative in the AWVSRP draft EIS. 
 

 



A L A S K A N   W A Y   S E A W A L L 
 

 

 4

F e a s i b i l i t y   S t u d y  

 

 
Alternative 3 – Drilled shaft wall with soil improvements:  Alternative 3 involves 
strengthening the weak soils behind the existing seawall and constructing a continuous 
secant pile wall to provide needed lateral and vertical support.  The soil improvements 
would prohibit liquefaction of the loose soils contained by the existing seawall.  Soils 
would be strengthened through a process called jet grouting, where soils are mixed 
with a cement grout stabilizer.  This involves drilling a hole through the existing ground 
surface, then inserting a rod containing a jet through which cement grout is pumped at 
high pressures.  The high-pressure grout penetrates the existing soils, enhancing their 
strength.  The jet is rotated while being drawn out of the hole, forming a column of 
improved soil.  Numerous columns at close intervals are used to create a block of 
improved soil.  The drilled shaft secant pile wall would be constructed behind the 
existing seawall to provide remaining required lateral resistance.  This alternative is the 
same as the rebuild seawall alternative in the AWVSRP draft EIS. 
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Alternative 4 – Tunnel wall:  Alternative 4 would replace the seawall with the outer 
wall of a tunnel between S. Washington Street and Pike Street, consistent with the 
proposed tunnel alternatives in the AWVSRP draft EIS.  A continuous secant pile wall 
would be constructed to replace the existing seawall and form the outer wall of the 
tunnel.  Most of the wall would be constructed behind the existing Alaskan Way 
Seawall, but a section between Pier 48 and Colman Dock may extend into Elliott Bay.  
This alternative would require significant excavation and dewatering.   
 
The selection of Alternative 4 by the Corps and the City could not occur unless a tunnel 
alternative is adopted by the AWVSRP partners to replace the existing Alaskan Way 
Viaduct.  Alternative 4 extends from S. Washington to Union Street and would be 
combined with Alternatives 1, 2, and/or 3 from Union Street north to Broad Street. 
 
 

 
The transportation alternative shown above reflects the 2004 AWVSRP draft EIS level of tunnel design development.  
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Major Environmental Impacts 
Several major environmental impacts could result from implementation of these 
alternatives.  They include: 
 

o impacts to water quality during several years of construction activities  

o impacts to marine habitats  –  under some alternatives, portions of the seawall 
may be realigned waterward into Elliott Bay or landward towards Alaskan Way 

o impacts to species listed under the Endangered Species Act, particularly Chinook 
salmon and bull trout 

o impacts to historic properties 

o impacts related to exposures to potentially contaminated materials landward and 
waterward of the seawall 

o infrastructure required for post-construction storm water management 

o impacts associated with the no action alternative  –  catastrophic failure of the 
seawall would lead to major impacts on the environment, as well as public 
facilities and infrastructure located landward of the seawall 

o impacts to transportation corridors during construction activities 

o impacts to businesses and residences from noise levels during construction 
activities 

o socio-economic impacts associated with a large, multi-year construction project 

o cumulative impacts  –  other major construction projects are located in the 
vicinity (including Alaskan Way Viaduct replacement, Coleman Dock upgrades, 
Piers 62 & 63 Central Waterfront Master Plan) and there is limited availability of 
suitable habitats within Elliott Bay due to historic development activities 
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‘‘Article of Footwear with Temperature 
Regulation Means’’ issued March 21, 
2006. This patent has been assigned to 
the United States Government as 
represented by the Secretary of the 
Army. 

FOR FURTHER INFORMATION CONTACT: Mr. 
Arnold Boucher at U.S. Army Soldier 
Systems Center, Kansas Street, Natick, 
MA 01760, Phone: (508) 233–5431 or E– 
mail: Arnold.Boucher@natick.army.mil. 
SUPPLEMENTARY INFORMATION: Any 
licenses granted shall comply with 35 
U.S.C. 209 and 37 CFR part 404. 

Brenda S. Bowen, 
Army Federal Register Liaison Officer. 
[FR Doc. 06–3142 Filed 3–30–06; 8:45 am] 
BILLING CODE 3710–08–M 

DEPARTMENT OF DEFENSE 

Department of the Army; Corps of 
Engineers 

Availability of a Draft Environmental 
Impact Statement To Consider 
Issuance of a Department of the Army 
Permit Pursuant to Section 404 of the 
Clean Water Act for Mingo Logan Coal 
Company’s (Mingo Logan) Proposal To 
Construct and Operate Spruce No. 1 
Mine, Near Blair in Logan County, WV 

AGENCY: Department of the Army; Corps 
of Engineers, DoD. 
ACTION: Notice. 

SUMMARY: In accordance with the 
requirements of the National 
Environmental Policy Act (NEPA), the 
U.S. Army Corps of Engineers (USACE) 
Huntington District, in cooperation with 
U.S. Environmental Protection Agency, 
the U.S. Fish and Wildlife Service, the 
Office of Surface Mining and the West 
Virginia Department of Environmental 
Protection, has prepared a Draft 
Environmental Impact Statement (DEIS). 
This DEIS evaluates potential impacts to 
the natural, physical and human 
environment as a result of the proposed 
mining activities associated with Mingo 
Logan Coal Company’s (Mingo Logan) 
Spruce No. 1 Mine. The USACE 
regulates this proposed project pursuant 
to Section 404 of the Clean Water Act. 
The proposed activity would involve 
the discharge of dredged and fill 
material into waters of the United States 
associated with the proosed 
construction and operation of a surface 
bituminous coal mine. 
DATES: Submit comments by May 15, 
2006. A public hearing regarding this 
DEIS will be held May 1, 2006 (see 
SUPPLEMENTARY INFORMATION). 

ADDRESSES: Send written comments and 
suggestions concerning this proposal to 
Mrs. Teresa Spagna, Regulatory Project 
Manager, Regulatory Branch, CELRH– 
OR–FS, U.S. Army Corps of Engineers, 
Huntington District, 502 8th Street, 
Huntington, WV 25701. Telephone (304) 
399–5710 or electronic mail at Teresa.D.
Spagna@Lrh01.usace.army.mil. 
Requests to be placed on the mailing list 
should also be sent to this address. 

FOR FURTHER INFORMATION CONTACT: Mrs. 
Teresa Spagna, Regulatory Project 
Manager at (304) 399–5710 or electronic 
mail at Teresa.D.Spagna@
Lrh01.usace.army.mil. 

SUPPLEMENTARY INFORMATION: Discharges 
of dredged and fill material into the 
waters of the United States are regulated 
under Section 404 of the Clean Water 
Act, with the permitting responsibility 
administered by the USACE. The 
proposed project must also address 
environmental impacts relative to the 
Clean Air Act, Clean Water Act, 
Endangered Species Act and the Fish 
and Wildlife Coordination Act (FWCA). 
In accordance with the NEPA, the DEIS 
evaluates reasonable alternatives for the 
USACE’s decision making process. As 
required by NEPA, the USACE also 
analyzes the ‘‘no action’’ alternative as 
a baseline for gauging potential impacts. 

As part of the public involvement 
process, notice is hereby given by the 
USACE-Huntington District of a Public 
Hearing to be held at the Earl Ray 
Tomlin Convention Center, in 
Chapmanville, Logan County, WV, from 
7 to 10 p.m. on May 1, 2006. The Public 
Hearing will allow participants the 
opportunity to comment on the DEIS 
prepared for the proposed Spruce No. 1 
Mine project. 

The comments are due 45 days from 
the date of publication of this notice. 
Copies of the document may be 
obtained by contacting USACE 
Huntington District Regulatory Branch 
at 304–399–5210 or 304–399–5710. 

Copies of the Draft EIS are also 
available for inspection at the locations 
identified below: 

(1) Blair Post Office, P.O. Box 9998, 
Blair, WV 25022–9998. 

(2) Kanawha County Public Library, 
123 Capital Street, Charleston, WV 
25301. 

(3) Logan County Public Library, 16 
Wildcat Way, Logan, WV 25601. 

After the public comment period 
ends, USACE will consider all 
comments received, revise the DEIS as 

appropriate, and issue a Final 
Environmental Impact Statement. 

Brenda S. Bowen, 
Army Federal Register Liaison Officer. 
[FR Doc. 06–3144 Filed 3–30–06; 8:45 am] 
BILLING CODE 3710–GM–M 

DEPARTMENT OF DEFENSE 

Department of the Army; Corps of 
Engineers 

Intent To Prepare a Draft 
Environmental Impact Statement for 
Elliott Bay Seawall, WA 

AGENCY: Department of the Army, U.S. 
Army Corps of Engineers, DoD. 
ACTION: Notice of intent. 

SUMMARY: Pursuant to section 102(2)(C) 
of the National Environmental Policy 
Act (NEPA) of 1969, as amended, the 
U.S. Army Corps of Engineers (Corps) 
will prepare an environmental impact 
statement (EIS) for a proposed seawall 
rehabilitation project along the Elliott 
Bay shoreline in Seattle, WA. The 
seawall, known as the Alaskan Way 
Seawall, is experiencing significant 
decay and deterioration, leading to 
structural instability along the Seattle 
waterfront and central business district. 
Seawall structural instability is putting 
a tremendous amount of public and 
private infrastructure, development, and 
transportation linkages at risk of damage 
due to wave and tidal erosion, and 
hence potential for undermining and 
collapse. In addition, the failure of the 
seawall would result in a high risk to 
public safety and substantial 
environmental degradation. The 
purpose of the proposed rehabilitation 
effort is to protect the public facilities 
and economic activities along the Elliott 
Bay shoreline from storm damages 
associated with failure of the existing 
seawall. 

DATES: Submit comments on the scope 
of issues to be addressed in the Draft 
Environmental Impact Statement (DEIS) 
by April 30, 2006. 
ADDRESSES: Address all comments 
concerning this notice to Ms. Aimee 
Kinney, U.S. Army Corps of Engineers, 
Seattle District, Environmental 
Resources Section, PO Box 3755, 
Seattle, WA 98124–3755. Submit 
electronic comments and other date to 
aimee.t.kinney@usace.army.mil. 
FOR FURTHER INFORMATION CONTACT: 
Questions regarding the scoping process 
or preparation of the DEIS may be 
directed to Ms. Aimee Kinney, 
telephone (206) 764–3634, e-mail 
aimee.t.kinney@usace.army.mil. 
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SUPPLEMENTARY INFORMATION:
1. Proposed Action: The Alaskan Way 

Seawall extends for a distance of 
approximately 7900 feet along Seattle’s 
central waterfront, between Washington 
Street to the south and Bay Street to the 
north. The proposed action would 
involve an extensive structural rebuild 
or replacement of the seawall in order 
to reduce damage resulting from storms 
and erosion. The proposed action is 
closely related to the proposed 
replacement of the State Route (SR) 99 
Alaskan Way Viaduct, which runs 
parallel to a portion of the seawall. The 
SR 99 Alaskan Way Viaduct and 
Seawall Replacement Project Draft 
Environmental Impact Statement 
(AWVSRP DEIS) was issued by the U.S. 
Department of Transportation Federal 
Highway Administration (FHWA), 
Washington State Department of 
Transportation (WSDOT), and City of 
Seattle on April 9, 2004 (69 FR 18898). 
The AWVSRP DEIS evaluated the 
rebuilding of the Alaskan Way Seawall 
because it is essential to the function of 
transportation facilities and is at risk of 
collapsing in a large earthquake. The 
geographic area covered in the AWVSRP 
DEIS is virtually the same as the Corps 
study area. However, the Corps’ EIS will 
evaluate the seawall from a storm 
damage reduction perspective; the 
seawall will be the primary focus of the 
analysis rather than a secondary project 
element, as in the AMVSRP DEIS. The 
Corps is reviewing the existing body of 
work and coordinating closely with the 
city of Seattle, FHWA, and WSDOT to 
incorporate all relevant material from 
their NEPA efforts, share information, 
and reduce duplication of efforts. 

2. Alternatives: There are currently 
four alternatives which will receive 
consideration in the EIS: (1) The no 
action alternative; (2) construction of a 
vertical face wall with structural frame; 
(3) construction of a drilled shaft wall 
with soil improvements; and (4) 
replacing the portion of the seawall 
adjacent to the Alaskan Way viaduct 
with the outer wall of the new tunnel 
identified as the preferred alternative for 
the AWVSRP. These alternatives are the 
same as the rebuild, frame, and tunnel 
wall seawall alternatives evaluated in 
the AWVSRP DEIS. The development of 
seawall study alternatives has been and 
will continue to be closely coordinated 
with the AWVSRP through the City of 
Seattle, WSDOT, and FHWA. The 
selection of the Corps tunnel wall 
alternative could not occur unless 
FHWA signed a record of decision for 
the AWVSRP selecting the tunnel 
alternative. Opportunities will be sought 
to incorporate measures for 
improvement of habitat values, as well 

as recreation and public access. Public 
input is specifically invited regarding 
the reasonableness of the build 
alternatives and whether any additional 
alternatives are appropriate for 
consideration. 

3. Scoping and Public Involvement: 
This notice of intent formally 
commences the scoping process under 
NEPA. As part of the scoping process, 
all affected Federal, State and local 
agencies, Native American Tribes, 
private organizations, and the public are 
invited to comment on the scope of the 
EIS. To date, the following issues of 
concern have been identified for in 
depth analysis in the draft EIS: (1) 
Construction impacts, particularly those 
related to noise, water quality, 
transportation, and effects to businesses 
and residences within/adjacent to the 
construction zone; (2) impacts 
associated with potential deviation of 
the existing seawall alignment; and (3) 
potential impacts to historical 
properties. 

4. Scoping Meetings: Two public 
Scoping meetings will be held to 
identify issues of major concern, 
identify studies that might be needed in 
order to analyze and evaluate impacts, 
and obtain public input on the range 
and acceptability of alternatives. Both 
meetings will be conducted on April 18, 
2006 in the Lopez Room at Seattle 
Center, 305 Harrison Street, Seattle, WA 
98109. The first meeting will be held 
from 1 to 3:30 p.m. An informal open 
house will be held between 1 and 2 p.m. 
A brief presentation will be made 
between 2 and 2:30 p.m. Then 
testimony will be taken between 2:30 
and 3:30 p.m. The second meeting will 
be held from 4:30 to 7 p.m. Another 
informal open house will be held 
between 4:30 and 5:30 p.m. The 
presentation will be made again 
between 5:30 and 6 p.m. Then 
testimony will be taken between 6 and 
7 p.m. Verbal or written comments will 
be accepted at the Scoping meetings, or 
written comments may be sent by 
regular or electronic mail to Aimee 
Kinney (see ADDRESSES). Ongoing 
communication with agencies, Native 
American tribes, public interest groups, 
and interested citizens will take place 
throughout the EIS development 
through the use of public meetings, 
mailings, and the Internet. Additional 
meetings will be scheduled upon 
completion of the DEIS. 

5. Other Environmental Review, 
Coordination and Permit Requirements: 
The environmental review process will 
be comprehensive and will integrate 
and satisfy the requirements of NEPA, 
and other relevant Federal, State and 
local environmental laws. Other 

environmental review, coordination, 
and permit requirements may include 
preparation of a Clean Water Act, 
Section 404 evaluation by the Corps. 

Dated: March 17, 2006. 
Debra M. Lewis, 
Colonel, Corps of Engineers, District 
Commander. 
[FR Doc. 06–3140 Filed 3–30–06; 8:45 am] 
BILLING CODE 3710–ER–M 

DEPARTMENT OF DEFENSE 

Department of the Army; Corps of 
Engineers 

Intent To Prepare a Draft Supplement 
to the Environmental Impact Statement 
To Evaluate Construction of 
Authorized Improvements to the 
Federal Gulfport Harbor Navigation 
Project in Harrison County, MS 

AGENCY: Department of the Army, U.S. 
Army Corps of Engineers, DOD. 
ACTION: Notice of intent. 

SUMMARY: The Mobile District, U.S. 
Army Corps of Engineers (Corps), 
intends to prepare a Draft Supplement 
to the Environmental Impact Statement 
(DSEIS) to address the potential impacts 
associated with construction of 
authorized improvements to the Federal 
Gulfport Harbor Navigation Project in 
Harrison County, MS. The DSEIS will be 
used as a basis for ensuring compliance 
with the National Environmental Policy 
Act (NEPA) and evaluating the 
following two alternative plans: ‘‘No 
Action’’ and widening to the authorized 
project dimensions. Gulfport Harbor is 
authorized to (a) A channel 38 feet deep 
by 400 feet wide and about 8 miles long 
across Ship Island Bar; (b) a channel 36 
feet deep by 300 feet wide and about 12 
miles long through Mississippi Sound; 
and (c) a stepped anchorage basin at 
Gulfport Harbor 32 to 36 feet deep by 
1,120 feet wide and 2,640 feet long. 
FOR FURTHER INFORMATION CONTACT: 
Questions about the proposed action 
and the DSEIS should be addressed to 
Dr. Susan Ivester Rees, Coastal 
Environment Team, Mobile District, 
U.S. Army Corps of Engineers, P.O. Box 
2288, Mobile, AL 36628 by telephone 
(251) 694–4141 or e-mail her at 
susan.i.rees@sam.usace.army.mil. 
SUPPLEMENTARY INFORMATION: 

1. Gulfport Harbor is located in 
Harrison County, MS, on Mississippi 
Sound about equidistant (80 miles) from 
New Orleans, LA, and Mobile, AL. The 
existing project was adopted by the 
River and Harbor Act approved July 3, 
1930 (House Document Number 692, 
69th. Congress, 2nd. Session) and the 
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Appendix C.1 - Agenda  



 





 



 
Appendix C.2 – Sign-in Sheets 



 











 
Appendix C.3 – Power-Point Presentation 



 



A
 L

 A
 S

 K
 A

 N
   

W
 A

 Y
   

S
 E

 A
 W

 A
 L

 L

A
la

sk
a

n
 W

a
y 

S
e

a
w

a
ll

E
n

vi
ro

n
m

en
ta

l I
m

p
ac

t 
St

at
em

en
t

P
u

bl
ic

 S
co

p
in

g 
M

ee
ti

n
g,

 A
p

ri
l 1

8
Se

at
tl

e 
C

en
te

r,
 L

op
ez

 R
oo

m
1:

30
 a

n
d

 4
:3

0
 p

m





A
 L

 A
 S

 K
 A

 N
   

W
 A

 Y
   

S
 E

 A
 W

 A
 L

 L

Sc
op

in
g

N
ot

ic
e 

of
 

In
te

nt
D

ra
ft

E
IS

A
ge

nc
y/

P
ub

lic
 

R
ev

ie
w

 a
nd

 
C

om
m

en
t

Fi
na

l
E

IS
R

ec
or

d 
of

 
D

ec
is

io
n

A
ge

nc
y

Ac
tio

n

St
ep

s o
f t

he
 N

at
io

na
l E

nv
ir

on
m

en
ta

l P
ol

ic
y 

A
ct

 (N
E

PA
) 

E
nv

ir
on

m
en

ta
l R

ev
ie

w
 P

ro
ce

ss

M
ar

ch
 

20
06

Ap
ril

 
20

06
20

08
20

10

W
e 

A
re

 
H

er
e



C
ol

em
an

 D
oc

k
–

A
n

ge
la

 F
re

u
d

en
st

ei
n

, W
SD

O
T

C
en

tr
al

 W
at

er
fr

on
t 

M
as

te
r 

P
ar

k 
P

la
n

 (
P

ie
rs

 6
2 

an
d

 6
3)

–
D

av
id

 G
ra

ve
s,

 S
ea

tt
le

 P
ar

ks
 a

n
d

 R
ec

re
at

io
n

W
at

er
fr

on
t 

C
on

ce
p

t 
P

la
n

–
G

u
il

le
rm

o 
R

om
an

o,
 S

ea
tt

le
 P

la
n

n
in

g 
an

d
 D

ev
el

op
m

en
t 

(D
P

D
)

A
la

sk
an

 W
ay

 V
ia

d
u

ct
 a

n
d

 S
ea

w
al

l R
ep

la
ce

m
en

t 
P

ro
je

ct
–

A
m

y 
G

ro
te

fe
n

d
t,

 W
SD

O
T

A
 L

 A
 S

 K
 A

 N
   

W
 A

 Y
   

S
 E

 A
 W

 A
 L

 L

O
th

er
 W

at
er

fr
on

t 
P

ro
je

ct
s



A
lte

rn
at

iv
e 

1 
–

N
o 

ac
tio

n

Se
aw

al
l A

lte
rn

at
iv

es

V
ia

du
ct

 a
nd

 S
ea

w
al

l V
ul

ne
ra

bi
lit

ie
s



C
ur

re
nt

 S
ea

w
al

l C
on

di
tio

n



O
ri

gi
na

l S
ea

w
al

l 
C

on
st

ru
ct

io
n



A
lte

rn
at

iv
e 

2 
–

V
er

tic
al

 fa
ce

 w
al

l w
ith

 st
ru

ct
ur

al
 fr

am
e

Se
aw

al
l A

lte
rn

at
iv

es



A
lte

rn
at

iv
e 

3 
–

D
ri

lle
d 

sh
af

t w
al

l w
ith

 so
il 

im
pr

ov
em

en
ts

Se
aw

al
l A

lte
rn

at
iv

es



Th
e 

tra
ns

po
rta

tio
n 

al
te

rn
at

iv
e 

sh
ow

n 
ab

ov
e 

re
fle

ct
s t

he
 2

00
4 

A
W

V
SR

P 
dr

af
t E

IS
 le

ve
l o

f t
un

ne
l d

es
ig

n 
de

ve
lo

pm
en

t. 
 

A
lte

rn
at

iv
e 

4 
–

T
un

ne
l w

al
l

Se
aw

al
l A

lte
rn

at
iv

es



A
 L

 A
 S

 K
 A

 N
   

W
 A

 Y
   

S
 E

 A
 W

 A
 L

 L

V
is

it
 o

u
r 

w
eb

 s
it

e 
at

:  
w

w
w

.n
w

s.
u

sa
ce

.a
rm

y.
m

il

W
ri

tt
en

 c
om

m
en

ts
 m

ay
 b

e 
su

bm
it

te
d

 t
o :

A
im

ee
 K

in
n

ey
U

.S
. A

rm
y 

C
or

p
s 

of
 E

n
gi

n
ee

rs
, S

ea
tt

le
 D

is
tr

ic
t

E
n

vi
ro

n
m

en
ta

l R
es

ou
rc

es
 S

ec
ti

on
P

.O
. B

ox
 3

75
5

Se
at

tl
e,

 W
A

  9
8

12
4

-3
75

5
-o

r-
ai

m
ee

.t
.k

in
n

ey
@

u
sa

ce
.a

rm
y.

m
il

Sc
op

in
g 

co
m

m
en

ts
 m

u
st

 b
e 

re
ce

iv
ed

 b
y 

A
p

ri
l 

3
0



 



 
Appendix C.4 – Comment Cards Submitted 



 















  
Appendix C.5 - Transcript 

 
 

 



 















































































































 

Appendix D 
Written Comments-Email or Letter 
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seven significant tsunamis in the last century, and

Crescent City, California, experienced two damaging

tsunamis in four years (1960 and 1964), many com-

munities at risk in the Pacific region have no recent

experience with tsunami damage and, hence, may

have a false sense of security regarding the hazard.

An estimated 489 cities within the Pacific states of

Alaska, California, Hawaii, Oregon, and Washington

are susceptible to tsunamis; as many as 900,000

residents of these cities would be inundated by a

50-foot tsunami.

Beyond preparing for evacuation and emergency

response, communities can reduce their tsunami risk

by modifying their land use planning and develop-

ment approval practices. Although planning for

tsunamis will not be a top priority for most coastal

communities, relatively small efforts to plan for this

hazard can significantly increase community safety.

The Threat of Tsunamis to Coastal
Communities

Tsunami waves generated by earthquakes,

volcanic eruptions, or underwater landslides

can reach 50 feet or more in height and devastate

coastal communities. In recorded history, tsunamis

worldwide have killed hundreds of thousands of

people. Since 1946 six tsunamis have killed nearly

500 people and damaged hundreds of millions of

dollars of property in Alaska, Hawaii, and along the

West Coast of the United States.

Tsunamis are infrequent events but can be ex-

tremely destructive. While Hilo, Hawaii, suffered

Designing for Tsunamis

INTRO
Introduction

Burning petroleum storage tanks along the
Seward, Alaska, waterfront after the 1964
tsunami and earthquake. Credit: Anchorage
Museum of History and Art

900,000 people in Alaska, California, Hawaii,

Oregon, and Washington live in areas in danger

of being inundated by a 50-foot tsunami.

“Seward was…attacked by the main tsunami
waves…as the wave traveled along the shore, it spread
burning oil…the resulting fires engulfed the
downtown…surge forces destroyed homes, docks,
canneries, and the small boat harbor…virtually the
entire downtown…was destroyed by fire.”

Account of the effects of the 1964 Alaska earthquake

and resultant tsunami in Seward, Alaska, in Planning for

Risk: Comprehensive Planning in Tsunami Hazard Areas.
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Introduction

Purpose and Organization of the
Guidelines

The purpose of these guidelines is to help coastal

communities in the five Pacific states—Alaska,

California, Hawaii, Oregon, and Washington—

understand their tsunami hazards, exposure, and

vulnerability, and to mitigate the resulting risk

through land use planning, site planning, and

building design. Emergency response and evacua-

tion are addressed extensively in other publications

and are only discussed in these guidelines as they

relate to land use, siting, and building design and

construction issues (see the references at the end of

the guidelines concerning emergency response and

evacuation planning for tsunamis).

These guidelines are intended for use by local

elected, appointed, and administrative officials

involved in planning, zoning, building regulation,

community redevelopment, and related land use

and development functions in coastal communities.

The guidelines should also be helpful to state

officials having similar responsibilities.

These guidelines are organized according to seven

basic principles:

Principle 1: Know your community’s tsunami risk:

hazard, vulnerability, and exposure

Principle 2: Avoid new development in tsunami run-up

areas to minimize future tsunami losses

Principle 3: Locate and configure new development

that occurs in tsunami run-up areas to minimize future

tsunami losses

Principle 4: Design and construct new buildings to

minimize tsunami damage

Principle 5: Protect existing development from

tsunami losses through redevelopment, retrofit, and

land reuse plans and projects

Principle 6: Take special precautions in locating and

designing infrastructure and critical facilities to

minimize tsunami damage

Principle 7: Plan for evacuation

For each principle, the discussion includes back-

ground information on the topic, recommended

process steps for implementing the principle, and

specific how-to strategies. Several case studies in the

guidelines illustrate how communities in the Pacific

Damage from the 1964 tsunami in Kodiak, Alaska.
Credit: NOAA
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region are addressing tsunami hazards. The guide-

lines also contain references and contacts for

obtaining further information about planning for

tsunami hazards. More detailed information on each

of the topics discussed in the guidelines is contained

in a companion set of background papers that were

compiled during the preparation of these guidelines.

The Regulatory Context

All development in coastal areas is subject to federal,

state, and local policies and regulations. Understand-

ing the regulatory context is critical to the successful

implementation of a tsunami mitigation program.

State and Local Development Regulations

Every coastal community in the five Pacific states has

a land use planning and regulation process that

responds to state mandates or guidelines, which vary

among the states:

• All five Pacific states require local land use

planning, and all except Alaska have statewide

planning guidelines. Alaska has statewide

planning guidelines for coastal resource districts.

• Oregon and Washington require local plans to be

consistent with statewide planning goals.

California and Hawaii have statewide planning

guidelines that are advisory only. Alaska requires

a consistency review of coastal resource district

plans with statewide standards and with other

districts’ plans.

• California, Oregon, and Washington require

hazard mitigation as part of their general land

use planning process. Alaska requires it for

coastal resource district plans only. Hawaii only

suggests that this topic be addressed.

• California, Oregon, and Washington require

conformance with a state model building code

based on the Uniform Building Code (UBC).

Alaska only mandates adoption of a fire code,

and Hawaii does not have a state-mandated

building code. All of the counties in Hawaii and

the larger cities in Alaska have adopted a version

of the UBC.

A community’s comprehensive plan is at the top of

the local land use planning/regulatory process

hierarchy. The comprehensive plan is implemented

day-to-day through project review and permitting.
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Local governments typically require formal approv-

als for land divisions, the establishment of certain

new uses (“conditional uses”), and the physical

layout of new development.

Federal Regulations and Programs

While the federal government has supported state and

local planning through numerous programs over the

years, there are no federal requirements for statewide

or local land use planning. There are, however, two

federal programs that are particularly important  for

land use planning in coastal areas.

The 1972 Coastal Zone Management Act (CZMA)

established a voluntary partnership among the federal

government, coastal states, and local governments to

develop individual state programs for managing coastal

resources. The state component consists of federally-

approved Coastal Management Programs (CMPs) in 32

coastal states and territories, including the five Pacific

states. The purpose of the CZMA is to promote the

orderly development and protection of the country’s

coastal resources.

The National Flood Insurance Program (NFIP), estab-

lished in 1968, is part of a comprehensive approach to

reduce flood damage and to cope with the disastrous

effect of floods. The NFIP is administered by the Federal

Insurance Administration (FIA), a component of the

Federal Emergency Management Agency (FEMA). The

NFIP makes federally-backed flood insurance available

in communities that adopt and enforce floodplain

management ordinances to reduce future flood losses.

NFIP requires projects to be located above the 100-year

flood or inundation areas.

Introduction
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Understanding your community’s tsunami

hazard, vulnerability, and exposure to damage

is the foundation for land use and building strategies

that can mitigate tsunami risk. While much remains to

be learned about tsunamis, sufficient knowledge,

technical information, and expertise already exist to

assess the tsunami hazard and risk in all coastal

communities.

The Nature of Tsunamis

A tsunami is a series of long waves generated by a

sudden displacement of a large volume of water.

Tsunamis are triggered by submarine earthquakes,

submarine volcanic eruptions, underwater landslides

or slumps of large volumes of earth, meteor impacts,

and even onshore slope failures that fall into the

ocean or a bay.

Most tsunamis originate in the Pacific “Ring of Fire,”

which is the most active seismic feature on earth.

Tsunamis are typically classified as either local or

distant. Locally-generated tsunamis have minimal

warning times and may be accompanied by damage

resulting from the triggering earthquake such as

groundshaking, surface faulting, liquefaction, or

landslides. Distant tsunamis may travel for hours

before striking a coastline.

In the open ocean, a tsunami may be only a few feet

high but can travel up to 500 miles per hour. As a

tsunami enters the shoaling waters near a coastline,

its speed diminishes, its wavelength decreases, and its

height increases greatly. However, the first wave

usually is not the largest. Several larger and more

destructive waves often follow the first one. While

tsunami waves slow upon reaching the coastline,

they still travel faster than Olympic long-distance

runners can run—faster than 15 miles per hour.

The configuration of the coastline, the shape of the

ocean floor, and the characteristics of advancing

waves play important roles in the destructiveness of

the waves. A wave may be small at one point on a

coast and much larger at other points. Bays, sounds,

inlets, rivers, streams, offshore canyons, islands, and

flood control channels may cause various effects

that result in greater damage than many people

Designing for Tsunamis

P•1 Principle 1: Know your community’s tsunami risk: hazard,

                           vulnerability, and exposure

A tsunami is a series of long waves generated
by a sudden displacement of a large volume of
water.

P•1
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would expect. It has been estimated, for example,

that a tsunami wave entering a southern California

flood control channel could reach a mile or more

inland, especially if it enters at high tide. Offshore

canyons can focus tsunami wave energy and islands

can filter the energy. The orientation of the coast-

line determines whether the waves strike head-on

or are refracted from other parts of the coastline.

Unlike earthquake shaking that can be damaging

over large areas—hundreds of square miles is not

unusual—tsunamis impact long, low-lying stretches

of linear coastlines, usually extending inland for

relatively short distances. Upon striking a coast, the

wave reflects back to sea, and then can return to the

coastline as a series of waves.

The first visible indication of an approaching

tsunami may be recession of water (drawdown)

caused by the trough preceding the advancing, large

inbound wave crest. Rapid drawdown can create

strong currents in harbor inlets and channels that

can severely damage coastal structures due to

erosive scour around piers and pilings. As the

water’s surface drops, piers can be damaged by

boats or ships straining at

or breaking their mooring

lines. The vessels can

overturn or sink due to

strong currents, collisions

with other objects, or

impact with the harbor

bottom.

Conversely, a rise in water

level may be the first

indication of a tsunami. The

advancing tsunami may

initially resemble a strong

surge increasing the sea

level like the rising tide, but

the tsunami surge rises faster and does not stop at the

shoreline. Even if the wave height appears to be small,

three to six feet for example, the strength of the

accompanying surge can be deadly. Waist-high surges

can cause strong currents that float cars, small

structures, and other debris.  Boats and debris are

often carried inland by the surge and left stranded

when the water recedes.

P•
1

The Pacific “Ring of Fire” is the most active
seismic feature on earth. Tsunami waves
triggered by seismic activity can travel across
the Pacific Ocean at up to 500 miles per hour,
striking distant coastal areas in a matter of
hours. The figure shows the estimated number of
hours for tsunami-generated waves to travel
across the Pacific Ocean from Alaska and Chile,
respectively.

5
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Outflow following inundation also creates strong

currents, which rip at structures and pound them with

debris, and erode beaches and coastal structures.

As tsunamis reach the shoreline, they may take the

form of a fast-rising tide, a cresting wave, or a bore. The

bore phenomenon resembles a step-like change in the

water level that advances rapidly (from 10 to 60 miles

per hour). Normal tidal bores at the Bay of Fundy,

Canada, or the Yellow River, China, provide examples

of this phenomenon.

The force and destructive effects of tsunamis should

not be underestimated. At some locations, the advanc-

ing turbulent wave front will be the most destructive

part of the wave. In other situations, the greatest

damage will be caused by the outflow of water back to

the sea between crests, sweeping all before it and

undermining roads, buildings, bulkheads, and other

structures. This outflow action can carry enormous

amounts of highly damaging debris with it, resulting in

further destruction. Ships and boats, unless moved

away from shore, may be dashed against breakwaters,

wharves, and other craft, or be washed ashore and left

grounded after the withdrawal of the seawater.

The Destructiveness of Tsunamis

Though rare, tsunamis are devastating events for

humankind. In recorded history, hundreds of

thousands of people all over the world have died as

a result of tsunamis. Some scholars believe that a

tsunami resulting from the eruption of the volcano

Thera destroyed the Minoan culture in the Mediter-

ranean in 1628 B.C.

Since 1946, six destructive tsunamis have caused

nearly 500 deaths and damaged hundreds of

millions of dollars of property in Alaska, Hawaii, and

along the U.S. West Coast.

The destructive potential of tsunamis was most

dramatically illustrated by the 1960 Chile earth-

quake and the 1964 Alaska earthquake, two of the

largest earthquakes ever measured.

The 1960 earthquake off coastal Chile devastated

parts of Chile and almost instantly raised a Califor-

nia-sized piece of land on the ocean floor about 30

feet. Its companion series of tsunami waves resulted

in further losses in many other Pacific Rim and

island locations, including Hilo, Hawaii, and Japan.

As a tsunami approaches shore, it slows down
and dramatically increases in height.

Principle 1: Know your community’s tsunami risk: hazard,

                           vulnerability, and exposure
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Over 2,000 lives were lost, including 61 in Hawaii

and 122 in Japan. The earthquake-generated

tsunami waves registered on tide gauges for more

than a week around the Pacific Rim.

The tsunamis generated by the 1964 Alaska

earthquake also spread destruction around the

Pacific Rim. In Alaska alone, waves and the effects of

groundshaking and submarine landslides destroyed

portions of numerous coastal communities. Whittier

suffered losses to docks, oil facilities, and rail

facilities with wave run-up noted at an elevation of

104 feet in a narrow passage. Kodiak suffered

subsidence due to the groundshaking, followed by

multiple tsunami waves that inundated the low-

lying areas of town, destroying virtually all docking

facilities and driving boats and other debris ashore.

Valdez experienced submarine landslides triggering

waves as high as 23 feet, destroying much of the

town. Seward experienced 30- to 40-foot tsunamis

and local submarine landslides, causing extensive

damage to the docking areas and fires in petroleum

storage facilities.

Exposure to Tsunamis

Coastlines have always been a favored location for

human settlements. Because of the attractiveness of

coastal locations and the long gaps between devas-

tating tsunami events, coastal communities have

continued to develop in recent times with new

housing, maritime facilities, and resort develop-

ments. As a result, more people and facilities are

threatened by the destructive force of tsunamis.

According to one recent estimate, 489 cities in

Alaska, California, Hawaii, Oregon, and Washington

are susceptible to tsunami inundation, with an

estimated 900,000 people living or working within

areas that could be inundated by a 50-foot tsunami.

Understanding the Risk to
Your Community

Understanding the tsunami threat is the first step in

reducing potential losses. These guidelines repeatedly

stress the importance of compiling and applying good

local tsunami hazard information.

Principle 1: Know your community’s tsunami risk: hazard,

                           vulnerability, and exposure

P•
1 Potential destructiveness of tsunamis in

the five Pacific states
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Tsunami risk is a function of three factors: 1) the

nature and extent of the tsunami hazard; 2) the

vulnerability of facilities and people to damage; and

3) the amount of development or number of people

exposed to the hazard.

There is no substitute for having a local evaluation

of a community’s hazard, vulnerability, and

exposure. The information will help communities

understand the causes and consequences of a

tsunami in order to design specific loss-prevention

measures and programs.

Process for Obtaining Local Tsunami
Hazard Information

1) Prepare Tsunami Inundation Studies

The first step in understanding your risk is to

estimate the extent and pattern of your

community’s potential tsunami inundation,

tsunami frequency (recurrence interval), and the

reliability of the estimate. In all five Pacific states,

state agencies are conducting ongoing tsunami

mapping programs. The methodologies used and

the geographic coverage of efforts vary from state

to state. Generally, the mapping programs involve

some combination of computer modeling,

historical research, and field confirmation. The

current round of tsunami inundation mapping is

designed primarily to support evacuation plan-

ning, but provides a good starting point for land

use planning as well.

Because of the often simplistic assumptions that

are made in a statewide study, local land use

managers should conduct their own more refined

assessments of tsunami inundation potential. Each

level in the land use planning, site planning, and

building design hierarchy requires a different level

of refinement in the information concerning

potential inundation and destructive effects. In

many cases, it will only be possible to gather

adequate information about the potential effects

of local tsunamis because distant tsunamis are

more difficult to model.

Principle 1: Know your community’s tsunami risk: hazard,

                           vulnerability, and exposure

Damage to Crescent City, California, from the
1964 tsunami. Nearly 900,000 people in the five
Pacific states live in the inundation zone for a
50-foot tsunami. Credit: Del Norte Historical
Society

P•1
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Tsunami studies should include:

• reviewing historic records and describing

potential local and distant tsunami sources

• evaluating potential for ground failures and other

geologic effects

• estimating number of waves, their heights,

arrival times, and inundation depths

• calculating water velocities and debris loads

• estimating probabilities of occurrence and levels

of certainty

Preparing these studies will ordinarily require the

assistance of consulting specialists. Local governments

may also want to create an advisory committee

composed of members from nearby colleges and

universities, government agencies, consulting organiza-

tions, and civic and professional organizations.

2) Prepare Tsunami Loss Scenario Studies

Knowing the extent and pattern of inundation

allows communities to assess the potential damage

such inundation would do to existing development

and infrastructure. Scenario studies based on

assumed conditions provide a graphic illustration

of what can happen to a community, both during

and after a destructive tsunami. These studies

should also address other hazards, such as local

earthquakes, that may cause concurrent damage.

Local tsunamis pose unique problems for emer-

gency planners since the facilities and infrastruc-

ture needed for evacuation may be damaged by

the earthquake that triggers the tsunami.

Such scenarios typically assess potential losses to

important buildings and structures, transportation

systems, and utility systems. The resulting tsunami

loss scenario study will provide the foundation for

reducing potential losses. The most important

principle is that the study be accepted as the best

that could have been done within the constraints

of funding, time, and knowledge. Because of the

inherent limitations associated with loss studies, it

will be important for all involved to reach consen-

sus on the results. This will help ensure community

and political acceptance–a key ingredient for

establishing effective loss-reduction measures.

However, consensus may be hard to reach in these

Principle 1: Know your community’s tsunami risk: hazard,

                           vulnerability, and exposure

P•
1

Wave generated by the 1946 tsunami in the
Keaukaha area of Hilo, Hawaii. Credit: Pacific
Tsunami Museum
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studies, and differing interpretations or conclu-

sions need to be identified and discussed.

The case study on page 14 describes an earthquake

and tsunami scenario for the north coast of

California, including damage probability and

assessments for a variety of facilities, infrastruc-

tures, and services. The Federal Emergency

Management Agency (FEMA) has developed a

geographic information system (GIS)-based natural

hazard loss estimation methodology, called

HAZUS, that can be adapted to address tsunami

hazards in scenario studies.

Release of any loss scenario study should be

accompanied by briefings of key community

groups and leaders, the media, elected and

appointed officials, and others important to

adopting and applying loss reduction measures.

Strategies for Applying Hazard
Information to Reducing Future
Losses

Strategy 1: Incorporate Hazard Information

into Short- and Long-Term Planning Processes

One of the best ways to prevent future losses from

natural hazards is to ensure the subject is ad-

dressed along with all other issues in short- and

long-term comprehensive planning programs and

project reviews. Some jurisdictions require that

public safety considerations or specific hazards be

addressed. The resulting information becomes part

of the evaluation and decision-making processes.

The scope of the hazard information will vary with

the breadth or narrowness of the project, such as

amending a growth management plan, reviewing a

specific development proposal, or modifying a

zoning ordinance.

The information should be used to evaluate major

development proposals so that risk mitigation is

factored into decisions, approvals, and permits.

Principle 1: Know your community’s tsunami risk: hazard,

                           vulnerability, and exposure
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Principle 1: Know your community’s tsunami risk: hazard,

                           vulnerability, and exposure

Moreover, knowing that such information will be

needed, owners and developers should be required to

supply detailed hazards data and mitigation measures

as part of their proposals. Communities should have

specific administrative and review procedures to

ensure the effectiveness of this process.

Strategy 2: Use Hazard Information to Build

Public and Political Support for Mitigation

Measures

Hazard information, loss estimates, and planning

scenarios are powerful tools to create understand-

ing and commitment to mitigation. They should be

used to acquaint the populace with their exposure

and vulnerability, empower them to take precau-

tionary measures, build political consensus about

acceptable risk-reducing policies and programs,

and strengthen emergency preparedness and

warning programs.

Moreover, hazard information, or procedures for

consulting such information, should be included in

other programs and processes affecting current

and future development. This will ensure that risk

management becomes a regular part of the

decision-making processes leading to sustainable

and more disaster-resistant communities.

Strategy 3: Estimate Reduced Future

Losses by Evaluating the Effectiveness of

Loss-Prevention Measures

One of the biggest challenges in preventing losses

from natural hazards, especially for rare events

such as tsunamis, is to show that mitigation

measures would be effective. At the community

level, the value of mitigation investments can be

estimated by using scenarios and maps to evaluate

actions taken to reduce vulnerability and exposure

to tsunami hazards. Informed judgments can be made

by quantifying the losses that likely would have

occurred if such precautions had not been taken.

Strategy 4: Periodically Re-evaluate Community

Vulnerability and Exposure

The tsunami hazard is unlikely to change over time,

but communities are changing constantly. This

dynamic process leads to changes in vulnerability

and exposure. Effective long-term tsunami

P•
1
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mitigation means that loss studies should be

reviewed and revised periodically—at least every five

years—to reflect changes in development patterns

and demographics. Regular review and revision will

ensure that the most current information is applied,

and it could help to demonstrate the effectiveness of

loss prevention.

Community vulnerability certainly should be

re-evaluated following a disaster or other severe

event, perhaps including comparable events in other

locations around the world.

Damage from the 1960 tsunami in the Waiakea
area of Hilo, Hawaii. Parking meters were bent
by the force of the debris-filled waves. Credit:
U.S. Navy

Principle 1: Know your community’s tsunami risk: hazard,

                           vulnerability, and exposure

P•1



P 
• 

1
P 

• 
2

P 
• 

3
P 

• 
4

P 
• 

5
P 

• 
6

P 
• 

7

Page 14

Principle 1: Case Study

Case Study: Planning Scenario for Humboldt and Del
Norte Counties

In 1995, the California Division of Mines and Geology published Special

Publication 115, entitled Planning Scenario in Humboldt and Del Norte

Counties, California for a Great Earthquake on the Cascadia Subduction Zone.

This report includes a description with supporting maps of the potential

effects of a tsunami on the cities of Eureka (Humboldt County) and Crescent

City (Del Norte County). This report is an example of local hazard and risk

information that can be used to support mitigation efforts.

The scenario earthquake is assumed to generate a local tsunami that would

arrive minutes after the earthquake. The maps depict potential structure and

infrastructure damage and show locations likely to be flooded by a tsunami

caused by a potential great earthquake (magnitude 8.4) occurring offshore on

the Gorda segment of the Cascadia Subduction Zone.

The planning scenario includes damage probability and assessments for a

variety of facilities, infrastructure, and services including: schools and

colleges, hospitals, highways, airports, marine facilities, railroads, and

facilities for electric power, natural gas, petroleum products, water supply,

and wastewater. These assessments are intended to assist localities in

planning for emergency response efforts and pre-disaster retrofitting and

other risk mitigation efforts. Excerpt from Scenario Map for Humboldt and Del Norte Counties

P•
1
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P • 1Tsunami risk can be mitigated most effectively

by avoiding or minimizing the exposure of

people and property through land use planning.

Development should be prevented in high-hazard

areas wherever possible. Where development

cannot be prevented, land use intensity, building

value, and occupancy should be kept to a minimum.

Where these strategies are not available and

development will occur in possible tsunami inunda-

tion areas, planners and designers must look to

mitigation through site planning techniques as

discussed under Principle 3 or building construction

techniques as discussed under Principle 4.

The Role of Land Use Planning in
Reducing Tsunami Risks

Land use planning in communities guides the

location, type, and intensity of development and

can, therefore, be used to reduce the community’s

exposure to tsunami hazards. Principle 2 focuses on

large-scale land use planning issues, such as those

that are dealt with in comprehensive plans, zoning

ordinances, and subdivision regulations. It focuses on

the types, patterns, and densities of uses that could

and should be allowed within potential tsunami

inundation areas based on consideration of the risk.

It is important to remember that the more locational

mitigation (Principle 2) is used, the less design

mitigation (Principles 3 and 4) is required.

Process for Implementing Land Use
Planning Strategies

The following outlines the steps that can be taken

when formulating a community land use strategy for

tsunami risk mitigation.

1) Understand Locational Context

Opportunities for reducing tsunami risk differ

depending on local circumstances, so a one-size-

fits-all approach cannot be used. The presence or

absence of development within tsunami hazard

areas will determine the type of planning ap-

proach that is feasible. For example, vacant land

conversion, such as expansion of an existing

Designing for Tsunamis

P•2
Principle 2: Avoid new development in tsunami run-up areas to

                           minimize future tsunami losses

Aerial view of tsunami and earthquake damage
to Valdez, Alaska, showing the extent of
inundation along the coastline from the 1964
Great Alaska Earthquake. Coastal-dependent
development can conflict with safety goals.
Credit: U.S. Department of the Interior
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community or development of a new community,

will require different mitigation strategies than will

other forms of development such as infill, redevelop-

ment, reuse, or changes in occupancy (see Principle 5).

2) Understand Trade-Offs

Mitigation often means making trade-offs between or

among competing goals when dealing with land use

planning issues and tsunami hazards. For example, the

public access emphasis in Coastal Zone Management

(CZM) programs argues for locating visitor-serving

development along the coastline; yet this access can be

at direct odds with public safety goals for minimizing

new development in tsunami inundation areas.

Coastal-dependent development such as ports and

harbors that, by their nature, have to be situated on

the coast can also conflict with safety goals. Other

planning goals such as compact/dense downtowns

can also result in increased risk.

These trade-offs need to be recognized in the

planning process. The revision process for a compre-

hensive plan is a good time to weigh alternatives and

to balance competing goals.

3) Review and Update Existing Safety Element

The existing safety or natural hazards element of the

comprehensive plan should be reviewed to deter-

mine if it adequately recognizes tsunami hazards and

how the risk is managed when decisions are made.

The following information should be inventoried and

updated, as necessary (see Principle 1):

• technical information such as inundation zones

• loss scenario information

• goals and policies

In addition, it should be recognized that tsunami

hazards often overlap other hazards and that

mitigation for other hazardous conditions can assist

in mitigating tsunami risk. Such hazards might

include riverine flooding, hurricanes/typhoons,

landslides, coastal erosion, and earthquakes.

4) Review and Update Existing Land Use

Element and Other Plans

The existing land use element, other comprehensive

plan elements, and special plans should be reviewed

to determine what changes are needed to address

Principle 2: Avoid new development in tsunami run-up areas to

                           minimize future tsunami losses

Erosion along the Oregon coast. Mitigation for other
hazardous conditions such as erosion, flooding,
hurricanes, and seismic hazards can assist in
mitigating tsunami risk. Credit: Oregon Department
of Land Conservation and Development

P•
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the tsunami hazard, and be updated as necessary.

Land use policies and programs should address

tsunami hazards as part of a comprehensive

tsunami mitigation program.

Such an update should focus on the location and

vulnerability to damage of existing and planned

land uses in the community, including the following:

• residential

• commercial/visitor-serving

• industrial (general)

• industrial (hazardous materials)

• public facilities (transportation and water

systems)

• critical facilities and systems (communication,

emergency response, electrical power, water

supply, and natural gas systems)

5) Review and Update Existing Zoning,

Subdivision, and Other Regulations

Existing zoning, subdivision, and other regulations

should be reviewed and updated with an eye toward

mitigating future tsunami losses. Requirements for

consistency between the comprehensive plan and

zoning and subdivision regulations vary among the

states. In California, for example, the zoning code

is considered part of the local coastal program

(LCP) for coastal communities and is required to be

consistent with the general plan.

6) Planning for Post-Tsunami Reconstruction

Disasters create the opportunity to eliminate

nonconforming uses and reshape existing patterns

of development to minimize future losses. On the

other hand, they can also create enormous

pressure to rebuild the community quickly and

exactly as it was before the disaster. These rebuild-

ing issues should be addressed through the land

use planning process before a disaster strikes so

that a community is prepared to deal with rebuild-

ing issues in the event of a disaster.

Principle 2: Avoid new development in tsunami run-up areas to

                           minimize future tsunami losses
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Specific Land Use Planning Strategies
to Reduce Tsunami Risk

The following are specific recommended land use

planning strategies that a community can use to

reduce tsunami risk.

Strategy 1: Designate Tsunami Hazard Areas

for Open-Space Uses

The designation and zoning of tsunami hazard areas

for such open-space uses as agriculture, parks and

recreation, or natural hazard areas is recommended

as the first land use planning strategy to consider.

This strategy is designed to keep development at a

minimum in hazard areas. It is particularly effective

in areas that have not yet experienced development

pressure. It is obviously more difficult in areas that

are already partially developed or that have strong

development pressures.

Strategy 2: Acquire Tsunami Hazard Areas

for Open-Space Uses

A second strategy is to acquire tsunami hazard areas

for open-space uses. Open-space acquisition has

several advantages over strictly regulatory

P•
2

approaches such as zoning. Acquisition ensures that

the land will be controlled by a public agency or

nonprofit entity, and it removes any question about

a regulatory taking. The primary disadvantage to

acquisition is cost.

There are multiple approaches to acquisition. Since

land ownership is in effect a bundle of rights,

including the rights to sell, lease, and develop the

property, some of these rights, such as the right to

develop, can be sold separately from the rest of the

property.

For example, a purchase of development rights

(PDR) program is based on purchasing the right to

develop land from the bundle of rights associated

with the land. A PDR program involves the purchase

of the development rights to a property, generally

through the granting of a conservation, open-space,

or scenic easement that restricts the uses to which

the property owner may put the land. A PDR

program can also be constructed to purchase a fee-

simple interest in a property and then to resell the

property with an easement restricting future

Principle 2: Avoid new development in tsunami run-up areas to

                           minimize future tsunami losses

Park on the Hilo, Hawaii, waterfront. Open space
uses such as parks can keep development at a
minimum in hazard areas. Credit: County of Hawaii
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development. A similar result can be obtained

through purchasing a fee-simple interest and then

leasing the property with restrictions on use. PDR

programs are more effective in preserving land

from development where development pressure

has not yet driven up land prices.

Strategy 3: Restrict Development through

Land Use Regulations

In areas where it is not feasible to restrict land to

open-space uses, other land use planning measures

can be used. These include strategically controlling

the type of development and uses allowed in hazard

areas, and avoiding high-value and high-occupancy

uses to the greatest degree possible.

For example, plan designations and zoning districts

can use density restrictions or large-lot zoning (e.g.,

10-acre minimum) to ensure that only very low-

density residential uses are allowed in hazard areas.

Another technique is to require clustering of develop-

ment on site areas where risks are the lowest.

Strategy 4: Support Land Use Planning

through Capital Improvement Planning and

Budgeting

The capital improvement planning and budgeting

process can be used to reinforce land use planning

policies. A major factor in determining future

development patterns is where a local jurisdiction

chooses to extend sewer and water lines, roads, and

other public facilities and services. Decisions can

either discourage or encourage development in

tsunami and other hazard areas.

Natural hazard risk mitigation should be integrated

into infrastructure policy. Infrastructure policies by

themselves will not preclude development in certain

areas, but they can reinforce land use plans, and they

can shape market forces to encourage development

in less hazardous areas by not subsidizing infrastruc-

ture that serves a higher-risk hazardous area.

Principle 2: Avoid new development in tsunami run-up areas to

                           minimize future tsunami losses

Development can be clustered on site areas
where risks are the lowest.

Large-lot zoning can ensure that only very low
density residential uses are allowed in hazard
areas.
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Strategy 5: Adapt Other Programs and

Requirements

The safety element of a comprehensive plan and the

zoning, subdivision, and other programs designed to

implement the comprehensive plan may contain

regulations that are applicable to tsunami risk

mitigation even if tsunami hazards are not men-

tioned explicitly. Many of these programs and

regulations can be adapted relatively easily to

address tsunami hazards. For example, existing

floodplain restrictions, hillside and landslide controls,

and environmental, scenic, recreational, and wildlife-

protection requirements can help address tsunami

hazards and should be modified for that purpose.

Principle 2: Avoid new development in tsunami run-up areas to

                           minimize future tsunami losses
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When development is to be sited within a

tsunami hazard area, the physical configu-

ration of structures and uses on a site can reduce

potential loss of life and property damage. This

includes the strategic location of structures and

open space areas, interaction of uses and landforms,

design of landscaping, and the erection of barriers.

The Role of Site Planning in Reducing
Tsunami Risk

Within the broader framework of a comprehensive

plan, site planning determines the location, configu-

ration, and density of development on particular

sites and is, therefore, an important tool in reducing

tsunami risk.

At the site planning level in the planning/regulatory

hierarchy, the focus typically is on a single parcel or

collection of parcels of land 2 to 200 acres in size,

under the control of a single owner. This scale of

planning provides limited opportunities for avoiding

the tsunami hazard entirely, but can provide a broad

range of opportunities to design a project to

minimize tsunami damage.

Process for Implementing Site
Planning Strategies

The following outlines the steps that can be taken

when formulating a site planning strategy for

tsunami hazard mitigation.

1) Create a Project Review Process that is

Cooperative, Comprehensive, and Integrated

The most effective site planning in coastal areas

includes a project review process that reflects the

area’s vulnerability and exposure to tsunami

hazards, considers the broader policy and regula-

tory context, and is part of a larger mitigation

strategy. An interactive and informed site planning

and review process can save time for project

sponsors and provide better mitigation solutions.

Communities interact with project proponents at

various levels in the preparation and review of site

plans. The level of review relates to the scale and

context of a project. Some projects require site and

concept review, while others require a review of

fully developed designs. Community-level project

Designing for Tsunamis

P•3
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The waterfront area of Crescent City, California,
flooded by the 1960 tsunami. Credit: USGS
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review can occur parallel to the design process in

an interactive fashion. Alternatively, project site

review can be more reactive based on predeter-

mined criteria or plans.

Some communities have adopted comprehensive

development policies for waterfront areas to ensure

that site planning is part of a review process that

implements a larger mitigation plan, economic

objectives, and community design concepts. Without

this broader framework, community-wide mitigation

objectives can be overlooked in a site plan review

process that involves different disciplines and

multiple departments and decision-making bodies.

2) Understand Local Site Conditions

Local planning officials and project sponsors must

develop mitigation strategies that reflect the

character of the site and immediate context. This

includes understanding how tsunamis impact

different types of site geography, land uses and

building types, and development patterns. The depth

of tsunami inundation, speed of currents, presence of

breaking wave or bore conditions, debris load, and

warning time can vary greatly from site to site.

The site analysis phase can be used to establish site

plan parameters for tsunami mitigation. Many

communities have mapped hazard areas. Within these

areas, communities may also have more detailed

plans that include site analysis. The analysis typically

includes geographic conditions, critical infrastructure

(see Principle 6), area access and egress (see Principle

7), and existing and future development patterns. The

analysis may also include economic feasibility and

community design objectives.

Regional hazard maps can identify many of these at-risk

areas, but typically they do not reflect the catastrophic

potential of a tsunami that is accompanied by other

disasters. Besides inundation, near-source earth-

quakes can cause damage and possibly lower the

elevation of the entire region, causing flooding. Fires,

broken infrastructure, liquefaction, mudslides, erosion,

and other hazardous conditions can create scenarios

that make communities even more vulnerable to

tsunami waves. Therefore, each site assessment

should identify other hazardous conditions besides

elevation and shoreline configuration.

Principle 3: Locate and configure new development that occurs in

                           tsunami run-up areas to minimize future tsunami losses
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3) Choose a Mitigation Strategy for the Site

Many communities work with project sponsors to

select a mitigation approach during the site plan-

ning process. Generally, this includes siting solutions

that avoid, slow, steer, or block inundation. These

can be blended with building design and engineer-

ing that provides hardened or passive ways of

handling the force of a tsunami (see Principle 4).

Specific Site Planning Strategies to
Reduce Tsunami Risk

There are four basic site planning techniques that

can be applied to projects to reduce tsunami risk:

1) Avoid inundation areas

2) Slow water currents

3) Steer water forces

4) Block water forces

These basic strategies can be used separately or be

combined into a broader strategy. The methods can

be used in passive ways to allow tsunamis to pass

through an area without causing major damage, or

they can be used to harden structures and sites to

withstand the force of a tsunami. The efficacy of

these techniques depends on the intensity of the

tsunami event. If the tsunami hazard is underesti-

mated, development in the area may still be  vulner-

able to a larger event.

Strategy 1: Avoiding

Avoiding a tsunami hazard area is, of course, the

most effective mitigation method. At the site

planning level, this can include siting buildings and

infrastructure on the high side of a lot or raising

structures above tsunami inundation levels on piers

or hardened podiums.

Strategy 2: Slowing

Slowing techniques involve creating friction that

reduces the destructive power of waves. Specially

designed forests, ditches, slopes, and berms can slow

and strain debris from waves. To work effectively,

these techniques are dependent on correctly

estimating the inundation that could occur.

Principle 3: Locate and configure new development that occurs in

                           tsunami run-up areas to minimize future tsunami losses
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Strategy 3: Steering

Steering techniques guide the force of tsunamis

away from vulnerable structures and people by

strategically spacing structures, using angled walls

and ditches, and using paved surfaces that create a

low-friction path for water to follow.

Strategy 4: Blocking

Hardened structures such as walls, compacted

terraces and berms, parking structures, and other

rigid construction can block the force of waves.

Blocking, however, may result in amplifying wave

height in reflection or in redirecting wave energy to

other areas.

Mitigation Strategies by Type of
Development

The following describes various types of new

development that may be exposed to tsunami

damage and identifies possible mitigation strategies

for these different types of development.

1) Infill Housing

In small communities, individual homes and infill

housing are the most common forms of develop-

ment. Often, there is great political pressure to allow

development of smaller sites that do not permit

locating development out of the hazard area.

Communities can require that these smaller projects

be raised above inundation levels and that engi-

neering features be added to their design. However,

they can still be vulnerable to damage from debris

and other structures that may break free and collide

with them. In some cases, new infill buildings can be

sited on the high side of a lot to avoid being hit by

another structure.

2) New Neighborhoods and Subdivisions

To reduce tsunami damage, the layout of new

subdivisions in shoreline areas can include:

• providing maximum spacing between buildings

• elevating buildings above inundation levels

• placing houses behind a tsunami control forest or

larger hardened buildings

Principle 3: Locate and configure new development that occurs in

                           tsunami run-up areas to minimize future tsunami losses
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structures above estimated inundation levels, and

buffering smaller buildings with larger hotels and

waterfront structures.

5) Community Commercial

The downtowns of most coastal communities are

located adjacent to piers and beach areas. The primary

access roads typically follow the coastline and are lined

with commercial enterprises. Both of these develop-

ment patterns are susceptible to damage by tsunamis.

Strengthening and expanding harbor structures can

help protect adjacent commercial areas. Depending on

the tsunami, however, breakwaters can be swamped

by the rising tide and be ineffective. New buildings can

be elevated above inundation levels or hardened and

designed to withstand tsunami forces.

6) Industrial

Dry docks, refineries, power plants, and other

shoreline industrial facilities are of special concern.

Destruction or flooding of industrial facilities can add

another environmental dimension to a tsunami

disaster with burning oil, toxic chemicals, and other

hazardous materials. Floating buildings, debris, and

• siting primary access roads outside inundation

areas and secondary access roads perpendicular

to the shore

3) High-Rise Hotels

New hotels in coastal areas are typically multi-

level concrete frame structures. The lower levels

of these buildings can be designed for public areas

such as lobbies and support uses (such as parking)

for upper level rooms. In Hawaii, for example,

lower levels of hotels have been designed to allow

waves to pass through the ground floor parking,

lobby, and service spaces, leaving upper level

rooms and meeting spaces undamaged. These

buildings must be designed to withstand both

tsunami and earthquake forces.

4) Resorts

Resorts can include a broad range of facilities and

services, such as small-scale cottages, large hotels,

tennis facilities, swimming pools, golf, and beach-

related recreation. Resort planning can draw on a

variety of mitigation methods, including open

space and tsunami forests, elevating or locating

Principle 3: Locate and configure new development that occurs in
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Elevated restaurant in Hilo, Hawaii. Lower level is
designed to allow waves to pass through. Credit:
Mintier & Associates
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boats can crush pipes and tanks. Protecting

industrial facilities with walls and stronger anchor-

ing can help; however, locating these types of uses

outside of inundation zones is the most effective

mitigation technique.

7) Essential and Critical Facilities

Fire stations, power substations, hospitals, sewage

treatment facilities, and other critical infrastruc-

ture generally should not be located in inundation

zones. Relocation of these types of facilities out of

inundation areas should be an integral part of any

tsunami mitigation plan. Where essential service

facilities such as fire stations or permanent

lifeguard stations must be located in tsunami

hazard areas, they should be designed or retrofit-

ted to survive tsunami damage. This topic is

discussed in more detail under Principle 6.

P•
3
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Damage to port facilities in Seward, Alaska, from
the 1964 tsunami. Locating industrial facilities
outside of inundation zones is the most effective
mitigation technique. Credit: U.S. Army Corps of
Engineers
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Case Study: Hilo Downtown Development Plan

The Hilo Downtown Development Plan was adopted in 1974 to guide

efforts to revitalize the downtown core of Hilo, Hawaii. The Plan

established a Safety District based on the 1946 and 1960 tsunami

inundation lines. All redevelopment in the Safety District was subject to

urban design and building design standards. Any structure below the 20-

foot elevation contour line was required to be designed to withstand the

force of a major tsunami. A Parking District was also designated in the

Principle 3: Case Study

Plan to provide parking for downtown businesses and to use parking

structures as a protective barrier from a tsunami for inland structures.

Parking facilities have been constructed in accordance with the Plan.

In 1985, the Hilo Downtown Development Plan was superceded by the

Downtown Hilo Redevelopment Plan under the authority of Chapter 27,

Flood Control, of the Hawaii County Code.

A section through the lower downtown area from the Hilo Downtown Development Plan. Credit: County of Hawaii
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Where buildings are to be constructed in a

tsunami hazard area, the design and

construction of the buildings–including construction

materials, building configuration, and tsunami-

specific design features–can reduce loss of life and

property damage.

The Role of Construction Design in
Reducing Tsunami Risk

As discussed under Principles 2 and 3, in areas

subject to tsunamis and damaging run-up, the most

effective mitigation technique is to locate new

buildings away from potential inundation areas.

Where this is not possible, building design and

construction will play a critical role in the perfor-

mance of structures in the event of a tsunami.

Performance Objectives

A performance objective for a building depends

upon several considerations:

• location of the building and its configuration

(size, shape, elevations, and orientation)

• intensity and frequency of the tsunami hazard

selected for design

• structural and non-structural design standards

• choice of structural and finish materials

• reliability of utilities

• professional abilities of designers

• quality of construction

• level of confidence in these factors

Hospitals, fire stations, and schools would be

assigned higher performance objectives than those

assigned to tourist accommodations.

Potential tsunami damage to buildings can be

minimized during the early project design stage

where performance objectives are decided, govern-

ing standards are reviewed, and the configuration of

the building is chosen. These decisions govern the

building’s final design and its actual construction.

However, while special engineering techniques and

materials can be used to resist tsunami forces and

inundation, in the case of an intense tsunami, they

will reduce losses but not prevent severe damage.

Principle 4: Design and construct new buildings to minimize

                           tsunami damage

Designing for Tsunamis
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Damage to building in Hilo, Hawaii, from the 1960
tsunami. Although there are engineering techniques
and materials that can be used to resist tsunami
forces and inundation, in cases of intense tsunamis,
they will reduce losses but not prevent severe
damage. Credit: Pacific Tsunami Museum
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Building Codes

Building construction in the United States is governed

at the local level by building codes. Building codes

establish minimum acceptable requirements for

protecting life, addressing property damage, and

preserving the public health, safety, and welfare in the

built environment. Building codes are applied to new

construction as well as to existing buildings

undergoing reconstruction, repair, rehabilitation, or

alteration, or when the nature of the use is changed to

a new occupancy that increases the risk or exceeds the

structural capability of the building.

Process for Implementing
Construction Design Strategies

1) Adopt and Enforce Appropriate Building

Codes and Design Standards

Most local building codes used in the Pacific states are

based on the Uniform Building Code (UBC) prepared

by the International Conference of Building Officials

(ICBO). In California, Oregon, and Washington, the

state governments mandate code adoption and

enforcement at the local level. Alaska only mandates

adoption of a fire code, and Hawaii does not mandate

the use of a model code, leaving the option to county

governments. All the counties in Hawaii and the larger

cities in Alaska have adopted a version of the UBC. The

states mandating the use of the UBC allow local govern-

ment amendments that are more stringent than the

mandated code provisions.

The UBC includes design requirements and standards

for fire, wind, floods, and earthquakes, but it does not

contain requirements for tsunami-resistant design.

While a few communities have adopted tsunami-

resistant building design standards, the vast majority

of coastal communities have not. The City and County

of Honolulu has adopted special requirements for

floods and tsunamis as part of its Revised Ordinances.

With appropriate modifications to reflect local

conditions, these could serve as a general model for

other states and municipalities. Guidance for architects

and engineers in the design for tsunami forces is

included in FEMA’s Coastal Construction Manual, also

known as FEMA 55. The manual deals with tsunamis

in a manner similar to the Honolulu ordinance but

uses more current information.

Principle 4: Design and construct new buildings to minimize

                           tsunami damage
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2) Ensure That Codes and Standards

Address the Full Range of Potential Hazards

While these guidelines emphasize tsunami loss

prevention, other hazards such as earthquake

groundshaking should, of course, also be addressed

in the design of new buildings. Landslides, liquefac-

tion, and other ground failures are potential

problems in many coastal areas, as are seasonal

floods where rivers and streams enter the ocean.

Loss-prevention measures have already been

adopted for most of these hazards, and it is impor-

tant to recognize them in the effort to minimize

direct tsunami losses.

3) Apply Locally Valid Tsunami Hazard

Information

Where a tsunami hazard study has been prepared to

inform local design decisions, the information can

be used to decide whether to permit construction at

a given site. If construction is to be permitted, the

building design must address tsunami-related

forces, including water pressure, buoyancy, currents

and waves, debris impact, scour, and fire. The

analyses will vary depending on location, building

size, and type of construction, such as reinforced

concrete, wood, light metal, and others.

4) Select the Intensity of Design Events

It is essential in the local hazard study to estimate tsunami

intensity for various return intervals. Small tsunamis are

less damaging, but they may be more frequent than

occasional greater events. Smaller tsunamis might serve

as the basis for designing most buildings. However, the

rarer large events with higher water levels and

stronger forces should be the basis for designing critical

facilities, such as hospitals, fire stations, and refineries.

5) Define the Building’s Performance Level

Performance levels describe expectations of owners,

occupants, and regulators relative to the amount of

damage a building could sustain from a tsunami and

the building’s ability following a tsunami event to

support the uses for which it was intended. The design

of a building to achieve a particular performance level

involves a set of decisions that begins with determining

the importance of the building and understanding the

consequences of damage to the building.

Principle 4: Design and construct new buildings to minimize
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There are four performance levels that can be

considered for buildings: minimum, safety,

reoccupancy, and operational levels.

Buildings located, designed, and constructed to the

minimum level should withstand water forces without

being moved off their foundations or sites, but they

could still be damaged by debris, flooding, ground

failures, or other effects.

Buildings constructed to perform at a safety level

should withstand water forces, debris and wave-break

impacts, earthquake shaking, ground failure, and fire

without significant structural damage. People in taller

buildings would be able to evacuate vertically above

the level of wave action resulting from a locally-

generated tsunami.

Buildings constructed to a reoccupancy level should

meet the safety level of performance, but additional

precautions should be taken so they can be reoccu-

pied within a few days to weeks after cleanup, minor

repairs, and the restoration of utilities. This level

requires the careful choice of the building location

and the use of flood-resistant materials.

Finally, the most demanding requirements are used to

design buildings to meet the operational level of

performance. These buildings should be capable of

resisting all expected forces and hazards. They must

also have backup emergency systems and utilities so

they can be used immediately following a tsunami.

Specific Design and Construction
Strategies to Reduce Tsunami Risk

Strategy 1: Choose Appropriate Design

Solutions Based on Expected Tsunami

Effects

Design and construction of new buildings should

address forces associated with water pressure,

buoyancy, currents and waves, debris impact, scour,

and fire.

Substantially constructed buildings of concrete,

masonry, and heavy steel frames are likely to perform

fairly well in a tsunami unless compromised by

earthquake shaking. Wood-frame buildings,

Principle 4: Design and construct new buildings to minimize
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Damage to buildings in Hilo, Hawaii, from the
1946 tsunami. Credit: Pacific Tsunami Museum
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manufactured housing, and light steel-frame struc-

tures at lower elevations close to the shoreline are

likely to fare poorly in a tsunami. Not every area

affected by tsunami run-up, however, will experience

damaging forces. Buildings in less hazardous areas

affected by shallow run-up water depths should

survive with repairable damage if they are designed

and constructed well. The force of currents and

breaking waves, fast-moving waterborne debris, and

scouring currents may exceed the resisting capabilities

of most buildings unless the buildings are constructed

with specific design elements and materials.

The table on page 35 lists the possible effects of

tsunamis on structures (such as flooding, water

pressures and forces, buoyancy, debris impacts,

foundation scouring) and suggests possible

design solutions for each of the potential effects

(such as elevating and anchoring buildings;

designing for water forces, pressures, and impact

loads; and using deep piles or piers). As noted

above, it is important that the design measures be

based on the local hazard study so that expected

forces determine the design solutions.

Strategy 2: Require Qualified Architects and

Engineers to Design Large Buildings

Building design is governed by engineering prin-

ciples and practices and by building codes that

establish minimum standards relating to public

health and safety; however, codes are no substitute

for competent engineering, design, construction, and

quality assurance.

Specialized expertise is often needed when design-

ing and constructing large, complex, or unusually

shaped buildings. Communities should identify

proposed projects that require specially qualified and

licensed professionals, see that the owning/develop-

ing organizations secure such assistance early in the

project planning phase, and help locate sources of

qualified assistance. Professional associations can

help local officials find needed experts such as

architects and geotechnical, coastal, and structural

engineers who are familiar with coastal design and

construction issues.

Some jurisdictions require that such professionals be

involved in building design and be identified on the

Principle 4: Design and construct new buildings to minimize

                           tsunami damage
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building’s plans and specifications. The use of such

experts is especially important when codes and

standards are absent or inadequate, or when the

proposed building is intended to exceed the mini-

mum life safety standards contained in commonly

used codes and standards.

Strategy 3: Inspect Construction to Assure

Requirements are Met

Construction inspection is important to ensure that

buildings are constructed according to the appropriate

standards. Independent inspections can be provided in

several ways: 1) use of qualified permitting agency

staff; 2) use of independent technical experts retained

by the governing jurisdiction; or 3) requiring the owner

to use such experts whose reports would be provided

to the governing jurisdiction for review and accep-

tance. In some areas, licensed construction inspectors

and consulting engineers provide these services.

Principle 4: Design and construct new buildings to minimize

                           tsunami damage
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The challenges in protecting existing develop

ment from tsunami losses are many and

complex. For coastal communities that are nearly

built out, protecting existing development may be

the only real mitigation option available. However,

land uses, buildings, and infrastructure change over

time, creating opportunities to incorporate tsunami

(and other hazard) loss-prevention measures to help

make communities less vulnerable in the future.

The Role of Renewal in Reducing
Tsunami Risk

Efforts to renew communities can take many forms,

including redefining permitted land uses, changing

zoning standards, changing building uses and

occupancies, retrofitting and rehabilitating buildings,

and redeveloping districts to improve their economic

vitality. There may also be special considerations in

tsunami-vulnerable areas such as protecting land-

marks and historic structures, creating scenic vistas,

providing improved access to coastal amenities,

improving services, and accommodating needed

housing and commercial activities.

While many tsunami mitigation techniques used in

new development can be applied to existing develop-

ment, their application will be limited by site con-

straints and building conditions.

The reconstruction process following a disaster

provides an opportunity to create or modify land uses,

implement redevelopment plans, rehabilitate build-

ings, and vacate high-hazard lands subject to repetitive

losses–all with the intent of reducing future losses.

Process for Reducing Vulnerability
Through Renewal Efforts

1) Inventory At-Risk Areas and Properties

If not already available, an inventory should be

completed of buildings, critical facilities, and

infrastructure elements in the potential tsunami

inundation area (see Principle 1 for a more detailed

discussion of this topic). More than a simple tally, this

inventory should take into account the type of

structure, its age, size and configuration, construction

material, and use.

Designing for Tsunamis
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Astoria, Oregon, at the mouth of the Columbia
River. Many of the tsunami risk mitigation
techniques used for new development can be
applied to existing development, but their
application will be limited by site constraints and
building conditions. Credit: Army Corps of
Engineers
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Anchor bolts. Measures to resist earthquake
shaking, such as anchoring and bracing
buildings, can also help to reduce tsunami
damages. Credit: Northridge Collection,
Earthquake Engineering Research Center,
University of California, Berkeley

For risk-mitigation purposes, it is important to

assess the condition of buildings and their construc-

tion characteristics. Significant deterioration may

demand replacement, but retrofit and rehabilitation

may be appropriate in other cases.

Some buildings are complex, having been modified

or expanded over time. It is rare that adequate

drawings of older buildings are available. This

usually means that an engineering study is needed

to determine the actual characteristics of the

building before project-specific rehabilitation or

retrofit plans can be made.

2) Evaluate and Revise Plans and

Regulations to Address Redevelopment,

Retrofit, and Reuse Issues

Periodically, communities perform an in-depth

review and revision of their land use, comprehen-

sive, and growth management plans. The periodic

plan updates provide a broad context within

which redevelopment and renewal policies and

plans can be developed.

Building codes primarily address new construction;

generally, they do not address renovations and

retrofitting comprehensively or in detail. Local

building codes should be amended to fully address

risk mitigation in the context of building renovation.

As a starting point, there are several examples of

code amendments concerning retrofitting buildings

for earthquake hazards that can be adapted for

tsunami hazards. The Federal Emergency Manage-

ment Agency (FEMA) sponsored the preparation of a

multiple-volume guide on rehabilitating buildings to

resist earthquake forces. Several states and commu-

nities have also adopted laws and ordinances

governing the retrofitting and rehabilitation of

existing buildings to reduce future losses from

earthquakes.
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Specific Renewal Strategies to
Reduce Tsunami Risk

Strategy 1: Adopt Special Programs and

Development Regulations

There is a variety of specific development regulations

and programs that local communities can implement

to minimize tsunami risk, including:

• redesignating and rezoning land in tsunami hazard

areas for uses more consistent with the risk as non-

conforming uses are phased out

• limiting additions to existing buildings in tsunami

hazard areas

• buying specific properties in tsunami hazard areas

and removing or relocating buildings

Strategy 2: Use Redevelopment Strategies to
Reduce Tsunami Risk

Redevelopment land acquisition and financing

powers can be used on a district-wide scale to

reconfigure uses or infrastructure, retrofit specific

buildings, or remove buildings altogether in

tsunami hazard areas.

Strategy 3: Use Incentives and Other Financial
Measures to Support Loss Prevention

One key to the success of redevelopment and other

renewal measures is helping building owners bear the

cost of the proposed changes. There are many

commonly used incentives that help spur renewal,

such as reduced property taxes, waiving of permit and

inspection fees, and low interest loans. Local officials

should ensure that whatever incentives are used

include risk mitigation as an eligible purpose.

Strategy 4: Adopt and Enforce Special Provi-

sions for the Retrofit of Existing Buildings

Retrofit of existing buildings should be encouraged

when the effort will improve tsunami resistance to

a level capable of meeting identified performance

objectives, or to minimize floating debris that can

damage nearby buildings. Retrofitting may be

required for all buildings within a hazard zone, or

may be mandated only when substantial modifica-

tions are made to existing structures or when there

are changes in building occupancy.

An excerpt from the tsunami inundation map in
the Hilo Downtown Development Plan. Credit:
County of Hawaii

P•5
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The complexities associated with strengthening

existing structures may require the development,

adoption, and implementation of special codes,

standards, and procedures. Moreover, special purpose

requirements may exist, such as codes governing the

rehabilitation of historic buildings, that may or may

not contain provisions for protecting against hazards.

Flexibility may be needed to ensure that effective

mitigation techniques can be applied to such proper-

ties without seriously disrupting their original

characteristics.

The standards for upgrading buildings involve the

same factors as constructing new buildings; however,

upgrading to achieve a selected performance objec-

tive is more expensive to implement after initial

construction is completed. Dealing with the vulner-

ability of existing buildings is difficult because of the

limited number of alternatives and cost of remedial

measures that will withstand hydrodynamic and

impact loads.

Measures that improve resistance to tsunamis in

combination with other more frequently occurring

hazards are more likely to be feasible. These include

elevating buildings above the base flood elevation,

improving foundations to resist scour and erosion,

and anchoring and bracing the buildings to resist

earthquake shaking. Although these measures can

reduce tsunami damage, especially in the statistically

more-frequent small tsunamis, they will not ensure

that a building is able to withstand the intense forces

associated with larger events.

Strategy 5: Require Qualified Architects and

Engineers to Design Effective Measures to

Protect Existing Development

As discussed under Principle 4, specialized expertise

should be used to help design measures to reduce

future losses. Such expertise is important when

considering measures to strengthen existing

development because of the complexities associated

with such projects and the greater reliance placed on

experience and judgment. Design professionals and

engineers who specialize in rehabilitation and

retrofit practices can be located through professional

associations and contacts with local practitioners.
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Certain facilities in a community deserve special

attention in the planning and design process

to minimize damage to them. Infrastructure such as

transportation systems for people and goods, and

utility systems such as communications, natural gas,

water supply, power generation, and transmission/

distribution systems are essential to the continued

operation of a community and need to be

functional—or easily and rapidly repairable—

following a disaster.

Other facilities in the community are considered

critical because of their occupants or the functions

they contain. These include: 1) essential service

facilities such as fire stations; 2) hazardous facilities

such as chemical plants or fuel storage tanks; and 3)

special occupancy structures with uses such as

government functions important to sustaining a

community, buildings with large numbers of occu-

pants, or buildings such as convalescent homes with

occupants who cannot evacuate the premises readily.

The Role of Infrastructure and Critical
Facility Location and Design in
Reducing Tsunami Risk

Infrastructure and critical facilities are often located

on the coast within tsunami hazard areas. In some

cases, such as fire stations, the facilities may need to

be located in tsunami hazard areas; in other cases,

they could just as easily be located outside the

tsunami hazard area.

Because of the services these facilities provide—or

the harm they could cause—to the community, their

performance during natural hazard events is a

community-wide concern that needs to be consid-

ered as part of a tsunami risk management effort.

Process for Implementing
Infrastructure and Critical Facility
Location and Design Strategies

1) Understand Tsunami Mitigation

Responsibilities

Managing the tsunami risk is a responsibility shared

by the government and private sectors. Depending

Designing for Tsunamis
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Bore advancing through the railroad bridge at the
Wailuku River in Hilo, Hawaii, during the 1946
tsunami. Credit: Pacific Tsunami Museum
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on the community, infrastructure systems and

critical facilities may be owned and managed by

local or state agencies, special districts, private

companies, nonprofit organizations, federal depart-

ments and agencies, joint powers authorities, or

others. Mitigation programs need to involve all

participants in the planning process.

2) Understand and Describe the Nature and

Extent of the Tsunami Hazards for Infrastruc-

ture and Critical Facilities

Principle 1 provides background information on local

tsunami risk studies and hazard scenarios. In such

studies, it is important to include information about

infrastructure and critical facilities and to identify

who is responsible for their location, design, con-

struction, operation, and maintenance. This work

includes the following:

• Define the tsunami hazard (see Principle 1) and

describe it by intensity (expected effects) and

probability of occurrence.

• Inventory and gather data about infrastructure

elements and critical facilities in the potential

damage area and describe why their functions

make tsunami resistance an important issue for

the community and what makes each facility

vulnerable to damage from tsunami forces.

• Identify the responsible organizations and include

their representatives in the mitigation process.

3) Adopt Comprehensive Risk

Management Policies

Communities should adopt policies to manage the

tsunami risk and integrate them into coastal

management programs, land use plans, floodplain

zoning, capital outlay plans, building regulation

programs, and other procedures used to control

the use and safety of facilities near the shoreline.

Essential service facilities should be operational

following a hazard event. This concept already is

contained in the Uniform Building Code (UBC) and

could be adapted for tsunami hazards. The UBC

requires the use of enhanced seismic and wind

forces for design, and enhanced structural

inspection during construction of essential service

facilities. To ensure stronger structures, the UBC uses

Principle 6: Take special precautions in locating and designing

                              infrastructure and critical facilities to minimize tsunami damage

A boat washed up over 400 feet onshore from
the wharf by the 1946 tsunami in Hilo, Hawaii.
Credit: Pacific Tsunami Museum
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an “importance factor” to increase the force levels

by 15 to 50 percent over those calculated for other

occupancy categories.

4) Adopt a Comprehensive Infrastructure

and Critical Facility Plan

Communities should revise or adopt measures that

deal with existing and new infrastructure, critical

facilities, and waterfront-dependent uses in relation

to tsunami hazards. These comprehensive infra-

structure and critical facility plans should define

performance objectives for the various types of

existing and planned facilities in the community.

Strategies should include relocating or, if possible,

strengthening existing infrastructure and critical

facilities against tsunami forces. They should also

include providing redundant facilities and emer-

gency response measures to lessen the impact of

losing infrastructure and critical facilities that

remain at risk.

Proposals for new critical facilities and infrastruc-

ture located in tsunami hazard areas should be

considered carefully to determine whether the

performance expected is acceptable once feasible

design measures are implemented. Proposals for

new infrastructure should be evaluated in terms of

the increased risk because of induced growth. For

example, construction of new buildings and

facilities may be facilitated by the provision of new

water or wastewater collection services in the

hazard area.

Existing infrastructure and critical facilities are

particularly problematic. It is difficult and expen-

sive to improve the tsunami performance of

existing facilities and infrastructure, and relocation

is usually impractical, especially in the short term.

However, understanding the risk to these existing

facilities and anticipating the consequences of

tsunami events can lead to long-term risk-reduc-

ing strategies (see Principle 5 for a more detailed

discussion of issues related to existing buildings).

Because of the varied nature and differing impor-

tance of infrastructure systems and critical facilities,

an effort must be made to rank their relative

importance to the community and to establish

Principle 6: Take special precautions in locating and designing

                              infrastructure and critical facilities to minimize tsunami damage

Examples of infrastructure and
critical facilities

(cont.)

INFRASTRUCTURE

Transportation Systems

• Roads, highways, bridges, parking lots and
structures, and traffic control systems

• Railroads track beds, bridges, and rail and
switching yards for freight and passengers

• Transit systems (rail, trolley, tram, and motor
coach), storage and maintenance facilities,
power systems and substations, control
systems, bridges, tunnels, and tubes

• Airports and control towers

• Maritime ports, and maritime traffic control
systems, marine terminals, loading/unloading
facilities, storage facilities (including tank farms),
docks, and ship moorings, piers, seawalls, and
bulkheads

Utility Systems

• Electrical generation, transmission, substations,
and distribution systems

• Natural gas production, processing, storage,
transmission, pump, and distribution systems

• Land line communication systems: switching
stations, trunk lines, and data lines

P•6
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performance objectives to help guide mitigation

actions. This work includes the following:

• Determine appropriate performance levels

(i.e., acceptable damage condition for a given

tsunami intensity and probability). See Principle 4

for a discussion of performance levels.

• Determine how each existing system and facility has

addressed tsunami and earthquake mitigation plus

any important site hazards, such as potential

landslides or soil failures.

• Establish a scale of relative importance to help focus

mitigation efforts (e.g., preventing losses of the

potable water systems may be more important

than preventing losses of the wastewater system).

• Set acceptable outage intervals for each element

(e.g., the community hospital must be minimally

functional within one hour of the event, but a major

street could be bypassed for two weeks).

• For new infrastructure and critical facilities, deter-

mine appropriate performance levels and whether

their use is dependent on a waterfront location.

• For existing infrastructure and critical facilities,

determine which mitigation options or combina-

tion of options can reduce the risk and whether

the remaining risk would be acceptable.

Specific Infrastructure and Critical
Facility Location and Design Strate-
gies to Reduce Tsunami Risk

Strategy 1: Locate New Infrastructure and

Critical Facilities Outside the Tsunami Hazard

Area or Design to Resist Tsunami Forces

• Examine plans for infrastructure and critical

facilities to see if other, equally efficient alterna-

tive locations, alignments, and routes can be

used. Most critical facilities need not be located in

a tsunami hazard area to serve their intended

purpose. Some essential facilities may need to be

located in a tsunami hazard area because

alternative locations will not serve the day-to-

day needs of the community.

• Reserve sites for infrastructure and critical

facilities either outside the tsunami hazard area

or in areas where the risk can be reduced

through feasible measures.

• Prohibit new critical facilities in tsunami hazard

areas unless: 1) they are waterfront dependent

and the design can mitigate the vulnerability to

such an extent that the resulting facility will

perform as needed; 2) risk is reduced through

Principle 6: Take special precautions in locating and designing

                              infrastructure and critical facilities to minimize tsunami damage

• Cellular systems, switching stations,
antenna, and towers

• Cable systems for television, radio, and data

• Satellite systems for television and data

• Potable water systems: wells, water supply
sources, storage, pumps, and treatment
and distribution systems

• Sewerage collection, mains, pumps,
treatment facilities, and outfalls

• Pipelines that transport oil, fuels, and other
petroleum products

• Storm water runoff facilities, drainage, and
pipelines

CRITICAL FACILITIES

Essential Services

• Police stations

• Firehouses

• Hospitals with surgery, acute care, or
emergency rooms

• Emergency operations and communications
facilities and equipment

• Garages and shelters for emergency
vehicles and aircraft

Examples of infrastructure and critical
facilities (cont.)

(cont.)
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mitigation and emergency planning measures;

or 3) the need for the facility outweighs the

consequences of its loss during a tsunami (e.g., a

small hospital in a remote, tsunami-prone area

may be justified because it needs to be close to

the population for routine emergencies).

• Prohibit infrastructure improvements that will

encourage construction of other facilities that

cannot withstand the tsunami hazard.

• Consider the impact of new infrastructure on

hazard intensity and distribution. For example,

does it change drainage patterns, increase

exposure to inundation, or channel currents in a

way that will increase the hazard?

• Provide redundant facilities and infrastructure

outside tsunami hazard areas where elements

and facilities must serve high-hazard areas.

• Employ design professionals qualified in coastal,

structural, and geotechnical engineering on

infrastructure and critical facility projects in

high-hazard areas. Communities should identify

proposed projects that should involve specially

qualified and licensed professionals, see that the

owning organizations secure the specialized

assistance as early as possible in the project

planning, and locate both local and distant

sources of qualified assistance that can be

contacted when needed.

• Where it is impractical to locate infrastructure and

critical facilities outside tsunami hazard areas,

ensure that adequate mechanisms exist to isolate

the damaged area, such as shutoff valves, detours,

and others.

Strategy 2: Protect or Relocate Existing

Infrastructure and Critical Facilities

• Do not allow expansion or renovation of existing

facilities in tsunami hazard areas without requir-

ing measures to reduce the risk.

• Construct barriers (reinforced walls and columns)

to protect against impact forces and scour.

• Elevate existing facilities above the inundation

elevation.

• Relocate portions of at-risk facilities.

• Take advantage of the eventual obsolescence of

existing infrastructure and critical facilities as an

opportunity to phase out the facility, relocate the

facility, or incorporate design standards that will allow

for acceptable performance following a tsunami.

Principle 6: Take special precautions in locating and designing

                              infrastructure and critical facilities to minimize tsunami damage

• Standby power-generating equipment for
essential services

• Tanks or other structures containing water
or other fire-suppression material or
equipment required to protect essential,
hazardous, or special occupancy facilities

• Permanent lifeguard stations

Special Occupancy Structures

• Schools

• Universities and colleges

• Residential treatment centers and nursing
and convalescent homes

• Retirement communities

• Large-occupancy structures

• Power-generating stations and other utility
facilities needed for continuous operations

Hazardous Facilities

• Fuel docks and storage

• Spent nuclear fuel storage

• Chemical storage facilities

• Rail tank cars and trucks with chemicals

• Munitions storage, loading docks, and
harbors

Examples of infrastructure and critical
facilities (cont.)

P•6



Page 46

P 
• 

1
P 

• 
2

P 
• 

3
P 

• 
4

P 
• 

5
P 

• 
6

P 
• 

7

Strategy 3: Plan for Emergencies and Recovery

• Prepare emergency plans to cope with the

emergency situation and expedite recovery.

• When waterfront-dependent infrastructure and

critical facilities cannot be newly designed or

retrofitted to withstand tsunami forces, they

should be considered expendable and planning

should be undertaken for evacuation, emergency

response, recovery, and replacement facilities. It

is important to remember that in a tsunami an

expendable building may turn into debris that

can batter people and non-expendable structures.

Principle 6: Take special precautions in locating and designing

                              infrastructure and critical facilities to minimize tsunami damage

Petroleum tank on fire due to damage from the
1964 tsunami on Highway 101 near Crescent
City, California. Credit: Del Norte Historical Society
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The primary strategy for saving lives immedi-

ately before tsunami waves arrive is to evacu-

ate people from the hazard zone. Two methods are

generally available:

• horizontal evacuation—moving people to more

distant locations or higher ground

• vertical evacuation—moving people to higher

floors in buildings

Horizontal evacuation and other emergency

response measures are outside the scope of these

guidelines and have been addressed in other

publications (see Resources and Bibliography at the

end of the guidelines). Vertical evacuation, however,

is addressed in these guidelines since it is linked to

issues of land use, siting, and building design and

construction.

The Role of Vertical Evacuation in
Reducing Tsunami Losses

Evacuating people can save lives and reduce

injuries, but it will have little, if any, effect on

reducing property and economic losses. In coastal

areas where building and population densities are

high, where roads, bridges, and other horizontal

evacuation methods are limited, or where warning

time may be insufficient, vertical evacuation may

be needed as an alternative or supplement to

horizontal evacuation. Land use planning, site

planning, and building design discussed in the

previous principles play an important role in a

community’s ability to rely, at least partially, on

vertical evacuation to protect people.

Process for Implementing a Vertical
Evacuation Strategy

1) Inventory Existing Buildings

The building stock for vertical evacuation varies

greatly across communities. Thus, it is critical that a

community inventory and assess buildings that could

serve as vertical evacuation shelters. This may be

difficult because important information about

existing buildings, such as drawings and calculations,

may not be available. Professional engineers play a

key role in evaluating the capacity of structures to

Designing for Tsunamis

P•7
Principle 7: Plan for evacuation

Vertical and horizontal evacuation
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resist expected forces, and their reports often lead to

rehabilitation and retrofit work designed to

strengthen the buildings. This topic is discussed in

more detail under Principle 5.

2) Ensure Adequate Standards Apply to

New Buildings

New buildings to be designated as vertical evacua-

tion shelters must have sufficient structural integrity

to resist expected tsunami forces and earthquake

groundshaking for tsunamis originating locally.

Building codes and other applicable standards should

ensure the tsunami and earthquake resistance of

new buildings. These standards should go beyond

the minimum life safety requirement of most locally-

adopted codes.

Communities and building owners should also secure

the assistance of qualified professionals in the fields

of geotechnical, coastal, and structural engineering.

Further information about building siting and design

can be found under Principles 3, 4, 5, and 6.

3) Designate Emergency Services Personnel

to Lead the Program

Vertical evacuation, while dependent on structures for

its success, is primarily an emergency preparedness

and response measure. It is important, therefore, that

those community officials responsible for planning

and managing emergency programs and operations

take lead responsibility for vertical evacuation

planning. In addition, it is extremely important to

involve building owners and tenants in the process of

establishing a vertical evacuation program.

4) Resolve Related Issues

There are several other issues that are important to

vertical evacuation. These vary among communities

and states, but include emergency preparedness

requirements, standards of care for evacuees, access

to designated shelters, and liability of public

agencies and building owners.

Principle 7: Plan for evacuation
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Specific Vertical Evacuation Plan
Strategies to Reduce Tsunami
Exposure for People

Strategy 1: Identify Specific Buildings to

Serve as Vertical Shelters

Some existing buildings can serve as vertical shelters

and newer ones can be located, designed, and

constructed with that use in mind. Local building

officials and consulting engineers can help inventory

the community’s stock of candidate buildings,

evaluate the buildings’ tsunami- and earthquake-

resistant capabilities, and establish criteria and

standards for rehabilitation or new construction that

meet the expected hazard forces so the buildings will

be able to serve as shelters.

Factors to be considered in determining a building’s

suitability include size, number of stories, access,

contents, and available services. Only those buildings

judged able to withstand the potential tsunami and

earthquake forces and that meet other occupancy

criteria should be designated as shelters. For example,

if expected tsunami wave heights will not exceed one

story (about 10 feet), then open-floor designs can be

used to allow the waves to pass through with minimal

impact on the building. Further information about

evaluating the tsunami resistance of existing buildings

is discussed under Principle 5.

Strategy 2: Work Out Agreements and

Procedures with Building Owners

To a large extent, vertical evacuation shelters will be

designated in privately owned buildings. For a

program to be effective, therefore, appropriate

agreements should be negotiated with the owners,

and the owners or their representatives should be

involved in the creation and maintenance of the

program. While they will vary among communities

and states, issues related to notification, standards of

care, compensation, duration of occupancy, security,

and liability will be important to the owners.

Strategy 3: Ensure Procedures Exist to

Receive and Disseminate Warnings

It is very important that tsunami-vulnerable commu-

nities have adequate procedures and systems for

notification by official warnings so appropriate

actions can be taken, sometimes many hours in

Principle 7: Plan for evacuation

Tsunami evacuation route sign in Crescent City,
California. Credit: FEMA
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advance for distant tsunamis. Local tsunamis pose

special problems because insufficient time might

preclude official warnings. Some communities are

advising and training their residents and visitors to

evacuate immediately whenever earthquake shaking

is felt. If no tsunami warning is issued, people can

return after a short time.

Strategy 4: Implement Effective Information

and Education Programs

Communities can use brochures, single-page instruc-

tions, periodic warning system tests, electronic and

print media information, signs, and emergency

response exercises to maintain awareness and instill

effective response behavior. Some of this information

will be directed towards specialized institutions, such

as schools, hospitals, and convalescent-care facilities,

and non-English speaking community members.

Because of seasonal tourism in many coastal commu-

nities, some information is designed especially for

tourists. Depending on the community’s needs, it is

important that information and education efforts be

routine, comprehensive, and tailored for special

facilities and populations.

Strategy 5: Maintain the Program Over the

Long Term

Tsunamis are rare events, but their impacts on

coastal communities can be devastating. It is a

challenge to maintain emergency preparedness

programs and procedures when the threat is

perceived as remote. It is, therefore, important that

vertical evacuation measures be integrated into

community response plans and that they be

reviewed and revised regularly. Since cooperation is

essential, these reviews should include building

owners and others involved in the program. Periodic

simulations are a valuable learning exercise, and

regular informational and instructional materials

should be provided to those occupying potential

tsunami damage areas.

Principle 7: Plan for evacuation

Tsunami evacuation map from the civil defense
section of the Hilo, Hawaii, telephone book
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Principle 7: Case Study

Tsunami hazard zone logo

Case Study: Tsunami Warning Programs

The following is a description of tsunami warning programs. This topic is not directly related to

vertical evacuation, but provides helpful background information.

As part of an international cooperative effort to save lives and protect property, the National Oceanic and

Atmospheric Administration’s (NOAA) National Weather Service operates two tsunami warning centers.

The West Coast and Alaska Tsunami Warning Center (WCATWC) in Palmer, Alaska, serves as the regional

tsunami warning center for Alaska, British Columbia, Washington, Oregon, and California.

The Pacific Tsunami Warning Center (PTWC) in Ewa Beach, Hawaii, serves as the regional tsunami

warning center for Hawaii and as a national/international warning center for tsunamis that pose a

Pacific-wide threat. This international warning effort became a formal arrangement in 1965 when PTWC

assumed the international warning responsibilities of the Pacific Tsunami Warning System (PTWS). The

PTWS is composed of 26 international member states that are organized as the International Coordina-

tion Group for the Tsunami Warning System in the Pacific.

The two tsunami warning centers coordinate the information being disseminated. The objective of the

tsunami warning centers is to detect, locate, and determine the magnitude of potentially tsunamigenic

earthquakes. Earthquake information is provided by seismic stations. If the location and magnitude of an

earthquake meet the known criteria for generation of a tsunami, a tsunami warning is issued to warn of

an imminent tsunami hazard. The warning includes predicted tsunami arrival times at selected coastal

communities within the geographic area defined by the maximum distance the tsunami could travel in a

few hours. A tsunami watch with additional predicted tsunami arrival times is issued for a geographic

area defined by the distance the tsunami could travel in a subsequent time period.

continued on next page
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If a significant tsunami is detected by sea-level monitoring instrumentation, the tsunami warning is

extended to the entire Pacific Basin. Sea-level (or tidal) information is provided by NOAA’s National Ocean

Service, PTWC, WCATWC, university monitoring networks, and other participating nations of the PTWS.

Tsunami watch, warning, and information bulletins are disseminated to appropriate emergency officials

and the general public by a variety of communication methods:

• Tsunami watch, warning, and information bulletins issued by PTWC and WCATWC are disseminated to

local, state, national, and international users as well as the media. These users, in turn, disseminate

the tsunami information to the public, generally over commercial radio and television channels.

• The NOAA Weather Radio System, based on a large number of VHF transmitter sites, provides direct

broadcast of tsunami information to the public.

• The U.S. Coast Guard also broadcasts urgent marine warnings and related tsunami information to

coastal users equipped with medium frequency (MF) and very-high-frequency (VHF) marine radios.

• Local authorities and emergency managers are responsible for formulating and executing evacuation

plans for areas under a tsunami warning. The public should stay tuned to the local media for evacua-

tion orders should a tsunami warning be issued. And, the public should not return to low-lying areas

until the tsunami threat has passed and the local authorities announce the “all clear.”

Case Study: Tsunami Warning Programs, cont.
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Amplitude:
The tsunami’s rise above or drop below the ambient water level as read on a
tide gauge.

Bore:
Traveling wave with an abrupt vertical front or wall of water. Under certain
conditions, the leading edge of a tsunami wave may form a bore as it
approaches and runs onshore. A bore may also be formed when a tsunami
wave enters a river channel, and may travel upstream penetrating to a
greater distance inland than the general inundation.

Harbor Resonance:
The continued reflection and interference of waves from the edge of a harbor
or narrow bay. This interference can cause amplification of the wave heights
and extend the duration of wave activity from a tsunami.

Horizontal Inundation Distance:
The distance that a tsunami wave penetrates onto the shore. Measured
horizontally from the mean sea level position of the water's edge, it is usually
measured as the maximum distance for a particular segment of the coast.

Inundation:
The depth, relative to a stated reference level, to which a particular location is
covered by water.

Inundation Area:
An area that is flooded with water.

Inundation Line (limit):
The inland limit of wetting, measured horizontally from the edge of the coast,
defined by mean sea level.

Local/Regional Tsunami:
Source of the tsunami is within 1000 km of the area of interest. Local or near-
field tsunami has a very short travel time (30 minutes or less), mid-field or
regional tsunami waves have times on the order of 30 minutes to 2 hours.
Note: “local” tsunami is sometimes used to refer to a tsunami of landslide
origin.

Designing for Tsunamis

Period:
The length of time between two successive peaks or troughs. May vary due to
complex interference of waves. Tsunami periods generally range from 5 to 60
minutes.

Run-up:
Maximum height of the water onshore observed above a reference sea level.
Usually measured at the horizontal inundation limit.

Seiche:
An oscillating wave in a partially or fully enclosed body of water. May be
initiated by long period seismic waves, wind and water waves, or a tsunami.

Tidal Wave:
Common term for tsunami used in older literature, historical descriptions, and
popular accounts. Tides, caused by the gravitational attractions of the sun and
moon, may increase or decrease the impact of a tsunami, but have nothing to
do with their generation or propagation. However, most tsunamis (initially)
give the appearance of a fast-rising or fast-ebbing tide as they approach
shore, and only rarely appear as a near-vertical wall of water.

Travel Time:
Time (usually measured in hours and tenths of hours) that it took the tsunami
to travel from the source to a particular location.

Tsunami:
A Japanese term derived from the characters “tsu” meaning harbor and
“nami” meaning wave. Now generally accepted by the international scientific
community to describe a series of traveling waves in water produced by the
displacement of the sea floor associated with submarine earthquakes,
volcanic eruptions, or landslides.

GLOSSARY
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RESOURCES FOR LOCAL GOVERNMENT OFFICIALS AND
THE PUBLIC

Compiled by Lee Walkling, Library Information Specialist, Washington

Department of Natural Resources, Division of Geology and Earth Resources

BOOKS

American Institute of Professional Geologists, 1993. The Citizens' Guide to

Geologic Hazards—A Guide to Understanding Geologic Hazards, Including

Asbestos, Radon, Swelling Soils, Earthquakes, Volcanoes, Landslides, Subsidence,

Floods, and Coastal Hazards. Arvada, CO: American Institute of Professional

Geologists. (Good overview and easy-to-understand explanations)

Myles, Douglas, 1985. The Great Waves. New York: McGraw-Hill Book Com-

pany. (For the general public)

Mileti, Dennis S., 1999. Disasters by Design—A Reassessment of Natural

Hazards in the United States. Washington, D.C.: John Henry Press. (Prepared-

ness and mitigation)

Atwater, Brian F.; Marco V. Cisternas; Joanne Bourgeois; Walter C. Dudley;

James W. Hendley, II; Peter H. Stauffer, compilers, 1999. Surviving a Tsunami—

Lessons from Chile, Hawaii, and Japan. U.S. Geological Survey Circular 1187.

U.S. Federal Emergency Management Agency, 1998. The Project Impact

Hazard Mitigation Guidebook for Northwest Communities—Alaska, Idaho,

Oregon, Washington. Washington, D.C.: U.S. Federal Emergency Management

Agency. (Good list of additional resources and websites and books in the

appendix)

Designing for Tsunamis

RES

U.S. Federal Emergency Management Agency, 1993. Are You Ready? Your

Guide to Disaster Preparedness. Washington, D.C.: U.S. Federal Emergency

Management Agency.

U.S. Federal Emergency Management Agency, 1998. Property Acquisition

Handbook for Local Communities. 3 vol. poster (FEMA 317). Washington, D.C.:

U.S. Federal Emergency Management Agency. (For more information: http://

www.fema.gov/mit/handbook/)

U.S. Federal Emergency Management Agency, 2000. Coastal Construction

Manual—Principles and Practices of Planning, Siting, Designing, Constructing,

and Maintaining Residential Buildings in Coastal Areas. 3rd. ed., 3 vol. (FEMA

55) Washington, D.C.: U.S. Federal Emergency Management Agency. (For more

information: http://www.fema.gov/MIT/bpat/bpn0600e.htm)

PERIODICALS

Natural Hazards Observer (print and online versions)

 (http://www.colorado.edu/IBS/hazards/o/o.html)

The bi-monthly newsletter of the Natural Hazards Center. It covers current

disaster issues; new international, national, and local disaster management,

mitigation, and education programs; hazards research; political and policy

developments; new information sources; upcoming conferences; and recent

publications.

TsuInfo Alert Newsletter

The bi-monthly newsletter of the National Tsunami Hazards Mitigation

Program is distributed to approximately 250 emergency managers of the five

Pacific coastal states. Back issues are online: http://www.wa.gov/dnr/htdocs/

ger/tsuinfo/index.html

RESOURCES
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RESOURCES

WEBSITES

http://www.geophys.washington.edu/tsunami/intro.html

University of Washington Geophysics Program - many links to other

tsunami sites.

http://www.fema.gov/library/tsunamif.htm

FEMA tsunami fact sheet and links.

http://www.pmel.noaa.gov/tsunami/

NOAA/PMEL Web site, with links to inundation mapping, modeling, events,

forecasting and the National Tsunami Hazards Mitigation Program sites.

http://www.pmel.noaa.gov/tsunami-hazard/links.html

Important links to major tsunami sites.

http://www.redcross.org/disaster/safety/guide/tsunami.html

Red Cross tsunami site, with overview, discussion of warning systems, and good

preparedness information.

http://www.geocities.com/CapeCanaveral/Lab/1029/

The Tsunami Page of Dr. George P.C. (Pararas-Carayannis)

Just about everything you'd need to know about tsunamis!

http://www.fema.gov/mit/handbook

Property Acquisition Handbook for Local Communities (FEMA 317).

VIDEOS

Forum: Earthquakes and Tsunamis (2 hrs.)

CVTV-23, Vancouver, WA (January 24, 2000)

Two lectures: Brian Atwater describes the detective work and sources of

information about the January 1700 Cascadia earthquake and tsunami;

Walter C. Dudley talks about Hawaiian tsunamis and the development of

warning systems.

Tsunami: Killer Wave, Born of Fire (10 min.)

NOAA/PMEL.

Features tsunami destruction and fires on Okushiri Island, Japan; good

graphics, explanations, and safety information. Narrated by Dr. Eddie

Bernard (with Japanese subtitles).

Waves of Destruction (60 min.)

WNET Video Distribution

An episode of the "Savage Earth" series. Tsunamis around the Pacific Rim.

Disasters Are Preventable (22 min.)

USAID

Ways to reduce losses from various kinds of disasters through preparedness

and prevention.

Tsunami: Surviving the Killer Waves (13 min.)

DOGAMI

Two versions, one with breaks inserted for discussion time.

Raging Planet; Tidal Wave (50 min.)

Produced for the Discovery Channel in 1997, this video shows a Japanese

city that builds walls against tsunamis, talks with scientists about tsunami

prediction, and has incredible survival stories.
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American Farmland Trust. Saving the Farm: A Handbook for Conserving
Agricultural Land. San Francisco: American Farmland Trust, January 1990.

American Society of Civil Engineers, Task Committee on Seismic Evaluation
and Design of Petrochemical Facilities of the Petrochemical Committee of the
Energy Division of ASCE. Guidelines for Seismic Evaluation and Design of
Petrochemical Facilities. New York: ASCE, 1997.

Berke, Philip R. “Hurricane Vertical Shelter Policy: The Experience of Two
States.” Coastal Management 17, (3) (1989): 193-217.

Bernard, E.N., R.R. Behn, et al., “On Mitigating Rapid Onset Natural Disasters:
Project THRUST,” EOS Transactions, American Geophysical Union (June 14,
1998): 649-659.

Bernard, E.N., “Program Aims to Reduce Impact of Tsunamis on Pacific States,”
EOS Transactions, American Geophysical Union Vol. 79 (June 2, 1998):
258-263.

Boyce, Jon A. “Tsunami Hazard Mitigation: The Alaskan Experience Since
1964,” Master of Arts thesis, Department of Geography, University of
Washington, 1985.

Camfield, Frederick E. “Tsunami Engineering,” United States Army Corps of
Engineers, Waterways Experiment Station, Vicksburg, MS, Special Report
No. SR-6 (February 1980).

California Department of Real Estate. A Real Estate Guide. Sacramento, 1997.

Center of Excellence for Sustainable Development
(http://www.sustainable.doe.gov)

Community Planning Program, Municipal and Regional Assistance Division,
Department of Community and Economic Development, State of Alaska
(http://www.dced.state.ak.us/mra/Mradplan.htm)

Department of Community, Trade, and Economic Development, State of
Washington (http://www.cted.wa.gov)

Department of Land Conservation and Development (DLCD), State of Oregon
(http://www.lcd.state.or.us)

Dudley, Walt. Tsunamis in Hawaii. Hilo, HI: Pacific Tsunami Museum, 1999.

Dudley, Walter C. and Min Lee. Tsunami! Honolulu: University of Hawai’i Press,
1998.

Earthquake Engineering Research Institute, “Reconnaissance Report on the
Papua New Guinea Tsunami of July 17, 1998,” EERI Special Earthquake Report
(January 1998).

Federal Emergency Management Agency (FEMA) (http://www.fema.gov/)

Federal Emergency Management Agency. Coastal Construction Manual—
Principles and Practices of Planning, Siting, Designing, Constructing, and
Maintaining Residential Buildings in Coastal Areas. 3rd ed., 3 vol. (FEMA 55)
Washington, D.C.: FEMA, 2000.

Federal Emergency Management Agency. Multi-Hazard Identification and Risk
Assessment: A Cornerstone of the National Mitigation Strategy. Washington, DC:
FEMA, 1997.

Foster, Harold D. Disaster Planning: The Preservation of Life and Property.
New York: Springer-Verlag New York, Inc., 1980.

Governor’s Office of Planning and Research, State of California. General Plan
Guidelines, 1998 ed. Sacramento, 1998.

Hawaii Coastal Zone Management Program, Office of Planning, Department
of Business, Economic Development and Tourism, State of Hawaii (http://
www.state.hi.us/dbedt/czm/index.html)
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Puget Sound Tsunami Sources Workshop History

This workshop was jointly sponsored by NOAA’s Center for Tsunami Inun-
dation Mapping Efforts (TIME), the U.S. Geological Survey, the Washington
State Military Department Emergency Management Division (WAEMD),
and the Washington State Department of Natural Resources (WADNR).
The Workshop Organizing Committee consisted of:

George Crawford WA State Emergency Management Division
Frank González (Chair) NOAA TIME Center
Mark Holmes U. Washington
Hal Mofjeld NOAA TIME Center
Brian Sherrod U.S. Geological Survey
Vasily Titov NOAA TIME Center
Angie Venturato NOAA TIME Center
Tim Walsh WA State Dept. Natural Resources
Craig Weaver U.S. Geological Survey

This committee held a planning meeting on 24 April 2002. On 9 May, an
informational e-mail was distributed to 35 individuals, inviting their partic-
ipation and soliciting pre-workshop scientific contributions for the workshop
web site. The web site served to stimulate and facilitate pre-workshop e-mail
discussion and to provide resource material for the subsequent workshop ac-
tivities. Twenty-three attendees participated in the workshop, held on 10
June 2002 at NOAA’s Pacific Marine Environmental Laboratory in Seattle,
Washington. The full list of invitees and the pre-workshop contributions are
posted on the workshop web site at http://www.pmel.noaa.gov/tsunami/
time/PS source wkshp/. The full list of workshop participants is provided
in Appendix A.

At the workshop, the following sub-groups were formed to concentrate
on specific source issues:

Earthquake Sources: A. Frankel, C. Garrison-Laney, T. Jovanelly,
B. Sherrod, C. Weaver, J. Whisler

Delta Failure and Landslide Sources: J. Gardener, M. Holmes, R. Karlin,
R. Kayen, S. Palmer, H. Shipman, T. Walsh, H. Yeh

Paleotsunami Field Evidence: B. Atwater, B. Jaffe, H. Mofjeld, V. Titov

The remaining participants were specialists in tsunami modeling and emer-
gency management, and they participated in each sub-group as needed.

Subsequently, the following individuals served as lead contributors to
individual sections of the report: González (Sections 0 and 1), Sherrod,
Atwater, and Frankel (Section 2), Palmer, Holmes, and Karlin (Section 3),
Jaffe and Atwater (Section 4), Titov, Mofjeld, González, and Venturato
(Section 5). In June 2002, a first rough draft was distributed via e-mail list
PugetSources@pmel.noaa.gov to all workshop invitees and participants for
their review. The manuscript went through several rounds of revision and
review before completion in June 2003.
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Workshop Report Committee:

Frank I. González, compiler, with contributions from Brian L. Sherrod, Brian F. Atwater,
Arthur P. Frankel, Stephen P. Palmer, Mark L. Holmes, Robert E. Karlin, Bruce E. Jaffe,
Vasily V. Titov, Harold O. Mofjeld, and Angie J. Venturato

Executive Summary

Potential tsunami sources in Puget Sound were reviewed by a 23-person
panel of geoscientists, oceanographers, and emergency managers who par-
ticipated in a 1-day workshop. Their goal was to lay scientific groundwork
for hazard assessment in coastal areas threatened by tsunamis and, in so
doing, assist emergency managers that seek to comply with the spirit of the
Washington State Growth Management Act, which instructs officials to seek
out and consider the “best available science.” The panelists recommended
that tsunami modelers focus on several kinds of sources, and they also rec-
ommended improvements in source identification and modeling.

Tsunami Modeling Recommendations

� Earthquakes on the Seattle fault zone, the Tacoma and South Whidbey
Island faults, and other structures that generate tsunamis by tectoni-
cally raising or lowering the floor of Puget Sound, consistent with best
estimates that may include fault parameters used in the USGS Na-
tional Seismic Hazard Map (Table 2.1 or updates) and paleoseismic
estimates of land-level change.

� Delta slope failures of the Puyallup, Duwamish, and Snohomish River
deltas, with parameters based on the 1894 Commencement Bay event
(Table 3.1) and a scaled-down 1964 Valdez event (Table 3.3).

� Submarine landslides associated with Quaternary faults (not deltas),
with parameters based on currently unpublished seismic profiling data
and maps (Table 3.4).

� Subaerial landslides, with parameters based on the 1949 Tacoma Nar-
rows landslide (Table 3.2).

� Tsunami modelers should develop these source scenarios in close col-
laboration with geoscience experts on earthquakes, slope stability, and
paleotsunami evidence in Puget Sound.

Science Improvement Recommendations

� Use LIDAR data to update deformation estimates for A.D. 900 Seattle
Fault earthquake and for other fault ruptures.
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� Do additional fieldwork to document coastal deformation and constrain
the eastern end of the Tacoma Fault.

� Expand the existing program of slope instability mapping to increase
the geographical coverage and improve the quality of submarine and
subaerial landslide assessments, including the acquisition of multibeam
bathymetry and sediment cores.

� Improve estimates of wave height and water velocity of prehistoric and
recent tsunamis through combined use of sedimentology and inunda-
tion modeling.

� Do additional fieldwork to check for tsunami deposits at Lynch Cove,
Lake Washington, Lake Sammamish, and other Puget Sound area sites.

� Make and update summary maps that incorporate all available field
evidence for tsunami deposits, coseismic deformation, and submarine
and subaerial landslides.

� Develop methods to assess the sensitivity of coastal areas to tsunami in-
undation, based on multiple simulations that reflect the possible range
of variations in the source parameters.

� Hold yearly workshops to review the best available scientific informa-
tion and develop updated recommendations for tsunami inundation
mapping in Washington State.
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1. Introduction

Future Puget Sound tsunamis are guaranteed by a combination of setting and
history. The inland waters and lakes of the Puget Sound lowland cross ac-
tive faults and contain records of earthquakes and landslides. From geologic
and historical evidence, it is known that some of these events have gener-
ated tsunamis. A workshop on 23 January 2001 concluded that “Tsunamis
and landslides in the greater Puget Sound region pose significant hazards
that must be included in local and regional emergency response and de-
velopment plans” (Crawford et al., 2001). That workshop was organized
by the Washington State Military Department Emergency Management Di-
vision (WAEMD), the National Oceanic and Atmospheric Administration
(NOAA), and the U.S. Geological Survey (USGS), all partners of the U.S.
National Tsunami Hazard Mitigation Program (Bernard, 2001).

A major goal of the national tsunami program is to develop tsunami
inundation maps for all U.S. coastal communities at risk (González et al.,
2001). In 2002, NOAA’s Center for Tsunami Inundation Mapping Efforts
(TIME) made initial simulations of Seattle-Duwamish waterfront inundation
by a tsunami generated by an M 7.3 Seattle Fault earthquake scenario. In
2003, the TIME Center plans to begin numerical simulations and mapping
of tsunami inundation in the Puget Sound lowland. Such simulations are
intended to help state, county, and municipal officials develop emergency
management tools, including evacuation maps, response plans, educational
material, and outreach and mitigation programs. The inundation maps are
expected to evolve as emergency managers apply them and as researchers
revise their scientific basis.

In Washington, this effort provides the basis for community develop-
ment of a mitigation plan that is in compliance with the Washington State
Growth Management Act, under which coastal areas threatened by tsunamis
are designated as critical areas (Washington State Office of Community De-
velopment, 2002). In 1995, a section was added to the Growth Management
Act that requires counties and cities to include the “...best available sci-
ence when developing policies and development regulations to protect the
functions and values of critical areas...” and encourages state officials to
“...consult with a qualified scientific expert or team of qualified scientific ex-
perts to identify scientific information, determine the best available science,
and assess its applicability to the relevant critical areas” (Washington State
Legislature, 1995).

In the spirit of complying with these requirements, a Puget Sound
Tsunami Sources Workshop was organized by NOAA’s TIME Center, the
USGS, WAEMD, and Washington Department of Natural Resources
(WADNR). This workshop had two specific objectives:

1. Develop quantitative descriptions of potential sources for inundation
modeling to assess Puget Sound tsunami hazards.

2. Develop recommendations for improving the scientific basis for source
specification and tsunami source modeling.
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The 1-day workshop was held on 10 June 2002 at NOAA’s Pacific Ma-
rine Environmental Laboratory in Seattle, Washington. The 23 participants
included scientists with specialties in earthquakes, landslides, delta failures,
paleotsunami field evidence, tsunami modeling, and emergency management
(Appendix A). Strawman source scenarios, reports, and other relevant ref-
erence materials were contributed by invitees prior to the workshop. These
were made available on the workshop web site, at http://www.pmel.noaa.
gov/tsunami/time/PS source wkshp/ .

The workshop consisted of whole-group discussions and sub-group ses-
sions. First, an open discussion of earthquake, delta failure, and landslide
scenarios was held; participants then divided into three sub-groups. Two
sub-groups concentrated on developing quantitative descriptions of potential
tsunami sources—the first dealt with earthquake uplift and subsidence, the
second with slope failures. The third sub-group dealt with geologic records
of past tsunamis and their triggers. Finally, an example was presented of a
recent tsunami inundation modeling study for the Seattle-Duwamish water-
front area.

2. Earthquake Sources

2.1 Background

Earthquakes at Puget Sound occur along faults in three tectonic settings:
within the subducted oceanic plate (Juan de Fuca plate) at depth beneath
Puget Sound, within the overriding continental plate (North America plate),
and at the boundary fault between those plates.

For each of these sources, the largest earthquakes recur at poorly known,
probably irregular, intervals. On average, the intervals are on the order of
decades for the Juan de Fuca plate, millennia for the best-known of the
upper-plate faults (the Seattle Fault), and centuries for the plate boundary
(http://www.ess.washington.edu/SEIS/PNSN/INFO GENERAL/eqhazards.

html).
Although few earthquakes result in tsunamis at Puget Sound, each of the

three earthquake sources has demonstrated its capability of generating such
waves. A landslide that set off a tsunami in Tacoma Narrows occurred a
few days after the 1949 earthquake in the Juan de Fuca plate (Noson et al.,
1988). The earthquake of ca. A.D. 900 on the Seattle fault caused uplift
that triggered a tsunami in central Puget Sound and also caused landslide-
generated waves in Lake Washington (Atwater and Moore, 1992). Tsunamis
from plate-boundary earthquakes probably account for several sand sheets
on northwestern Whidbey Island (Williams and Hutchinson, 2000) and at
Discovery Bay (Williams et al., 2002).

2.2 Priority Areas

The workshop focused on coseismic uplift and subsidence along three fault
zones as sources for tsunamis in the Puget Sound region—the Seattle Fault,
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Tacoma Fault, and South Whidbey Island Fault. Also discussed was co-
seismic subsidence 1100 years ago near Olympia (Sherrod, 2001), and the
Cascadia Subduction Zone (CSZ) as a likely source for tsunamis at north-
western Whidbey Island (Williams and Hutchinson, 2000) and Discovery
Bay (Williams et al., 2002). Puget Sound probably has additional tec-
tonic sources of tsunamis, particularly vertical displacement along faults
beneath the Sound near the latitude of the Strait of Juan de Fuca (Johnson,
2001). These structures, along with rapidly changing views of the Seattle
and Tacoma faults, will need reassessment in future workshops.

Maps in Fig. 1 summarize several aspects of the region’s earthquake
hazards. Figure 1a schematically summarizes the general location of some
known fault zones at Puget Sound. This map includes deformation con-
tours for a worst-case event—the modeled crustal deformation pattern for
an M 7.3 Seattle Fault earthquake discussed in section 5.0, below. Figure 1b
presents the modeled deformation pattern for an M 9.1 earthquake on the
CSZ. Figure 1c provides estimates of peak ground acceleration that might be
experienced in the Puget Lowlands area with a 2% probability of exceedance
in 50 years (Frankel et al., 1996).

Seattle Fault

Tsunami generation models for the Seattle Fault Zone depend on a com-
plicated geometry that was being reassessed as this report was written and
revised. This reassessment may produce large changes in fault parameter
estimates, in which case the tsunami source models presented in Table 5.1
may require modification.

Previously, the Seattle Fault Zone was inferred to have roots in a wide-
spread, nearly horizontal detachment fault tens of kilometers beneath much
of Puget Sound (Pratt et al., 1997). It was also mapped as containing mul-
tiple near-surface strands that are rooted in a master reverse fault (Johnson
et al., 1999; Blakely et al., 2002). More recently, this master fault has been
considered largely disconnected from near-surface strands. Instead, much
like a well-studied reverse fault in Japan (Ishiyama et al., 2002), the master
fault may terminate kilometers below the surface, and the master fault may
deform rocks above it much like the blade of a snowplow. These various
interpretations provide many ways of suddenly raising or lowering the floor
of Puget Sound—the deformation that would generate a tsunami.

The main mapped strands of the Seattle Fault Zone, from north to south,
have been called the Frontal fault, the Blakely Harbor fault, and the Orchard
Point fault (Johnson et al., 1999; Blakely et al., 2002). The Frontal fault
projects to the surface about 3.5 km north of Restoration Point and may
dip steeply to the south (Brocher et al., 2001; Calvert and Fisher, 2001; ten
Brink et al., 2002).

A late Holocene earthquake, with a magnitude (M) of 7 or more occurred
on the Seattle Fault Zone about 1100 years ago (Bucknam et al., 1992). This
earthquake, probably between A.D. 900 and 930 (Atwater, 1999), generated
a tsunami known from deposits at West Point (in Seattle), Cultus Bay (at
the south end of Whidbey Island), and the Snohomish River delta near
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Everett (Atwater and Moore, 1992; Bourgeois and Johnson, 2001). The
tsunami probably resulted from 5–7 m of uplift in a band 6 km wide south
of the fault, and secondarily from as much as 1 m of subsidence to the north.
This uplift and subsidence displaced large volumes of water in Puget Sound,
whether or not fault rupture extended upward to the floor of the sound.

A south-facing scarp within the Seattle Fault Zone, identified by air-
borne laser mapping, crosses Bainbridge Island about 2 km north-northwest
of Restoration Point (Bucknam et al., 1999). Stratigraphy and structure
exposed in trenches excavated across the scarp show a postglacial history of
folding and faulting from multiple earthquakes, with the most recent event
occurring about 1100 years ago (Nelson et al., 1999; 2002). A full-length
report on the trench results was nearing completion as this workshop report
was being written.

A north-facing scarp within the Seattle Fault Zone, near the west shore
of Lake Sammamish, was recently trenched by Sherrod (2002). He found
evidence for one postglacial surface rupture and dated it to the past 13,000
calendar years.

Tacoma Fault

Like the Seattle Fault Zone, the Tacoma Fault separates an area of coseismic
uplift from an area of coseismic subsidence (Brocher et al., 2001). The
documented examples of these land-level changes date to about 1100 years
ago (Bucknam et al., 1992). Though much remains to be learned about its
extent and shape, the Tacoma Fault is evident from gravity and aeromagnetic
anomalies, seismic tomography, and seismic-reflection lines. The fault likely
runs westward and northwestward from Tacoma across much of the Puget
Lowland (Fig. 1a). Seismic tomography implies at least 6 km of post-Eocene
uplift to the north relative to basinal sedimentary rocks to the south.

Uplift to the north of the fault and subsidence to the south occurred
most recently in A.D. 800–1200, not necessarily in a single year (Sherrod
et al., 2002). To the northwest at Lynch Cove, tide flats rose as much as
3 m between A.D. 870–990. Uplift 16 km to the east at Burley, accompanied
there by liquefaction and a tsunami, allowed woody shrubs to invade former
tideflats in A.D. 770–1000. Shells in tideflat mud at North Bay record uplift
loosely dated to the past 3000 years. Fossil foraminifera from Dumas Bay
limit the eastward extent of uplift north of the fault, for they show that
a brackish marsh remained in the intertidal zone throughout the last 2000
years. However, trees at Wollochet Bay, on the south side of the fault,
subsided into the intertidal zone. A single radiocarbon age implies that this
subsidence occurred A.D. 980–1190, in which case the subsidence postdates
uplift at Lynch Cove and Burley by 30–270 years.

The age range of this uplift on the north side of the Tacoma Fault includes
times of coseismic uplift and subsidence at many sites around Puget Sound.
As noted above, an earthquake raised shorelines along the Seattle Fault
Zone in A.D. 900–930; moreover, several shores of southern Puget Sound
subsided A.D. 860–940. Therefore, the uplift north of the Tacoma Fault
either coincided with a single large event in A.D. 900–930, or it represents a
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separate earthquake of about that age. However, the subsidence at Wollochet
Bay implies either coseismic or aseismic deformation after A.D. 900–930.

South Whidbey Island Fault

The South Whidbey Island Fault is one of several that splay eastward from
the Strait of Juan de Fuca and appear to displace postglacial deposits (Wag-
ner and Tomson, 1987). It has been mapped as a transpressional deformation
zone that crosses Admiralty Inlet and southern Whidbey Island (Johnson,
1996; 2001). This zone separates pre-Tertiary rocks to the northeast from
Eocene volcanic and sedimentary rocks to the southwest. The highest Ter-
tiary rocks have as much as 420 m of relief across the fault, either from
vertical tectonic movement (Johnson, 1996) or from subglacial erosion. An
earthquake on the South Whidbey Island Fault might produce both vertical
and horizontal displacement of the floor of Puget Sound.

Compared with the Seattle and Tacoma structures, the South Whidbey
Island Fault may have produced little vertical displacement in the Holocene.
The evidence reported thus far comes from northern Whidbey Island, where
two sites (Crockett and Hancock Lakes) appear to differ by about 2 m in
relative sea-level change about 3000 years ago. The inferred difference is
tentative because it has been reported only in abstract and because it has
been inferred from differences in the radiocarbon age of intertidal deposits
at similar elevation (Kelsey and Sherrod, 2001).

2.3 Event Descriptions

Table 2.1 provides fault parameter estimates for the Seattle and South Whid-
bey Island Fault Zones as used by the USGS National Seismic Hazard Map-
ping Project (Frankel et al., 2002). Because of lively research and debate
about the structure and Holocene history of these faults, the tabulated pa-
rameters represent a recent consensus that is already out of date. The lack
of estimates for the Tacoma Fault reflects an early stage of research into the
Holocene history of this structure.

2.4 Recommendations

Tsunami Source Modeling

� Seattle Fault: Incorporate the most current fault and earthquake pa-
rameters provided by active researchers and the USGS National Seis-
mic Hazard Mapping Project.

� South Whidbey Island Fault: Incorporate the most current fault and
earthquake parameters provided by active researchers and the USGS
National Seismic Hazard Mapping Project.
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Table 2.1: Fault parameters used in making the 2002 version of the USGS National Seismic Hazard Map
(Frankel et al., 2002, http://geohazards.cr.usgs.gov/eq/faults/fsrpage21.html#washington). End
points listed in the table should not be interpreted as a straight line fault trace; they correspond to the two
ends of a more complex fault trace that is not detailed here (Art Frankel, personal communication). T, the
recurrence time for earthquakes of magnitude M, is especially uncertain. In the characteristic earthquake
model, a fault produces earthquakes of one size only (of M 7 in the case of the Seattle and south Whidbey
Island faults) at the indicated recurrence interval. In the truncated Gutenberg-Richter model, the fault
produces earthquakes in a certain size range (greater than M 6.5, in this case) at the indicated recurrence
interval. The 2002 hazard map gives the two models equal weight (Frankel et al., 2002, p. 11).

Truncated
Characteristic- Gutenberg-

earthquake Richter
model model

Fault Slip Rate End Points Length Width Dip T T
Zone (m/1000 yr) (deg., lat., long.) (km) (km) (deg) (yr) M (yr) M

Seattle 0.5 47.6, −121.9 71 21 45 5000 7 1000 ≥6.5
47.6, −122.9

Tacoma TBD TBD 50 TBD TBD TBD TBD TBD TBD

S. Whidbey 0.6 47.9, −122.3 63 17 60 3000 7 1000 ≥6.5
Island 48.2, −123.0

Science Improvement

� Seattle Fault: Use high-resolution topography from LIDAR, verified
by field work, to update estimates of crustal deformation for A.D. 900
event.

� Tacoma Fault: Study surface ruptures and shoreline changes that can
be associated with the fault.

3. Delta Failure and Landslide Sources

3.1 Background

The working group identified three distinct landslide situations that could
result in a significant tsunami affecting local communities bordering Puget
Sound: submarine landslides on delta fronts, submarine slides elsewhere in
the Sound, and slides from adjacent uplands.

Submarine landslides can originate on the delta slopes of major rivers
flowing into the Sound, in particular the Nisqually, Puyallup, Duwamish,
and Snohomish rivers. In 1894 a large submarine landslide occurred on the
Puyallup River delta in Commencement Bay, resulting in two deaths and
the destruction of the Northern Pacific freight docks and other port facilities
(Stephen Palmer, unpublished data; Gardner et al., 2001). A smaller sub-
marine landslide in 1943 destroyed jetties along the mouth of the Puyallup
River (University of Washington, Department of Oceanography, 1953). In
addition to these Puget Sound examples, larger submarine landslides have
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occurred on river deltas in British Columbia and Alaska. Some of these slides
were triggered by large earthquakes, and others resulted simply from river
delta evolution, including oversteepening of the delta front. The submarine
landslides resulting from the 1964 Alaska earthquake resulted in more than
50 deaths and the near-total destruction of three port communities: Valdez,
Seward, and Whittier (Wilson and Torum, 1972; Spaeth and Berkman, 1972;
Lander, 1988). At Valdez, large tsunamis were generated by a number of
submarine slides, including a massive slide off the Lowe River delta that in-
cluded the Valdez waterfront and the shore north of town; docks, canneries,
the boat harbor, and many boats were totally destroyed, oil tanks were set
on fire, and 31 died. At Seward, the earthquake triggered slides on the Res-
urrection River fan delta, causing a large stretch of waterfront to slide into
Resurrection Bay; the slide and the resultant tsunami destroyed almost the
entire economic foundation of the community and caused 11 deaths. Whit-
tier suffered 13 fatalities, destruction of docks, oil tank farms, and railroad
facilities, due to the earthquake and tsunami waves evidently generated by
delta failures. Known historical Puget Sound delta failures, all far smaller
than these Alaskan examples, are shown in Fig. 2, as are the locations of
major river deltas.

Additional landslides originate on steep submarine slopes that are not
part of a delta. Unpublished seismic profiling data and mapping presented
by members of the working group (Robert Karlin and Mark Holmes) indicate
that large submarine landslides have occurred on submarine slopes in Puget
Sound, Lake Washington, and Lake Sammamish that are not associated
with large river deltas, but that appear proximal to a number of Quaternary
faults that cross the Sound (Karlin et al., 2002). Large prehistoric landslides
have been identified on continental shelves and slopes off Europe, Africa, and
North and South America (Moore, 1978). Most have been identified through
seismic profiling and sediment coring on the continental margins. In addi-
tion, some submarine slope failures, such as the Grand Banks landslide of
1929, have occurred during historical times. This landslide caused a tsunami
that resulted in the loss of 27 lives in southern Newfoundland (Heezen and
Ewing, 1952; Heezen and Drake, 1964; Hasagawa and Kanamori, 1987). The
1929 slide apparently consisted of multiple slumps of many sizes (Piper et al.,
1999). In 1998, a large submarine landslide is suspected of contributing to
a Papua New Guinea tsunami that caused more than 2200 fatalities (Titov
and González, 2001).

Subaerial landslides that fall into Puget Sound with sufficient volume and
velocity, and at the appropriate tidal conditions, can generate large water
waves. Such a tsunami was generated by a landslide at the Tacoma Narrows
that occurred three days after the 1949 Ms 7.1 Olympia earthquake. The
landslide occurred on the steep bluff bordering The Narrows, and the fall of
the slide debris into the water caused the tsunami (Chleborad, 1994). Native
American oral tradition suggests that a large subaerial landslide at Camano
Head created a water wave that drowned many people on Hat (Gedney)
Island (Shipman, 2001). Because the story does not include ground shaking,
this landslide was not necessarily associated with an earthquake. Figures 3
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and 4 summarize information on both submarine and subaerial landslides
discussed at the workshop.

3.2 Priority Areas

Several hypotheses may aid in setting priorities for modeling tsunamis from
landslide sources.

River delta failures

Deltas of the Puyallup, Duwamish, and Snohomish Rivers probably pose
more of a landslide hazard than do other Puget Sound deltas, as shown by
historical submarine landslides on the Puyallup River delta, the proximity
of these three deltas to major port facilities, and stability analysis of the
Duwamish River delta slope (Kayen et al., 1999).

Non-deltaic submarine landslides

Away from deltas, submarine areas most susceptible to landsliding may be
in the vicinity of faults having Quaternary displacement. This inference is
based on preliminary mapping of Puget Sound (Fig. 3), Lake Washington,
and Lake Sammamish submarine landslides (Fig. 4) by Karlin and Holmes.

Subaerial landslides

Landslides as large as the 1949 Tacoma Narrows failure are the subaerial
slides most likely to cause tsunamis in Puget Sound. The two major geolog-
ical parameters that control the generation of a water wave from subaerial
landslides are the volume of the slide mass, and the motion of the mass as
it reaches the water body. Some very large prehistoric landslides have been
mapped along Puget Sound bluffs; when reactivated, these deep-seated land-
slides tend to be very slow moving (inches per day), and would not appear
to be capable of generating a tsunami.

3.3 Scenarios

As further guidance for tsunami modeling, landslides at Puget Sound can be
envisioned in several scenarios: landslides with historical precedent in Puget
Sound, credible “worst case” landslides based on analogies with other places,
and submarine slides not associated with river deltas.

Historical precedent scenarios

The first kind of scenario is based on tsunamigenic Puget Sound landslides
such as the 1894 Commencement Bay delta failure and the 1949 Tacoma
Narrows subaerial landslide. The geometry of each is well defined from field
observations, and summaries of the estimated parameters are provided in
Tables 3.1 and 3.2.

Scenario landslides based on local historical precedent offer the great ad-
vantage of having dimensions and effects like those known to have occurred
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at Puget Sound. Well-defined historic landslides that produced observed wa-
ter waves provide a means for evaluating tsunami models and for estimating
such factors as the velocity of the landslide mass.

Worst-case scenarios

“Worst-case” scenarios for landslides at Puget Sound can be explored by
means of analogy with landslides in similar settings elsewhere. For example,
as a starting hypothesis, tsunami modelers could assume a landslide about
one-third the volume of the 1964 Valdez slide—a giant delta-front failure
triggered by the 1964 Alaska earthquake. This particular worst case could
be modeled as a delta slope, submarine, or subaerial occurrence. In all cases,
however, it probably needs a large earthquake as a trigger. And because the
recurrence of large shallow earthquakes on faults at Puget Sound is poorly
known at best, defining the likelihood for outsize failures will ultimately
depend on better definition of prehistoric earthquake recurrence.

Coulter and Migliaccio (1966) provide the best documentation of the
1964 Valdez submarine landslide. Their Figure 2 shows that Valdez Arm
is a long east-west oriented fjord that terminates at the (former) town of
Valdez, where it is approximately 3 miles (5 km) in width. A large delta
formed by the Lowe and Robe rivers and a large stream flowing from the
Valdez Glacier occupies the east end of the fjord, which was the former
site of the town of Valdez. They report a total landslide volume estimated
at 96 million cubic yards (74 million cubic meters). The delta slopes to a
depth of 600 ft at the bottom of the fjord approximately 2 miles west of
the tide flat. Based on their Plate 2, the total perimeter of the landslide is
approximately 2500 m, and the top to toe distance is about 1200 m; these
dimensions require an average thickness of about 25 m. Consequently, one
possible geometry of a landslide that is only one third the volume of the
Valdez failure would have a width of 1700 m, a thickness of 20 m, and a top
to toe length of 800 m.

Could such a landslide fit into the Puyallup or Duwamish River deltas?
Both Elliott and Commencement Bays are at the head of fjords that have
been significantly filled with sediment during the mid to late Holocene
(Dragovich et al., 1994). Large deltas deposited by the Puyallup and
Duwamish rivers occupy the head of these flooded fjords, similar in setting
to the delta at the head of Valdez Arm. The floor of the fjords in Elliott
and Commencement bays are at a depth of approximately 450 ft, somewhat
shallower than at Valdez.

Because of the shallower depth of the floors of Elliott and Commence-
ment bays, the top to toe distance of the proposed “worst-case” submarine
landslide scenario must be decreased to a distance of 500 m. To accom-
modate this decrease, the perimeter and thickness of the scenario landslide
can be set to 2000 m and 25 m, respectively. These small changes yield a
landslide volume of 25 million cubic meters, roughly one third of the volume
of the 1964 Valdez failure (Table 3.3).

Commencement Bay is approximately 2.5 miles wide, and similar in
width to Valdez Arm. This is more than sufficiently wide to accommo-
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date the “worst-case” delta failure scenario. The Puyallup River is largely
free flowing with its water and sediment source originating from Mt. Rainier
glaciers. Because of anthropogenic changes to the White/Stuck River chan-
nels, sediment supply to the Puyallup delta has significantly increased in
the last 100 years. The history of delta landslides (1894 and 1943) clearly
indicate the potential instability of this location.

Elliott Bay is just a little over 2 km in width, and the “worst-case” sce-
nario delta failure would just fit within the embayment. Because of anthro-
pogenic changes to the White/Stuck River channels and dams on the Green
River, sediment supply to the Duwamish delta has significantly decreased in
the last 100 years. However, the Duwamish delta is situated directly above
the Seattle Fault, and the predicted ground motions from a major earth-
quake on this fault could easily exceed the ground motion that caused the
1964 delta failure in Valdez. Because of this factor, failure of the entirety of
the Duwamish delta front does not seem far-fetched.

The Snohomish delta appears similar to the Puyallup in width, bathy-
metric configuration, and sediment supply. From that perspective, it would
easily accommodate the “worst-case” scenario.

What is the likelihood of occurrence of this worst-case scenario? Because
the most likely trigger for the “worst-case” failure of the Duwamish delta is
an M 7 earthquake directly beneath it, on the Seattle Fault, this Duwamish
scenario is subject to large uncertainties in estimating the recurrence inter-
vals for such earthquakes (Section 2.2). In the event of a large earthquake
on the Seattle Fault, the tsunami from tectonic displacement of the floor of
the sound may further destabilize the Duwamish delta when troughs in the
tsunami reduce the water load on the delta front.

The Puyallup delta has a rich history of small and moderate-sized fail-
ures, and this represents only a 110-year historic record. If delta failures
behave like other natural phenomena (e.g., floods or earthquakes), then this
short history suggests that the recurrence of an 1894 failure on this delta is
relatively frequent on a geologic timescale. Prediction of the recurrence of
this failure using statistical methods would no doubt yield a recurrence in the
hundreds or few thousands of years, with large uncertainty. This situation is
similar to attempts to assign a recurrence to the Seattle Fault. Although the
historic Puyallup delta failures were non-seismogenic, the “worst-case” event
on the Puyallup delta would likely have a seismic trigger; in this case, the ap-
propriate question would be: “What is the recurrence of major earthquakes
on nearby fault structures, especially the Tacoma Fault?”

The Nisqually delta has a significantly shallower slope, is inherently more
stable than either the Puyallup, Duwamish, or Snohomish deltas, and was
not considered a likely candidate for the modeling study without a more
detailed evaluation. The M 6.8 Nisqually earthquake on 28 February 2001
did not trigger a Nisqually delta failure. It is not surprising that this slope
remained stable in this earthquake as it did in the somewhat larger 1949
Olympia earthquake. Ground shaking in the port area of Tacoma during the
Nisqually earthquake was less than 0.1 g peak ground acceleration and of
short duration; this seismic loading was at or below the threshold necessary
to generate liquefaction in the worst soil conditions. One hallmark of this
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earthquake was the paucity of subaerial landslides, likely the result of the
severe drought conditions that preceded the event. However, the slopes
adjacent to the Salmon Beach landslide triggered by the 1949 Olympia event
did fail. If soil moisture conditions were nearer normal, this landslide might
have been large enough to reach the Sound and generate a splash wave as
was generated in 1949.

The Duwamish delta was shaken more strongly than the Puyallup delta
during the Nisqually earthquake, and comparison of pre- and post-earthquake
surveying indicated movement of Harbor Island by a number of inches.
Whether this was the initiation of a delta failure that might have accelerated
if the shaking was significantly stronger and/or longer is speculative. The
Snohomish delta was too far distant from the Nisqually earthquake epicenter
to experience even moderate shaking.

Non-deltaic submarine slide scenarios

Tables 3.4 and 3.5 provide estimates of the dimensions of selected large land-
slides in Puget Sound, compiled by Robert Karlin, Mark Holmes, and Shane
Smith from high-resolution seismic reflection profiles, sidescan imagery, and
bathymetric data. They tend to be located near Quarternary faults that
cross Puget Sound, Lake Washington, and Lake Sammamish (Figs. 3 and 4).
There are no historical records of these slides, and it is unknown whether
they generated tsunamis.

Lake Washington subaqueous slides are presented in Fig. 4a, classified
into submerged forests, coherent block slides, debris flows, sand flows, and
mixed slumps. Coherent block slides are recognizable in sidescan imagery
as displaced blocks with widths more than about 20 m. Block slides show
coherent, but often deformed bedding in seismic reflection profiles. Sub-
merged forests are large block slides that have upright or fallen trees on
them, with the trees visible on sidescan sonar images. Debris flows show a
strong reflective contrast with normal lake sediment, and may contain small
boulders interspersed with incoherent sediment flows. Such flows are often
found at the toe of block slides, but can occur separately. Sand flows have a
bright signature on sidescan records compared with normal sediment. They
show little structure, except occasional sand waves. Mixed flows are undif-
ferentiated areas with both debris and incoherent sediment flows. Fig. 4b
classifies these slides by age. The seismic reflection profiles show a distinctive
sequence of reflectors within the Holocene lake sediments that can be corre-
lated with stratigraphy known from piston coring (Karlin and Abella, 1992;
1996). The Holocene section consists of ∼1 m of transparent soft sediments
over a clayey silty seismite deposited throughout the lake about 1100 years
ago. The 5–15 cm thick Mazama ash deposited ∼7600 years ago forms a
prominent reflector at 3–5 m sub-bottom depth. A strong acoustic contrast
of the Holocene lake sediments with a hard blue-gray glacial clay at 7–20 m
sub-bottom depths gives a strong, recognizable glacial/ interglacial reflector.
Given the sedimentation rates in the lake and the subbottom depths of the
1100-year silt layer at 1 3 m and the 7600-year Mazama ash at 3–5 m, land-
slides with sediment cover of 1–3 m probably are from 1100 to 7600 years
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old. Landslides with >5 m sediment covers probably are of early Holocene
age.

Lake Sammamish geology, underwater landslides, onland exposures of
pre-Frasier geology, and Holocene mass wasting are presented in Fig. 4b.
The underwater landslide distribution was determined from high-resolution
seismic reflection profiling and sidescan swath mapping by R. Karlin, M.
Holmes, and T. Pratt. The geology is modified from Minard and Booth
(1988), Booth and Minard (1992) and Yount et al. (1993). Also see Prunier
(1998).

3.4 Recommendations

Tsunami modelers should work closely with geoscientists who have past ex-
perience evaluating slope stability in the Puget Sound region, because it is
particularly important for the credibility of the modeling that the source pa-
rameters and location of the tsunamigenic landslide are defensible. Two of
the slide parameters listed in Tables 3.1 to 3.4—duration and acceleration—
are essential to the modeling, but values will be difficult or impossible to ob-
tain through field observations. Landslide source locations are not spatially
random, but rather depend on factors that typically make slopes unstable
(steepness of slope, geologic conditions, etc.).

Tsunami source modeling

� Tsunami scenarios should include:

– Delta slope failures of the Puyallup, Duwamish, and Snohomish
Rivers, using scenarios similar to the historical 1894 Commence-
ment Bay event summarized in Table 3.1 and a worst-case scenario
of unsure but likely very rare occurrence, based on a scaled-down
version of the 1964 Valdez submarine landslide as in Table 3.3.

– Submarine landslides due to non-delta slope failures proximal to
known Quaternary faults, including those identified at Alki Point
and Maury Island, using scenarios similar to that summarized in
Table 3.4.

– Subaerial landslides of the size and magnitude of the 1949 Tacoma
Narrows event, summarized in Table 3.2.

Science improvement

� Expand the existing program of slope instability mapping to increase
the geographical coverage and improve the quality of assessments:

– Acquire multi-beam bathymetric data and denser high-resolution
seismic reflection data, first in the areas of potential concern as
shown in Fig. 3, and then for the rest of Puget Sound.

– Collect bottom sediment cores for geological and geotechnical
characterization directed toward submarine slope stability assess-
ment.
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� Characterize the geometry, nature, and timing of major submarine
and subaerial landslides to determine their frequency of occurrence,
method(s) of failure, and tsunami generating potential.
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Table 3.1: Historic delta landslide.

Justification: Historic precedent based on the 1894 Commencement Bay landslide
Probability of occurrence: Less than 50% in 50 years (recurrence interval of at least 100 years)
Locations: Puyallup, Duwamish, and Snohomish River deltas

Probable Range of Values
Parameter (MKS Units) Comments

Geometry Length: 400 m Geometry of this landslide well defined
Width: 300 m
Thickness: 20 m
Volume: 2.4 × 106 m3

Slope angle: 15 degrees
Aspect: Parallel to delta slope fall line

Time History Duration: TBD Parameters can be estimated by back
calculation using the 1894 Commencement
Bay slide geometry and reported wave
height.

Distance of slide: TBD
Initial acceleration: TBD

or

Density: TBD Volume, slope, density and sediment type
can provide a rough estimate of initial
acceleration.

Sediment type: TBD

Table 3.2: Subaerial landslide.

Justification: Historical precedent based on the 1949 Tacoma Narrows landslide
Probability of occurrence: Recurrence interval of 50 years or more
Locations: Slope north of Tacoma Narrows Bridge—possibly analogous to other steep bluffs along Puget Sound

Probable Range of Values
Parameter (MKS Units) Comments

Geometry Length: 150 m Geometry of 1949 landslide well defined
Width: 120 m
Thickness: 8 m
Volume: 1.5 × 105 m3

Slope angle: 35 degrees
Aspect: Parallel to delta slope fall line

Time History Duration: 5–10 seconds Slope, volume, density, and sediment type
can provide a rough estimate of impact
acceleration.

Distance of slide: 75 m
Impact acceleration: TBD

or

Density: TBD
Sediment type: TBD
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Table 3.3: Worst-case delta failure.

Justification: Based on 1964 Valdez submarine landslide volume, scaled by 1/3.
Probability of occurrence: Unknown if this large a landslide can occur at all throughout the study areas.

If so, the probability is dependent on that of large earthquakes on nearby faults.
Locations: Major river deltas, especially those of the Puyallup, Duwamish, and Snohomish Rivers.

Probable Range of Values
Parameter (MKS Units) Comments

Geometry Length: 500 m Geometry of 1964 landslide well defined, but
may not be applicable to Puget SoundWidth: 2000 m

Thickness: 25 m
Volume: 25 × 106 m3

Slope angle: Site dependent
Aspect: Parallel to delta slope fall line?

Time History Duration: TBD Volume, slope, density, and sediment type
can provide a rough estimate of initial
acceleration.

Distance of slide: TBD
Initial acceleration: TBD

or

Density: TBD
Sediment type: TBD

Table 3.4: Submarine landslide.

Justification: Slides indicated by unpublished seismic profiling data and mapping (R. Karlin, M. Holmes).
Tsunami generation potential undetermined. No historic precedent exists.

Probability of occurrence: Unknown
Locations: Proximal to known Quaternary faults that cross Puget Sound, Lake Washington, and Lake

Sammamish (see Figs. 3 and 4 for potential landslide zones).

Probable Range of Values
Parameter (MKS Units) Comments

Geometry Length: 0.5 to 3 km
Width: 0.5 to 5 km
Thickness: 50 to 100 m
Volume: 2.4 × 106 m3 (Maximum value

that constrains specification of
length, width, and thickness)

Slope: Variable
Aspect: Parallel to slope fall line?

Time History Duration: TBD Estimate parameters by back calculation,
using 1894 Commencement Bay slide
geometry and reported wave height.

Distance of slide: TBD
Initial acceleration: TBD

or Volume, slope, density, and sediment type
can provide a rough estimate of initial
acceleration.

Density: TBD
Sediment type: TBD
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Table 3.5: Dimensions of selected large landslides in Puget Sound. Table compiled by Robert Karlin
and Shane Smith from high-resolution seismic reflection profiles, sidescan imagery, and bathymetric data.
Volumes were approximated by a wedge of volume (Width × Length × Thickness)/2.

Width Length Thickness Volume
Name (m) (m) (m) (106 m3) Type

Maury Island South 590 1830 60 33 Block slide
Maury Island Mid 300 1330 50 10 Block slide
Maury Island North 1000 2780 50 70 Block slide
Three Tree Point 1750 3390 TBD TBD Three complex slides each with

multiple events
Restoration Point 1000 1050 TBD TBD Block slide, bathymetric expression
Alki Point 1000 2700 5 to 20 for

most recent
debris flow

7 to 27 Deformation zone covered by debris
flow(s), bathymetric expression

Edmonds 1850 2850 120 316 Large block slide, bathymetric
expression

Mukilteo 1400 2750 10–15 20 to 29 Sand flow
Edgewater 1280 2940 5 to >40 for

most recent
slide

10 to >76 Multiple block slides of varying
thickness

Possession Point South 630 1250 60 for most
recent slide

23 Multiple block slides and events

Possession Point Middle 500 1230 75 23 Two or more block slides and
events

Possession Point North 920 1530 75 53 Multiple block slides and events
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4. Paleotsunami Field Evidence

4.1 Background

At Puget Sound, tsunami hazards are being identified and quantified by
combining geologic field observations with inundation modeling. Although
earthquakes, landslides, and delta failures have the potential to generate
tsunamis in Puget Sound and nearby lakes, little is known about the fre-
quency and size of tsunamis from these sources. Geologic field evidence
useful in tsunami inundation modeling includes: (1) amount and distribu-
tion of coseismic uplift and subsidence, (2) size and location of delta failure
and landslide scarps and deposits, (3) distribution, grain size, and internal
structure of tsunami deposits, (4) microfossils, which are useful in quantify-
ing subsidence and uplift and in identification of tsunami deposits, and (5)
dateable material within deposits that help establish tsunami frequency.

Tsunami deposits are especially valuable because they demonstrate that
Puget Sound tsunamis have occurred in the past, as illustrated by deposits
of the A.D. 900–930 tsunami identified in Seattle, Cultus Bay, and the
Snohomish delta (Atwater and Moore, 1992; Bourgeois and Johnson, 2001;
Koshimura et al., 2002). Deposits can be used for education of the general
public and by emergency managers as solid evidence of a tsunami hazard.
For example, locations of identified tsunami deposits appear on a tsunami
inundation map for the southwest coast of Washington (Walsh et al., 2000).

4.2 Priority Areas

To identify a tsunami deposit is to identify a tsunami hazard, but tsunami
deposits in the Puget Sound area have not been comprehensively identified.
Therefore, the entire Puget Sound area is a priority area for tsunami deposit
research, except for the very few spots where deposits have already been iden-
tified. High potential areas should be explored in a reconnaissance mode,
with high priority given to those areas where modeling reasonable source
scenarios suggests large tsunamis. This type of collaboration by modelers
and field geologists will improve definition of areas with tsunami risk. The
area studied should include the shores of Lake Washington because large,
potentially tsunamigenic landslides occurred there 1100 years ago, and be-
cause currents from a moderate tsunami in Lake Washington could pose a
hazard to floating bridges.

4.3 Inferences About Past Tsunamis

What happened at Puget Sound during past tsunamis can be learned, to
some extent, from clues in tsunami deposits. Sedimentation models can be
used in conjunction with inundation models to interpret tsunami deposits
found in the Puget Sound area and help estimate tsunami parameters, in-
cluding inundation distance, runup height, flow depth, and flow velocity; bot-
tom friction estimates, extremely important in inundation modeling, can also
be improved by using velocity estimates from both inundation and tsunami
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sedimentation models (Titov et al., 2001). If deposits can be dated, then
estimates can also be made of tsunami frequency.

4.4 Recommendations

Tsunami source modeling

� Incorporate any available paleotsunami parameter estimates into site-
specific tsunami model development, as a test of accuracy and as a
possible constraint on model input parameters.

Science improvement

� Map tsunami deposits where present at Puget Sound and Lakes Wash-
ington and Sammamish.

� Conduct detailed sedimentology, micropaleontology, and age dating
studies at selected tsunami deposit sites.

� Continue the combined use of sedimentation and inundation models to
help improve estimates of paleotsunami parameters.

� Compile geologic evidence for coseismic uplift and subsidence, land-
slides, delta failures, and tsunami deposits and develop maps of this
evidence to help constrain and test tsunami models.

� Improve quantification of coseismic uplift and subsidence.

5. Seattle-Duwamish Waterfront Inundation

The NOAA Center for Tsunami Inundation Mapping Efforts (TIME) re-
cently modeled tsunami inundation along the Seattle-Duwamish waterfront
(Titov et al., 2003). This modeling provides preliminary estimates of the
flooding that might result from a rare event—a large earthquake on the
Seattle fault. The computed tsunami results entirely from tectonic uplift
and subsidence during the earthquake; not included in the model is delta-
front failure, such as discussed in Section 3.

5.1 Background

NOAA’s TIME Center has been conducting numerical model simulations of
Puget Sound tsunamis for the Washington State Emergency Management
Division (WAEMD). The first modeling effort was a relatively coarse-grid
simulation covering most of Puget Sound for a tsunamigenic earthquake
on the Seattle fault (Koshimura et al., 2002). The results of that simula-
tion were one factor considered by the WAEMD in identifying Puget Sound
communities at risk and prioritizing these communities for development of
fine-resolution inundation maps.
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5.2 Priority Areas

The coarse-grid Puget Sound simulation suggested that, based on the ex-
treme scenario modeled, a significant tsunami could strike the Seattle-Elliott
Bay area, which is characterized by high population and critical infrastruc-
ture, within a few minutes of an earthquake on the nearby Seattle Fault.
Subsequently, the WAEMD funded the NOAA TIME Center to develop in-
undation map products for the somewhat larger Seattle-Duwamish area.

5.3 Event Description

Source specification

TIME modelers used an M 7.3 earthquake on the Seattle Fault Zone as a
nearly worst-case tsunami generating mechanism. Because the recurrence
intervals for such an earthquake probably span thousands of years, it is
believed that a similar event has a very low probability of occurring in our
lifetimes. The justification for modeling this low, but finite, probability
event as a credible near-worst-case Puget Sound threat is the significant and
growing population and infrastructure that is now at risk.

The model uses assumptions about the dip of the fault plane and the
width and length of fault rupture that are within the broad range of possi-
bilities consistent with reports cited in Section 2.2. For instance, the Brocher
et al. (2001) interpretation suggests dips of ∼60◦ to 80◦ and fault widths of
∼30 km (values not specifically provided in the text, but shown on a fig-
ure), while Calvert and Fisher (2001) suggested dip angles of 40◦ to 80◦ (60◦

± 20◦). The slip distribution was constrained, through trial and error, to
match available field estimates of vertical displacement at three sites—Alki
Point, Restoration Point, and West Point—which presumably occurred as
a result of the earthquake in A.D. 900–930. The fault parameters specified
for the simulation are provided in Table 5.1. The comparison of computed
displacement with field estimates is provided in Table 5.2, and the resulting
vertical deformation is illustrated in Fig. 1a, along with the location and
values of the vertical deformation field estimates.

It should be noted that different sets of model parameters can produce
similar fits to the observations. Thus, each of these two models, though
somewhat different, provide a reasonable fit to the observed deformation. In
this case, it made little difference in the inundation model results. It is gener-
ally true, however, that professional judgment must be applied to assess the
geophysical credibility of each model. Because of this, and because the geom-
etry and earthquake history of the Seattle fault remain controversial among
Earth scientists, these model parameters need to be reviewed in a separate,
formal workshop, in which experts come together to reach a consensus and
provide official recommendations. Such a workshop, dedicated to tsunami
source specification, is essential to developing site-specific tsunami genera-
tion scenarios and the resulting inundation maps. A workshop dedicated
to the systematic assessment of current scientific information by a group
of experts is a traditional way of establishing the best available science for
a particular topic and judging the adequacy of that science to contribute
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Table 5.1: Sub-fault parameters for magnitude 7.3 and 7.6 Seattle Fault earthquake
models. The M 7.3 vertical deformation pattern is shown in Fig. 1a.

M 7.3 M 7.6
Sub-fault Depth Length Width Strike Dip Slip Slip

(west to east) (km) (km) (km) (deg) (deg) (m) (m)

1 0.5 15.2 20 87.9 60 1 3
2 0.5 6.3 20 86.6 60 1 3
3 0.5 8.9 20 96.0 60 12 14
4 0.5 3.2 20 128.8 60 11 10
5 0.5 11.5 20 99.3 60 4 4
6 0.5 14.9 20 81.0 60 1 3

Table 5.2: Vertical deformation values for field estimates and the M 7.3 and M 7.6
Seattle Fault models. See Fig. 1a for the geographical location of the sites.

M 7.3 M 7.6
Field Model Model

Site (m) (m) (m)

Alki Point 4–6.5 3.9 4.0
Restoration Point 7 7.1 7.0
West Point –1 ± 0.5 −1.2 −1.0

meaningfully to issues of concern—public safety and hazard mitigation, for
example.

Accordingly, recommendations below include yearly workshops, because
updating tsunami source specification is an important part of developing
and improving inundation maps. As an example of source refinement, the
Koshimura et al. (2002) model is characterized by a magnitude Mw 7.6 with
uniform slip of 2.8 m on each of six sub-faults composed of a shallow fault
plane dipping 60◦ situated directly above a deeper fault plane with dip of
25◦. A different seismic source model emerges if an earthquake in the range
Mw 7.3–7.6 has sources composed of six sub-faults, each with independently
assigned slip along a single plane that dips 60◦ (Table 5.1). The TIME
model may need revision as patterns of coseismic vertical deformation be-
come clearer from studies of fault geometry (ten Brink et al., 2002) and high-
resolution topographic maps (http://duff.geology.washington.edu/
data/raster/lidar/surfmap/).

Model results

The model of Titov and Synolakis (1998), also known as the Method of
Splitting Tsunami (MOST) model (Titov and González, 1997) was used by
TIME modelers to simulate the generation, propagation, and inundation of
tsunamis in the Seattle-Duwamish area. Close communication was main-
tained during the study with WAEMD and the Washington Department of
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Seattle Inundation Modeling
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Figure 5: Seattle-Duwamish waterfront inundation modeling products: (a) crustal deformation in the
Seattle-Duwamish area; (b) zoned maximum inundation depth; (c) zoned maximum current speed. See
text for discussion of selection of ranges for individual zones.

Natural Resources (WADNR) and, upon completion of the study, a suite of
model-derived mapping products were delivered to both agencies in the form
of electronic files and, where appropriate, hard copy representations. The
product suite included an animation of the entire simulation, which is also
available for viewing on the Workshop website (http://www.pmel.noaa.gov/
tsunami/time/PS source wkshp/). Three graphical summary products de-
rived from that simulation are presented in Figs. 5a–c.

Figure 5a presents the computed vertical deformation for the Seattle-
Duwamish area. The general pattern is one of subsidence as great as 2 m
at Duwamish Head, the north end of Harbor Island, and the entire region
north of these sites, including the Seattle waterfront, and uplift as great as
4 m south of these sites. The decrease in the modeled uplift eastward from
Alki Point may prove inconsistent with uplifted tidal-flat deposits along the
Duwamish River (B.F. Atwater, unpublished data).

Figures 5b and 5c present two fundamental modeling products of pri-
mary importance to emergency managers—maximum inundation depth (the
height of water above land) and maximum current speed, respectively. These
products are obtained by monitoring each variable at individual grid points
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and saving the maximum value attained over the course of the entire simula-
tion. Zonation is then performed to produce the maps shown—i.e., the fine
scale details are deliberately suppressed by binning values into zones with
ranges that have physical significance to emergency managers. Thus, for an
average adult, the depth range zones correspond roughly to “up to knee-
high” (Low), “up to head-high” (Medium) and “over the head” (High), and
current speed zones are roughly “up to the speed of a brisk walk” (Low) and
“faster than a brisk walk” (High). For the Seattle-Duwamish waterfront ar-
eas, the computed water depths are greater than 2 m and the current speeds
in excess of 2 m/s.

Model limitations

The model has limited ability to simulate tsunami generation and tsunami
effects. The model results express few uncertainties about the fault ge-
ometry, the spatial distribution of slip, and the amount of surface rupture
that generate the tsunami. Although the tectonic deformation illustrated in
Fig. 5a is accounted for in the tsunami inundation computations, additional
tsunami sources such as delta failure, submarine and subaerial landslides,
and liquefaction, were not. Nor does the simulation account for hydrody-
namic effects on the tsunami wave and currents of smaller scale features and
objects—buildings, automobiles, maritime vessels, large rocks, trees, and the
thousands of shipping containers stored on Harbor Island, for example—that
would, in some cases, become entrained debris that would act as projectiles.
Also ignored are the effects on structures and humans of the tsunami waves
and currents, as well as hazards such as the spreading of flammable liquids.

Source uncertainty and sensitivity studies

There is a fundamental difference in the nature of the seismic hazard maps
and the inundation map presented here. The seismic hazard maps are de-
veloped as a weighted probabilistic distribution of earthquake events. In
contrast, the inundation map is deterministic: it is intended to represent
a maximum credible event based on an extreme scenario earthquake that
occurs rarely.

In a deterministic approach, multiple simulations can be conducted to
develop site-specific sensitivity studies. Such studies constrain the possible
range of source parameters—e.g., variations in the magnitude, location, dip,
slip, etc., of earthquake sources—and then perform tsunami inundation sim-
ulations that correspond to the source variations. The result is a mapping of
potential source variation into potential tsunami inundation variation that
provides additional insight into the vulnerability of a site. This approach
is routinely used in many other scientific and engineering disciplines and
is frequently referred to as a response study, in which the input to a sys-
tem is varied systematically and the output is analyzed and interpreted to
characterize the system.

As a very simple example of this approach, an M 7.6 Seattle fault event
was also modeled, subject to the constraint that the resulting deformation
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pattern must match the three field observations at least as well as the M 7.3
model. Again, trial and error was used to adjust the fault plane parameters.
The M 7.6 slip values and the resulting deformation values at the three field
sites are listed in Tables 5.1 and 5.2. The M 7.6 model produced a vertical
deformation pattern that was somewhat different, but very similar, to the
pattern produced by the M 7.3 model. As a consequence, the M 7.6 model
produced tsunami inundation values and patterns that were essentially the
same as the M 7.3 event.

5.4 Recommendations

In addition to recommendations in previous sections about tsunami sources,
the following may improve tsunami inundation models and mitigation prod-
ucts derived from them.

Science improvement

� Complete Puget Sound LIDAR coastal bathymetric/topographic sur-
veys.

� Complete Puget Sound swath-beam bathymetric surveys.

� Use Puget Sound LIDAR and swath-beam surveys to develop a system
of improved bathymetric/topographic computational grids.

� Review and assess existing models for sub-aerial and sub-aqueous slides,
and determine the sensitivity of tsunami generation to variations in the
model parameters.

� Review and assess existing methodologies for simulating tsunami ef-
fects on and interactions with structures and humans.

� Develop hardware and software technologies for fast, efficient multiple
simulations.

� Develop methods for site-specific, multiple simulation sensitivity stud-
ies.

� Develop improved hazard mitigation products based on site-specific
sensitivity studies, in close collaboration with WAEMD and WADNR.

� Conduct yearly workshops to review the best available scientific infor-
mation and develop recommendations for Washington State inundation
mapping.
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Addendum: Seismic Surface Wave Forcing of
Water Waves and Seiches (by H. O. Mofjeld)

Well after the workshop, the Mw 7.9 Alaska earthquake on 3 November 2002
generated strong seismic surface waves southward that created damaging
water waves in Lake Union (Barberopoulou et al., 2002) and Puget Sound
marinas (A. Qamar and W. Steele, private communication). There is also
evidence that the Seattle sedimentary basin acted to amplify the seismic
surface waves in its vicinity (Barberopoulou et al., 2002). Vertical seismic
wave amplitudes as large as 0.3 m were recorded in the Seattle area.

Strong seismic waves will occur in the Puget Sound region as the result
of earthquakes on local, Cascadia, and even distant fault zones. Therefore,
it is appropriate to include seismic surface waves as potential geophysical
sources of dangerous water waves in Puget Sound.

To fully characterize the seismic surface waves as sources, a database
is needed that contains the probabilities of their amplitudes, frequencies,
and orientations as functions of geographical location. Of particular impor-
tance are the horizontal velocities of the ground, since these are the primary
mechanism generating the water waves at the shore (Mofjeld, in prepara-
tion). These are needed for the fault zones in the Puget Sound region, the
Cascadia Subduction Zone, and more distant regions such as Alaska. The
orientation is important because the amplitudes of the water waves can be
very sensitive to this parameter.

Also needed are observed and synthetic time series of the seismic surface
waves to drive water response models. The wave periods of greatest interest
are between one to 60 seconds, in terms of generating dangerous waves and
seiches within small bodies of water.

The USGS shake map for the Puget Lowland is an essential step for-
ward in developing this database. At present, it provides peak accelerations
due primarily to earthquakes on the Seattle Fault, South Whidbey Island
Fault, and the Cascadia Subduction Zone. These accelerations need to be
integrated in time in order to give peak horizontal velocities. Deep focus
earthquakes under the Puget Lowland occur on irregular decadal to multi-
decadal timescales, as observed in the 20th century. While they are less
prone to generate strong seismic surface waves than shallow earthquakes,
they cannot be discounted as potential sources.
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36 F. González et al.

Workshop Participants (cont.)

Harold O. Mofjeld
NOAA/PMEL
7600 Sand Point Way NE
Seattle, WA 98115
Phone: 206.526.6819
Fax: 206.526.6485
E-mail: harold.o.mofjeld@noaa.gov

Stephen P. Palmer
Washington State Dept of Natural Resources
Washington Division of Geology and Earth Resources
P.O. Box 47007
Olympia, WA 98504-7007
Phone: 360.902.1437
Fax: 360.902.1785
E-mail: steve.palmer@wadnr.gov

Brian Sherrod
Univ. of Washington
Box 351310
Seattle, WA 98195
Phone: 253.653.8358

206.553.0153 mobil
E-mail: bsherrod@usgs.gov

Hugh M. Shipman
Washington State Dept. of Ecology
3190 – 160th Ave. SE
Bellevue, WA 98008-5452
Phone: 425.649.7095
Fax: 425.649.7098
E-mail: hshi461@ecy.wa.gov

Vasily V. Titov
NOAA/PMEL
7600 Sand Point Way NE
Seattle, WA 98115
Phone: 206.526.5436
Fax: 206.526.6485
E-mail: vasily.titov@noaa.gov

Angie J. Venturato
NOAA/PMEL
7600 Sand Point Way NE
Seattle, WA 98115
Phone: 206.526.6556
Fax: 206.526.6485
E-mail: angie.j.venturato@noaa.gov

Timothy Walsh
Division of Geology & Earth Resources
P.O. Box 47007
Olympia, WA 98504-7007
Phone: 360.902.1432
Fax: 360.902.1785
E-mail: tim.walsh@wadnr.gov

Craig S. Weaver
Univ. of Washington
Dept. of Earth and Space Sciences
Seattle, WA 98195-1310
Phone: 206.553.0627 x
Fax: 206.553.8350
E-mail: craig@geophys.washington.edu
craig@usgs.gov

Jon Whisler
1008 NE 72 St.
Seattle, WA 98115
Phone: 206.336.1639
Fax: 206.524.3543
E-mail: whislerj@u.washington.edu

Harry H. Yeh
Civil and Environmental Engineering
167 Wilcox Hall
Univ. of Washington
Box 352700
Seattle, WA 98195
Phone: 206.685.1024

206.685.8655
Fax: 206.685.3836
E-mail: harryeh@u.washington.edu



U.S. Department of Commerce
National Oceanic and Atmospheric Administration

Pacific Marine Environmental Laboratory
7600 Sand Point Way NE

Seattle, WA 98115



 





 





 

  

U.S. Environmental Protection Agency 
Scoping Comments for 
Alaskan Way Seawall 

 
 

Areas of Focus for the Alaskan Way Seawall EIS 
 
The NOI states that the Corps will seek opportunities to “incorporate measures for improvement 

of habitat values, as well as recreation and public access”.  These functions and values are important 
resources for the City’s shoreline.  EPA strongly supports a hard look at opportunities to improve these 
three areas.   
 

The NOI states that the Corps will conduct an in-depth analysis in the draft EIS of “construction 
impacts, particularly those related to noise, water quality, transportation, and effects to businesses and 
residences within/adjacent to the construction zone.” EPA agrees these are issues of concern for this 
project.  We suggest the following also be given priority: 

• If applicable for any of the alternatives, examine potential impacts to aquatic species 
(including shore birds) from loss of habitat due to fill in marine waters or vibration 
generating construction activities such as pile driving.   

• Conduct impact analysis for any construction that could be staged from the water side of 
the seawall or materials delivered by boat/barge to the construction area.   

• Consider the potential impacts to the built and natural environment from the yearly 
construction schedule (for activities scheduled for seasons within a year) and the overall 
schedule (number of years) as part of the construction impacts.   

• Analyze and implement effective mitigation for construction related air quality impacts  
 
Coordination with the Alaska Way Viaduct Seawall Replacement Project (AWVSRP) NEPA 
Efforts 

 
The Corps has committed to coordinate and incorporate all relevant material from the AWVSRP 

NEPA efforts, share information, and reduce duplication of efforts.   EPA recognizes the importance of 
this coordination, particularly in this situation, and supports the Corps’ commitment to coordinate. 

 
Purpose and Need 

 
The NOI does not specifically identify the Purpose and Need for this project although it does state 

the focus of this DEIS analysis will be on evaluating the storm damage reduction perspective for the 
seawall.  We hope that, at a minimum, the Purpose and Need of this proposal is consistent with the 
overall AWVSRP Purpose and Need, and especially the Seawall portion of the AWVSRP Purpose and 
Need.  If it is not consistent, or if alternatives examined in one EIS would be precluded by the other, it 
will be important to disclose this and work to resolve the conflict with AWVSRP before a final EIS is 
released for either project.   
 

The EIS should include a clear and concise statement of the underlying purpose and need for the 
proposed project, consistent with the implementing regulations for NEPA (see 40 CFR 1502.13).  In 
presenting the purpose and need for the project, the EIS should reflect not only the Corp’s purpose, but 
also the broader public interest and need.  Given the size of this project, a concise statement is of critical 
importance to setting up the analysis of alternatives, which could range from too tightly focused to too 
broad, depending on how the statement is written.  The purpose and need statement and the alternatives 
analysis should discuss how project activities may adversely affect ecosystem recovery. 
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Public Participation and Environmental Justice 
 The EIS should disclose what efforts were taken to ensure effective public participation.  
In addition, if low income or people of color communities will be impacted by the proposed 
project, the EIS should disclosed what efforts were taken to meet environmental justice 
requirements consistent with Executive Order (EO) 12898 (Federal Actions to Address 
Environmental Justice in Minority and Low-Income Populations).  This should include the 
following. 
 

A description of the methodology and criteria utilized for identifying low income and 
people of color communities, the sources of data utilized for these analyses, and the 
references utilized for establishing the criteria. 

 
A comprehensive accounting of all impacts on low income and people of color, 
including (but not limited to) cumulative and indirect impacts, exposure 
pathways unique to the impacted communities, historic exposures, and impacts to 
cultural, historic and protected resources.  In addition, the EIS needs to determine 
if the impacts to low income and people of color communities will be 
disproportionately higher than those on non-low income and non-people of color 
communities.  For such a determination, the EIS must identify a reference 
community, provide a justification for utilizing this reference community, and 
include a discussion of the methodology for selecting the reference community. 

 
The EIS must demonstrate that communities bearing disproportionately high and adverse effects 

have had meaningful input into the decisions being made about the project.  The EIS needs to describe 
what was done to inform the communities about the project and the potential impacts in will have on their 
communities (notices, mailings, fact sheets, briefings, presentations, exhibits, tours, news releases, 
translations, newsletters, reports, community interviews, surveys, canvassing, telephone hotlines, question 
and answer sessions, stakeholder meetings, and on scene information), what input was received from the 
communities, and how that input was utilized in the decisions that were made regarding the project. 
 
Consultation with Native American Tribes 
 
 The proposed project may affect historical or traditional cultural places of importance to the 
area’s Native American communities. The EIS needs to identify historic resources, and assure that treaty 
rights and privileges are addressed appropriately.  If the proposed project will have impacts on Native 
Americans, the development of the EIS should be conducted in consultation with all affected tribal 
governments, consistent with Executive Order (EO) 13175 (Consultation and Coordination with Indian 
Tribal Governments).  EO 13175 states that the U.S. government will continue to work with Indian tribes 
on a government-to-government basis to address issues concerning Indian tribal self-government, trust 
resources, and Indian tribal treaty and other rights.  Documentation of these consultations should be 
included in the EIS.  Consistent with the July 28, 1999 memorandum from the Council on Environmental 
Quality (CEQ) to Heads of Federal Agencies, we strongly urge the Corps to consider inviting affected 
Tribal governments to participate in the EIS development process as cooperating agencies.  This would 
provide for the establishment of a mechanism for addressing intergovernmental issues throughout the EIS 
development process.   
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General Scoping Comments 
Given the nature of the project, it is likely that the Corps’ Alaskan Way Seawall EIS will 

incorporate a substantial amount of information and analysis from the AWVSRP NEPA effort.   In that 
light, the following comments should be considered as appropriate when reviewing information from the 
AWVSRP NEPA effort and when developing new information for the Alaskan Way Seawall EIS. 
  
Range of Effects/Impacts 

 
NEPA calls for analysis of effects and impacts in a broad sense, addressing important issues that 

arise during scoping.  Impacts from a project may be both beneficial and adverse.  A significant effect 
may exist even if the Federal agency believes that on balance the effect will be beneficial.   There can be 
situations when adverse impacts occur even though regulations are met.  For example, several air toxics 
are not regulated but are known to create a health risk.  Therefore, it is important to consider impacts that 
may not be managed through existing regulations.  The environmental analysis needs to evaluate and 
disclose the impacts from all emissions regardless of whether there is a regulation that manages those 
emissions.  "Potential violation of Federal, State, or local law or requirements imposed for the protection 
of the environment" is but one of ten factors that should be considered in evaluating severity of impact 
(40 CFR 1508.27(b)). 
 
Water Quality 
 

The Alaskan Way Seawall may include activities that have potential to degrade water quality.  
Section 303(d) of the Clean Water Act (CWA) requires the State of Washington to identify those 
waterbodies which are not meeting or not likely to meet State water quality standards.  The EIS must 
disclose which waterbodies may be impacted by the project, the nature of the potential impacts, and the 
specific pollutants likely to impact those waters.  It should also report those water bodies potentially 
affected by the project that are listed on the State’s current 303(d) list and whether Washington 
Department of Ecology has developed a water quality restoration plan (Total Maximum Daily Load) for 
the waterbodies and the pollutants of concern.  If a Total Maximum Daily Load (TMDL) has not been 
established for those water bodies on the 303(d) list, then in the interim until one is established, the EIS 
must demonstrate that there will be no net degradation of water quality to these listed waters. 
 

Antidegradation provisions of the CWA apply to water bodies where water quality standards 
are currently being met.  This provision prohibits degrading water quality unless an analysis shows that 
important economic and social development necessitates degrading water quality.  The EIS should 
explain how the antidegradation provisions would be met for the proposed project. 
 
Aquatic Resources 
 
 Project construction and maintenance will likely affect aquatic resources:  water quality 
(discussed above), open water habitats, nearshore subtidal and intertidal habitats, and shorelines.  These 
resources will experience varying degrees of impacts and alteration of their hydrologic functions, and 
project encroachment may degrade habitat for fish and other aquatic biota.  For any impacts that cannot 
be avoided through siting and design, the EIS document should describe the types, location, and estimated 
effectiveness of best management practices applied to minimize and mitigate impacts to aquatic 
resources. 
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 The EIS document should describe aquatic habitats in the affected environment (e.g., habitat type, 
plant and animal species, functional values, and integrity) and the environmental consequences of the 
proposed alternatives on these resources.  Impacts to aquatic resources should be evaluated in terms of the 
acreage to be impacted and by the functions they perform. 
 
 It is possible the proposed activities will require a Clean Water Act Section 404 permit from the 
Army Corps of Engineers.   EPA recognizes the Corps is the lead authority regarding the 404 (b) 1) 
alternatives analysis.  With that in mind, EPA would like to reiterate our interests for the alternatives 
analysis.  EPA would like the EIS to discuss in detail how planning efforts (and alternative selection) 
conform with Section 404(b) (1) guidelines sequencing and criteria and have avoided impacts to wetlands 
and other special aquatic sites to the maximum extent practicable.  The EIS should discuss alternatives 
that would avoid wetlands and aquatic resource impacts from fill placement, water impoundment, 
construction, and other activities before proceeding to minimization/mitigation measures. 
 
Air Quality 
 There is heightened concern for human health from projects that result in air toxics emissions and 
particulate matter from mobile sources, particularly diesel exhaust.  The National Air Toxics Assessment, 
http://www.epa.gov/ttn/atw/nata, asserts that a large number of human epidemiology studies show 
increased lung cancer associated with diesel exhaust and significant potential for non-cancer health 
effects.  Also the Control of Emissions of Hazardous Air Pollutants from Mobile Sources Final Rule (66 
FR 17230, March 29, 2001) lists 21 compounds emitted from motor vehicles that are known or suspect to 
cause cancer or other serious health effects. 
 
EPA strongly recommends that the EIS disclose whether vehicular air toxics emissions would result from 
project construction, discuss the cancer and non-cancer health effects associated with air toxics and diesel 
particulate matter, and identify sensitive receptor populations and individuals that are likely to be exposed 
to these emissions.   The EIS should then identify and commit to appropriate mitigation for the identified 
impacts.  
  
Endangered Species Act  
 

Activities at the proposed location for the Alaskan Way Seawall Project may impact 
endangered, threatened or candidate species listed under the Endangered Species Act (ESA) and 
their habitats, as well as state sensitive species.  The EIS needs to discuss the direct, indirect and 
cumulative impacts on all threatened and endangered species and their habitat.  Of particular 
concern are water quality standard requirements for ESA listed salmonids that may be impacted 
by the proposed project such as temperature, dissolved oxygen, and sediments.  In addition, the 
EIS should describe the critical habitat for all ESA listed species, identify any impacts the 
proposed project will have on these species’ critical habitat, and how it will meet all requirements 
under ESA. 
 
 
 
 
 
 
 
 



 

  

6 
 
 

Habitat 
 

The proposed project may have impacts on marine life.  The EIS should describe the current 
quality and potential capacity of habitat, its use by fish and wildlife on and near the proposed project area, 
and identify known fish corridors, migration routes, and areas of seasonal fish and wildlife (bird, marine 
mammal) congregation.  The EIS should evaluate effects on fish and wildlife from habitat removal and 
alteration, aquatic habitat fragmentation caused by infrastructure, land use, and management activities, 
and human activity.  The EIS should also evaluate the impacts the project may have on aquatic plant 
species and their habitats.   

 
The level of detail should adequately describe the:  
• existing condition of the marine habitat  
• degree of adverse impact from the project, and  
• desired and possible marine/nearshore habitat functions and values in the project area  
 

Focusing on habitat improvement will be very important for this already heavily impacted area.   
 
Cumulative Impacts 
 
 EPA has issued guidance on how we are to provide comments on the assessment of 
cumulative impacts, Consideration of Cumulative Impacts in EPA Review of NEPA Documents, 
which can be found on EPA’s Office of Federal Activities home page at: 
http://www.epa.gov/compliance/resources/nepa.html.  The guidance states that in order to assess 
the adequacy of the cumulative impacts assessment, five key areas should be considered.  EPA 
will be using the five key areas as a basis for review of the cumulative effects analysis:  
  

1. Identifies resources if any, that are being cumulatively impacted; 
2. Determines the appropriate geographic (within natural ecological boundaries) area and the 

time period over which the effects have occurred and will occur; 
3. Looks at all past, present, and reasonably foreseeable future actions that have affected, are 

affecting, or would affect resources of concern; 
4. Describes a benchmark or baseline; and 
5. Includes scientifically defensible threshold levels.  

 
Monitoring 
 
 As discussed above, the proposed project has the potential to impact air and water 
quality, marine life (e.g. seabirds, marine mammals, and plants), and habitat.  Predicting the 
severity of these impacts and the effectiveness of mitigation measures is an imprecise science.  
We recommend that the project include a monitoring program designed to assess both impacts 
from the project and the effectiveness of measures utilized to mitigate such impacts.  The EIS 
should describe such a monitoring program and how it will be used as an effective feedback 
mechanism for the proposed project. 
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