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SUMMARY AND BACKGROUND

WORKSHOP ON-"EVALUATION OF EARTHQUAKE HAZARDS AND RISK
IN THE PUGET SOUND AND PORTLAND AREAS"

By

William J. Kockelman
U.S. Geological Survey
Menlo Park, California

and
Paula L. Gori and Walter W. Hays
U.S. Geological Survey
Reston, Virginia

INTRODUCTION

The workshop "Evaluation of Earthquake Hazards and Risk in the Puget Sound and
Portland areas" was held in Olympia, Washington, on April 12-15, 1988. This
workshop, the 42nd in a continuing series, is a part of the U.S. Geological
Survey's (USGS) program element, "Regional Earthquake Hazards Assessments."
The USGS, the Federal Emergency Management Agency, the Washington State
Departments of Natural Resources and Community Development, the Oregon
Department of Geology and Mineral Development, and the Oregon Emergency
Management Division sponsored the workshop which is the 42nd overall in a
series of research applications workshops and conferences that USGS originated
in 1977 under the auspices of the Earthquake Hazards Reduction Act. The
primary objectives of the workshop were:

1) To strengthen the capability of the scientific and technical community of
Washington and Oregon to compile and synthesize geologic, geophysical, and
engineering data needed for evaluating the earthquake hazards of ground
shaking, seismically-induced ground failure, surface fault rupture, .
tectonic deformation, and tsunamis, and for assessing the risk from these
hazards.

2) To work with public officials in Washington and Oregon to foster an
environment for use of research results, creating partnerships and
providing scientific information that can be used by State and local
governments to develop and adapt hazard reduction techniques such as
building codes, zoning ordinances, and community and personal preparedness
plans and activities.

Three tasks were undertaken in the forum provided by the workshop: 1)
assessing the present state-of-knowledge of earthquake hazards in Washington
and Oregon including scientific, engineering, and hazard-reduction components,
3) determining the need for additional scientific, engineering, and societal-
response information to implement an effective earthquake-hazard reduction
program, and 3) developing a strategy for implementing programs to reduce
potential earthquake losses and to foster preparedness and mitigation. The
papers contained in this volume were presented at the workshop. A glossary of
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technical terms used in earthquake engineering is contained in Appendix A to
assist in communicating and understanding. .

Prior to the workshop, a planning meeting involving 25 people was held in
Bothell, Washington, on December 9-10, 1987, to devise a draft work plan to
guide the research and implementation activities for an initial 5-year

period. This plan, which follows this summary, was produced by representa-
tives of the Washington Departments of Natural Resources and Community
Development, University of Washington, King and Pierce Counties, the Oregon
Department of Geology and Mineral Development, FEMA, and the USGS. The policy
recommendations made in 1986 by the Washington State Seismic Safety Council
were an important consideration in the development of the draft work plan.

JUSTIFICATION FOR STUDYING THE PUGET SOUND AND PORTLAND AREAS

Geologic and geophysical research aimed at attaining a better understanding of
the potential for the occurrence of large, damaging earthquakes in the Puget
Sound and Portland areas has been carried out by USGS and university
scientists and others since the early 1970's. These studies have provided a
critical perspective on the level of the potential hazard for the region and
have contributed, in large part, to the high priority given to this area in
the USGS Regional Earthquake Hazards Assessment program element. The geologic
-and geophysical data collected in these studies are essential in the
evaluation of earthquakes hazards and the assessment of risk from earthquakes
occurring in the area. However, the results of these studies have been
released primarily as discrete scientific papers in research journals or in
the "gray" literature of USGS open-file reports and other publications which
are not readily available. They have not been synthesized or integrated into
a comprehensive evaluation of the potential for the occurrence of damaging
earthquake and the associated hazards of ground-shaking, ground failure,
surface fault rupture, tectonic deformation, and tsunamis in the Puget Sound-
Portland area.

Large subduction earthquakes on the Cascadia subduction zone pose a potential
seismic hazard (see papers by Heaton and Hartzell, and Spence in this
volume.) Very young oceanic lithosphere (10 million years old) is being
subducted beneath North America at a rate of approximately four centimeters
per year. The Cascadia subduction zone shares many characteristics with
subduction zones in southern Chile, southwestern Japan and Colombia, where
comparably young oceanic lithosphere is also subducting. Very large
subduction earthquakes, ranging in moment magnitude (M) between 9 and 9.5
have occurred along these other subduction zones. If the Cascadia subduction
zone is also storing elastic energy, a sequence of several great earthquakes
(M, 8) or a giant earthquake (M 9) would be necessary to fill this 1200-
kilometer gap. The nature of strong ground motion recorded during subduction
earthquakes of M, less than 8.2 as well as strong groynd motions from even
larger earthquakes (M, up to 9.5) can now be estimated by simple

simulations. If large subduction earthquakes occur in the Pacific Northwest,
relatively strong ground shaking can be expected over a large region. Such
earthquakes may also be accompanied by local tsunamis.

Ground failures due to historic earthquakes in western Washington have
resulted in only a few deaths, but have caused significant damage over large
areas (see paper by Schuster and Chleborad in this volume). The 1949 Olympia
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earthquake triggered scattered grouhd failures over an area of approximately
11,000 square miles, and the 1965 Seattle-Tacoma earthquake triggered ground
failures within an area of about 8,000 square miles.

VALUE OF A WORKSHOP

A11 of the information contained in this volume could have been published and
distributed without a workshop. However, experience has shown that mailing a
report is the least effective way to stimulate action.

This workshop was designed to address the potential effects of earthquakes and
other geological hazards that might be triggered by earthquakes in Washington
and Oregon. It was designed under the auspices of the National Earthquake
Hazards Reduction Program (NEHRP) to define the threat from earthquakes in the
United States and improve overall earthquake preparedness and mitigation at
all levels. The program followed the format used in prior workshops in Utah,
Alaska, the Northeastern United States, the Central United States and Puerto
Rico-Virgin Island region.

The 41 prior workshops, which were sponsored by USGS, FEMA, other Federal
agencies, and State and local agencies and institutions, have increased the
state-of -knowledge about earthquake hazards throughout the Nation, increased
the level-of-awareness, concern, and commitment, and called for changes in the
state-of-practice in earthquake-resistant siting, design, construction, and
land use.

Most importantly, they have brought together more than 3,000 producers and
users of geologic hazards information from every earthquake-prone part of the
United States. They have fostered local-State-Federal partnerships and have
enhanced the use of existing information as well as the creation of people and
program networks. Seismic safety organizations have been created as a result
of the workshops. Proceedings of past workshops have been disseminated to the
participants to use in their program and policy development and to about 5,000
others throughout the world who have requested them for the value of the
information they contain.

DECISIONMAKING AND EARTHQUAKE HAZARDS

The workshop on "Evaluation of Earthquake Hazards and Risk in the Puget Sound
and Portland areas" emphasized the well-known fact that understanding the
geologic processes causing earthquake hazards of ground shaking, surface
faulting, ground failure, regional tectonic deformation and tsunamis is the
most important step in devising practical methodologies for reducing future
economic losses and social impacts from earthquakes. Without such loss-
reduction measures, the potential losses in Washington and Oregon will become
greater as a consequence of factors such as: 1) increased population density,
and 2) increased building and 1ifeline stock exposed to potential geologic
hazards as urban centers grow through construction of homes, schools,
hospitals, high-rise buildings, factories, utility systems, power plants, and
public facilities.

The choice facing decisionmakers in the Puget Sound-Portland area are

difficult for three reasons: 1) earthquakes occur at uncertain times and
locations and have great variation in magnitude and probability of occurrence,
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2) reduction of losses requires integration of technical information in the
planning process and its use in various hazard-reduction techniques, and 3)
hazard-reduction techniques cost money and require local-State-Federal
partnerships having well-conceived short- and long-term objectives in order to
be effective economically and politically. The options for reducing losses
from earthquake hazards include:

1) Land-use planing and requlation - reduce losses to certain types of
structures susceptible to a particular earthquake hazard either by
reducing their density or by prohibiting their construction within parts
of the area characterized by a relatively high recurrence interval or
severity of effects.

2) Avoidance - provide maps and other technical information that answer the
questions Where? and How often? so that planners and decisionmakers can
avoid potential hazards by selecting the least hazardous area for
development.

3) Engineering design and building codes - require engineering design and
construction practices that are appropriate in terms of the recurrence
interval and the severity of the potential hazard.

4) Distribution of losses - use nonsubsidized insurance and other financial
disincentives to distribute the potential losses in an area susceptible to
earthquake hazards.

5) Community and personal preparedness - prepare for the consequences of
earthquake hazards that are expected to occur, taking advantage of
worldwide experience and techniques used to reduce other natural hazards
such as floods, volcanic eruptions, and landslides.

6) Response and recovery - plan response recovery measures that are
appropriate in terms of experience, learned from damaging events in other
parts of the Nation that provide specific relevant lessons that can be
transferred to Washington and Utah.

It is very important to emphasize that decisionmakers have different
perspectives about geologic hazards than scientists and engineers. These
differences, which have been summarized by Peter Szanton in his book "Not well
Advised" (Russell Sage Foundation and the Ford Foundation, 1981), are the
reason that the effective use of research information to reduce potential
losses from earthquakes is difficult. These differences may be paraphrased
as:

1) The ultimate objective of the decisionmaker is the approval of the
electorate; it is the respect of peers for the scientist/engineer.

2) The time horizon for the decisionmaker is short; it is long for the
scientist/engineer.

3) The focus of the decisionmaker is on the external logic of the problem; it
is on the internal logic for the scientist/engineer.

37 HO3b



4) The mode of though for the decisionmaker is deductive and particular; it
is inductive and generic for the scientist/engineer.

5) The most valued outcome for the decisionmaker is a reliable solution; it
is original insight for the scientist/engineer.

6) The mode of expression is simple and absolute for the decisionmaker; it is
abstruse and qualified for the scientist/engineer.

7) The preferred form of conclusion for the decisionmaker is on "best
solution" with uncertainties submerged; it is multiple possibilities with
uncertainties emphasized for the scientist/engineer.

These differences in perspectives emerged in this workshop, as they always do,
when scientists, engineers, and decisionmakers meet together. They almost
always emerge in discussions of the basic questions, listed below, that form
the basis for an earthquake-hazard-reduction program:

1) Nhere are the potential hazards of ground shaking, earthquake induced
ground failure, surface fault rupture, tectonic deformation located?
Where have they occurred in the past?

2) Why are these hazards occurring?
3) How often do they occur?

4) What physical effects are expected to occur from ground shaking,
earthquake-induced ground failure, surface faulting, tectonic deformation,
and tsunamis in a given period of time (for example, 50 years, the useful
1ife of an ordinary building)? How severe are they expected to be?

5) What are the best options for reducing losses from these physical effects?

These seven differences in perspectives between decisionmakers and
scientists/engineers are the main reason that the effort to increase the
capability of a region to reduce losses from earthquake hazards must involve
the total community as a team and have well-coordinated short- and long-term
objectives for research and the use of research products in loss reduct1on
techniques.

WORKSHOP STRATEGIES

The strategies used in this workshop were designed to build on past and
present activities in Washington and Oregon, to enhance the interaction
between all participants, and to facilitate achievement of the two primary
objectives of the workshop. The strategies included:

1) A draft five-year work plan, "Regional Earthquake Hazards Assessments in
the Pacific Northwest," was prepared and disseminated several months
before the workshop (see "Draft Work Plan" following this summary).

2) The workshop was scheduled to take advantage of heightened awareness and
concern resulting from recent earthquakes in California and Latin America
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3)

4)

5)

6)

(e.g., the October 1987 Whittier-Narrows, California, and the March 1985
Chile, and the September 1985 Mexico earthquakes).

An all-day field trip to Grays Harbor before the workshop gave
participants an opportunity to learn about the activities underway to find
evidence for historic large- to great-magnitude earthquakes and to view
some of the important geologic methods

Research reports and preliminary technical papers prepared in advance by
the participants were distributed at the workshop and used as resource
material. The reports and papers presented by the participants during the
workshop were finalized after the workshop and are contained in this
publication.

Earth scientists, social scientists, engineers, planners, educators,
insurers, and emergency management specialists gave oral presentations in
three major sessions. The objectives were to: 1) provide essential facts
on the assessment of earthquake hazards and risk, 2) discuss information
needed to reduce potential losses, and 3) identify any obstacles and
suggest strategies to overcome those obstacles. These presentations
served as a summary of the state-of-knowledge and gave a multidisciplinary
perspective.

Presentations of the speakers were discussed in small groups. Each group
suggested future research and loss-reduction programs.

MAJOR SESSIONS

Following the welcome and introductions, the overall theme of the workshop was
developed in three major sessions. The theme, objective, and speakers for
each session are described below:

Objective: Brief statements of workshop objectives from the sponsors and an

invited guest from Canada.

Welcome: William Mayer, Federal Emergency Management Agency, Region X

Speakers: Walter Hays, U.S. Geological Survey

Terry Feldman, Federal Emergency Management Agency

Ray Lasmanis, Washington State Department of Natural Resources
George Priest, Oregon Department of Geology and Mineral Industries
Kate Heinback, Washington State Department of Community Development
Ian Madin, Oregon Department of Geology and Mineral Industries

Fred Cooper, British Columbia and Yukon Emergency Preparedness

SESSION 1: BRIEFING ON ESSENTIAL FACTS FOR THE ASSESSMENT OF EARTHQUAKE

HAZARDS AND LOSSES IN THE PUGET SOUND AND PORTLAND AREAS

Objective: A series of overview discussions on assessment of hazards and

potential losses in the Puget Sound and Portland areas
emphasizing: earthquake potential in the Pacific Northwest;
search for evidence of great earthquakes in the past; factors
influencing ground shaking, and earthquake-induced ground
failures, surface ruptures, and water waves; and loss estimation.
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Speakers: Ted Algermissen, U.S. Geological Survey
Karl Steinbrugge, Consulting Engineer
Garry. Rogers, Geological Survey of Canada
Brian Atwater, U.S. Geological Survey
Al Rogers, U.S. Geological Survey
Ken King, U.S. Geological Survey
Gerald Thorsen, Consulting Geologist (formerly
with Washington Department of Natural Resources)
Robert Schuster, U.S. Geological Survey

SESSION II: BRIEFING ON ESSENTIAL FACTS FOR MITIGATING EARTHQUAKE HAZARDS IN
THE PUGET SOUND AND PORTLAND AREAS

Objective: A series of overview discussions on reducing hazards through
improved building practices emphasizing: land-use planning;
education, awareness, and preparedness programs; and emergency
management planning and response planning.

Speakers: Charles Roeder, University of Washington
Derek Booth, King County Basin Planning Program
Carole Martens, Seattle Earthquake Safety and Education
Chuck Steel, Federal Emergency Management Agency, Region X

The topics of the first two sessions were also discussed in a small group
setting. The goal was to stimulate discussions between both the producers and
the users of research information. The three discussion groups for Session I
explored: earthquake potential; ground shaking; and earthquake-induced ground
failures, surface ruptures, and water waves in the Puget Sound and Portland
areas. Each group was asked to identify: 1) areas of agreement in the
assessment of these hazards, 2) research needed to reduce areas of
disagreement, and 3) information available or needed to improve the definition
and delineation of earthquake hazards.

Group 1: Moderator: Robert Crosson, University of Washington
Panelists: Craig Weaver, U.S. Geological Survey
Curt Peterson, Oregon State University
William Spence, U.S. Geological Survey
Alan Nelson, U.S. Geological Survey
Tom Urban, U.S. Geological Survey

Group 2: Moderator: C. B. Crouse, Earth Technology Corporation
Panelists: Tom Heaton, U.S. Geological Survey
Ted Algermissen, U.S. Geological Survey
Tom Urban, U.S. Geological Survey

Group 3: Moderator: Robert Yeates, Oregon State University
Panelists: Paul Grant, Shannon & Wilson, Inc.
Joanne Bourgeois, University of Washington
Robert Schuster, U.S. Geological Survey
Gerald Thorsen, Consulting Engineer

The three discussion groups for Session II explored: building practices;
land-use planning, geographic information systems, and earthquake insurance;
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and emergency management and earthquake education. Each group was asked to
identify: 1) successful methods to reduce earthquake potential losses and
foster preparedness and mitigation, 2) information needed to develop and carry
out each loss-reduction method, 3) steps necessary for implementation, and 4)
barriers that need to be overcome in the Puget Sound and Portland areas.

Group 1: Moderator: Bruce Olson, Consulting Engineer, Seattle, Washington
Panelists: Roger McGarrigle, Oregon Structural Engineers
Association
Tod Perbix; Ratti, Perbix, and Clark
William E11iot, Portland Water Bureau
Earl Schwartz, Building Department, City of Los Angeles

Group 2: Moderator: Patricia Bolton, Battelle Human Affairs
Research Center
Panelists: Jane Pruess, Urban Regional Research
Arthur Tarr, U.S. Geological Survey
Foster Cronyn, Washington Insurance Council

Group 3: Moderator: Myra Lee, Oregon Emergency Management Division

Bill Lokey, Pierce County Department of Emergency
Management

David Norris, Portland Bureau of Fire and
Emergency Management

Carole Martens, School Earthquake Safety and
Education Project, Washington

Peter Kerr, Greater Victoria School Board

Lance Olmstead, Municipality of Saanich

Group 1 on "building practices" isolated several important problems including:

Lack of data on a great earthquake in the subduction zone.
Cost-effectiveness of conservative design to resist earthquakes.
Earthquake impacts on lifeline systems.

Cost-effectiveness of strengthening older buildings.
Qualifications of building inspectors.

Requiring instrumentation in new buildings.

0OO0OO0OO0OO0OO

. Group 2 identified several problems involving data; sometimes adequate
information exists and sometimes it does not exist, and where information exists,
it is not always well disseminated. This group made a number of suggestions
including:

0 Combine funding for all environmental hazards studies.

o Devise special publications to transfer research information to users.

o Identify committed users, meet their needs, and "grow" an implementor of
earthquake hazards and risk reduction.

0 Produce translated products to meet user needs.

o Conduct demonstration projects.

Group 3 discussed emergency management and earthquake. They identified the
following problem areas and needs:
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o Urban areas having high population density need to pay particular
attention to earthquake preparedness and mitigation strategies.

o County agehéies need to work together with appropriate segments of the
public to reduce losses due to earthquakes.

o Municipalities need to provide resources for those seeking the best
available emergency preparedness information.

o School districts need to have an emergency preparedness program in place
to reduce the risk of injury and death to students and staff in an
earthquake. The plan should include both structural and nonstructural
hazard reduction techniques. Many resources are available to school
districts which give priority to earthquake safety and preparedness.

SESSION III: PLANNING TO ENHANCE THE EARTHQUAKE HAZARD REDUCTION PROGRAM IN THE
PUGET SOUND AND PORTLAND AREAS.

The three discussion groups for Session III formulated strategies and suggested
revisions to the Puget Sound and Portland areas' draft work plan to overcome
perceived and real barriers to earthquake hazard reduction within the next 5
years. The basic questions considered were:

Do Washington and Oregon have the knowledge base, trained professionals, and
Resources to achieve the long-term goal of earthquake risk reduction; if not,
what can the States do to obtain them, or if yes, what are the priority
actions to be taken?

In terms of these questions and in the context of the "Regional Earthquake
Hazards Assessments in the Pacific Northwest Draft Work Plan," the groups
concluded or recommended:

o There is no shortage of professionals capable of doing the needed work,
but there is a shortage of State and Federal financial support for the
work.

o The possibility of a great subduction zone earthquake is the most
important and potentially catastrophic threat to public safety from
natural hazards in the Northwest. A definitive recognition of the
possibility and a preliminary assessment of the risk are needed. Such
assessments should be made as soon as possible to allow adequate
Resources to be directed towards better defining the hazard and planning
mitigation measures.

o0 The seismic network in Oregon should be expanded

0o A number of innovative independent methods should be tried to find
evidence of past great subduction-zone earthquakes. If they do not work
in the trial study, other methods should be tried. It is essential that
the buried marsh and seismic studies be supplemented by other studies.

o Experts on earthquake hazards with excellent scientific credentials need
to work in each State to translate the scientific findings into
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nontechnical language. These "experts" are needed to take the message to
planners and policy recommenders who must act on the findings.

o Geologic mabbing of the bedrock and young surficial deposits must be done
to define potentially active faults and to delineate geologic units that
might amplify ground motion.

0 Ground response and loss-estimation research needs to be expanded to
include the Willamette Valley in Oregon.

o State-mandated planning for earthquake hazards should be required at the
county level.

o Geologists should make use of existing well-dated archeological work on
coastal sites.

CLOSURE

The final session of the workshop gave each partner in the "Regional Earthquake
Hazard Assessments" program an opportunity to outline his or her plans for the
next four years.

Speakers: Bill Kockelman, U.S. Geological Survey
George Priest, Oregon Department of Geology and Mineral Industries
Chuck Steele, Federal Emergency Management Agency, Region X
Terry Feldman, Federal Emergency Management Agency
Ben Dew, Washington State Department of Community Development
Myra Lee, Oregon Emergency Management Division
Ray Lasmanis, Washington State Department of MNatural Resources

CONCLUSIONS AND COMMITMENTS

Conclusions--The ultimate goal of the studies in Puget Sound and Portland areas
is the reduction of loss of 1ife and property from the earthquake hazards of
ground shaking, surface fault rupture, earthquake-induced ground failures,
tectonic deformation, and tsunamis. This goal requires a long-term commitment;
it will not be fully achieved in a 5-year period. However, significant progress
can be made when effective partnerships are forged between scientists, engineers,
architects, planners, social scientists, emergency managers, and public
officials. The results of this workshop indicate that such partnerships are
being forged.

Commitments -- At the conclusion of the workshop, each partners in the "Regional
Earthquake Hazards Assessments" program of the Puget Sound and Portland areas
pledged their support to the goals of the program. The U.S. Geological Survey
renewed its commitment to the "Regional Earthquake Hazard Assessments" program
element and will continue to fund internal and external research projects. USGS
agreed to publish and disseminate the workshop proceedings and to take
responsibility for convening the 1989 and 1990 meetings.

A final report will document the results of focused research and implementation

activities in the Puget Sound and Portland areas and recommend future research
priorities. The Federal Emergency Management Agency plans to assist in the loss
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reduction phase of the program, possibly by joint funding with USGS of some of
the proposed projects, training of land-use and emergency planners, and
sponsorship of a working group of the agencies and universities involved in the
translation, transfer, and use of research information.

The Washington State Department of Natural Resources will facilitate translation
and transfer of research through its library, bibliographies, other publications,
and conferences. It will conduct applied geologic investigations, assist USGS
research efforts, and encourage networking, participating, and cooperation with
other government agencies and universities. The Washington State Department of
Community Development, the Oregon Department of Geology and Mineral Resources,
and the Oregon Emergency Management Division agreed to cooperate within their
available financial and human resources. Myra Lee and George Priest graciously
offered to cohost the next workshop scheduled for April 1980, probably in
Portland.

APPENDICES

Appendix A gives a glossary of technical terms. Appendix B is a reprint of a
basic paper on ground motion from sudden zone earthquakes. Appendix C 1ists
prior workshops convened by USGS and its partners. Appendix D gives the names
and addresses of the participants.

ACKNOWLEDGMENTS

Special appreciation is extended to each of the following individuals for his or
for her contributions:

1) The Steering Committee of Walter Hays, Paula Gori, Linda Noson, Ray Lasmanis,
and Ian Madin who planned and organized the workshop.

2) Linda Noson, the workshop facilitator, for her patience and skill.

3) The participants who gave papers and joined in the major sessions and
discussion groups. They were the key to the success of the workshop. Their
vigorous and healthy exchange of ideas made the workshop practical,
interesting, and valuable.

4) Carla Kitzmiller and Shirley Carrico, USGS, who provided strong and capable
administrative support.

REFERENCES

Szanton, Peter, 1981, Not Well Advised, Russell Sage Foundation and the Ford
Foundation, 81 p.

Washington State Seismic Safety Council, 1986, Policy Recommendations, 21 p.

He Dol



REGIONAL EARTHQUAKE HAZARDS ASSESSMENTS IN THE PACIFIC NORTHWEST
DRAFT WORK PLAN: FY 87-89
FOREWORD

This draft work plan describes the integrated goals, plans, and activities of
the U.S. Geological Survey (USGS), the Federal Emergency Management Agency
(FEMA), Washington State Department of National Resources, Washington Office
of Emergency Services and others for the program element, "Regional Earthquake
Hazards Assessments: Puget Sound-Portland Area," a part of the Geological
Survey's National Earthquake Hazards Reduction Program (NEHRP). The purpose
of the work plan is to define research GUIDELINES and general RESPONSIBILITIES
for 3-years, FY 87-89, the first phase of a focused effort on the Pacific
Northwest. The program concentrates studies in the Puget Sound, Washington,
and in the Portland, Oregon, regions. The work plan will be reviewed each
year and revised, as appropriate, to reflect progress, new goals, oppor-
tunities for synergism, and more effective use of resources. The following
persons participated in the planning meeting held in Bothell, Washington, on
December 9-10, 1986, and contributed to the formulation of the work plan:

Walter Hays U.S. Geological Survey

Albert Rogers U.S. Geological Survey

Thomas Terich Washington University

Eugene Hoefrauf Western Washington University

Lora Murphy U.S. Department of Community Development

Janice Leonardo Whatcom County Department of Emergency Services

Lt. William M. Stockham King County Office of Emergency Management

Richard Buck Federal Emergency Management Agency

Ayres W. Johnson, Jr. Evergreen Safety Council

Bi1l Brown Federal Emergency Management Agency

Gary Johnson Federal Emergency Management Agency

William Mayer Federal Emergency Management Agency

Robert Brelin Building System Technology

Ray Lasmanis ?ashington State Department of Natural Resources
WSDNR)

Anshel G. Johnson Portland State University

Bruce C. Olson Consulting Engineer

Peter May University of Washington

Gerald W. Thorsen ?ashington State Department of Natural Resources
WSDNR

Karl V., Steinbrugge Structural Engineer

Philip S. Cogan Federal Emergency Management Agency

Chuck Steele Federal Emergency Management Agency

Jane Pruess Urban Regional Research

Robert S. Yeats Oregon State University

John D. Beaulieu Oregon Department of Geology and Mineral Industries
(DOGAMI)

Patricia Bolton Batelle Seattle Research Center

HISTORICAL BACKGROUND

The concept of the Regional Earthquake Hazards Assessments program element
evolved out of discussions held at Asilomar Conference Center, Pacific Grove,
California, in April 1982. At this meeting, 54 participants (27 USGS and 27
non-Survey) in the NEHRP were asked to debate the question "are changes in the

%S 8523£ 12



NEHRP, now 5 years old, needed and if so what are they?" From these
discussions, the five interrelated program elements constituting the current
NEHRP were defined as follows:

1)

2)

3)

4)

5)

Regional Monitoring and Earthquake Potential--Perform geologic and
seismological analyses of current earthquake activity including the
seismic cycle of active faults and estimates of earthquake potential
in earthquake-prone regions of the United States (23% of budget).

Earthquake Prediction Research--Conduct field, laboratory, and
theoretical studies of earthquake phenomena with the goal of reliable
prediction of the time, place, and magnitude of damaging earthquakes
(44% of budget).

Data and Information Services--Provide data on earthquake occurrence
to the public, other Federal agencies, State and local governments,
emergency response organizations, and the scientific community (12% of
budget).

Engineering Seismology--Operate a national network of strong-motion
instruments, disseminate the basic ground-motion information, and
conduct research on the data (9% of budget).

Regional Earthquake Hazards Assessments--Compile and synthesize
geologic and geophysical data needed for evaluating the earthquake
hazards of ground shaking, ground failure, surface fault rupture, and
tectonic deformation and for assessing the risk in broad geographic
regions containing important urban areas. Foster an environment for
implementation, creating partnerships and providing high quality
scientific information that can be used by State and local governments
to devise, foster, and implement loss-reduction measures (such as
building codes, zoning ordinances, personal prepardness, etc.) (12% of
budget).

COMPONENTS OF THE REGIONAL EARTHQUAKE HAZARDS ASSESSMENTS PROGRAM ELEMENT

The Regional Earthquake Hazards Assessments program element has five
INTERRELATED components:

1)

2)

Information Systems--The goal is to produce QUALITY data along with a
comprehensive information system, available to both internal and
external users for use in earthquake hazards evaluations, risk
assessment, and implementation of loss-reduction measures.

Synthesis of Geological and Geophysical Data for Evaluation of
Earthquake Hazards--The goal is to produce synthesis reports
describing the state-of-knowledge about earthquake hazards (ground
shaking, surface faulting, earthquake-induced ground failure, and
regional tectonic deformation) in the region and to recommend future
research to increase the state of knowledge required for the creation
and implementation of loss-reduction measures.
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3) Ground Motion Modeling--The goal is to produce deterministic and
probabilistic ground-motion models and maps of the ground-shaking
hazard with _commentaries on their use.

4) Loss Estimation Models--The goal is to devise economical methods for
acquiring inventories of structures and lifeline systems in urban
areas, to create a standard model and commentary for loss estimation,
and to produce loss and casualty estimates for urban areas.

5) Implementation--The goal is to foster the creation and implementation
of hazard-reduction measures in urban areas, providing high-quality
scientific information that can be used by local government decision-
makers as a basis for "calling for change in seismic safety policy."

Research focusing on one or more of the above components is presently being
conducted in the following urban areas, ranked according to their respective
priority:

1) Puget Sound, WA-Portland, OR  2)Wasatch Front, UT

3) Californial 4)Anchorage, AK
5) Mississippi Valley 6)Puerto Rico
7) Charleston, SC 8)Buffalo-Rochester area, NY

In each region, the research is performed using the resources of the USGS's
internal and external programs (the external program is implemented through
grants awarded annually following a national solicitation for proposals. The
goal is to achieve maximum synergism of State and Federal resources with
everyone having a stake in the process. In some cases, suggested task
assignments outside the USGS as shown below are uncertain and are dependent on
the interests and resources of those organizations.

STRATEGIES FOR CONDUCTING RESEARCH IN THE PUGET SOUND, WASHINGTON-PORTLAND,
OREGON, AREA

The strategies for the Puget Sound-Portland area are:

1) Foster Partnerships--USGS and FEMA will seek to foster strong
partnerships with the universities, private sector, agencies of local
government, and other State and Federal agencies. Existing
partnerships will be strengthened. The goal is to obtain a stronger
commitment at all levels of state and local governments.

2) Take Advantage of Past Research Studies and Other Activities--Results
of past research and vulnerability studies will be utilized to the
fullest extent possible. Achievements of the USGS-FEMA sponsored
earthquake-hazards workshop of October 1985 will be used as building
blocks for future activities. Also, the recommendations of the
Washington State Seismic Safety Council, published in 1986, will be
addressed to the fullest extent possible.

3) Convene Annual Meetings to Review Progress and Recommend New Research-
—Beginning in 1988, an annual workshop will be held in the Puget Sound
area to review: WHAT HAS BEEN ACCOMPLISHED and WHAT IS STILL NEEDED
TO ACCOMPLISH THE GOALS. Participants from many different disciplines
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in the workshop will be asked to address the question "what changes,
if any, are needed to accomplish the goals of the program?" -

4) Publish Annual Reports and Communicate Findings--Proceedings of the
workshops, which will include papers documenting results from all
research projects in the Pacific Northwest area will be published as
USGS Open-File Reports approximately 3- or 4-months after each
meeting. In FY 89, the third year of the program, a USGS Professional
Paper will be compiled. The workshops, their products, and the
findings in the professional paper will be COMMUNICATED to
policymakers whose task is to implement hazard-reduction policy.

5) Take Advantage of Earthquakes--Use knowledge gained from past
earthquakes in the Puget Sound-Portland area and other areas such as
the Mexico earthquake of September 1985 to improve the methodology
that is currently used in the assessment of earthquake hazards and
risk in the Puget Sound-Portland area. Many scientists consider the
1985 Mexico earthquake as representative of the type of earthquake
that can occur in the Puget Sound-Portland area. In addition, other
parts of the world have a similar tectonic setting as the Puget Sound-
Portland area.

Earthquakes in all of these areas will be investigated to provide
insight into the characteristics of ground-shaking and the physical
effects that might occur in a major subduction earthquake in the Puget
Sound-Portland area. Because large shallow crustal earthquakes 1ike
the 1872 eastern Washington earthquake control the risk (chance of
loss) to a large degree, earthquakes having similar characteristics
will be investigated in detail.

RESEARCH GOALS, OBJECTIVES, AND TASKS OF THE PROGRAM ELEMENT “REGIONAL
EARTHQUAKE HAZARDS ASSESSMENTS: PUGET SOUND-PORTLAND AREA"

INTRODUCTION

The five INTERRELATED components comprising the program element "Regional
Earthquake Hazards Assessments: Puget Sound-Portland Area" are described
below to provide GUIDELINES for researchers who are either working now or
planning to work in the area. These guidelines will also help to guide the
formulation of seismic safety policy in the Puget Sound-Portland area. Each
component of the workplan will be reviewed annually and revised as
appropriate, to meet the research goals of the program element.

Study Area--In Washington, the primary study area includes King, Kitsap,
Mason, Pierce, Snohomish, Thurston, Clark, Cowlitz, Grays Harbor, Island,
Skagit, and Whatcom Counties. In Oregon, the main emphasis will be on Marion
and Multnomah Counties. The urban areas include: Seattle, Tacoma, Vancouver,
Bellingham, and Olympia, Washington, and Portland and Salem, Oregon.

COMPONENT 1: INFORMATION SYSTEMS

Every research study will generate basic data on earthquake hazards which must
be organized with existing data. A large but unorganized quantity of data
relating to the earthquake hazards in the Puget Sound-Portland area already
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exists in published maps, reports, and computerized data sets. If these data
were organized, the resultant data base would be an extremely valuable
resource for a wide variety of user groups, including the participants in the
NEHRP. In addition, the data base is expected to grow as research studies
mature.

The objectives of this component are: 1) to make quality data readily
available to meet the needs of researchers and policymakers, 2) to create
asystem that assures that new data will be available in the form most useful
to meeting program objectives, 3) to devise a system whereby potential users
will have easy access to data in media, scales, and formats that will be most
useful to them, and 4) to provide continuing information on objectives and
progress of the program element. Accomplishing these objectives will
require: 1) inventorying existing data sets, 2) developing data standards for
critical data sets, 3) identifying user groups and their needs, 4) developing
strategies for data management and data dissemination, and 5) assuring that
pertinent hazards data are available to the user community.

Priorities--The first priority is the creation of a directory of hazards
information. Second priority is an inventory of existing data sets, perhaps
using a standard questionnaire or form. Third priority is to test the
capability for data interchange and communications.

Action--The objectives listed above will be accomplished primarily by the
Federal and State partners. The task statements include:

1) Inventory of Existing Data--Compile a computerized bibliography of the
Puget Sound-Portland geology and geophysics that provides for keyword
searches, including terms that are pertinent to the evaluation of
earthquake hazards and the assessment of risk. The bibliography will
be upgraded to meet the needs of the program element.

USGS Role--USGS will compile a directory of hazards information to
determine what data exist, what form the data are in, and the
availability of the data. A determination will be made of each data
set as to its adequacy for the needs of the research program.

2) Standardization--To the extent possible, the catalog of Puget Sound-
Portland earthquakes (especially the preinstrumental data) will be
standardized because it is important, if not crucial, to several of
the research studies. The catalogs of the University of Washington
Seismograph Network and the USGS (National Earthquake Information
Service, Algermissen) are the best starting point. Standards may need
to be established for other major data sets, such as computer files of
digitized geological data.

Part of this effort will be the selection of standard base maps and
mapping scales for data compilation and publication by all
participants in the program. Reproducible base materials must be
available for rapid production of greenlines, paper copies, and film
composites of maps. In addition, standards for computer storage of
point data and 1ine data will have to be established if automated
computer mapping is to be realized.
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USGS Role--The USGS will implement a new Geographical Information
System (GIS) in collaboration with DOGAMI, WSDNR to integrate existing
base map data with new geographical data sets developed during the
course of.Puget Sound-Portland studies.

3) Data Set Management--A complete library of publications, reports, and
a hard copy of data sets related to the Puget Sound-Portland area are
needed. These could be established as a part of the existing
libraries.

USGS Role--The successful management of computerized data should
expedite many research studies. Existing computer resources in
Golden, Colorado and other locations will be utilized. The University
of Washington Computer Center and the NOAA data center in Boulder are
other systems that may have to be accessed. Documented software to
access and utilize the major data sets must also be available.

4) Information Transfer--An earthquake information office is needed in
the Puget Sound-Portland area. Such an office will be concerned
primarily with the dissemination of earth science information (e.g.,
in a quarterly newsletter) related to the earthquake hazards of
ground-shaking, surface rupture, ground failure, and tectonic
deformation, as well as earthquake preparedness. The office will
provide, to a wide variety of users: historic and current data on
Puget Sound-Portland earthquakes, information on current research, and
advice on obtaining access to earthquake-related literature and data.

COMPONENT 2: SYNTHESIS OF GEOLOGIC AND GEOPHYSICAL DATA FOR EVALUATION OF
EARTHQUAKE HAZARDS

Geologic and geophysical research aimed at a better understanding of the
potential for the occurrence of large, damaging earthquakes in the Puget
Sound-Portland area have been carried out since the early 1970's. These
studies have provided a critical perspective on the level of the potential
hazard for the region and have contributed, in large part, to the high
priority given to this area in the Regional Earthquake Hazards Assessments
program element. The geologic and geophysical data collected in these studies
are essential in the evaluation of earthquake hazards and the assessment of
risk from earthquakes occurring in the region. However, the results of these
studies have been released primarily as discrete scientific papers in research
journals or in the "gray" literature of USGS open-file reports and other
publications. They have not been synthesized or integrated into a
comprehensive evaluation of the potential for the occurrence of damaging
earthquakes and the associated hazards of ground-shaking, ground failure,
surface fault rupture, and tectonic deformation in the Puget Sound-Portland
area.

Priorities--First priority will be given to collecting and synthesizing basic
geologic and geophys1ca1 data required for evaluation of earthquake hazards.
The second priority is to conduct additional research needed to achieve the
goals of the program element by closing gaps in knowledge.

Action--Federal, state, and university scientists (identified below) will
provide leadership and perform the specified research tasks. Researchers in
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universities and the private sector (e.g., University of Washington, and
others) will participate under the auspices of the USGS's grants program.

1) Collection and Synthesis--Research initiated in prior years will be

continued. New research will also be conducted focusing on the
collection and synthesis of those data needed for realistic
deterministic and probabilistic calculations of hazard and risk for
the region. These data collection and synthesis efforts provide:
a) a broader understanding of the tectonic settings and rates of
tectonic activity and b) definition of specific geologic hazards of
special significance to the Puget Sound-Portland area.

The objective of the above task is to develop synthesis reports and
maps on four main topics:

a)

b)

c)

Geologic/tectonic setting of current seismicity of the Puget
Sound-Portland area. These activities are related to source zone
modeling for probabilistic hazard calculations and the revision
of existing neotectonic maps of these regions. This research
will seek to improve understanding of the tectonics of this
region through reexamination of old fault data, collection of new
fault data, and Quaternary mapping. Seismicity, geophysical, and
remote sensing data will also be evaluated. (USGS: WHEELER,
THENHAUS, ALGERMISSEN). Studies of current seismicity including
focal mechanism, state of stress, and relationship between
seismicity and faults will be conducted. This work may include
reevaluation of some aspects of historical earthquakes (USGS:
HOPPER, SPENCE; UW: CROSSON, MALONE; OSU--JOHNSON). For
instance, reevaluation of the historic intensities as they relate
to source zones will also be conducted (USGS: HOPPER).

Quaternary tectonic activity of the Puget Sound-Portland area.
These tasks have two principal elements: 1) to assess the
potential for a great subduction zone earthquake; and 2) to
assess the potential for shallow or lithospheric earthquakes.
Studies related to the assessment of subduction zone earthquakes
involve research on subsidence of Washington and Oregon estuarine
deposits (USGS: ATWATER, NELSON; STATE SURVEYS; OSU--PETERSON,
DARIENZO; UW--BOURGECIS), coastal uplift/terraces (USGS:
PERSONIUS; HUMBOLDT STATE--CARVER, KELSEY, BURKE; DOGAMI, WSDNR),
back-tilted Pleistocene beach deposits (DOGAMI, WSDNR),
earthquake induced landslides (USGS: MADOLE, SCHUSTER), lake
sediment liquefaction or other liquefaction (USGS: MADOLE,
OBERMEIER), crustal structure (TELEDYNE: McLAUGHLIN) Studies
related to the potential for shallow earthquakes involve research
on Quaternary stratigraphy (CASCADE VOLCANO OBSERVATORY; DOGAMI,
WSDNR; OSU--YEATS), research on Quaternary deformation in the
Seattle-Kitsap Peninsula area primarily from study of coastal
marsh deposits (USGS; BUCKNAM, BARNHARD), high-frequency
reflection/Minisosie (USGS: HARDING, URBAN, BUCKNAM, BARNHARD;
WSDNR: LINGLEY, UNIVERSITIES).

Timing and character of Quaternary ground-failure events: These
tasks are directed at producing ground failure inventory maps
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(USGS: CHLEBORAD, SCHUSTER, MADOLE; DOGAMI, WSDNR) and
susceptibility maps (USGS: CHLEBORAD, SCHUSTER; DOGAMI; WSDNR).

d) Information for use in local and regional hazards reduction
activities.

COMPONENT 3: GROUND MOTION MODELING

This component is concerned primarily with the prediction of the effects of
source, path, and local geologic site conditions on ground shaking in the
Puget Sound-Portland area. Knowledge of the nature and severity of ground
motion induced at a site is fundamental to sound earthquake-resistant
design. Although the importance of local geologic conditions has been
recognized for many years, the quantitative prediction of their influence on
ground shaking using either empirical or theoretical models is still
evolving. In this component, the application, extension, and validation of
relevant research techniques will be continued in the Puget Sound-Portland
area.

Priorities--The first priority is to install and maintain strong-motion
accelerographs in the Puget Sound-Portland area and to acquire and use the
MiniSosie portable reflection system in ground-response research. Ninty-six
strong motion accelerographs are currently in place in Washington and
Oregon. The second priority is to prepare a synthesis report of the ground
shaking data available from prior studies in the Puget Sound-Portland. The
third priority is to extend the results of these studies, performing
deterministic and probabilistic hazard analysis and utilizing new equipment
(MiniSosie, strong motion accelerographs, etc.) to acquire basic data.

Action--The research will be conducted primarily by USGS and non-USGS
researchers who may participate through the Survey's external grants and
contract program. The tasks are described below:

1) Synthesis Report--A report of the current knowledge of ground motion
characterisitics in the Puget Sound-Portland area.

2) Deterministic and Probabilistic Hazard Analysis--Research on
deterministic and probabilistic hazard analysis, applied in 1982 on a
national scale by Algermissen and others, will be applied in the Puget
Sound-Portland areas, and extended by using a variety of probabilistic
models of earthquake occurrence (USGS: ALGERMISSEN, PERKINS, THENHAUS,
WHEELER, ARNOLD). Maps of the peak acceleration, velocity, and
intensity will be prepared for exposure periods of 10, 50, and 250
years. These maps will incorporate the effects of regional
attenuation and local geologic conditions. Maps of spectral velocity
for selected periods may also be prepared. These analyses, combined
with the inventory and vulnerability studies discussed below in the
loss estimation component, will form the basis for estimates of
economic loss (risk) and casualties.

3) Research on Attenuation and Ground Response--A methodology to zone the
ground-shaking hazard will be applied to the Puget Sound-Portland area
(USGS: KING, TARR). Site effects at a large number of sites in the
Seattle-Portland regions will be measured using local earthquake
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data. Uphole/downhole shear-wave velocity measurements will also be
collected at select sites (USGS: KING, TINSLEY). Sites will be
classified .into site types or clusters according to significant
geotechnical factors for three period bands (0.05 to 10 seconds). By
combining and comparing the cluster results at selected sites
throughout the city with mapped near-surface geology and geotechnical
data (USGS; TINSLEY, KING, BUCHANAN-BANKS; UW: QAMAR), maps of the
ground-shaking response relative to rock can be constructed for each
of the three period bands on a regional basis. These results will
also be used to construct intensity maps for scenario earthquakes.

Several approaches will be taken in the study of attenuation.
Attenuation and source functions are likely to differ for each of the
major source types, i.e., subduction zone events, i.e., events within
the subduction plate and shallow events. Regional seismic-wave
attenuation functions for the Puget Sound-Portland area will be
derived using data from other subduction zone earthquakes, including
data for the 1985 Chile and Mexico earthquakes (USGS: ALGERMISSEN,
CAMPBELL). These two earthquakes provide a unique data sample of
close-in data from major subduction zone earthquakes. Using small
shallow and deep earthquakes, a Q-model will be derived that will
serve as data for stochastic modeling of earthquake ground motions
from the various source types (USGS: LANGER, JOYNER, CAMPBELL,
HARMSEN). Deterministic modeling of subduction-zone earthquakes will
also be conducted (EARTH TECH. CORP.: CROUSE; WOODWARD-CLYDE:
SOMMERVILLE). Intensity attenuation for historical Pacific Northwest
earthquakes will be evaluated (USGS; HOPPER, ALGERMISSEN;
UNIVERSITIES).

4) Zoning Research--Beginning in FY 87, research with high-frequency
techniques (e.g., MiniSosie) will be initiated to determine subsurface
conditions within the study area that are known to exhibit high ground
response (USGS: KING, TARR). For example, in the Los Angeles study
near-surface velocity contrasts in the depth range of 10-20 meters
were found to cause the highest levels of ground response for
buildings that are in the two- to five-story class. Buildings having
more than five stories were also found to be at greatest risk when
located at sites where the depth to basement rock is the greatest.
Because reflection techniques may provide the only means to define the
important subsurface factors controlling site response in some urban
areas, experiments will be conducted in Seattle and Portland at sites
where measured site response can be correlated with reflection data.

COMPONENT 4: LOSS ESTIMATION MODELS

This component has three parts: 1) definition of the scenario earthquake(s),
2) 1inventory, and 3) ground-motion-damage matrices or algorithms.

In this component all available hazards data will be used in the development
of economic loss (risk) and casualty estimates. Estimates of probable losses
and casualties in an earthquake are important results. Loss estimates provide
a scientific basis for land-use planning, an economic basis for the
implementation of suitable building codes, and form the framework for disaster
mitigation, preparedness, and relief programs. A considerable amount of
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research on loss estimation (seismic risk) has already been done in the Puget
Sound-Portland area by USGS and its consultants. A deterministic earthquake
loss study was completed in 1976 (Hopper, et al 1976) to provide planning
guidance for earthquake preparedness and mitigation.

Priorities--The first priority is to update the existing building inventory in
the Puget Sound-Portland area (especially considering high-rise buildings) and
to create an inventory for lifeline systems. The second priority is to
establish building inventories and 1ifeline system inventories in other parts
of the study area, seeking to achieve uniformity with other inventories. The
third priority is to reassess the vulnerability relationships for the Puget
Sound-Portland area.

Action--Both USGS internal research and grants studies will contribute to this
effort. The tasks are described below:

1) Loss Estimation, Seattle area; other urban areas--The primary emphasis
will be placed on research concerning earthquake loss (risk) studies
is the Seattle metropolitan areas (USGS: LEYENDECKER, ALGERMISSEN,
HIGHLAND, ARNOLD, HOPPER, POWERS; OLSEN CONSULTING: ENGLEKIRK AND
HART: HART; KENNEDY/JENKS/CHILTO: BALLANTYNE; TELESIS: THIEL). The
data requirements are: 1) update the existing building inventory in
Seattle, 2) develop an inventory of buildings in other parts of the
study area, 3) reassess vulnerability relationships for the Puget
Sound-Portland area utilizing new data from the 1983 Coalinga,
California, earthquake and data obtained from additional review and
analysis of the 1971 San Fernando, California, earthquake, and 4)
develop additional data on the distribution and vulnerability of
lifeline systems in the Seattle area. Develop scenario intensity maps
for several possible major earthquakes. These maps will incorporate
regiongl attenuation functions and site response effects (USGS;
HOPPER).

Deterministic loss and casualty estimates will be made for magnitude
(Mg) 6.5 and 7.5 earthquakes (and possibly for a major subduction zone
event having various locations in the Puget Sound-Portland area.
Probabilistic loss and casualty estimates will be computed for
exposure times of interest of 10, 50, and 250 years at the 90 percent
probability level. Both deterministic and probabilistic loss
estimates will be based on appropriate ground-motion hazard maps
which, where possible, will include site response (see above
discussion of ground-motion modeling). The loss estimates will also
include, where possible, losses associated with the geologic effects
of earthquakes such as liquefaction. Total economic losses will be
estimated and, in addition, losses by class of construction and the
vulnerability. In general, the classes of construction used will be
based principally on their framing system. Casualty estimation will
require additional data on building occupancy.

2) Loss Estimation, Other Parts of the Study Area--To the extent
possible, the same data identified in task 1 above will be acquired in
other parts of Washington and Oregon and used to perform loss
estimates.
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COMPONENT 5: IMPLEMENTATION

The goal of this component is effective use of scientific information to
reduce loss of 1ife and damage to property caused by earthquake hazards as
well as by other geologic and hydrologic hazards. Successful achievement of
the goal requires COMMUNICATION of TRANSLATED SCIENTIFIC INFORMATION to
RESPONSIBLE OFFICIALS and INTERESTED PARTIES seeking to REDUCE HAZARDS by use
of one or more REDUCTION TECHNIQUES. These aspects of the problem and its
solution will be discussed below, providing a framework for an integrated work
plan involving all concerned parties and guidelines for proposals to the
USGS's external grants and contracts program.

Priorities--The first priority is to determine the needs of users in the Puget
Sound-Portland area for earthquake hazards information. The second priority
is to produce translated (i.e., interpreted information derived from basic
scientific data) scientific information that meets the needs of these user
groups. The third priority is to foster an environment for implementation of
research results by local governments, utilizing workshops, training classes,
questionnaires and other procedures to communicate the scientific information.

Action--Leadership for the implementation components will be provided by FEMA
and USGS. FEMA, Region X, will take a major role in the implementation
process. One objective of this component is to make it easy for local
government, engineers, architects, planners, emergency preparedness planners,
and emergency responders to use the technical information generated in this
and prior programs (UW: MAY). A key strategy is to build on past successful
activities such as the Southern California Earthquake Preparedness Project
which has produced some 20 publications on various aspects of

implementation. Partnerships between the research community (USGS, DOGAMI,
WSDNR, universities, and the private sector) and those who will ultimately use
the information to implement loss-reduction measures are necessary for
success, and the strongest possible effort will be made to achieve these
partnerships within the initial three years.

1) Scientific Information--Many prior studies have already produced
considerable high-quality information in the Puget Sound-Portland
area. Adoption and generalization of scientific information is a
prerequisite to its transfer to a user and its use in a loss-reduction
measure or technique. While a great deal of scientific information
can be used directly by engineers or other scientists, some
information must be translated to enhance its understanding and
effective use by nonscientists. Such translated information
includes: fault-rupture locations with forecasts of earthquake
recurrence intervals and the anticipated surface displacement, coastal
flooding from tsunamis, seiches and/or subsidence, liquefaction with
levels of susceptibility, areas of landslide hazard with levels of
susceptibility, areas of inundation caused by hypothetical dam
failures, and areas of building failures caused by ground shaking.
SOME TRANSLATION ACTIVITIES WILL TAKE PLACE USING GIS TECHNIQUES
(USGS; TARR). The following actions are 1ikely to improve use of
scientific information by nonscientists:

-- Identify and catalog existing earthquake hazards maps and reports.
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2)

3)

-- Identify the hazards maps and reports needed for loss hazard-
reduction measures.

-- Estimate cost and determine responsibility, funding, and delivery
of the information that can be provided.

-- Assure that new information is prepared in detail and at the
scales needed by the users (see Table 1).

-- Make special efforts to present the information in a format and
language suitable for use by engineers, planners, policy
recommenders, and decisionmakers.

-- Assure that information (including discoveries, advances, and
innovative uses) is released promptly through appropriate
communicators and communication techniques (see Tables 2 and 3).

Communication--This task is also a continuation of past activities.

Communication of scientific information consists of both its transfer
and its effective use for hazard reduction. Examples of communicators
and communication techniques are listed in Tables 2 and 3. The
following actions are likely to improve effective use of the technical
information:

-- Design the communications program after an assessment of potential
users' needs and capabilities.

-- Select the most effective educational, advisory, and review
services (Table 2) appropriate to the targeted users.

-- Design the communications program so that information can be
effectively disseminated (including use of the scientists and
investigators to help communicate).

Determine Users' Needs--The past work on geologic hazards has

succeeded to some extent in determining the needs for earthquake
hazards information in Washington. Use of scientific information by
nonscientists requires a considerable effort on the part of both the
producers and the users to communicate with each other, and although a
variety of users exist, effective use depends upon the users'
interests, capabilities, and experience in hazard reduction. Examples
of users are listed in Table 1. The following actions will ensure
effective transfer of the information to potential users:

-- Identify and target users (Table 1) who have urgent needs and who
could be expected to use the hazards information most effectively.

-- Consult with those users about their needs and priorities and
prioritize the hazards information needed.

-- Monitor and analyze the enactment of local, State, and Federal
hazard-reduction laws or regulations and the issues that affect
users in order to anticipate and respond to their needs.
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4)

5)

-- Encourage users--both public and private--to develop an in-house
capability to obtain and apply the information (including risk
assessment).

-~ Orient or train users in order to enable them to understand and to
use the information effectively.

Reduction Techniques--This task must also build on past activities.
Many opportunities are available for reducing geologic and hydrologic
hazards. Examples of hazard-reduction techniques are listed in Table
4. The following actions will increase the likelihood of an effective
reduction of hazards:

-- Identify the most effective reduction techniques that are either
being used by the users or are available to them.

-- Review existing State programs or laws that could incorporate such
reduction techniques and recommend changes or new programs and
Taws.

-- Devise and test innovative reduction techniques.

Evaluation--Continuing systematic evaluation will be a part of this
program and is a key to any successful State-local earthquake hazards
reduction program. An inventory of uses made of the scientific
information, interviews with users, and an analysis of the inventory
and responses will result in identifying new users, and any obstacles
to communication of the information or its effective use. The
following actions will make evaluation easier and enhance
implementation:

-- Inventory uses of hazards information (Table 4) to identify and
document the type and number of uses of each hazards map or
report.

-- Analyze uses of the hazards information and any problems
identified and suggest improvement to the format or content of
information or the communication techniques.

-- Identify problems with and suggest improvements to reduction
techniques by the monitoring of land-use decisions.

-- Interview users of information (Table 1) to evaluate the adequacy
of the information and the communication techniques and to
identify obstacles to their effectiveness.

Proposed-Selection Criteria--Numerous combinations of scientific information,

communication techniques, users, and reduction techniques exist.
Consideration of the following factors will be helpful in the selection of
proposals for grants in support of the above 1mp1ementat10n tasks:

User is an applicant.
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Experienced communicator is an applicant.

A high probability exists for successful transfer and effective use of
the information.

A communicator is in place and communication technique are in
operation.

Translated scientific information is immediately available to the user.
Minimum time is required for translation and transfer of the information.

A large number of people or numerous critical facilities are at risk in
the targeted area.

Rapidly urbanizing areas are located in the targeted area.

An opportunity exists for innovative or prototypical communication or
reduction techniques.

Sponsor, convene, and coordinate at least one workshop each year designed
to foster an environment for implementation of loss-reduction measures at
the State and local level.

Evaluate proposals and fund selected projects that will enhance
implementation.

Enlist Federal partners.

Suggested Roles for State Agencies--Initially, the role of the State Agencies

will be to:

Advise the USGS on the selection of projects that will enhance
implementation.

Serve as a technical advisor and reviewer of funded implementation
projects.

Enlist partners in states of Washington and Oregon.



Table 1

Some Potential Users of Geologic and Hydrologic Information
for Earthquake-Hazard Reduction in the Puget Sound-Portland Area.

City, County, and Area-wide Government Users

City building, engineering, zoning, and safety departments
County building, engineering, zoning, and safety departments
Mayors and city council members

Multicounty planning, development, and preparedness agencies
Municipal engineers, planners, and administrators

City and county offices of emergency services

Planning and zoning officials, commissions and departments
Police, fire, and sheriff's departments

Public works departments

County tax assessors

School districts

State Government Users

Department of Community and Economic Development (Community Services
Office, Economic and Industrial Development)

Department of Business Regulation (Contracts Division, Real Estate
Division)

Department of Financial Institutions

Department of Health (Environmental Health, Health Care Financing)

Department of Natural Resources

Department of Transportation

Division of Comprehensive Emergency Management

DOGAMI

Division of Water Resources

Division of Water Rights

Facilities Construction and Management

Geological and Mineral Survey

Governor's Office

Legislative Fiscal Analyst

Legislative Research and General Counsel

National Guard

Planning and Budget Office

Public Service Commission

Science Advisor

State Tax Commission

WSDNR
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Federal Government Users

Army Corps of Engineers

Bureau of Land Management

Bureau of Reclamation

Congress and Congressional staffs
Department of Agriculture
Department of Energy

Department of Housing and Urban Development
Department of Interior

Department of Transportation
Environmental Protection Agency
Farmers Home Administration

Federal Emergency Management Agency
Federal Housing Administration
Federal Insurance Administration
Federal Power Commission

Forest Service

General Services Administration
Geological Survey

National Bureau of Standards
National Oceanic and Atmospheric Administration
National Park Service

National Science Foundation

Nuclear Regulatory Commission

Small Business Administration

Soil Conservation Service

Other National Users

Applied Technology Council

American Association of State Highway and Transportation Officials

American Public Works Association

American Red Cross

Association of Engineering Geologists

Association of State Geologists

Council of State Governments

Earthquake Engineering Research Institute

International Conference of Building Officials

National Academy of Sciences

National Association of Counties

National Association of Insurance Commissioners

National Governors' Association

National Institute of Building Sciences

Natural Hazards Research and Applications Center

National League of Cities

Professional and scientific societies (including geologic, engineering,
architecture, and planning societies)

United States Conference of Mayors
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Private, Corporate, and Quasi-public Users

Civic and voluntary groups

Concerned citizens

Construction companies

Consulting planners, geologists, architects, and engineers

Extractive, manufacturing, and processing industries

Financial and insuring institutions

Landowners, developers, and real-estate persons

News media

Real-estate salespersons

Utility companies

University departments (including geology, geography, civil engineering,
architecture, urban and regional planning, and environmental
departments).



Table 2
Typical Communication Techniques
Educational services

Assisting and cooperating with universities and their extension divisions in
the preparation of course outliines, detailed lectures, casebooks, and
display materials.

Contacting speakers and participating as lecturers in regional and community
educational programs related to the application of hazard information.

Sponsoring, conducting and participating in topical and areal seminars,
conferences, workshops, short courses, technology utilization sessions,
cluster meetings, innovative transfer meetings, training symposia, and
other discussions with user groups, e.g. 1983 Utah Governor's Conference
on Geologic Hazards, UGMS Circular 74.

Releasing information needed to address critical hazards early through oral
briefings, newsletters, seminars, map-type "interpretive inventories,"
open-file reports, reports of cooperating agencies, and "official use
only" materials.

Sponsoring or cosponsoring conferences or workshops for planners and
decisionmakers at which the results of hazard studies are displayed and
reported on to users, e.g. scheduled USGS workshop, August 1984.

Providing speakers to government, civic, corporate, conservation, and citizen
groups, and participating in radio and television programs to explain or
report on hazard-reduction programs and products.

Assisting and cooperating with regional and community groups whose intention
it is to incorporate hazard information into school curricula.

Preparing and exhibiting displays that present hazard information and
illustrate their use in hazard reduction.

Attending and participating in meetings with local, district, and State
agencies and their governing bodies for the purpose of presenting hazard
information.

Guiding field trips to potentially hazardous sites.

Preparing and distributing brochures, TV spots, films, and other visual
materials to the news media.

Advisory services

Preparing annotated and indexed bibliographies of hazard information and
providing 1ists of pertinent reference material to various users.

Assisting local, State, and Federal agencies in designing policies,
procedures, ordinances, statutes, and regulations that cite or make other
use of hazard information.

Assisting in recruiting, interviewing, and selecting planners, engineers, and
scientists by government agencies for which education and training in
hazard information collection, interpretation, and application are
criteria, e.g. pending proposal to fund county geologists.

Assisting local, State, and Federal agencies in the design of their hazard
information collection and interpretation programs and in their work
specifications. :

Providing expert testimony and depositions concerning hazard research
information and its use in reduction techniques.
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Assisting in the presentation and adoption of plans and plan-implementation
devices that are based upon hazard information.

Assisting in the incorporation of hazard information into local, State, and
Federal studies and plans.

Preparing brief fact sheets or transmittal letters about hazard products
explaining their impact on, value to, and most appropriate use to local,
State, and Federal planning and decisionmaking.

Assisting users in the creation, organization, staffing, and formation of
local, State, and Federal planning and planning-implementation programs so
as to assure the proper and timely use of hazard information.

Preparing and distributing appropriate user guides relating to earth hazard
processes, mapping, and hazard-reduction techniques, e.g. UGMS fliers.

Preparing model State safety legislation, regulations, and development
policies.

Preparing model local safety policies, plan criteria, and plan-implementation
devices.

Review services

Review of proposed programs for collecting and interpreting hazard
information.

Review of local, State, and Federal policies, administrative procedures, and
legislative analyses that have a direct effect on hazard information.

Review studies and plans based on hazard information.
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Table 3
Representative Communicators of Hazard Information

American Institute of Architects/Research Corporation

American Institute of Certified Planners

American Institute of Professional Geologists

American Society of Public Administrators

American Society of Civil Engineers

Association of Engineering Geologists

Children's Museum

Church groups, church organizations, and church-sponsored events
Circuit riders (regional or project area)

City Management Association

Civic and voluntary groups

Community planning assistance programs

Council of State Governments

County extension agents

Educators (university, college, high school, and elementary school levels)
Governor's Advisory Council on Local Governments
Hazard-information clearinghouse (national, regional, or project area)
Hazard researchers, interpreters, and mappers

International Conference of Building Officials, Utah Chapter
Journalists, commentators, and editors, and their professional associates
Local seismic safety advisory groups

Mountain Lands Association of Governments

Museum of Natural History

National Council of State Legislators

National Governor's Conference

Neighborhood associations

Public information offices (Federal and State)

Researchers, engineers, and planners

Speakers bureaus (regional or project area)

Society of American Foresters, Wasatch Front Chapter

Urban and Regional Information Systems Association

United States Conference of Mayors

U.S. Bureau of Land Management

U.S. Forest Service

U.S. Geological Survey

U.S. Soil Conservation Service

Western Governor's Policy Office



Table 4

Some Opportunities for Using Geologic and Hydrologic Information
to Reduce Earthquake Hazards in the Puget Sound-Portland Area, Washington

Preparing development studies and plans

Circulation of transportation studies or plans

Community facility and utility inventories or plans

Environmental impact assessments and reports

Land-use and open-space inventories or plans

Land subdivision lot layouts

Multihazards inventories, risk analyses, and response capabilities
Natural-hazards reduction plans

Redevelopment plans (pre- and post-earthquake)

Seismic safety and public safety plans

Site-specific investigations and hazard evaluations

Discouraging new or removing existing unsafe development

Capital-improvements expenditures

Costs of insurance

Disclosing hazards to real-estate buyers

Financial incentives and disincentives

Governor's executive orders

Policies of private lenders

Non-conforming use provisions in zoning ordinances
Posted warnings of potential hazards

Public acquisition of hazardous areas

Public facility and utility service policies
Public information and education

Recording the hazard on public records

Removing unsafe structures

Special assessments or tax credits

Strengthening or retrofitting of unsafe structures

Regulating development/construction

Building ordinances

Design and construction regulations

Grading regulations

Hazard-zone investigations

Land-use zoning districts and regulations

Special hazard-reduction ordinances

Subdivision ordinances

Critical facilities, siting, design, and construction
Public-facility or utility reconstruction or relocation
Reconstruction after earthquakes

Repair of dams



Preparing for and responding to disasters

Anticipating damage to critical facilities

Damage inspection, repair, and recovery procedures

Dam and reservoir supervision

Disaster training exercises

Earthquake-prediction response plans
Earthquake-preparedness plans

Emergency response plans

Monitoring and warning systems

Relocating occupants of exceptionally hazardous buildings
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EVALUATION OF THE WORKSHOP ON
"EVALUATION OF EARTHQUAKE HAZARDS AND RISK IN THE
.-PUGET SOUND AND PORTLAND AREAS"
by
Sarah Michaels
Department of Geography and Institute of Behavior Science

University of Colorado
Boulder, Colorado 80309

A state-federal workshop on evaluating earthquake hazards and risks in
the Puget Sound and Portland areas was held from April 12-14 1988. A one-day
field trip to Grays Harbor, Washington, was followed by two days of sessions
at the Governor House Hotel, Olympia. The workshop was followed on April 15
by a special session on developing programs to reduce potential earthquake
losses and foster preparedness in the Puget Sound and Portland areas. A month
after the event, participants were mailed a two-page questiomnaire on which
they were asked to evaluate the success of the workshop; 40 people replied.

Responses were elicited in three ways: as a ranking on a five-point
scale, as a choice between yes ard no, or as an open—-ended comment. On the
five-point scale, one and two represent the least agreement with the
statement provided and four and five the most agreement. As illustrated in
Figure One, which provides absclute mumbers of respondents, and FﬁjnxaiWo,
which provides percentages, three classes have been used in this analysis:

l1&2, 3, 4&5.

In questions requiring a yes/no response or a ranked response,
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participants were asked: 1) to indicate whether they participated in the
fieldtrip,ttue;atairderofthemﬂcshop,orthespecialsssim; 2) to rate
the usefulness of the workshop for assessing various aspects of earthquake
threat and response in the Puget Sound and Portland areas; 3) to signify the
value of the workshop for setting research and hazard reduction goals; 4) to
rate the effectiveness of the different presentations of the special session;
5) to judge the usefulness of various meeting activities; and 6) to indicate
whether attendance at the meeting had been worthwhile and whether future
workshops should be planned to continue the work initiated at this meeting.

In open—ended questions, participants were asked: 1) to describe how they
planned to apply what they learned at the meeting; and 2) to list the positive
and less positive features of the workshop.

Forty percent of the 40 respondents participated in the one-day Grays
Harbor field trip to examine evidence of historic earthquakes. Eighty-three
percent of those who returned questionnaires attended the following two days
of the workshop and fifty-three percent of respondents attended the special

session.

Sixty-nine percent of respordents found the workshop very useful for
appraisiréearthqua]@potentialinthePacificNortlwest. over half of the
respordents found it very useful for assessing ground shaking and ground
failure hazards in the Puget Sound and Portland areas. Forty-six percent and
forty-four percent, respectively, found the workshop very useful for assessing
the state of earthquake awareness and preparedness and for assessing potential
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losses. Forty-two percent found it very useful and forty-four percent found
itsanevtntusefqlforassessirgﬂmestateofmildirgpzactioestoremwe
earthquake losses. Twenty-five percent of respondents found the workshop very
useful for assessing the state of land use plamning to reduce earthquake
losses, but another twenty-five percent found it not very useful for this
purpose. A bare majority found the workshop samewhat useful in assessing the
state of emergency management and response, with twenty-two percent finding it
very useful and twenty-seven finding it not.

In assessing the usefulness of the workshop for setting three-year goals,
eighty-nine percent of respondents indicated its value for targeting research
goals, and eighty-three percent for establishing hazard reduction goals.

Seventy-four percent of respondents who attended the special session to
"Develop a Strategy for Implementing Programs to Reduce Potential Earthquake
Losses and Foster Preparedness in the Puget Sound and Portland Areas" rated
very highly the summaries of effects of past earthquakes, earthquake
potential, and efforts to mitigate earthquake hazards in the Puget Sound and
Portland Areas. Presentation of policy options was rated very highly by
forty-seven percent of respondents and rated poorly by twenty-one percent.
and preparedness policies and programs was rated highly by only seventeen
percent of respondents and poorly by thirty-nine percent.

The majority of respondents rated all activities as being very useful.
Eighty percent of respondents found the informal discussions during breaks and
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after hours very useful, while seventy-four percent found the formal
prwtatiasve_ryusefularﬂsixty—bmpematofﬁmfwﬂﬂ:ediswssias
following presentations very useful. The discussion group process was found
the least useful of the activities, with fifty-three percent rating it very
useful. The workshop information folder was rated extremely valuable by
sixty-nine percent of respondents.

Almost all of the respondents would welcame the opportunity to repeat
workshop participation. There was unanimous support for contimuing the work
initiated at this meeting at future workshops.

Over seventy-five percent of the respondents addressed how they planned to
apply what they had learned at the workshop. Since many respondents suggested
more than one application, absolute numbers of comments are discussed here
rather than percentages of responses. Seventeen comments described how
respondents are incorporating or intend to incorporate what they have learned
into their work. For example, workshop information is being used in a major
earthquake disaster exercise, in evaluating current structural design
criteria, in developing better models for seismic risk assessment, and in the
loss estimation model of the Seattle water system. Thirteen people commented
that they would disseminate the information fram the workshop to others within
their own agencies, to other public officials, or to the general public.

Four people said they intend to tap into the network of resource people
they met at the workshop. One man remarked that he would apply his new-found
understanding of how his work builds on the work of others and of how others
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use the information he generates.

Thirty four respandents cammented on those aspects of the workshop which
they found positive and those which they viewed as less than positive.
Negative comments ranged fram the lack of scientific consensus to the
deficiencies in the meeting facilities.

Two people cammented on the mamner in which the scientific evidence was
presented. In different ways, they each suggested that concentrating on the
most likely magnitude of future events rather than on possible ranges of |
seismic hazards is too constraining at this early research stage.

The lack of scientific consensus was regarded as a problem by three
respondents. One participant noted the reluctance of speakers to provide
specific information to assist local governments with land use and
construction. Three others cammented that a mumber of presentations were too
specialized and too technical for non-geoscientists. One person suggested
making a clearer distinction between the presentation of technical data and
summaries of data for non-technical participants. One person found the legal
analysis unclear.

The question of focus was raised by eleven people. One individual said
the structure of panels did not contribute to cross-disciplinary concerns.
Ancther participant called for more local input on panels. Two people
camented that more evidence was presented about Washington than Oregon.
Others felt that the sessions should be more focussed, with panels explicitly
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addressing what we know and what we don’t. One persan argued this would help
to ensure that the stated workshop aims were achieved. Two felt that the next
workshop should involve a smaller mumber of participants with a more narrowly
defined subject area, with a more limited abjective to follow up on identified
needs. Two people felt that this workshop did not set itself apart from other
similar conferences such as the 1985 Seattle workshop on "Earthquake Hazards

in the Puget Sound, Washington, Area".

The allocation of workshop time was an issue for five individuals. Wwhile
one person decried the shortage of time to present relevant background
information and another person the lack of time for discussion groups, scmeone
suggested the scheduled days were too long. Two camments related to the
disregard of time limits by speakers and moderators. Three people noted the
time lag between the workshop and receiving the evaluation questionnaire.

over one-fifth of the negative camments received related to the
inadequacies of the workshop facilities. Two people commented on the
intermittent audio-visual difficulties. Three others cammented on the
inadequacy of the meeting roams for the mmber of attenders.

While two people praised the workshop as a whole, others were more
specific. The field trip was considered a success by four people because of
participants’ enthusiasm and the effectiveness of on-site explanations. The
employment of an interdisciplinary approach and the camprehensive coverage
through a variety of discussion groups was also lauded. One person
appreciated the emphasis on reducing earthquake hazards now despite
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uncertainty over the degree of the threat. Ten people remarked on the wealth
ofinfornatimpx_'asmtedbythespeakexs. Two other people mentioned the high
quality of the handouts. Thirteen people cammented on how the workshop
provided an opportunity to network with other people with diverse
perspectives. The workshop was regarded as a useful means of disseminating
understanding about earthquakes and as a good general introduction to the
National Earthquake Hazards Reduction Program.
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Figure 1
Evaluation of workshop by individual participants

' Yes No

Did you participate in the field trip to Grays Harbor?........... 16 24
Did you attend the next two days of the workshop?.....ccceeeeeeeee 33 5(1 day) 2
Low High

1&2 3 4&5

a) Did you find the workshop useful for assessing:

1) Potential losses in the Puget Sound and Portland areas?.. 9 13 17
2) Earthquake potential in the Pacific Northwest?........... 5 7 27
3) Grourd shaking hazards in Puget Sound and Portland areas? 4 13 22
4) Ground failure hazards in Puget Sourd and Portland areas? 6 12 20
5) State of building practices to reduce earthquake losses
in the Puget Sound and Portland areas?......cceee0caeses 5 16 15
6) State of land-use planning to reduce earthquake
losses in the Puget Sound and Portland areas?........... 9 18 9
'7) State of earthquake awareness and preparedness
programs in Puget Sound and Portland areas?......ceee0ee 7 13 17
8) State of emergency management and response planning for
earthquakes in the Puget Sound and Portlard areas?...... 10 19 8
Yes No
b) Did you find the workshop useful to the process for
setting research goals for the next 3 years?....cceeeecesces 32 4
c) Did you find the workshop useful for setting hazard
reductlmgoalsforthenext3years? ..................... 30 6
Did you attend the special session to "Develop a Strategy for
Implementing Programs to Reduce Potential Earthquake lLosses and
Foster Preparedness in the Puget Sound and Portland Areas"?..... 20 18
Iow Hi
Rate the following: 1&2 3 4&5
a) Summaries of effects of past earthquakes, earthquake
potential, and efforts to mitigate earthquake hazards
in the Puget Sound and Portland area?........ cecesercsenenes 2 3 14
b) Presentations of policy options available in the Puget Sound
and Portland areas including other jurisdiction’s
experiences ard legal liability?...cceceececccccccncans ceeee 4 6 9
c) Afternoon session devoted to recommerding future State
earthquake hazards reduction and preparedness policies and
pPrograms?......eee. ceseccaavecavatectccsracacssastsnanatnsnse 7 8 3
Considering the meetmg as a whole, did you f:md the follow:mg
activities to be useful:
a) Presentations by speakers and panelists?.....cccceeeceeccncecs 3 7 29
b) Discussions following presentations of speakers and panehsts” 4 11 24
C) Discussion group ProCeSS?....cceeeecscscscescscssssssssasssess 3 15 20
d) Workshop information folder?.....ccceceeeeenens cecesscsssscess 2 10 27
e) Informal discussions during breaks and after hours?..... cesee 2 6 31
Yes No
If the clocks were turned back and the decision to attend the
workshop were given to you again, would you want to attend?..... 38 2
Should future workshops be planned to contimue the work
initiated at this meeting?...cceeeeiceceercencncrcacacecnocnscene 37 0
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Figure 2
Evaluatiajofwoﬁcslwpbypercentagesofqtnstimxespmdents

Yes No
Dldyc:upartlmpatemﬁxefleldtnptocraysnarbor........... 40% 60%
Did you attend the next two days of the workshop?............... 83%(13% 1 day)5%
Low High
1&2 3 46&5

a) Did you find the workshop useful for assessing:

1) Potential losses in the Puget Sound and Portland areas?.. 23% 33% 44%
2) Earthquake potential in the Pacific Northwest?........... 13% 18% 69%
3) Ground shaking hazards in Puget Sound ard Portlard areas? 11% 33% 56%
4) Grourd failure hazards in Puget Sound and Portland areas? 16% 31% 53%
5) State of building practices to reduce earthquake losses

in the Puget Sound and Portland areas?.....ccceeseeeseess 14% 44% 42%
6) State of land-use planning to reduce earthquake

losses in the Puget Sound and Portland areas?........... 25% 50% 25%
7) State of earthquake awareness ard preparedness

programs in Puget Sound and Portland areas?......ec...... 19% 35% 46%
8) State of emergency management and response planning for

earthquakes in the Puget Sound and Portland areas?...... 27% 51% 22%

Yes No

b) Did you find the workshop useful to the process for
setting research goals for the next 3 years?......ccccaee.. 89% 11%

c) Did you find the workshop useful for setting hazard
reductlmgoalsforthermrt3years?....... ........... ees 83% 17%

Did you attend the special session to "Develop a Strategy for
Implementing Programs to Reduce Potential Earthquake Iosses and
Foster

Preparedness in the Puget Sound and Portlard Areas"?.... 53% 47%
Iow ___ High
Rate the following: 1&&2 3 4&5

a) Summaries of effects of past earthquakes, earthquake

potential, and efforts to mitigate earthquake hazards

in the Puget Sound and Portland area?....cccccceccescscaccnss 10% 16% 74%
b) Presentations of policy options available in the Rzget Sourd

ard Portland areas including other jurisdiction’s

experiences and legal liability?...ccesececcescscscescseese. 21% 32% 47%
c) Afternoon session devoted to recammending future State

earthquake hazards reduction and preparedness policies and

PrOgYAmMS? . ceeesesscscscscsssssscscsasssscsassscssasscscsssse 39% 44% 17%
Considering the meeting as a whole, did you find the following
activities to be useful:
a) Presentations by speakers and panelistsS?.....cceceseeeeceeses 8% 18% 74%
b) Discussions following presentations of speakers and panelists? 10% 28% 62%
C) Discussion group ProCeSS?...ccssescscsssssssscssscsscsssscscss 8% 39% 53%
d) Workshop information folder?....ccececececcsscscccsscscsscses 5% 26% 69%
e) Informal discussions during breaks ard after hours?.......... 5% 15% 80%

Yes No
If the clocks were turned back ard the decision to attend the
workshop were given to you again, would you want to attend?... 95% 5%
Should future workshops be planned to continue the work :
initiated at this meeting?....ciceeececccccesscsccacsacscsccss 100% 0%
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ESTIMATION OF GROUND SHAKING IN THE PACIFIC NORTHWEST

By
S. T. Algermissen
U.S. Geological Survey
Denver, Colorado

INTRODUCTION

The expected ground motion in the Pacific Northwest has been estimated in
U.S. Geological Survey studies as part of national probabilistic ground motion
maps produced in 1976 (Algermissen and Perkins, 1976), 1982 (Algermissen and
others, 1982) and in a revision of the 1983 national probabilistic maps to be
published this year (Algermissen and others, 1988). Only a 50 year, 10
percent probability of exceedance acceleration map was produced in 1976. 1In
1982, acceleration and velocity maps (in rock) were developed for periods of
time of interest (exposure times) of 10, 50 and 250 years, with a 10 percent
chance of exceedance. The 1982 maps were produced using mean values of ground
motion attenuation and fault rupture length. The national probabilistic
hazard maps to be published this year are based on the probabilistic model,
seismic source zones and attenuation used in the 1982 maps but they include
parameter variability in attenuation and in fault rupture length.

The seismic source zones used in the 1982 and 1988 maps are identical and
are shown in Figure 1. Figure 2 shows the 50 year, 10 percent chance of
exceedance acceleration map produced in 1982 for the Pacific Northwest.

Figure 3 shows the 50 year acceleration map recently prepared (1988) that
includes parameter variability.

NATURE OF THE SEISMIC HAZARD

The earthquakes important in seismic analysis for the Puget Sound area
are: (1) The possibility of a large subduction zone shock; (2) the recurrence
of historical earthquakes up to magnitude 7.1 that have caused damage in the
Puget Sound area and occur at depths of about 40-70 km; and (3) the possible
occurrence of damaging shallow shocks. '

Recently, Heaton and Kanamori (1984) have suggested the possibility of
very large, shallow subduction zone earthquakes at the Juan de Fuca-America
plate boundary. No historical large plate boundary earthquakes are known in
this region but paleoseismic data are emerging to support this view (Atwater,
1987). Historically, all of the recent damaging earthquakes (1939, 1946,
1949, 1965) are believed to have occurred at depths of 40-70 km either within
a region of bending of the subducted Juan de Fuca plate or near the plate
interface.

Very little attention has been given to the possibility of a large
"5'7'0' shallow earthquake, even though one is believed to have occurred.
There {3 other evidence of recent significant shallow activity. Evidence of
the occurrence of an earthquake in 1872 east of the Cascades with a magnitude
of approximately 7.0 M. has been extensively reviewed by a number of
investigators, most recently by Hopper and others (1982) who believe that the
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Seismic Source Zones in the Pacific Northwest

(1] 100 200 300 400

Kllometers

Flgure 1. Seismic source zones used In the development of national
probabllistlc ground motlion maps in 1982 (Algermissen and others, 1982)
and in 1988 (Algermissen and others, 1988). The two heavy black lines
super{mposed on the source zones represent faults used to model the
location of subduction zone earthquakes discussed in this paper.
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1982 50-Year Acceleration Map
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Figure 2. Pacific Northwest portion of the 50 year, exposure time 10 percent

chance of exceedance, map of maximum acceleration in rock (Algermissen and
others, 1982),



earthquake was located near Lake Chelan, Washington and had a shallow focus.
Other recent significant shallow activity has occurred f{n the Elk Lake (Grant
and others, 1984) and Goat Rocks (Zollweg and Crosson, 1981) areas of
Washington, and there is evidence of Holocene faulting west of the Hood Canal
(Gower, 1978). The sources of uncertainty in earthquake origins is summarf{zed

in Table 1.

Table 1.--Uncertainties in ground motion hazard
assessment in the Puget Sound area

Hypothesis Evidence
Very large plate boundary No known historical evidence but possible‘
earthquakes Mw=8.5 - 9.0 paleoseismic evidence from recent studies
might occur. (Atwater, 1987). Conflicting views

regarding the rate of subduction of the
Juan de Fuca plate and the accumulation
of strain. Ground motion attenuation
relationships for such an earthquake not
well known.

Large, shallow (Ms=7.0) Evidence of an Mg=7.0 shock near Lake Chelan
earthquakes might occur in 1872 but location and magnitude very
onshore. uncertain (Hopper and others, 1982).

Evidence of Holocene faulting west of the
Hood Canal (Gower, 1978). Very limited
avallable seismotectonic or seismological
data to identify possible source areas of
large shallow shocks.

Large (Ms-7.0) earthquakes Well-documented historical shocks, but
occur at depths of 40-70 ku. the possible spatial distribution is
uncertain.

The portion of the 1982 acceleration map shown in Figure 2 and the
recently prepared (1988) acceleration maps shown in Figure 3 represent a more
conservative modeling of shallow earthquakes in the Puget Sound area than was
taken by Algermissen and Perkins (1976). For the national ground motion maps
developed in 1982, 25 percent of the earthquakes with Mg magnitudes greater
than 6.5 were assumed to occur at shallow depth. The choice of 25 percent was
very arbitrary. All large shocks were assumed to occur at depths of 50 km in
the development of the 1976 national map. None of the maps (1976, 1982, 1988)
consider the possibility of a subduction zone earthquake. Thus, there {s
considerable uncertainty in probabilistic ground motion assessment in the
Puget Sound area because of the difficulty in quantifying the occurrence of
large subduction zone earthquakes and the occurrence of damaging shallow

shocks.
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Figure 3. Pacific Northwest portion of a 50 year, 10 percent chance of

exceedance, map of maximum acceleration in rock that is under development
at the present time (Algermissen and others, 1988). The model is exactly
the same as used to produce the map in Figure 2, except that variability
ifs included in attenuation and fault rupture length. The variation in
attenuation of log3 of acceleration (TA) is 0.62 and in 10310 of fault

rupture length (T ) is 0.52.
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Approximate calculations of the effect of the occurrence of a large
(M“-B.S) earthquake at two possible locations in the subductfion zone were
undertaken in an attempt to roughly estimate the effects of such an earthquake
in the Seattle urban area. The position of these postulated earthquakes are
shown in Figure 1. The fault rupture length assumed in both cases is 225 km,
although the rupture length is not critical for the present discussion as long
as it is at least 100 km. The offshore earthquake is assumed to occur at a
depth of about 20 km. The earthquake beneath Puget Sound is assumed to occur
at a depth of about 50 km. In both cases, calculations of probable ground
motion were made assuming average recurrence times for the earthquakes of 300,
600 and 900 years. Each earthquake, in turn, was included in the
probabilistic model used to compute the 1982 national maps and in the 1988
model which included parameter variability in attenuation and fault rupture
length. The results give only a general idea of the influence on expected
ground motion since the subduction zone earthquake was only approximately
modeled and since our future work in modeling ground motion in the Pacific
Northwest will include a careful modeling of all source zones, new attenuation
relations, etc. Nevertheless, the results are interesting. A large
subduction zone earthquake offshore (Figure 1) would not appreciably affect
the 50 year acceleration or velocity at Seattle for average recurrence times
of 300 through 900 years. The accelerations and velocities (in rock) computed
for a 50 year exposure time and 10 percent chance of exceedance at Seattle did
not appreciably differ from the values shown in Figures 2 and 3 (for the 1982
and 1988 models).

It should be understood that the occurrence of a large subduction zone
earthquake would in all probability cause damage in Olympia, Tacoma and
Seattle. Damage would most likely occur to unreinforced masonry of any height
and selectively to other buildings principally in the range of 5-25 stories in
height. The important point is that the ground motion caused by such an
earthquake with an average recurrence time of greater than 300 years doesn't
contribute significantly to the expected peak ground motion in a 50 year
period. The principal damaging ground motions contributing to the 50 year
peak motion appears to be associated with the rather frequent occurrence of
shocks in the range 6.0<Mw<7.5 that occur beneath the three urban areas
considered at a depth of about 50 km (for example in 1939, 1946, 1949 and

1965).

A large subduction zone earthquake at a depth of 50 km beneath Seattle
would not appreciably change the 50 year, peak acceleration or velocity at
Seattle for an average recurrence time of 900 years but it would approximately
double the peak velocity at Seattle for an average recurrence time of 300
years for a subduction zone earthquake. It should be understood that the
suggested doubling of the 50 year velocity at Seattle is only a rough
approximation since no entirely suitable attenuation relations are available
for such an earthquake.

DISCUSSION

The probabilistic model for the estimation of ground motion in the
Pacific Northwest must be consjdered very tentative at present since two of
the three major possible sources or rates of damaging earthquakes (large
subduction zone shocks and shallow damaging shocks) are not very well
understood. Much new paleoseismic research data are becoming avajlable
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concerning recurrence rates for subduction zone shocks but very little has

been done to resolve the problem of possible damaging shallow shocks, These
uncertainties {n defining the sources of earthquakes and the emergence of new

data on attenuation of subduction zone earthquakes (for example from studies
of the 1985 earthquakes in Chile and Mexico) guarantees that probabilistic
ground motion models for the Pacific Northwest will undergo extensive revision

over the next few years,

PROPOSED RESEARCH PROGRAM FOR THE PACIFIC NORTHWEST

The USGS urban hazards program in the Pacific Northwest currently
underway will address a number of {mportant problems critical to earthquake
hazard analysis and to the estimation of expected ground motion. The strategy
is outlined briefly here:

1. Incorporation of paleoseismic evidence for large subduction zone
earthquakes into probabilistic ground motion models

Major paleoseismic studies are underway to investigate the
possibility of subduction zone earthquakes. These studies are
crucial to disaster preparedness, but the contribution of these
earthquakes to the expected maximum ground motion appears to depend
heavily on the location of the shock (at least for exposure times <50

years).

2. Improvement in attenuation relations

Significant new data on the attenuation of seismic waves from large,
subduction zone earthquakes has become available recently (for
example, as a result of the 1985 earthquake affecting Central Chile
and Mexico City). These data need to be considered in developing a
new model for ground motion hazard assessment. .

3. Site response

Recent large earthquakes have clearly shown the importance of site
response in ground motion assessment. New models for ground motion
assessment developed in the current USGS urban hazard program will
include site response in the urban areas of the Puget Sound region
and will be based on the site response data currently being recorded
and analyzed (King and others, presentation at this meeting).

b, Shallow earthquakes

Attention needs to be given to the problem of the possibility of
damaging shallow earthquakes in the area. Shallow earthquakes of
quite modest magnitude (for example, the 1986, M =5.5 earthquake that
occurred at a depth of about 5 km beneath the city of San Salvador,
c:using major damage to the clity) could cause great damage.
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SUMMARY

The development of jdeas concerning the assessm=nt of earthquake ground
motion In the Puget Sound area has been outlined and areas where significant
improvements in these assessments are believed possible have been suggested.
These areas of uncertainty and opportunities for improvement in hazard
assessment are currently major research efforts in the USGS urban hazards
program underway in the Puget Sound area. Success in this research will lead
to much improved probabilistic models for the assessment of ground shaking and

in estimates of ground shaking.
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BUILDING INVENTORIES:
CONSIDERATIONS OF EARTHQUAKE POTENTIAL LOSSES

By
Karl V. Steinbrugge
Structural Engineer
El Cerrito, California

Several disciplines are involved when estimating the amount of damage
and its monetary loss as a result of earthquake. A few of the necessary
geophysical parameters have been covered by Dr, Algermissen, Additionally, the
Bruce Olsen panel is scheduled to cover building practices in the Puget Sound
cities and Portland, Oregon.

Our presentation fits into the foregoing pattern on the simple and
prosaic subject of building inventories, but it is is of great importance due to
the costs if new ones must be developed. Emphasis is given to the inventory
requirements for government vulnerability studies and also those for major
financial institutions such as insurance companies, banks, and savings and
loans,

"Building inventory" is broadly defined as a list of all buildings and
other structures within a given area which could be damaged in a shock.
Included in the inventory are selected construction, occupancy, function, and
value data needed for damage and resulting dollar loss estimates., For certain
types of monetary loss estimation purposes, damage to the supporting city
"lifelines" must be included. For example, loss of function and/or loss of
occupancy due to lifeline failure can be measured in economic terms.

Ve may summarize the driving forces for quantifying inventories from
three perspectives:

1. Damageability and its relationships to deaths and injury.
2. Damageability and its relationships to property damage.
3. Damageability resulting in loss of function, including lifelines,

Inventory detail is similar for casualty and property loss estimates, but it 1s
not identical.



User Needs and Costs

For the limifed purposes of this paper, the direct monetary loss to
large numbers of smaller value properties, such as dwellings, will be given
principal attention, However, it is valid to ask why the same inventories are
not used for larger value structures or for individual buildings.

For a single structure, the ®real world® hazard analysis may be limited
to a proposal which "brings the building up to code®™ with the implication that
life safety is being adequately considered and changing damageability is not a
concern, A older flexible steel frame habitational or office occupancy can be
strengthened without changing the damageability of high value fragile
partitions, for example. Alternatively, it may be partially brought to code
requirements in some Jjurisdictions, or the owner may use insurance as an
alternative, thereby commingling life safety with property damage. He may sell
the building to pass the hazard to others. This low cost hazard analysis will
cost more than that available for a government vulnerability analysis on a per
building basis and yet not be useful for the vulnerability study.

The other end of the cost and hazard analysis scales are the properties
of very large corporations where skilled engineering risk organizations are at
their best. These risk engineers can and do study the construction drawings,
inspect buildings and sometimes test the concrete. They may recommend
strengthening or demolition, eliminate hazardous features in manufacturing
processes, recommend dollar amounts of insurance based on expected loss, and
otherwise provide service to the corporation's risk manager. These are very
useful reports to all parties. But it appears that more than one major
corporation may have spent more on their hazard and correction study than did
the government on its entire southern California vulnerability study. Both
satisfied their user's needs, but their inventories and findings have not been
interchangeable,

Financial institutions often obtain these reports and may ask for an
independent review. Certain insurance companies which underwrite ®highly
protected risks" (HPR) have substantial in-house engineering competence. They
and a few others can adequately analyze major properiies such as aircraft
manufacturers., Values at risk may represent billions of dollars and their
sophisticated all-hazard approaches are beyond this discussion.
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Governmental vulnerability studies for disaster response planners must
consider all structures, large and small, in the study area on a uniform basis.
This area may be as large as the Puget Sound region or the Los Angeles basin,
Emphasis is normall; on casualties, homeless, and impairment of critical
facilities ("lifelines"),

My experience as a participant in 10 regional vulnerability studies
throughout the western United States shows that gathering building and lifeline
inventories may require up to 80% of the available money. Budget limitations do
not allow a mathematical analysis of individual buildings and only a minimal
review of drawings of a very few selected buildings.

A similar situation exists for the financial institutions. Thousands of
homes and businesses may be earthquake insured or have loans against them, Let
us examine the economics of hazard analysis on low value properties from an
insurance standpoint. For example using expense allocation for dwelling fire
insurance policies in California as a guide (Steinbrugge, 1982, Table 8-9), a
$200,000 earthquake insured house would require a $400 annual premium at the
usual rate of $2 per $1000, of which:

Losses, adjustments, production, taxes 86.6%, or $347
Internal expense and inspection costs 10.1%, or $40
Profit and contingency reserves 3.3%, or $13

These dollars are reasonably correct today. Should an underwriter wish to know
if a dwelling was superior, average, or deficient before writing the business,
he would immediately have to send out an inspector and not wait for a more
auspicious time, The costs for even a minimally qualified person would run over
a hundred dollars (including car and overhead)., This extreme is absurd, Also
recall that the insureds must eventually pay for the overheads incurred for
those owners who were premium comparing or didn't buy. More practical
alternatives exist, but are difficult to make cost effective.

Quite evidently, loss estimation data must be gathered on a simplistic
and generalized basis if dwelling earthquake insurance premiums are not to

increase,
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In the interests of time and space, further discussion will be limited
to wood frame dwelling inventories in California and their dollar loss
estimates, Similar methods apply to other classes of buildings, such as
tilt-up, unreinforeced unit masonry, reinforced unit masonry, and the like,

Before an earthquake, non-technical persons such as insurance agents and
property owners can provide certain construction related information when the
policy is written or renewed. Approximate year of construction, for one
example, can be used to good advantage to infer local or regional construction
practices, Pre-1933 or post-1933 in California is a general criteria for
determining earthquake bracing. Location by city or region along with dwelling
age can be related to changes in kinds of foundation, anchor bolting practices,
veneer anchorage, reinforcement in brick chimneys, improvements (or otherwise)
in wall sheathing practices including its nailing, and numerous other
construction features,

Computer programs using the implications of these data can easily
compute aggregate regional dollar loss estimates based on previously observed
damage patterns and losses. The 1971 San Fernando and the 1983 Coalinga
earthquakes have given reliable data for various types of wood frame dwellings
(Steinbrugge, 1982, Table 6-1 and Figure 6-17; Steinbrugge, et al, in press).
The number of insured dwellings, values, ages, and locations can be machine read
from internal records. These are then by machine related to the distance from a
postulated earthquake fault rupture (i.e. region of seismic energy release).
Dollar losses are attenuated for distance. Soil influences on damage are
included as well as long period effects. ZIPs are used as the unit area.
Printouts from these computations provide the aggregate probable maximum loss
(PML) for each of an ensemble of earthquakes on selected faults at selected
epicenters,

Likewise, government economic and vulnerability studies can use the same
or counterpart data. Similar dollar loss estimates have been prepared with
updated California census tract housing and tract value.



e n (-] erlence

Loss estimates must be based on, or proven by, loss experience,

Post-earthquake field data on over 12,000 dwellings after the 1971 San
Fernando earthquake are summarized in Table 1. Table 2 is the analysis summary
of the field data in Table 1. Equation 1 is a relation between deductible and
loss over deductible for values in the second column (All Ages) in Table 2.

(% loss over deductible) = 8.87 - 0.7T4 x (% deductible) Eq. 1

For general loss estimation purposes, this equation is modified for different
magnitudes and different soil econditions, Equation 1 is satisfaectory for the 0%
to 10% range, but a more complex equation is desirable for greater deductibles,

Table 3 is a summary of the field survey of every dwelling in Coalinga
after the 1983 earthquake. Table 4, also of Coalinga, shows one of the
comparisons between the aggregate losses as computed by Steinbrugge, et al
(1982) and the losses paid by a major insurance company. The large number of
insurance company's paid claims were under a quirk of California law known as
concurrent causation, and payments do not include any significant deductibles,
The 331 paid losses were compared on a house to house basis, and represents
about 15% of the Coalinga dwellings. The correlations are excellent, possibly
somewhat fortuitous.

One may conclude that appropriately devised post-earthquake field
surveys can provide adequate practical loss data for public and private sector

use,

California oriented loss estimation techniques discussed above should be
expanded and be kept on a continuing basis, with research improving these
techniques.

In areas such as Salt Lake City, dwelling construction practices have
also changed over time, Change has taken place from unreinforced brick to wood
frame to wood frame with brick veneer, Studies in the midwestern states have
shown the need for another set of parameters which often involve the type of
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NOOD FRAME DWELLING DAMAGE
1971 SAN FERNANDO EARTHQUAKE
Pe e of Buildings Hay

Construction Component —Nope ~ __Slight
Foundation 91.9% 5.8%
Damage to frame 78.8% 16.0%
Interior finish - plaster y.2¢ 78.4%
Interior finish - gypsumboard 12.1% 78.0%
Exterior finish - stucco (plaster) 20.7% T4.1%
#Brick chimney damage 67.6% 16.1%

#Total brick chimney damage was found in 2,3% of the cases.
"Total®™ means exactly that; essentially no bricks were left
standing, or the chimney was otherwise so damaged as to be

non-repairable,

From Steinbrugge (1982), Table 6-6.
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Moderate

1.6’
3.3%
11.1%
6.5%
4.0%
6.6’
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Severe

0.7%
1.9%
6.3%
3.4%
1.2%
T.4%



Percent Loss Over Deductible Values from Field Data
1971 San Fernando, California, Earthquake

Percent Loss Over Deductible
4 e

——All Dwellings, no Exceptions ~_ _All Dwellings, Exceptions Below
Ded, All Ages Pre-30 1940-49 Post-l9 All Ages Pre-40 1940-49 Post-49

0 9.03 11.84 8.93 8.91 8.16 10.46 7.99 8.13
1 8.22 11.07 8.12 8.08 T.37 9.71 7.20 7.33
2 T.41 10.31 7.32 7.26 6.58 8.97 6.41 6.52
3 6.61 9.56 6.52 6.44 5.79 8.23 5.63 5.71
4 5.82 8.83 5.73 5.63 5.02 7.51 4.86 4.92
5 5.03 8.09 4.94 §.82 §.24 6.79 §.09 §.13
6 .24 7.36 4.16 §.03 3.48 6.08 3.33 3.34
7 3.53 6.82 3.47 3.28 2.78 5.56 2.66 2.61
8 2.82 6.28 2.77 2.53 2.09 5.05 2,00 1.87
9 2.12 5.76 2.09 1.79 1.41 4.55 1.35 1.14
10 1.88 5.44 1.88 1.54 1.21 §.26 1.17 0.92

Exceptions (last Y columns of table): Dwellings located on faulting or on

observed ground disturbance, split level dwellings, 1 and 2 story
dwellings, and dwellings in areas adjacent to mountains where soil
amplification was observed,

Source: Steinbrugge, unpublished study.
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IABLE 3

HOOD FRAME DWELLING LOSSES IN COALINGA
As a Function of Age and Floor Type

Pre-1940 age group:
Wood supported floor
Concrete floor on grade
Both of the above

1940-1949 age group:
Wood supported floor
Concrete floor on grade
Both of the above

Post-1940 age group:
Wood supported floor
Concrete floor on grade
Both of the above

All age groups:
Wood supported floor
Concrete floor on grade
Both of the above

Number of

Dwellings

1,

1,

780
29
799

287
34
321

352
395
T47

442
453
895

Average
Percent

Loss

From Steinbrugge, et al, Table 16, USGS Prof. Paper,

in press.
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MORETAR
In dollars

1983 Coalinga, California, Earthquake

Steinbrugge, et al Insurance Company Ratio of
Estimates Paid Claims Columns
Age group {Column A) {Colupn B) @ = A toB
Pre-1940 1,268,000 1,431,000 0.89
1940-49 379,800 317,300 1.20
Post-1949 876,000 553,200 1.58
All ages 2,559,000 2,375,000 1.08

From Steinbrugge, et al, Table 15, USGS Prof. Paper, in press,
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basement walls and other features. Further work is needed for the Puget Sound
and Portland regions,

These kinds of information should be expanded to all seismic areas.
Expansions and improvements should not be made in a vacuum away from the
realistic inventory requirements of the public and private sectors,

Finally and certainly not least, compatible post-earthquake field surveys
are mandatory for future validation of theoretic studies.
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PROBABLE LOCAL PRECEDENT FOR EARTHQUAKES OF MAGNITUDE 8 OR 9
IN THE PACIFIC NORTHWEST

By

Brian Atwater
U.S. Geological Survey
University of Washington
Seattle, Washington

Great earthquakes probably can happen in the Pacific Northwest. Such
earthquakes, being of magnitude 8 or 9, would release as least as much
energy as did the 1906 San Francisco earthquake. Their source would be
the plate-bounding fault that descends gently eastward beneath the
continental margin from southern British Columbia to northern California.
This huge fault, the Cascadia subduction zone (fig. la), is not known to
have produced great earthquakes in the 200 years since white people arrived
in the Pacific Northwest. But Cascadia has much in common with subduction
zones elsewhere on which great earthquakes have occurred historically
(Heaton and Hartzell, 1987). Moreover, as reviewed in this report, great
earthquakes seem to have occurred on the Cascadia subduction zone itself—-
at least twice in the past 1700 years.

COASTAL EVIDENCE FOR THE PAST OCCURRENCE OF GREAT CASCADIA EARTHQUAKES

If great earthquakes have occurred on the Cascadia subduction zone
during the past 1700 years, evidence of the earthquakes should abound on
the Northwest coast. This is chiefly because a great subduction-zone
earthquake usually causes the adjoining coast to undergo meters of uplift
or subsidence. The uplift can result in the permanent emergence of wave-
cut coastal benches; the subsidence can cause the estuarine burial of well-
vegetated coastal lowlands that drop to the level of tideflats. 1In
addition, coastal lowlands may preserve anomalous bodies of sand that
result from shaking during the earthquake and from the tsunami that comes
ashore minutes later.

Earth scientists have barely begun to ask whether all these great-
earthquake telltales are present on the Northwest coast. But in just the
past two years they have found much evidence for rapid subsidence, some
evidence for consequent tsunamis, and a little evidence for uplift and
shaking.

Subsidence. That great Cascadia earthquakes probably have occurred is
indicated chiefly by evidence of sudden coastal subsidence. This evidence
takes the form of marshes that have been buried by tidal mud. First
recognized in the Northwest in 1986, such buried marshes are now known to
range in location from southernmost British Columbia to northern California
(Rogers, 1988; Atwater, 1987, 1988; Grant and Mclaren, 1987; Darienzo and
Peterson, 1987; Nelson, 1987; G.A. Carver, oral commun., 1988). Simple
tests can eliminate storms, floods, far-traveled tsunamis, differential
compaction, and global sea-level rise as alternative explanations for the
marshland burial (Atwater, 1987, p. 943). '
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At least in southwestern Washington, jerky coastal subsidence probably
had too much areal _extent to be explained by anything other than great
Cascadia earthquakes. A great Cascadia earthquake is likely to entail
subsidence of a coastal strip at least 100 km long and tens of kilometers
wide (Atwater, 1987). Subsidence on that scale is suggested by regionality
in the sequence and radiocarbon age of buried marshland soils in
southwestern Washington (figs. 1lb, 2). This regionality implies that at
least two jerks of subsidence—--one about 300 years ago!, the other about
1700 years ago——involved a coastal strip no less than 85 km long and no
less than 30 km wide.

It is remotely possible that each correlated scil in figure 2
represents a series of moderate earthquakes that successively jerked
adjoining areas during an interval too brief to dissect by conventional
radiocarbon dating. This possibility is now being tested by the tree-ring
dating of cedars that died from sudden subsidence into the intertidal zone
about 300 years ago (D.K. Yamaguchi, written commun., 1988).

Tsunami. Tsunamis probably resulted from at least some of the events
that jerked the coast downward in Washington and Oregon. The evidence for
tsunamis consists of sand that locally veneers some of the buried coastal
marshes (Atwater, 1987; Reinhart and Bourgeois, 1987; Grant and Mclaren,
1987). This sand is typically coarser than other intertidal deposits in
the vicinity. Landward thinning of the sand indicates deposition by surge
from a bay or from the sea. About 300 years ago in southwestern
Washington, the sand from such a surge entombed the rooted stems and leaves
of grass that had been living on the marsh when the marsh was jerked
downward. This relation indicates that the surge took place within a few
yvears of the jerk. Such coincidence, though unlikely for storms or far-
traveled tsunamis, would be expected of tsunamis from great Cascadia
earthquakes.

It remains conceivable that storms or seiches caused the surges from
which the sand was deposited. These alternatives are now being tested
through inference of the duration, depth, and velocity of the surges (M.A.
Reinhart and Joanne Bourgeois, written commun., 1988).

Uplift. Analogies with uplift at other subduction zones imply that
great Cascadia earthquakes would produce elevated shorelines on the
Northwest coast (West and McCrumb, 1988), particularly where a subduction—
zone rupture extends beneath the coast. Two candidates have been
identified thus far (fig. 1)-—one a beach gravel containing 3000-year-old
wood in southern Oregon (Kelsey and others, 1988), the other a wave-cut
bench perhaps 1000 years old in northern California (G.A. Carver, oral
commun., 1988). These poorly understood features may record Cascadia
earthquakes whose ruptures splayed upward into subsidiary faults. As shown
by Kelsey and Carver (1988), faults probably rooted in the Cascadia

1 Al]l ages in text are in sidereal years; calibration of radiocarbon
ages follows Stuiver and Pearson (1986) and Pearson and Stuiver (1986).
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subduction zone come ashore in northern California. The most recent
thrusting on at least one of these faults occurred about 300 years ago
(Carver and Burke, 1987). Kelsey and Carver (1988) liken northern
California to the Gulf of Alaska, where thrusting on subsidiary faults
produced a complex pattern of uplift, and may have also caused local
subsidence, during the great (magnitude 9.2) Alaskan earthquake of 1964
(Plafker and Ruben, 1978, p. 706, 721).

Youthful uplifted terraces are scarce or absent on the coast of
northern Oregon and Washington (West and McCrumb, 1988), probably because
these areas undergo only subsidence during great Cascadia earthquakes. By
analogy with the 1960 Chile earthquake (magnitude 9.5) and the 1979 Tumaco,
Colombia earthquake (magnitude 8.2), uplift might be chiefly confined to
areas within 105 km (Chilean analogy) or 90 km (Colombian analogy) of the
base of the continental slope (fig. 3a, b). At such distances, little or
no coseismic uplift would occur along the northern quarter (Chilean
analogy) or northern half (Colombian analogy) of the Oregon coast (fig.
3c). Even Cape Blanco (fig. 3c, d) could escape coseismic uplift if the
Colombian analogy applies and if, as seems likely (Herd and others, 1979),
the Colombian subsidence extended tens of kilometers offshore (fig. 3b).

Shaking. The published case for great Cascadia earthquakes includes
no compelling evidence that shaking accompanied the jerks of coastal
subsidence. The strongest known hint is vented sand, containing clasts of
the mud through which it rose, that buried part of a spruce woodland in
coastal southwestern Washington about 1000 years ago (sand blow at site Co-
u, fig. 2). The venting, indicative of strong shaking, does not seem to
have accompanied subsidence of the woodland, or of coastal southwestern
Washington regionally. But rapid subsidence did occur about 1000 years ago
in northwesternmost Washington and, perhaps, near the mouth of the Columbia
River (site De-1, fig. 2). Only by this kind of permissive correlation
does shaking seem have accompanied a jerk of coastal subsidence in the
Pacific Northwest.

The hypothesis of shaking during subsidence needs to be tested
wherever easily vented sand underlies subsided wetlands that are well
exposed in cross section. Few such places exist in coastal southwestern
Washington. Additional evidence of shaking could take the form of
landslides, provided that wet weather and non-Cascadia earthquakes can be
excluded as triggers.

CONCLUSIONS

Earth scientists have recently begun to study ancient subsidence,
uplift, tsunamis, and shaking as clues to the seismic potential of the
Pacific Northwest. The little work done so far shows that great
earthquakes probably have occurred on the Cascadia subduction zone in the
recent pre-white—man past. Particularly suggestive is the widespread
evidence for sudden coastal subsidence and accompanying tsunamis. This
evidence implies local precedent for the future occurrence of great
earthquakes in the Pacific Northwest.
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GEOPHYSICAL STUDIES IN SUPPORT OF SEISMIC HAZARDS ASSESSMENT OF
SEATTLE AND OLYMPIA, WASHINGTON

By

Kenneth King, Arthur King, David Carver,
Robert Williams, and David Worley
U.S. Geological Survey
Denver, Colorado

INTRODUCTION

According to plate tectonics theories, the Juan de Fuca oceanic plate
and the continental North American plate are converging at about 3-4 cm/yr in
a subduction zone more or less parallel to the Pacific Northwest coast. One
consequence of this convergence is the occurrence of earthquakes, active
volcanism, and tectonic deformation. The potential exists in the Puget Sound
area for (1) large, shallow earthquakes along the interface of the underthrust
zone, (2) major earthquakes within the cold, brittle Juan de Fuca slab, (3)
moderate earthquakes associated with active volcanism in the Cascade Range,
and (4) major shallow earthquakes within the North American plate landward of
the underthrust zone. The Pacific Northwest cities of Seattle, Tacoma, and
Olympia, Washington and Portland, Oregon are urban centers with significant
risk from the occurrence of large earthquakes.

Major earthquakes occurred in the Puget Sound area in 1946, 1949, and
1965 (Fig. 1). The 1949 shock caused major damage to high-rise structures in
Olympia; highest intensities were VII. The 1965 shock caused widespread
damage in both Seattle and Tacoma, and intensity VII effects in Olympia; the
highest intensity effects (VIII) were observed in West Seattle and Harbor
Island.

URBAN HAZARDS INVESTIGATION

The USGS is engaged in a regional earthquake hazards assessment program
in the States of Washington and Oregon, concentrating on the Puget Sound and
Portland urban areas. The program is a partnership among governmental
(Federal, State, and local), academic, and private entities to study how the
Northwest would be impacted if a large, potentially-damaging earthquake were
to occur in the region. The program is the outgrowth of two earthquake
hazards workshops (USGS, 1983; USGS, 1986) and is divided into five,
interrelated components:

(1) Information Systems

(2) Synthesis of geological and geophysical data

(3) Ground motion modeling

(4) Loss estimation models

(5) Implementation

The studies described in this report were conducted by the Urban Hazards
Field Investigations project in support of the ground motion modeling
component of the urban hazards program. The objective of the ground motion
modeling component is to produce deterministic and probabilistic ground-motion
models and to produce maps of ground-shaking hazard. One element of the
ground motion modeling component is predicting relative ground response to
strong vibratory motion from a model earthquake. Relative ground response is
determined from observations of ground motion and from extrapolations of those
measurements into areas where ground motion data are not available. The
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geophysical studies described in this report are designed to provide seismic
data from which relative ground response values are determined and to collect
geotechnical data which assist in making the extrapolations.

OBJECTIVES

The objectives of the Urban Hazards Field Investigations project are to:

(1) Directly record, in digital form, seismograms of actual vibratory
ground motion at sites in urban areas where ground response data are desired.

(2) Collect geotechnical (geological and engineering) data from sites
near where the ground motion measurements were made.

(3) Correlate geotechnical data with seismic response data by clustering
sites of similar geotechnical parameters.

METHODS

Relative ground response is determined by comparing the ground response
at a site with a standard or reference response site. 1In this study, relative
ground response is obtained by dividing the Fourier amplitude spectrum of a
site by the amplitude spectrum of the reference location. The resulting
spectral ratio may then be smoothed or averaged over any number of bandwidths;
the average spectral ratio is the value of relative ground response within
that band. In the relative ground response method, it is assumed that the
ground response is due to ground conditions only, that is, the seismic inputs
to the crust under the response site and reference site are essentially
identical for a specified event and that any changes in response are due to
difference between reference and response sites. If it is possible to
correlate those difference in terms of physical parameters and geological
description characterizing the sites, it may be possible to predict ground
response from geotechnical data in locations where seismic observations are
not available.

Desirable seismic waveforms for the study may occasionally be masked by
seismic noise of natural and manmade origin. It is important to know the
characteristics of noise to minimize the effects of contaminating a desirable
signal and to help identify the frequencies of interest for site response
studies.

Recordings of vibratory ground motion and geotechnical data of specific
sites are the principal kinds of data which are required for predictive ground
response studies. Ground motions resulting from various seismic sources were
recorded by portable digital seismic systems for this study. The seismic data
used in the studies described in this report were recorded by calibrated
portable digital seismic systems especially for the urban hazards program.

The sources of seismic energy were both natural (microearthquakes and
microseisms) and artificial (nuclear explosions and mining explosions).

Digital recordings of induced ground vibrations in the Seattle and
Olympia areas were successfully acquired for four nuclear explosions at the
Nevada Test Site (approximately 1,100 km distance) and seven mining explosions
at an open pit coal mine near Centralia, Washington (about 80 km from Seattle)
(Figs. 1,2,and 3). The general procedure for recording these explosions was to
manually start all recorders within 15 min of the expected arrival time of the
seismic waves and record up to one hour for each.

Five to eight seismic stations were installed at temporary locations in
the West Seattle Area. The recorders at the stations continuously store
approximately 15 seconds of data in a digital memory and will permanently
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store the digital data for longer duration when activated by a radio signal
from a master station or by a local vibratory ground motion which coincides
with a pre-set algrorithm. Two microearthquakes have been recorded to date.
The time history data for one of the earthquakes and for one of the nuclear
events are shown in Figs. 4,and 5.

Three separate experiments were conducted to evaluate the nature of
seismic noise and microseisms in Seattle. The first experiment consisted of
recording 10 min of background vibrations at five sites at three times (at 1
a.m., 2 a.m., and 3 a.m.) on two successive days. The second experiment
consisted of recording 15 min of background noise at five stations during a
Saturday afternoon in the Brighton district of Seattle. Two of the sites were
located on bedrock while the other three were located on varying thickness of
sediment. The third experiment consisted of recording 15 min of background
noise at five stations on a windy, rainy Sunday morning in West Seattle,
extending inland along a line about a mile long.

Seismic refraction and high-resolution reflection are geophysical methods
used to determine the subsurface structural details at a site, based on the
acoustic contrast across interfaces. The two methods are complementary:
Seismic refraction is most accurate in determining average velocities of
layers whereas seismic reflection is most accurate in determining layer
thickness. In this study, seismic refraction experiments were run to
determine layer velocities and approximate layer thickness at several response
sites. Seismic reflection experiments were run, using an approximate velocity
model determined from refraction, to determine more accurate thickness and
structure of the shallow layers. In addition, longer reflection lines were
run to detect deep interfaces which were not accessible to the refraction
experiments.

In all cases, refraction lines were run in both forward and reverse
directions, and the reflection methods used the "push-pull" technique to give
a minimum 18-fold summary of the common depth points. Several data reduction
techniques were used to derive the velocity model and depths from the travel-
time data. Fourteen refraction/reflection lines were run in the Seattle area
(Fig.2). Examples of the high-resolution reflection profiles are shown in
Fig.6.

The method used to determine building response parameters is to
artificially force the structure into oscillation and to record the vibration
using a seismograph. An impulse delivered to the structure produces a damped
vibration whose waveform allows a damping constant to be measured. A spectrum
of the waveform indicates the predominant resonant period of the structure.
Ten one-story single-family dwellings, with brick chimneys in the West Seattle
area were tested for building response. In all cases, both the dwelling and
the chimney were tested (Fig.7).

SUMMARY

Only preliminary conclusions can be derived from the present data set. The
comparison of the derived spectra from the ground motions induced by the
Nevada Test Site nuclear explosions and the spectra derived from the ground
motions induced by small earthquakes suggest that the spectra derived from the
large nuclear event ground motions are comparable and therefore useful at
frequencies less than approximately 1.5 Hz.

The ground motions at Seattle and Portland induced by the quarry and mine
blasts at the Centralia, Washington coal area are too small to be used for
site response studies. The study has shown that ground motions induced by
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Dotted reflection on both profiles
indicates probable top of the 8500 ft/s bedrock seen in the refrac-
Reflection data were collected using

southeast Seattle (bottom).

tion records at Seward Park.

a 4 ft geophone interval (2 ft CDP interval), single 100 Hz geo-

phones, 220 Hz low-cut recording filters, and a 30-06 rifle for the
seismic source.
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local earthquakes are the only technically-acceptable source at this time for
ground motion studies in these areas. The ground motions induced by the quarry
blasts at Centralia are less than desirable, but are adequate for site
response studies in Olympia, Washington.

The derived site response values in the Olympia, Washington area from the
motions induced by the Centralia quarry blasts correspond favorably with the
MM intensities from the 1965 earthquake; that is, the higher response sites
are located at areas of higher intensities, the medium response values are at
sites of medium intensities and low response values are located at areas where
no intensities or damage was reported Fig.9. The few site response values
derived thus far for the sites in the West Seattle area from the motions
induced by the nuclear blasts and local earthquakes do not seem to agree as
well with the 1965 MM intensity values as the Olympia data do except in a very
general sense; that is, the highest response value derived for the West
Seattle area from the limited data available is at Harbor Island which
experienced higher shaking damage in the 1965 earthquake than did the West
Seattle Area Figs.1l0,and 11..

In many cases, the noise spectrum at a response site was amplified above
the corresponding reference spectrum. Prominent peaks were apparent at
several sites and remained prominent at different times of day and on
different days. These results suggest that microseisms are a possible fourth
source of seismic energy for ground response measurements.

Refraction and reflection lines were run at sites to help determine local
subsurface geologic structure, to determine near-surface variability of
seismic velocities, and to establish the velocity of bedrock. The highest
velocity observed, about 8,500 ft/sec, was also the velocity of the exposed
bedrock unit at Seward Park. The velocity of the surface soil layer was less
than 1000 ft/sec and the velocity of the intermediate till layers ranged from
2,400 to 5,100 ft/sec.(Fig.6).

The low-rise building testing established the range of the period and
damping parameters of one-story houses and chimineys in the West Seattle area.
The predominant frequency of the dwellings ranged from 5.4 Hz to 14.8 Hz. and
the chimneys ranged from 6.2 Hz. to 13.7 Hz. The building dampings varied from
2.5% to a high of 6% of critical.

The microseismic data, reflection data, refraction data and past intensity
data all suggest interesting correlations to the site response values;
however, the amount of site response data and the number of sites under study
are too small to make any but preliminary conclusions or trends. A basic
conclusion is that a larger data set from ground motions induced by
earthquakes are needed to continue and complete the study.
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OVERVIEW OF EARTHQUAKE-INDUCED WATER WAVES
. IN WASHINGTON AND OREGON

by

GERALD W. THORSEN
DEPARTMENT OF NATURAL RESOURCES, GEOLOGY DIVISION
Olympia, Washington 98504

INTRODUCTION

In some settings water waves can cause greater loss of life and property
damage than building collapse and all other effects of earthquake shaking
combined. Such waves are generated in a variety of ways and are not
necessarily confined to coastal areas. In addition to ocean—crossing
tsunamis, landslide—generated waves and seiches may impact nearby shores

in inlets, lakes, and reservoirs. In 1964, several Alaskan towns were
devastated by landslide-induced waves within minutes of the earthquake. That
same earthquake radiated tsunamis that impacted the Pacific Northwest hours
later. Losses in the Pacific Northwest and along the California coast included
15 deaths and more than $100 million (1988) worth of damage. The 1964 event
was the largest of the six tsunami recorded at the Neah Bay tide gage in

the past 42 years. Memories of the 1964 events were still vivid enough in
some areas along the Northwest coast to have spurred evacuation after the
May 1986 earthquake in the central Aleutians.

Quake-induced water waves arrive at shores in many forms, but rarely as the
huge curling breakers commonly portrayed by Hollywood. Tsunamis on open
coastlines generally arrive as rapidly rising or falling tides; some of these
have a much greater range than normal tides. The same tsunami, tide-like
on an open coast, may form a "wall of water" or bore where it encounters

a restricted channel in a bay or estuary. The rapid, and commonly large,
rise or fall of water accompanying such waves creates strong currents. Such
currents can drag ships at anchor and erode (scour) bottom sediments that
support breakwaters and seawalls. Onshore, they are capable of carrying
locomotives from their tracks or slamming logs, boats, and cars against
structures. Damage from the impact of objects carried along by the waves
is commonly much greater than the damage that would occur from the waves
alone.

TSUNAMIS
Tsunamis Generated at Distance

Tsunamis capable of impacting distant shores are usually generated by abrupt
vertical displacement of the sea floor during large subduction earthquakes.
Because subducting plate boundaries are common along the Pacific Rim and
relatively rare throughout most of the rest of the world, it is not surprising
that "About 80% of all tsunamis occur in the Pacific Ocean" (Steinbrugge,
1982, p.234). Since such tsunamis have wave lengths much longer than the
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Figure 1. Clocks show time of 1964 Alaska earthquake and arrival of first
tsunami along Washington coast (PST). Explanation, facing page (from Noson
and others, 1988). ‘

Yt 0o

Astoria



La Push—Boats and floating dock broken loose, possible shoaling of channel.

Taholah—Crests below street level, no structural damage, loss of some nets
and skiffs.

Wreck Creek-—Debris on highway and bridge, washout of approach fills.
Moclips—Flooding one foot above ocean—-front street, south end of town.
Eight buildings damaged by drift logs or moved from foundation. Extensive
damage to bulkheads and fills.

Pacific Beach—Dwelling®* moved from foundation and destroyed, another building
damaged.

Joe Creek—Logs and occupied home* slammed into bridge, three pile bents
damaged or destroyed, two 20-foot spans lost.

Boone Creek—Debris on road, shoulder washout, dwelling flooded.
Copalis Beach—Damage to buildings, mobile homes.

Copalis River—Pile bents of bridge damaged, two bridge spans lost, others
damaged.

Oyhut——Debris in yards and streets where dunes breached.
#(probably same structure, Joe Ck. ref. from Washington Highway News, v.

11, no. 5, p. 2).

Figure 1. (continued) Description of tsunami damage at indicated sites, 1964.
Damage reports from Hogan and others (1964), unless otherwise indicated.
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is not significant at the Cascadia subduction zone and that the interface thrust zone essentially
is locked.

Holocene subduction earthquakes at Cascadia

The works of Atwater (1987) and Atwater et al. (1988) show that, in the last 5,000
years,.there have been several sudden burials of coastal vegetation at western Washington.
These studies suggest-that the burials likely are due to coseismic subsidence associated with
great subduction zone earthquakes, and the studies seem to be able to discount other possible
explanations such as major storm surges, tsunamis from distant sources, or sudden compaction
due to large, crustal earthquakes. The finding of a regional coherence of Cascadian burial
events and a systematic timing of these burials would help substantiate Atwater’s hypothesis.
The model presented in this paper supports the hypothesis of coseismic coastal subsidence
associated with a subduction earthquake at Washington. The model also predicts uplifts in
Puget Sound that correspond in space and time to the inferred coastal depressions.

The studies of sudden subsidences are complicated by the uncertainty in '*C dating of
about £70 years. For example (assuming an earthquake origin of the sudden subsidences), an
apparent regional coherence for a burial event 300 years ago over the coastal zone 43° - 49°N
could not distinguish, on the basis of *C dating, between one M ~ 9 earthquake and four M
~ 8 earthquakes that occurred over a span of 100 years.

This discussion is hypothetical because no instrumentally-recorded earthquakes, of any
magnitude, are known to have occurred at Cascadia’s subduction interface (Taber and Smith,
1985; Heaton and Hartzell, 1986). Assuming that subduction earthquakes do occur at Cas-
cadia, the absence of interface earthquakes is most simply explained as there being a great
time remaining to the end of the present earthquake cycle and that present stresses at the
subduction interface are insufficient to produce even small interface earthquakes.

What are some probable characteristics of subduction earthquakes at Cascadia? Because
globally there are no examples where an entire subduction zone has ruptured with a sin-
gle earthquake, it seems unlikely that the entire Cascadia zone would rupture with a single
earthquake, of M ~ 9. Subduction zones typically are comprised of segments, each of which
has characteristic physical properties that determine the repeat time for the segment. The
independence of motions of the Gorda block and the Explorer subplate indicate that the cor-
responding plate contacts are segments of the Cascadia subduction zone. There are at least
four other likely segments at the Cascadia subduction zone. The two northernmost of these,
47.0 - 48.5°N and 48.5 - 49.0°N (Riddihough, 1984; Michaelson and Weaver, 1986). have the
greatest seismicity within the subducted plate and the subducted plate segments have char-
acteristic densities and dips. The interval 45.0 — 47.0°N has a lower, but significant, in-plate
seismicity rate (Weaver and Baker, 1988) and this subducted plate segment has characteristic
density and dip (Michaelson and Weaver, 1986). Finally, the interval 43.0 - 45.0°N, which
extends to the northern end of the Gorda block, has a very low seismicity rate within the
subducted plate. These six segments may have independent and characteristic repeat times
for subduction earthquakes. Occasional subduction earthquakes could rupture two or more
segments, as has been observed in other subduction zones. Based on analogy with other sub-
duction earthquakes, earthquakes at these segments would initiate just updip of the slab bend
(beneath Puget Sound and Willamette Valley), with sudden displacements extending updip
past the coast.

Figure 1 shows that at 0.5 m.y. ago the absolute motion of the northern end of the Juan de
Fuca plate was about twice that of the southern end of this plate. Moreover, the 60% slowing
of subduction of the Juan de Fuca plate over the last 6.5 m.y. suggests that the time between
successive earthquakes at a plate segment must be increasing. Given the complicated recent
subduction history at Cascadia it is possible that the subduction rate beneath southern Oregon
has slowed further still. The extremely low level of seismicity within the subducted portions
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of the two most southern segments (Gorda block and 43°-45°N) suggests that subduction
nearly may have ceased there. The plate segments beneath northern Washington and southern
Vancouver (47.0 - 49.0°N) have the highest density contrast and the greatest slab pull force.
Thus the Cascadian slab pull forces should provide a clockwise torque to the subducting Juan
de Fuca plate. The factors mentioned here may contribute to independent repeat times for
earthquakes at the Cascadian plate segments.

The northerly compression throughout much of Cascadia is superposed on the shallow
stresses resulting from the slab pull force. During a Cascadian interface thrust earthquake
(when the interface momentarily is decoupled) it is likely that the dip-slip motion will be
-accompanied by right-lateral translation of the corresponding segment of the offshore plate
system.

Seaward motion of both the Gorda-Juan de Fuca-Ezplorer plate system and the subducted
Juan de Fuca plate

The Juan de Fuca ridge now is moving westward in the absolute/hot spot reference frame
at about the same speed as the North American plate (R. Riddihough, written communication,
1987). Seaward propagation of the Juan de Fuca spreading centers is required to explain the
pseudofaults and pattern of magnetic anomalies there (Hey, 1977; Wilson et al., 1984). The
tectonic characteristics of the Gorda block indicates that it is very strongly coupled to the
North American plate. Such translation of the Juan de Fuca plate system can occur without a
buildup of southwestward compression because the west side of this plate system continually is
unloaded due to the Pacific plate’s pulling away from the west side of the Cascadian spreading
centers.

The Fn component of the slab pull force tends to make the subducted plate propagate
seaward (Garfunkel et al., 1986; Carlson and Melia, 1984) and, in the case of Casdadia, helps
the subducted Juan de Fuca plate retain its dip even though the North American plate is
moving southwestward. If the subducted plate were sinking seaward faster than the rate
of advance of the North American plate (with the volcanic arc accompanying the westward
propagation of the subducted plate), then sufficient conditions exist for the opening of a back-
arc basin. Carlson and Hart (1987) describe how mantle flow, resulting from rapidly changing
convergence rates of the Farallon plate system over the last 18 my, may have led to the
volcanic flows of the Oregon Plateau and also suggest possibly similar histories for the Basin
and Range province and the Colombia Plateau. The young age of the subducting lithosphere
at the Cascadia subduction zone makes it unlike typical subduction zones that exhibit back-arc
spreading (Uyeda and Kanamori, 1979; Garfunkel et al., 1986) [see Figure 2]. Carlson and Hart
(1987) summarize similarities and differences between the Oregon Plateau and back-arc basins
of the Western Pacific. It appears that the young age of Farallon plate subducted beneath
Cascadia has led to a form of back-arc development, but less well-developed than associated
with the subduction of much older oceanic lithospheres in the Western Pacific.

The Lake Chelan earthquake of December 14, 1872

Historically, this may be the largest earthquake (M ~ 7) to occur in crustal Washington
and Oregon, and it is a key earthquake in seismic hazard studies for the U. S. Pacific Northwest
(Hopper et al., 1975). The primary aftershocks of the Lake Chelan earthquake continued for
about 2-1/2 years and often caused aquifer disturbances at Lake Chelan, implying a shallow
focal depth for these earthquakes (Hopper et al., 1988). Rasmussen’s (1967) seismic history
of Washington indicates numerous felt earthquakes near Lake Chelan. The shallow depth
implied for the Lake Chelan earthquake differs from suggested focal depths of about 60 km
(Malone and Bor, 1979) and of 100-150 km (Michaelson and Weaver, 1986), who assumed
that the 1872 earthquake occurred in the subducted Juan de Fuca plate. Neither the 1949
nor the 1965 earthquakes, the largest known to occur within the subducted Juan de Fuca
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plate, had extensive aftershock series (Algermissen and Harding, 1965) and, moreover, no
microearthquakes are known in the subducted Juan de Fuca plate with depths as great as
100 km (Crosson, 1983; Taber and Smith, 1985). These data, combined with analysis of the
intensity attenuation pattern for the main shock (Hopper et al., 1988), indicate a shallow,
crustal focal depth, perhaps along the trend of Lake Chelan. =

Given that the focal mechanisms of shallow earthquakes (most]y strxke-shp} throughout
much: of Vancouver and Washington have N-trending compression axes and given the high,
shallow horizontal stresses in central Washington, also with N-trending compression axes, it is
reasonable that the shallow Lake Chelan earthquake occurred on a fault that was actived by
this regional north-trending compression.

CONCLUSIONS

The collision of the northwestward-moving Pacific plate with the Mendocino and Blanco
fracture zones causes compression in the offshore plate system northwards to Vancouver Island.
The northward compression in the offshore plate system is strongly coupled into the overriding
plate, causing northward compression there. Virtually all shallow seismicity at Cascadia is due
to this north-trending compression, which is independent of subduction processes there. The
observed earthquakes and implied high compression indicate significant risk from large crustal
earthquakes in both the offshore and overriding plates. Additional sources of lithospheric
stress at the Cascadia subduction zone are the slab pull force of subducted Juan de Fuca plate
(capable of producing large earthquakes within the subducted plate), the relatively minor
‘ridge push’ force of the horizontal Juan de Fuca plate, and force due to the southwestward
motion of the overriding plate. The stress at any part of the Cascadia subduction zone is a
superposition of stresses from these sources. Specific zones within the Cascadia region have
distinct modes of deformation, usually because of the proximity of a zone to one of the primary
stress sources or to a major resistance to plate movement.

The subducting plate dips at about 11°E for a distance of about 180 — 220 km, and then
the plate dip steepens to 20—45°E. It is hypothesized that the slab pull force acting at this slab
bend causes surface depression above the bend (at Puget Sound and Willamette Valley), and
an upwarp of plate that is updip from the bend, leading to coastal uplift. The opposite vertical
deformation would accompany a subduction earthquake, consistent with the observations of
Atwater (1987). Much evidence indicates that subduction is not occurring aseismically, but
probably is accompanied by significant subduction earthquakes. The Cascadian subduction
zone is segmented and each segment probably has independent seismic potential.
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IMPLICATIONS OF LATE HOLOCENE SALT-MARSH STRATIGRAPHY FOR
EARTHQUAKE RECURRENCE ALONG THE COAST OF SOUTH-CENTERAL OREGON

By
Alan R. Nelson
U.S. Geological Survey
Denver, Colorado

INTRODUCTION

Repeated, great plate-interface earthquakes have been postulated for the Cascadia subduction
zone in western Washington and Oregon. The best evidence of the coseismic subsidence to be
expected near the coast during great earthquakes is found in southwestern Washington where many
exposures record repeated episodes of submergence of late Holocene marshes. Atwater and others
have used consistent stratigraphic relationships, 14C ages, and plant macrofossils from sequences of
interbedded marsh peats and intertidal muds to show that the 6 marsh peats buried in the last 4000
years throughout southwestern Washington were submerged suddenly. The late Holocene estuarine
record in the central part of the subduction zone in Oregon is more difficult to interpret; there are
very few good exposures, and coring at some sites has produced evidence of a gradual rise of late
Holocene sea level while sea level rise appears to be jerky at other sites.

MARSH FORAMINIFERA AS SEA LEVEL INDICATORS

One of our goals is to show if the peats we find interbedded with muds in cores from the
central Oregon coast were submerged suddenly (coseismicaly), like those in Washington. Marsh
foraminifera are more sensitive to changes in sea level than many marsh plants and are easier to
identify in cores. Thus, we have begun to use foraminifera faunas in cores from Oregon marshes
to test whether our buried peats represent jerky (repeated coseismic) marsh subsidence. Because no
studies of modern marsh foraminifera from the region have been done, one of our first objectives
is to show if modern marsh subenvironments at different elevations can be distinguished using
foraminifera faunas.

Analyses of samples from surface transects of the first two of five Oregon marshes studied
show the same strong correlation between foraminiferal assemblage zones and sea level found in
other marshes worldwide. Three (informal) assemblage zones can be recognized in the transects
studied so far: a high-marsh zone, an upper-low-marsh zone, and a low-marsh--mud-flat zone.
Tide-gauge data are not available for either site, but the distribution of high and low marsh and
the position of mean high water can be estimated from macrofloras. The highest samples in each
transect, on the upland border, are barren of foraminifera. Samples from the upper part of the
high-marsh zone are dominated by Trochammina macrescens and Trochammina inflata with lesser
numbers of Miliammina fusca and Haplophragmoides wilberti. The percentage of M. fusca
increases towards the base of the high marsh zone. Where M. fusca becomes the dominant species
over T. macrescens, T. inflata, and other species we recognize an upper-low-marsh zone. In both
transects this zone includes a 0.5- to 1-m-high, nearly vertical scarp resulting from modern erosion
of the low marsh. In the low-marsh--mud-flat zone M. fusca and Ammotium salsum co-dominate,
Trochammina is absent, and Reophax nana and calcareous species become increasing abundant with
decreasing elevation. On the basis of these preliminary analyses, we should be able to identify
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former sudden changes in sea level of about 0.5-1.0 m in future analyses of cores from Oregon
estuaries. Studies incorporating more accurate vertical control and more detailed sampling might
be able to resolve significantly smaller changes in sea level.

CHARACTER OF SEA LEVEL RISE INDICATED BY MARSH STRATIGRAPHY

Preliminary coring and study of outcrops at 12 marsh sites in seven tidal inlets yields
conflicting evidence for the history of relative sea level along the south-central Oregon coast.
Additional radiocarbon dates from most of these sequences are pending.

At sites in the eastern arms of Coos Bay, one probable buried marsh surface is found in the
upper 1 m of most cores overlying 4-6 m of uniform mud. In some cores both upper and lower
contacts of peaty units are gradational, but in most cores the thickest peat bed has a fairly abrupt
upper contact suggesting sudden submergence of a marsh. A spruce root from this buried surface
in Shinglehouse Slough was dated at 340 MC yrBP. One interpretation of this type of marsh
sequence is that sediment deposition rates in most tidal inlets have been low during all but the last
few hundred years of the late Holocene and that for this reason no evidence (buried marsh
surfaces) of earlier sudden submergence events has been preserved. Another interpretation is that
no sudden changes in sea level have occurred.

In contrast, at two sites in South Slough in western Coos Bay, cores show 6-8 abruptly buried
marsh surfaces that are 0.4-1.2 m apart. Extensive coring in a small marsh along Winchester Creek
revealed up to 8 buried marsh surfaces in sections 5-8 m thick. The 4 best-developed surfaces can
be correlated across the inlet. The uppermost buried surface has a modern 4C age; it must have
been buried by sedimentation following diking of the marsh. Lower surfaces date at 460 (2.2 m)
and 2880 (2.8 m) '4C yrBP, indicating highly non-uniform sedimentation rates. A core from Day
Creek (described with C. Peterson and M. Darienzo, OSU), 4 km to the north, had a similar
sequence of 6 buried surfaces. These sites are near the axis of the South Slough syncline, and
tilted marine terraces on the west limb of the syncline document continued late Pleistocene folding
of this structure. Thus, the South Slough buried surfaces may record local Holocene coseismic
faulting or folding rather than regional deformation of the central Oregon coast during great plate-
interface earthquakes. Alternatively, sudden slip on flexure slip faults within the syncline might
also occur primarily as a response to large subduction zone earthquakes.

Coring in South Inlet, an arm of the Siuslaw River estuary, shows that 4 m of fairly uniform
peat overlies 4 m of mud. This type of marsh sequence suggests that late Holocene relative sea-
level rise was gradual with no abrupt changes in the type or rate of sedimentation. Subtle, gradual
lithologic changes within the peat section suggest only small, gradual changes in sea level. Abrupt
lithologic changes found in some cores farther up the valley of South Inlet probably record stream
flood events.

Most cores in the Umpqua River estuary showed peaty beds in the upper 1.5 m of the cores,
but the upper and lower contacts of most beds were gradational. Abrupt contacts bounding some
units could be due to sudden submergence or flooding. As in Coos Bay, below 1.5 m only muds
were found to 7 m depth in the cores. A 4C age of 3.1 ka from a depth of 6 m in one core
indicates that the relative rate of sea level rise here is twice the rate in Coos Bay, or that a great
deal of differential compaction has taken place in these peat-mud sequences.

A single buried marsh surface was described in outcrop along the Coquille River estuary at a
depth of 1.2 m. A small spruce stump rooted in the surface was dated at 290 o) yrBP. The
estuarine muds that bury the surface are overlain by overbank silts deposited by river flooding and
by eolian sands derived from dune fields to the west.
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Thus, the most recent buried marsh surface, which may date from about 300 yrBP, appears to
be fairly widespread along this part of the Oregon coast. Good evidence for earlier submergence
events is found only in South Slough. To show whether or not the earlier submergence events
found in South Slough have regional extent emphasis in FY88 will be placed on coring less-
protected sites in inlets with moderate-size streams. The moderately high sedimentation rates in
marshes at these sites should have allowed marshes to develop and be preserved following all major
submergence events.
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DIFFERENTIAL QUATERNARY UPLIFT OF THE WESTERN OREGON COAST RANGE
INDICATED BY RIVER GRADIENT AND RIVER VALLEY SHAPE

By

Susan Rhea
U.S. Geological Survey
Denver, Colorado 80225

INTRODUCTION

The problem under investigation is whether or not river gradient and river valley shape can
be used to discern tectonic movement during the Quaternary. If active subductiion is continuing
in western Oregon some portions of the Coast Range should experience uplift and other portions
subsidence (Spence, in press; Atwater, 1987). On most rivers, gradient decreases and discharge
increases downstream. In a graded system, there is a smooth decrease in slope. In a system that
is not fully graded, there are sections of the river where the change in slope is irregular, and some
environmental or geologic factor may influence the gradient. For example, where a tributary joins
the main channel there is usually a sudden decrease in river slope, which is inversely proportional
to the increase in discharge from the tributary, although this does not always occur. Where the
river bottom crosses a geologic contact or fault, slope changes are usually observed and they are
often related to changing resistance across the boundary. River gradients and valley shape can be
indicative of the lithology the river flows through. River gradients and valley shape can also indicate
uplift or subsidence. Uplift causes flooding upstream and accelerated downcutting downstream.
These effects can be observed on the river’s profile as a region of relatively low slope followed by a
region of high slope. Where the zone of uplift is narrow, a knickpoint forms, but within a broad zone
of uplift the river gradient is usually convex. Subsidence causes similar river adjustment, except
downcutting is observed upstream and flooding is observed downstream. Subsidence produces a
concave profile. Because all these factors may effect the river’s profile and valley shape, each must
be carefully considered before conclusions can be drawn.

Recent studies using river profile data in coastal South Carolina (Rhea, in press), Arkansas’
Ozark Mountains (McKeown, 1988) and central South Dakota have demonstrated the correlation
of river gradient anomalies with local or regional uplift. Other investigations in Costa Rica (Wells
and others, 1987), Eastern Papua New Guinea (Pain, 1983), the Maryland Piedmont (Costa, 1984),
and the laboratory (Ouchi, 1983) concluded that using river profile data helps to identify areas of
differential tectonic movement. Maclean (1985) measured different river and valley shape parame-
ters in the Wasatch Range and her conclusions supported the fault segmentation hypothesis. Neim
(1976) examined river morphology in the central Oregon Coast Range and determined that although
knickpoints and valley shape correlated with lithology, entrenched meanders were not related to
either faults or bedrock lithology.

For this study, modern river channel locatioxll and elevation data for 22 rivers and tributaries
on the coast of Oregon were digitized from 73" and 15’ topographic quadrangle maps. River
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lengths varied from under 25 km to over 350 km. Relief varied from 100 m on some of the shorter
tributaries, to over 1600 m on the longer rivers. The ratio of relief to length ranged from .2 to 3.6%.
Hypsometric integrals or the ratio of the area below the profile to the area defined by length and
height, is a measure of how much of the region has not been erroded; these integrals ranged from
7 to 43%. Changes in river slope and valley shape were compared to regional bedrock mapping
(Peck’s 1961).

OBSERVATIONS AND INFERENCES

Graphs of river elevation versus length were generated for each river, along with the theoretical
profile, which predicts exponentially decreasing slope with length. The exponential decay of each
theoretical profile is dependent on the hypsometric integral, and is therefore independent for each
river, but the smooth reference profile with constant decay downstream generalizes the profile so
that relationships between the theoretical and observed profile for one river can be compared to
relationships on another river.

Inflection points and broad convexities were observed on river profiles and were compared to
maps showing the locations of tributary junctions and lithologic and structural changes along the
rivers’ courses. Overall, increased discharge resulted in decreased slope downstream, but there
were places where a major tributary joined the main channel and no increase in slope occurred. On
several rivers there were increases in slope at tributary junctions, opposite to expectations. Nearly
all of the slope irregularities were coincident with geologic contacts and intrusions, such as massive
basalts adjacent to estuarine and marine sediments. Generally, inflections occurred as the river
flowed from a less resistant formation to a more resistant formation, such as from marine sediments
onto a mafic intrusion.

Not all of the anomalous slopes could be explained by changes in stream development or in
predicted adjustments to lithologic or structural changes. For example, a steep section of the Siletz
River flows through a resistant mafic intrusion, while the river gradient decreases on the more
erodable marine sedimentary rocks downstream. There also were areas of slope change that were
not associated either with tributary junction or mapped geology.

Other significant observations from the river and valley data included: (1) in the headwaters
gradients were very high (in excess of 100 m/km) and valleys were relatively wide, (2) on the middle
sections of many rivers there were slope convexities and valleys were relatively narrow and deep,
and (3) many rivers ended with slope increases. (See examples in following figure.) The slope
increases at river mouths may indicate tectonic movement, either subsidence off the coast or uplift
farther inland. If base level lowering at the coast is accepted, the flat section upriver could only
have been created during a long period of tectonic stability, an unlikely possibility given the tectonic
history of the Oregon coast. If, instead, the slope convexities midriver were caused by uplift 50 to
100 km landward of the coast, both the steepening downstream and flattening upstream would be
explained. Thus, the convex gradients and steep-sided, V-shaped valleys in the lower third of the
river valleys suggest significant rates of uplift in the later Quaternary.
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Figure 1. River profiles for four rivers studied in the Oregon Coast Range. Dotted line
represents theoretical profile (see text). Valley shapes at several places along river are
included, demonstrating entrenching on downstream flat sections of rivers. Convex profiles
toward mouths of rivers suggest Quaternary uplift within 50 to 100 km of the coast.
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FLUVIAL TERRACES IN THE OREGON COAST RANGE:
PRELIMINARY ASSESSMENT AS INDICATORS OF QUATERNARY DEFORMATION

By
Stephen F. Personius
U.S. Geological Survey
Denver, Colorado

INTRODUCTION

The purpose of this study is to evaluate some of the effects of subduction along the
Cascadia subduction zone by examining the styles and rates of deformation of Quaternary
deposits within the Oregon Coast Range (OCR). Extensive Quaternary deposits are relatively
rare in the erosion-dominated OCR; however, fluvial terraces along several Coast Range rivers
appear to be well enough preserved for stratigraphic, chronologic, and tectonic analysis. The
three rivers examined in this study are the Umpqua River, the Smith River, a main tributary of
the Umpqua, and the Siuslaw River, The Umpqua River has its headwaters in the Cascades;
both the Smith and Siuslaw Rivers drain the western flank of the central OCR. This abstract
will concentrate on the preliminary aspects of this study, including discussions of terrace
geomorphology and stratigraphy, and some results of radiocarbon dating.

GEOMORPHOLOGY

The poor preservation of fluvial terraces in most of the OCR reflects the processes that
form these features. Most OCR terraces are strath terraces, which are fluvial benches cut into
bedrock, covered by a thin veneer of fluvial sediment. This type of terrace is formed by
fluvial downcutting in response to changes in base level. In the OCR, these changes are related
to eustatic sea level changes and regional uplift. Strath terraces commonly do not form broad
platforms along streams, so laterally extensive, paired terraces of this type are rarely preserved.
OCR terraces are commonly preserved as scattered unpaired remnants, usually restricted to the
insides of meander bends and along wider parts of river valleys, and less commonly in
abandoned meander loops. All the rivers examined in this study are flowing in deeply incised
valleys, which indicates that uplift of the OCR has been an ongoing, long-term process.

STRATIGRAPHY

Exposures of fluvial terrace sediments along the Umpqua, Smith, and Siuslaw Rivers show a
remarkably consistent stratigraphic sequence. They typically consist of a 1-2-m-thick sandy
pebble gravel that overlies a cut bedrock bench; this gravel is in turn overlain by a 2-5-m-thick
silt or sandy silt. An exception to this sequence is seen in terraces very near the coast, where
the sediments generally consist of much thicker deposits of sand and silt. These near-coastal
deposits are probably overthickened by trapping of sediment in estuaries during periods of
higher sea level. However, several high (>90 m), well exposed fluvial terraces near the coast
show a thickened, but stratigraphically similar sequence of silt over gravel over bedrock,
suggesting that processes of fluvial terrace formation are similar along the length of Coast
Range rivers.
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1 have interpreted the gravel facies as bedload sediment deposited in channels, and the silt
facies as overbank sediment deposited during periodic flooding. The modern river channels are
flowing directly on bedrock except in estuarine settings near the coast. Terraces surfaces appear
to be reoccupied only rarely by channel deposits, but are frequently reoccupied during seasonal
flooding. This is evident because the silt units are remarkably uniform stratigraphically; they
are generally massive or weakly stratified, with only minor thin, discontinuous sand and sandy
gravel interbeds. Of over 40 exposures examined so far, only one outcrop showed a gravel
deposit at the surface of a terrace deposit. Because the modern rivers are flowing directly on
bedrock, contemporary uplift of the Coast Range is assumed. This uplift eventually results in
raising the surface of the terrace beyond the reach of flood waters, and the terrace surface is
abandoned. The massive nature of the silt facies and general lack of buried soils within these
deposits suggests that overbank sedimentation occurs at regular intervals at fairly high rates
until the terrace surface is abandoned.

PRELIMINARY RESULTS
Umpqua River

Fluvial terraces are intermittently present along the length of the Umpqua River. Terraces
are presently being examined from near the mouth of the river near Reedsport to Coles Valley,
160 river kilometers upstream. Terrace remnants vary in height, from the modern floodplain to
over 100 m above modern river level. Correlation of these scattered remnants is difficult, but a
dating program of radiocarbon and thermoluminescence (TL) analyses is being undertaken in an
attempt to identify possible terrace deformation and to calculate rates of downcutting. Several
radiocarbon dates have been obtained on charcoal in the lower terraces. Terraces about 13-15
m above river level, 120-130 km upstream are 7-10 ka. A terrace of similar height on
Scholfield Slough, 15 km upstream from its confluence with the Umpqua near Reedsport, has a
radiocarbon age of >26 ka. This relationship suggests that the coast may be subsiding relative to
the inland Coast Range. Alternatively, this relationship may be explained by a decreasing
stream gradient and subsequent convergence of terraces as the river approaches base level.
Additional radiocarbon and TL dates and terrace profiles will be used to further analyze these
problems.

Smith River

The Smith River is a major tributary of the Umpqua River; the confluence of these two
rivers is just upstream from the town of Reedsport, about 18 km from the mouth of the
Umpqua River. The drainage basin of the Smith River is much smaller than that of the
Umpqua River, and is subsequently shorter and has a much steeper gradient than the Umpqua
River. Several radiocarbon dates obtained on charcoal indicate that rates of downcutting are
substantially faster on the Smith River. A 3 ka terrace surface 47 km upstream from the
confluence is about 30 m above river level, whereas a correlative terrace surface 10 km
upstream from the confluence is only about 10 m above river level. This relationship again
suggests decreasing stream gradients and(or) subsidence near the coast. Additional dates and
terrace elevations are pending.

Siuslaw River

Terraces along the Siuslaw River were the subject of studies by Schlicker and Deacon
(1974) and Adams (1984). They both concluded that a high terrace surface on the north side of
the river showed apparent westward tilt that may have been related to active folding. My
studies along the Siuslaw River show that this "surface" is actually several terrace levels that
may have been incorrectly mapped as a single surface. Terrace profiles are currently being
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constructed in order to assess possible deformation. Unfortunately, the only well preserved
terrace surfaces along the Siuslaw river are those preserved at great height (80-110 m) above the
modern river level. The degree of soil development on these surfaces (several-meter-thick Bt
horizons with 2.5 YR colors, complete weathering of in situ gravel clasts) suggests that they may
be several hundred thousand years old. This would suggest that these deposits are probably
substantially older than the estimate of 100 ka of Adams (1984), and that they are beyond the
range of TL dating.
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GEOLOGIC FACTORS AND THE REGIONAL EVALUATION OF SITE RESPONSE
FOR URBAN SEISMIC HAZARDS STUDIES

By
John C. Tinsley
U.S. Geological Survey
Menlo Park, California

Several factors influence the character of earthquake-generated ground shaking at
a point on the earth's surface, including distance from the causative fault or seismic
source, characteristics of the earthquake source, and geologic conditions within the earth
through which the vibratory energy propagates. Certain frequencies of strong shaking
may be amplified considerably owing to thin, low-velocity surface layers; the overall
spectral level of ground motion may increase as the seismic velocities of near-surface
materials decrease and/or as the thickness of the sediments increases (Murphy and
Hewlett, 1975; Borcherdt and Gibbs, 1976; Rogers and others, 1979, 1985). Ground
shaking wherein the earth is not apparently permanently deformed has caused the
greatest losses historically during earthquakes, because the seismic energy radiates over
large areas where it encounters numerous works of man. In comparison, other
mechanisms by which earthquakes cause damage to structures include direct
displacement of the ground surface by a fault and damage that arises from ground
failure. If surface faulting occurs immediately beneath a structure, the damage makes
for spectacular T.V. footage, but the zone of damage tends to be restricted to the fault
zone; hence, surface faulting damages a relatively small number of structures and
consequently causes relatively small losses compared to losses caused by ground
shaking. Losses from earthquake-generated ground failure (landslide, liquefaction,
rockfall,) tend to be of intermediate magnitude in terms of the number of structures that
they affect; ground failure tends to be localized, and can be predicted either
deterministically or probabilistically by a careful analysis of the earthquake potential of
a region and an analysis of the earth materials which comprise the surface and near-
subsurface deposits, the topographic relief, and the association between cohesionless
deposits and shallow ground water. The topics of surface faulting and ground failure are
addressed in concurrent sessions of this workshop; thus, while being important elements
to consider, they will not be discussed further, here.

In this short paper, I will discuss ongoing efforts to identify and understand the
geologic factors correlated with attenuation or amplification of ground motion in the
Puget Sound area and which may enable earth scientists to prepare predictive maps
describing the ground shaking hazard in the Pacific northwest and the Puget Sound
region.

Hazards Assessment Program

Evaluating the hazards posed by moderate and large earthquakes in the Puget
Sound-Portlant areas requires a concerted effort by numerous geologists, geophysicists,
engineers, urban planners and elected officials who labor on dozens of related projects.
The research program properly includes at least 5 interrelated elements:

1. Collection and synthesis of earth science data;

2. Ground motion modelling;

3. Preparation of loss estimation models;

4. Incorporation of models into information systems;
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5. Selection and implementation of hazard mitigation measures.

This paper emphasizes selected aspects of the first two of these 5 elements. Once
ground motion models describing the vibratory motions of large earthquakes in terms of
the local geology are prepared, predictions addressing how types and classes of man-
made structures will respond to those motions are possible. A predictive ground response
map also enhances evaluations of ground failure, including landslides, rockfall, and
liquefaction-induced soil failures (see, for example, a discussion of liquefaction hazards
in the Los Angeles region by Tinsley and others, 1985).

Predicting Ground Response

The least model-dependent ground response maps are produced by combining
measurements of ground motions with geological and engineering attributes of the earth
materials or substrate beneath the recording instruments. In this way, the data reflect
site conditions typical of the map area; the attributes of ground motion expressed in
terms of spectral characteristics can be related to attributes of the regional geology.
There are several phases to this research which are described in additional detail below.

Initially, one must collect measurements of vibratory ground motion. For best
results, these recordings are made simultaneously at many sites including at least one
bedrock (reference) site, against which the ground response measured at all other sites is
to be compared. Recorded ground motions may reflect a variety of seismic sources,
including underground nuclear tests, quarry or mine blasting, as well as real, true-blue
earthquakes. The recording instruments should be deployed or sited so as to sample a
range of subsurface conditions representative of geologic conditions within a region. The
seismic sources which have been used historically in this part of the analysis include
actual earthquakes, microtremors (see Kagami and others, 1986), local quarry blasts, and
underground nuclear tests occurring at the Nevada Test Site (NTS). Each of these
sources can be used separately or inclusively for measuring relative ground response, so
long as there are instrumental recordings of each seismic event made at the reference
site. However, naturally-occurring earthquakes are difficult to use because their
schedules are not advertised in advance and their geographic location will vary in place
and time--azimuth-dependent effects are a variable which we desire to eliminate or
control in the analysis, so a nuclear test or quarry blast which emanates from the same
location is preferred for this purpose and is the source that is most commonly used.
Once obtained, the seismic records are each compared to the bedrock or reference site's
record of the respective seismic event and the vertical and horizontal components of the
ground motion spectra which are attenuated or amplified are determined for each event
and site. An example from the Los Angeles region showing the time-histories of ground
motion generated by NTS nuclear testing and recorded at eight sites in the Los Angeles
region are shown in figure 1, after Rogers and others, (1985). The amplitudes at
locations underlain by various types of alluvium are significantly greater than the
amplitudes at sites underlain by rock. The reference station is CIT (Old Seismological
Lab, of California Institute of Technology).

The second step is to collect geologic and geotechnical engineering data from the
sites where the recordings of ground motion were made. These data include
measurements of the thickness, type, and physical properties such as density, strength
parameters, compressional-wave and shear-wave velocity of the deposits beneath the
site, as well as depth to ground water and depth to bedrock. In most cases, these data
are not available or may be poorly known because efforts are made to locate the
instruments away from the interfering effects of nearby buildings so that the so-called
"free-field" ground motion is recorded. The "free-field" recordings are made at a
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FIGURE 1 —Radial component time-histories of ground motion from a distant underground nuclear explosion in Nevada

recorded simultaneously at eight sites in the Los Angeles region and grouped according to the type of geologic materials
immediately beneath each recording station. The amplitude levels at locations underlain by alluvium clearly are greater
than those at locations underlain by rock. The degree of amplification also appears to be related to the thickness of
underlying alluviumn: HOI, Holiday Inn, 300 m; MIL, Millikan Library, 372 m; ATH, Athenaeum, 372 m; GMB, Glendale
Municipal Building, 120 m; FS4, Fire Station 4, 15 m. GOC. CIT, and 3838 are rock sites.
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distance from the building that exceeds the height of the building. Consequently,
geological and geophysical experiments must be conducted (such as seismic refraction
and reflection profiles, exploratory drilling and sampling) to determine the properties of
the materials. '

The third step-is to identify those attributes of the geologic units which are
associated with the different degrees of seismic response relative to the reference rock
site. This is done by forming statistically-determined clusters which group sites having
suites of like geotechnical parameters with the spectral characteristics measured at the
recording sites.

If the clusters are chosen so that the geologic properties associated with the
various degrees of ground motion amplification or attenuation are mappable, maps
predicting ground motion can then be prepared and used in loss estimation studies or
compared to observed actual earthquake damage or Modified Mercalli or Rossi-Forel
intensity levels to check the accuracy of the predictions. In any event, a matrix is easily
prepared in which suites of geotechnical properties can be related to given attributes of
ground motion spectra, even if a regional map is not formally prepared. Thus, an
interested party could refer to the matrix, and on the basis of a suite of physical
properties and thickness parameters for a site in question, could quickly determine where
in the range of potential site response the suite of parameters was correlated. An
example of this approach is that of Rogers and others (1985) in downtown Los Angeles,
where maps of a small area were prepared in 3 period-bands ranging from 0.2 to 10
seconds. Although the importance of local geologic conditions on the relative severity of
ground shaking has long been recognized, the quantitative prediction of the influence of
these conditions on ground shaking employing either empirical or theoretical models is
still in a developmental stage. The procedure is shown conceptually in figure 2, after
Rogers and others (1985).

Amplification of Seismic Ground Motion

Studies of earthquakes in California, Japan, and Mexico have shown amplification
of seismic waves at sites where thick sequences of unconsolidated or semiconsolidated
sediments and soil overlie more competent bedrock. Such soft and weak sedimentary
deposits, such as San Francisco Bay Mud (an estuarine deposit initially containing more
than 50% water) or the recent lacustrine deposits of Lake Bonneville (Great Salt Lake) in
Utah typically are characterized by low densities, high void ratios, and low shear-wave
velocities. Some examples may be instructive. The 1933 Long Beach, California,
earthquake caused more damage in Compton than in Long Beach, a finding that Wood
(1933) ascribed to local geologic effects and which Campbell (1976) studied and showed
that for a given distance from the Newport-Inglewood fault zone, damage at sites
underlain by unconsolidated soils (including the Compton area) was greater than at sites
underlain by consolidated middle Pleistocene and late Pleistocene deposits, which
underlie much of the City of Long Beach, California. The September 19, 1985 Mexico
earthquake did extensive, localized damage hundreds of kilometers from the epicenter in
parts of Mexico City underlain by 50+ meters of soft, water-saturated lake deposits. The
sedimentary section had a fundamental vibratory period of about 2 seconds; buildings in
the range of 15 storeys had a similar period and suffered severe structural damage and
collapse, owing to resonance effects. Accelerations were amplified from bedrock levels
of 0.04 g on bedrock to 0.2 g, a factor of 5 on the soft soil sites.

The Puget Sound area does not have quite so severe site conditions as Mexico

City's; however, the effect of site geology on ground motion is expected to have a
considerable influence on levels of damage. The Seattle area, for example, is underlain
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Procedure used to construct a predictive relative ground response map
after Rogers and others, 1985.
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by glacial till (ice-deposited semiconsolidated mixtures of clay, silt, sand, gravel, cobbles
and boulders), post-glacial fluvial deposits, marine and estuarine muds, and fill materials
such as sawdust and hydraulically jetted till. The detailed wave-propagation
characteristics of these materials is poorly known. Glacial deposits characteristically
are heterogeneous deposits in the best of times, so data will have to be obtained from
geographically widespread areas and from a large number of sites before ground response
maps can be drawn with confidence. Thicknesses of sedimentary deposits above bedrock
range from 0 to more than 1 km near Seattle (Yount, 1983). The deposits from the latest
(Vachon) glaciation are draped across a pre-glacial terrain which is not likely to be very
simple in any stratigraphic context. I suspect that many lithologic contacts especially
among the pre-Vachon deposits of the Puget Sound region are likely to have attitudes
other than strictly horizontal. The implications for ground response remain to be
determined.

Historical Earthquake Effects in the Puget Sound Area

The occurrence of two moderately large earthquakes in the Puget Sound region
during the past 40 years, the 1949 Olympia earthquake (M=7.1, Nuttli, 1952) and the 1965
Seattle earthquake (M=6.5, Algermissen and others, 1965), illustrates several complex
aspects of ground shaking and the geographic distribution of the damage relative to some
of the geologic deposits of area. The prospect of a truly great earthquake occurring on
the Cascadia subduction zone (Heaton and Hartzell, 1987; Heaton and Kanamori, 1984;
Atwater, 1987) is sobering. The 1949 and 1965 seismic events had rather deep foci of 70
and 60 kilometers, respectively, and, in consequence, seem to have caused shaking
damage that was slight (slight by California standards, where focal depths seldom exceed
15 km) compared to the magnitudes of the earthquakes (Algermissen and others, 1965;
Mullineaux and others, 1967). The rather great focal distance and the relatively thick
sedimentary sections through which the seismic waves were propagated and presumably
attenuated are thought to be responsible for the relatively low levels of damage
(Langston, 1981; Shakal and Toksoz, 1980). Yet damage to structures was observed to
vary greatly over short distances even if the buildings were sited on what were ostensibly
lithologically similar geologic deposits, especially for the 1965 event (Algermissen and
others, 1965; Yount, 1983).

Yount (1983, p. 268) reviewed the damage patterns of the 1965 earthquake and
noted that relatively heavy damage occurred "in the lower Duwamish River area and
southern downtown region of Seattle where unconsolidated Holocene alluvium and
artificial fill make most of the substrate; but damage was relatively light in the upper
Duwamish River Valley just a few kilometers to the south, where similar geologic
materials make up the substrate". The most severe residential damage involved
brickwork and chimneys and seemed to be concentrated in the West Seattle area, a
sector underlain by compact glacial sands and silts; yet the Beacon Hill and Magnolia
areas, underlain by similar Pleistocene deposits, suffered little damage. Yount concludes
that subsurface geologic conditions are of paramount importance in understanding the
ground response characteristics of the Puget Sound region. Initial efforts by the U.S.
Geological Survey to study geologic aspects of ground response focus on areas of West
Seattle and Olympia (see papers by Kenneth W. King and Arthur C. Tarr, this volume, and
figure 3) and will endeavor to discover if heretofore unrecognized differences in site
geology can be discerned and used to improve predictions of the effects of earthquake-
generated strong ground motion.

Systematic efforts to record ground motion at sites damaged by the historical

earthquakes are already underway under the direction of Kenneth King (USGS, Golden,
Colorado) and include ground motion recordings, reflection profiles to determine the
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depth to prominent reflectors in the subsurface and depth to rock. A program of
exploratory drilling and geotechnical sampling intended to determine the nature of the
substrates and assess the degrees of similarity or differences among the subsurface
stratigraphic units of the region commences in July, 1988, under the direction of John
Tinsley (USGS, Menlo Park). These initial exploratory studies will include down-hole P-
wave and S-wave geophysical studies and will commence at 3-4 sites from Genessee Park
and downtown Seattle to the West Seattle and Magnolia areas, and additionally at 6-8
sites in the Olympia area; the results of these studies and additional studies during the
next several years will contribute to understanding of geologic aspects of ground shaking
hazards in the Puget Sound region. The properties and character of Holocene (post-
Vachon) alluvium and man-made fill, the presence of and depth to poorly-consolidated
sand deposits which are situated within otherwise well-consolidated last-glacial and pre-
last-glacial deposits, and the configuration of the bedrock beneath the metro areas are
expected to be key geological aspects in the analysis.

The geologic exploration phase is commencing this year, so data are rather sparse.
I anticipate making full use of exploratory data obtained for purposes other than studies
of ground motion. Initial contacts with geotechnical engineering firms have been
encouraging and helpful. Cooperative studies with the USGS Water Resources Division
personnel studying the ground water resources in the King County, WA and Olympia, WA
areas is underway. Future activities will see expansion of the database to include studies
of sites in the Portland, Oregon, area as well as establishing additional recording sites
distributed throughout the Puget Sound region. It would be desirable from a statistical
standpoint to have as many seismic stations and detailed site studies as possible. I will
endeavor to use in the analysis generalized stratigraphic systems such as those derived
during water resources investigations in the region. However, the viability of these
models for predicting ground response remains to be tested, and will be tested during this
study. The pertinent geotechnical data will be incorporated into a database using the
geographic information systems software developed and modified by Art Tarr. Hence,
the data used in our interpretations might be available for future reference and use by
interested researchers. Comments concerning the approach, the methodology, and the
local geology in the Seattle and Olympia areas are respectfully solicited.
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FLUVIAL MORPHOLOGY OF THE OREGON COAST
By

Susan Rhea
U.S. Geological Survey
Benver, Colorado 80225

INTRODUCTION

The purpose of this study is first, to determine the feasibility of using river profile and sur-
rounding topographical relationships to identify where geologic controls exist, and second, to expose
regions of current uplift on the Oregon Coast. River course and elevation change for 22 rivers and
tributaries on the coast of Oregon were digitized from 7-1 and 15’ topographic quadrangle maps
from the U.S. Geological Survey. Lengths varied from under 25 km to over 350 km. Relief varied
from 100 m on some of the shorter tributaries, to over 1600 m on the longer rivers. The ratio of relief
to length ranged from .2 to 3.6%. The ratio of the area above the river profile within a rectangle
defined by relief and length to that below the profile ranged from 1.33 to 13, with a mean of 3.8.
Changes in river slope and valley character were compared to geologic information as presented
on Peck’s 1961 “Geologic Map of Oregon West of the 121%¢ Meridian”, U.S. Geologic Survey Map
I-325. Peck’s map was the most complete reference for geologic information over the entire Oregon
coast, and included sufficient detail along river drainages to explain most of the anomalies on the
drainages.

BACKGROUND

A river’s natural development is from steep slopes in the headlands, where there is little water
volume and erosive capability, to flat slopes at the mouth where water volume, and hence erosive
capability, have increased. When the river system is in equilibrium, there will be a smooth transition
from the steep head to the flat mouth as the river system balances energy (discharge and elevation
change) and work (sediment load and degradation). Where the change in slope is irregular, there
may be a change in water discharge (an increase in discharge results in a decrease in slope), lithologic
change, or tectonic motion. A change in lithology could be expressed in river course change, a
change in meander behavior, a change in valley shape, and change in river slope. Downstream of
uplift there is downcutting and increased sinuousity if the uplift rate is slow enough, or entrenched
meanders if the rate is too fast. The morphology upstream of an uplifted region resembles an area
of subsidence, having flooded channels, bank erosion, and generally flattened slope. Since the river
system is always eroding toward equilibrium, tectonic effects are not observed for long periods of
time, unless they are an ongoing process.

DISCUSSION

River elevation and slope versus length profiles were constructed for 22 rivers. The theoretical
profile for each river was also generated, theory anticipating a smooth exponential decrease in
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slope with length. Abrupt decreases in slope, or inflection points, and broad slope convexities
were compared to discharge and geologic changes along the rivers’ courses. Overall, increased
discharge resulted in decreased slope downstream, but there were places where a major tributary
joined the main channel and no increase in slope occurred. On several rivers there were increases
in slope at tributary junctions, opposite to expectations. Nearly all of the slope irregularities were
coincident with geologic contacts and intrusions, such as massive basalts adjacent to estuarine and
marine sediments. Generally, inflections occurred as the river bed encountered a resistant formation
within a less resistant formation, such as a mafic intrusion into marine sediments. However, not all
of the anomalous slope patterns could be explained. For example, a steep section on Siletz River
was through a very resistant mafic intrusion, and the river flattened on the more erodable marine
sedimentary rocks. Other factors also influence river behavior, one of those being topographical
changes, which is in turn generated from tectonic movement. Therefore, although river changes
correlate with geologic changes, causality can be ambiguous.

A more significant observation from the river and valley data was that headwaters were very
steep and associated valleys wide, there were slope convexities in the middle sections with associated
narrow, deep valleys, and many rivers ended with slope increases. (See examples in following figure.)
Interpretation of the slope increases at the mouths included tectonic movement either in the form
of base level lowering at the coast, or uplift further inland. If base level lowering at the coast
is accepted, the flat section upriver could only have been eroded during a long period of tectonic
stability, an unlikely possibility given the tectonic history of the Oregon coast. If, instead, the slope
convexities midriver were caused by uplift 50 to 100 km landward of the coast, both the steepening
downstream and flattening upstream were explained. The uplift must be an ongoing process since
these river features are a present landform.
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Figure 1. River profiles for four rivers studied on the Oregon Coast. Dotted line represents ‘ideal’, or
theoretical profile. Valley profiles at several places along the river are also included, demonstrating
entrenching on downstream flat sections of rivers. Convex profiles toward mouths of rivers suggest
ongoing uplift within 50 to 100 km of the coast.
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UNCERTAINTIES IN LIQUEFACTION HAZARD ANALYSES

By
Paul Grant
Shannon and Wilson, Inc.
Seattle, Washington

INTROBUCTION

Major damage and property losses have occurred during earthquakes as a result of
liquefaction or lateral spreading of the subsurface soils. These phenomena occur
as an indirect result of earthquake ground shaking. Liquefaction is a phenomena
in which a loose deposit of sand existing below the water table loses its internal
shear strength when subjected to severe earthquake ground motions. Lateral
spreading is essentially an extension of the liguefaction concept, applied to
conditions of a sloping ground surface. Thus lateral spreading is characterized
by the horizontal flow of liguefied soil toward an open channel or an open slope.

Liquefaction or lateral spreading may affect various systems or facilities.
Lifeline structures, such as water and sewer lines or gas lines, may be severed as
a result of liquefaction or lateral spreading. Liquefaction or lateral spreading
may cause movements in bridge abutments which could result in bridge decks being
crushed or falling from their supports. Liquefaction may affect buildings by
differential foundation settlement which could lead to distress of the
superstructure. Finally, liquefaction of submarine slopes may result in tsunami-
Tike waves which may damage coastal facilities similar to damage that occurred in
the towns of Seward and Valdez, Alaska, during the 1964 Good Friday earthquake.

The implications of earthquake-induced ground failures may be far reaching.
Earthquake-induced ground failures which affect bridges may render these
structures inoperative immediately following an earthquake and hinder emergency
response teams such as fire fighters and ambulance crews. Liquefaction may also
create l1ife threatening situations if differential movements within a building
foundation results in a collapse of the structure, injuring its occupants.
Furthermore, the effects of liquefaction or lateral spreading may extend far
beyond the immediate response to the earthquake and encompass the économic
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recovery of community, requiring public funds for infrastructure repair and funds
from the private sector to repair damaged buildings and plants.

As earthquake-induced ground failures may have a significant impact upon
communities in the Pacific Northwest during a future earthquake, the purpose of
this paper is to briefly discuss the current state of engineering practice in
evaluating these hazards, delineate areas of uncertainty in the analyses, and
recommend areas requiring further research studies.

HAZARD ASSESSMENT

There are three major factors which control the occurrence of liquefaction:

& Earthquake severity
e High groundwater table
® Liquefiable soils

A11 three of the above factors must be simultaneously present for liquefaction to
occur. These factors are typically evaluated by geotechnical engineers performing
a liquefaction hazard analysis of a building site. Specifically, borings are
drilled at the building site for the purposes of foundation design and
liquefaction analysis. Liquefaction potential is typically evaluated using
simplified procedures which compare the strength of the soil as determined from
the site borings with the strengths of soils at other locations which have
experienced liquefaction during previous earthquakes. Based upon this empirical
assessment, the liquefaction potential of the site is evaluated and appropriate
remedial measures are developed.

Aside from individual studies at specific sites, various liquefaction
microzonation studies have been performed for other cities in the United States
(Power and others, 1982; Roth and Kavazanjian, 1984). The end product of the
studies is typically an area map indicating potentially hazardous areas of
liquefaction. Research sponsored by the U.S. Geological Survey is currently being
conducted to construct similar maps for the Puget Sound area. The major
attraction of such microzonation maps is that they may be used by public agencies
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and others to provide a qu%ck assessment of liquefaction potential over a wide
city area. While the specific nature and technigues used in these studies may
vary among investigators, the results are typically the same in that areas of fill
or most recent alluvial deposits which exist in low-lying areas are assigned the
highest liquefaction hazard potential. Areas having low liguefaction potential
typically correspond with older and denser sediments that are located above the
water table.

Based upon the simplified model of alluvial or fill soils in low-1lying areas
having the highest liquefaction potential, it would be concluded that major
portions of populated areas in the Pacific Northwest would be at risk during an
earthquake. Specifically, these would correspond to industrial areas along the
Duwamish in Seattle, tide flat areas in Tacoma, the low-lying areas adjacent to
the Sound in Olympia, and finally low-lying areas along the Columbia and
Willamette Rivers in Portland.

Potential liquefaction within these areas brings up interesting questions
affecting public policy. First, should new development be limited in these high
risk areas? If buiding is not restricted, then should there be special or
standardized studies to define the extent of liquefaction for each new building or
should there be standardized procedures for mitigating the occurrence of
liquefaction at these locations? Finally, should existing structufes which have
been designed and constructed without special consideration for liquefaction
receive special retrofitting to mitigate this hazard?

UNCERTAINTIES OF ANALYTICAL PROCEDURES

While liquefaction potential is routinely analyzed for building sites in the
Pacific Northwest, there are a number of factors or uncertainties which affect the
results of the analyses or the recommendations provided by the engineering firms.
These factors may be categorized into uncertainties involving earthquake potential
in the Pacific Northwest and non-standardized design procedures.

One of the greatest factors affecting liquefaction evaluations conducted for sites
in the Pacific Northwest is the uncertainty regarding the largest earthquake which
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could affect the region. Previously it was believed the largest earthquake that
could affect the Puget Sound area would be a magnitude 7.5 event (U.S. "Geological
Survey, 1975) centered in the Puget Lowland. The magnitude of this postulated
earthquake is generally consistent with historical earthquakes, the largest being
the magnitude 7.1 Olympia earthquake of April 13, 1949 (SW-AA, 1978). However,
research by Heaton and Kanamori (1984) has suggested that larger earthquakes,
associated with tectonic subduction off the coast of Washington, could affect
western Washington and Oregon. Currently, the U.S.G.S. 1is sponsoring research to
investigate physical evidence for the past occurrence of such a large event
(Atwater, 1987).

The potential occurrence of a subduction zone earthquake in the Pacific Northwest
would have a major impact upon liquefaction analyses. The potential occurrence of
a subduction zone earthquake in the Northwest would imply that current earthquake
design standards are too low and should be increased. Therefore, it is first
necessary to agree upon the hazard potential of a subduction zone in the Pacific
Northwest before any appropriate liquefaction design studies may be accomplished.

The second major area involving uncertainties in liquefaction evaluation focuses
upon design standards. Uncertainties or non-standard analytical procedures within
this category would include:

Earthquake recurrence interval
Liquefaction analysis procedure
Site assessment

Remedial treatment
Retrofitting

Aside from the issue of the potential for a subduction zone earthquake in the
Pacific Northwest, liquefaction analyses are also affected by the critiera which
establishes the design level earthquakes. Currently there are no standard or
accepted guidelines for establishing an earthquake return interval for
liquefaction analyses. The U.S. Navy typically uses an earthquake return
interval of approximately 200 years for evaluating liquefaction potential of their
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major facilities. Guidelines from the Applied Technology Council typically
recommend a design earthquake having a 500-year recurrence interval for the design
of buildings. Therefore, based upon these two different agencies, there is a
substantial difference on the definition of a design earthquake. Accordingly, a
design earthquake selected for a liquefaction analysis by one agency may indicate
unsatisfactory performance whereas an analysis performed using guidelines from
another agency would indicate satisfactory site performance.

In addition to discrepancies between agencies in definition of a design
earthquake, there are also discrepancies in procedures for evaluating liquefaction
potential. Liquefaction potential may be evaluated using empirical procedures
which are based upon a correlation of soil properties determined from field
testing with sites where liquefaction has occurred in prior earthquakes (Seed and
Idriss, 1981) to more analytical procedures involving steady state analysis of
soil behavior. Aside from these two techniques, there are a range of other
empirical and analytical procedures which are being used in the engineering field.
Thus, the analytical procedures for evaluation liquefaction potential may result
in significantly different assessments of the liquefaction hazard.

After having analyzed the site for its liquefaction potential, the geotechnical
engineer may still exercise some latitude in judgment in evaluating the
liquefaction hazard. As an example, a shallow spread footing foundation system
would not be appropriate for a building which is located upon near-surface soils
which may Tiquefy. However, this same foundation may provide satisfactory
performance if the zone of liquefaction is limited to a relatively thin layer
located well below the base of the foundation. Thus, it is obvious there may be a
wide range of opinions on site-specific hazard for soil conditions between these
extremes.

Another area of non-standarized design procedures involves remedial treatment for
addressing liquefaction potential. Remedial schemes for addressing liquefaction
potential could include soil densification by a number of different field
techniques to supporting the structure on piling which transfers building load
below the zone of liquefaction. Thus, attendant with each of these remedial
procedures are uncertainties involving the design methodology and the adequacy of
the solution.
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A final item regarding uncertainties and design standards is the issue of
retrofitting existing structures which were originally designed without
consideration for poténtia1 Tiquefaction. This represents a major policy issue
for public agencies that could affect the 1ife safety and economic well being of a
community. This area is further complicated by the fact that many existing
structures have experienced major earthquakes in the Pacific Northwest, such as
the magnitude 7.1 Olympia earthquake in 1949 without major damage. However, when
one considers that the ground accelerations associated with this earthquake,
particularly in Seattle, were relatively low (on the order of 0.10 g) and that a
large subduction zone earthquake could result in much larger ground accelerations,
the argument of past successful performance during prior earthquakes becomes less
convincing.

HAZARD REDUCTION

From the above discussion it is clear that there are a number of uncertainties
that may affect the determination of liquefaction potential and furthermore the
public safety and well being of a community. Some of these factors, such as
further research into evaluating the potential of a subduction zone earthquake in
the Pacific Northwest, can be directly addressed by scientific research. Other
factors regarding non-standardization of analysis techniques or code procedures
are less well defined in scientific terms and overlap into areas involving risk
and public policy. Many of these items will be addressed in the future years by
building officials and design agencies on the local and national levels.

Thus, it is our opinion that the immediate goal to reduce earthquake hazards from
liquefaction would be to establish the potential magnitude and recurrence interval
for a subduction zone earthquake in the Pacific Northwest. Such research should
be substantiated with field evidence of the occurrence of such an event in recent
geologic times. Another area of technical research would focus upon the
development of liquefaction hazard maps for major metropolitan areas in the
Pacific Northwest. The major emphasis on these studies would be to delineate
areas of liquefaction on a regional basis. The purpose of these hazard maps would
be to aid the public and private sector in land use planning, building
development, and planning for disaster response. Specifically, the maps could be
used to locate projects out of high seismic risk areas or to plan for high
foundation costs for structures located within these areas.
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PRELIMINARY EVIDENCE OF POSSIBLE QUATERNARY FAULTING IN
PUGET SOUND, WASHINGTON, FROM A MULTICHANNEL
. _MARINE SEISMIC REFLECTION SURVEY
By
Samuel T. Harding, T. C. Urban, and Theodore P. Barnhard

U.S. Geological Survey
Denver, Colorado

INTRODUCTION

A 461-km multichannel marine seismic-reflection survey was conducted in
Puget Sound (fig. 1) during April of 1987 to investigate possible Quaternary
faulting reported by previous investigators of the region. The survey was
designed to image geophysical anomalies outlined by Yount and others (1985)
and active Holocene structures described by Gower and others (1985), and to
establish a framework for the integration of existing, numerous single-channel
seismic-reflection profiles and well-log data into ongoing regional geologic
studies.

Although numerous single-channel marine seismic-reflection surveys have
been conducted in Puget Sound with good near-surface results (Sylwester, 1971;
Wagner and Wiley, 1980), the depth of penetration below water bottom has been
limited due to high-frequency attenuation and low-power sources. Therefore, a
multichannel system was used for deeper penetration in an effort to augment

previous single-channel surveys.
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Background information for marine seismic-reflection surveys can be found
in Lee and others, 1987 and Shedlock and Harding, 1982. 1In addition, the
results of Quaternary faulting investigations using land seismic-reflection
techniques are documented in Shedlock and Harding (1982), Harding and others
(1983), Crone and Harding (1984), Skipp and Harding (1985), Harding (1985),
Harding (1985b), Harding and Stewart (1986), Whitney and others (1986),
Harding and others (1986), and Harding and Barnhard (1987).

DATA ACQUISITION PARAMETERS

Navigation and accurate track-line locations were achieved by using a
combination of Loran C and GPS (Global Positioning System). Loran-C positions
were recorded on magnetic tape every 5 minutes and corrected using GPS.
Position locations were also photographed on the onboard radar screen every 30
minutes and tied to shot-point numbers as a position-location backup.

The energy source was a 15-in3 watergun. A 24-channel, 150-m-long,
hydrophone streamer (6.25-m group spacing) was used and the data were recorded
at a 1l-ms sample rate. (See figure 1 for track line locations and figure 2
for equipment geometry.) Lines 1 thru 12 were recorded to 2,000 ms with a
shot interval of 6.25 m and line 13 was recorded to 1,000 ms; both were
processed at 12-fold. Lines 14 and 15 were recorded to 1,000 ms with a shot
interval of 3.13 m and processed at 24-fold.

A series of cascading deconvolution programs were used to suppress both
the sea-bottom multiples and interbed multiples (pegleg multiples). The
deconvolution programs entailed digitizing water depths and applying a spiking
deconvolution operator from the water bottom through the section to remove
pegleg multiples that were generated in the layers below the water-sediment

interface. A gaping deconvolution was then applied with the gap determined

2Bl DVo s



15'
TR
5 .:c.' { “’

STRAIT OF
JUAN DE FUCA

122°15°
l

oo X
.- ol cete
Ly o8 a
. A A e
. o e eds N [ . -
X it . LI
ORI IY:
X . set 0 .,
. oo 0 ee o ¥y
e A\ ' Y

45‘

30~ SRR ;U U L
} ..'COIvo'o Passage —

15[ :

. .

L s " .
4700’ : t 'OLYMPIA

|
0 24 g i 10 MILES
0 24 6 810 KILOMETERS

Figure 1.--Map showing track lines and designated numbers for the marine
seismio-reflection survey in Puget Sound.

.

79‘—} %03(0 180

-
-



*sdnou8 suoydoupiy Jo
u:ﬁcman pue ‘dnou8 asuoydouspAy 3s4}J JO J9qua0 ‘euusajue LarJang Jo uoyj3 isod
3y3 BuipnTouy ‘AaaJdns oJWS TS Jo KJj2woad ay3l 8utjeaysniiy weddejq--°z2 aJnd1g

- wez'9 _,  wos ws1 L woL_,
» T V_ \
SNND . \_/
3JOVHl 30Vl
H31N3D © HY3IN30

VNN3ILNV AIAHUNS

181

M3 DA



from the depth of water. This suppressed the water-bottom multiple in most
places. Other than spectral whitening, a standard marine processing sequence
was used.
GEOPHYSICAL ANOMALY TRENDING EAST-WEST ACROSS SEATTLE

The most persistent feature traced along the track lines is an east-west-
trending geophysical anomaly underlying Seattle (documented by Yount and
others, 1985; Gower and others, 1985). An acoustically transparent zone (that
is, no coherent energy return) occurs along the strike of the geophysical
anomaly (see fig. 3). At both Restoration Point and at Alki Point (fig. 1),
lines 4 and 5) the Tertiary Blakely Formation strikes east-west and dips
vertically. The near-vertical dips scattered the reflected energy to points
outside the hydrophone array. While close spacing of the geophone groups
reduced the effects of spatial aliasing during processing, the short streamer
limited the aperture of the receiving system to pick up the steeply dipping
Blakely Formation. On Lake Washington (fig. 3), the section is nearly void of
seismic energy from CDP 3700 south to about CDP 2800. A strong band of
reflectors at 450 ms occurs in the northern part of Lake Washington. This
band is flat near the east side of the southern pontoon bridge at CDP 4400 and
changes dip at CDP 3950. Without well control in the immedijate vicinity, we
may only assume that this band of reflectors is coming from the upper part of
the Tertiary. This same structure is seen on line 1 on the east side of
Mercer Island (fig. 1). Structures seen on the upper parts of the section,
between the water bottom to 300 ms, do not appear to correlate with any other
lines, indicating that these structures have no great lateral extent.

If the acoustically transparent zone had been an isolated observation
(along one line), it could have been attributed to surface conditions;

/s
however, this was not the case. A broad band of little or no energy return
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OVERVIEW OF EARTHQUAKE HAZARDS REDUCTION IN PUGET SOUND AND
PORTLAND AREAS THROUGH IMPROVED BUILDING PRACTICES

By

Charles W. Roeder
University of Washington
Seattle, Washington
INTRODUCTION

Any discussion of seismic hazard reduction in building design for the Pacific Northwest region
must consider the basic concepts for seismic structural design, how these concepts relate to the
regional seismicity, and how they are employed by the local practicing profession. The discus-
sion must also include consideration of the local history, since many variations in practice have
occurred over time. Finally, the wide range of building types and ages must be included. This
paper will attempt to join these different topics to provide a coherent picture of the existing
hazards and the improvements which have been made in recent years. The discussion will focus
on the Puget Sound region because it is the most heavily populated area of Western Washington
and Oregon and the author is most familiar with this part of the region. However, the general
comments should apply to most parts of the general region.

SEISMIC DESIGN CONCEPTS

The primary design concept applied to the seismic design of buildings in the United States is
based on the Uniform Building Code and the SEAOC recommendations. With this method, the
structure is designed to remain elastic for a modest lateral load distribution. The magnitude of
the lateral loads depend upon the regional seismicity, the soil conditions, the importance of the
structure, the type of structure, and the dynamic properties of the building. The lateral forces
are relatively small, and so this part of the design essentially assures that the structure re-
mains serviceable during small frequent earthquakes. Much larger forces must be expected in a
major earthquake, but it is not economical to design most building structures to resist these
larger forces. The overall safety of the structure during a major earthquake is assured by using
a structural system which is very ductile. The ductility results in much smaller lateral forces
at the cost of large permanent deformations of the structure during a major earthquake. The
ductility permits the structure to dissipate large quantities of energy, and this dissipated
energy dampens the dynamic response. However, it requires that the building be able to sustain
large cyclic, inelastic deformations while supporting the gravity loads. The specifications are
frequently ambiguous about how the ductility requirement is satisfied, but it is usually met by
selection of a well behaved structural system and good connection detailing. :

Some variations of the above procedure should be noted. Some structural engineering firms
have become proficient at linear elastic dynamic analysis. They obtain an appropriate ground
acceleration for their building site, and use linear elastic dynamic analysis methods to generate
a response spectra or a time dependent response for the structure. They may use these
computed results in several ways. The computed forces and displacements may be examined to
verify that the structure can support the gravity loads and sustain the required displacements
without yielding and without failure. This method has been used to justify the design and
construction of new or unusual structural systems, and it has also been used to justify the use of
connections with questionable ductility. The computed linear elastic response is sometimes
adjusted to account for inelastic behavior. The computed forces are decreased and the deflections
are increased by appropriate ductility factors. The structure must then be designed to remain
elastic at these reduced forces and it must also be designed to develop the required ductility.
Other variations in the seismic design procedure have been employed. Base isolation is
receiving increasing acceptance in the United States. Isolators are inserted between the
foundation and the structure. The isolators change the dynamic properties of the structure and
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sometimes add additional damping to reduce the dynamic response. This method is sometimes
proposed as a method which can reduce the design requirements of the basic structure, and more
important it may insure the serviceability of the structure even during extreme earthquakes.
These later methods are based on rational principles. They clearly have a range of validity, and
they have received some acceptance by the profession. There also appears to be some rational
concerns with the use of these methods. Some engineers are rationally concerned that these
methods may be misused, or that these methods required greater knowledge of seismicity than
truly exists. However, these methods clearly have a range of validity, and they have received
some acceptance by the profession. The methods also require very specific information related
to the earthquake acceleration and relatively sophisticated analysis techniques.

REGIONAL SEISMICITY

A elementary knowledge of the seismicity of the Pacific Northwest region is necessary to eval-
uate the seismic risk potential. The seismicity of the Puget Sound Region is quite different than
the California experience. The earthquakes tend to have a relatively deep focus (typically 15 to
35 miles), and they are associated with local movements at the junction of two major faults
rather than movement along a long seismic fault. Portland and other cities outside the Puget
Sound Region are more distant from major fault locations. Ground shaking at these locations is
sometimes caused by movements along smaller inland faults, and smaller accelerations are
usually expected for these cities than for the Puget Sound Region. As a result of these
differences, the ground motion expected for a regional earthquake is somewhat different than
that expected in California. The lack of long fault lines has led most engineers to believe that the
maximum plausible earthquake has a magnitude of approximately 7.5 in the Puget Sound area.
The very deep focus of the earthquake tends to attenuate the peak acceleration in ground motion
records, but it also tends to modify the predominate period of the acceleration record to that of
the soil deposit. Thus, the properties of the soil are extremely important throughout the region.

Three major soil categories may be noted throughout the Pacific Northwest. In the mountains
and other isolated locations, bedrock lies at or very near the surface. Large portions of the
populated regions have very deep soil deposits over the bedrock. These soil deposits tend to be
very stiff and strong due to overconsolidation which occurred in recent glacial periods. The
third major category is the very soft recent deposits which can be seen in many deltas and river
basins. Probably the majority of the major buildings in the region are situated on the deep
glacial deposits, but some significant structures are situated over the softer more recent river
deposits. The location of the structure with respect to these deposits may have a large impact on
the damage potential for the structure. The deep glacial deposits have fundamental periods in the
range of .6 to .8 seconds, and as a result one must expect that buildings of intermediate height

(5 to 10 stories) have the greatest potential for severe damage during a major earthquake.
Quite different characteristics must be expected in regions over bedrock or more recent soil
deposits.

Recent developments in the regional seismicity may further complicate the issue. It has been
postulated that a major earthquake with magnitude greater than 8.0 has a small probability of
occurrence in the subduction zone off the Pacific Coast. This possibility severely complicates
the evaluation of the potential seismic hazard for the region, since the peak acceleration, pre-
dominate period and duration of shaking could be very different for such an earthquake.

HISTORY OF SEISMIC DESIGN FOR THE REGION
The first settlers arrived in the Puget Sound region approximately 140 years ago. Seattle was
developing into a significant city by the early 1900's. In the early years of recorded history,

there is considerable evidence of seismic activity, but there were no provisions for earthquakes
in the design of buildings during this period. Many of these buildings are still in service and are
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regarded as historic structures. Seismic design provisions were introduced in California in the
1930's, and these provisions ultimately became the provisions of the Uniform Building Code.
Seattle and the Puget Sound region was considered as Seismic Zone 1 until after the 1949
Olympia Earthquake. . This effectively means that no buildings in the region built before 1950
had any consideration of seismic design. After 1950, the city of Seattle adopted the major
portions of the Uniform Building Code for engineered structures and the seismic zone rating was
upgraded. However, many other cities in the state of Washington did not adopt this specification
until the late 1960's, and many buildings were built in these communities during this period.

. During this same period, significant changes were occurring within the Uniform Building Code.
Strength and stiffness requirements have modified considerably in the past 30 years.

Many restrictions have been inserted to assure the ductility of structures and components. The
specification has become more rational in that it now considers the soil conditions and im-
portance of the structure. Therefore, many buildings which were designed to satisfy the Uni-
form Building Code during this period would not meet the present specifications.

Changes have also occurred within the engineering profession during this period. Most
structural engineering firms in this region had little if any expertise in structural dynamics as
recently as 10 to 20 years ago. Thus, any buildings designed by these firms were designed with
code based static design concepts. They did not always understand the importance of ductility nor
did they understand the dynamic amplification that can occur with seismic excitations. Some of
the buildings designed by these engineers may have potential problems even though they legally
and technically satisfied the code at the time of construction. Today nearly all the regional firms
have a few engineers who are familiar with the concepts of dynamic response. The major firms
in the region usually have one or two people that are highly skilled in this area. These major
firms design most of the major buildings, and a number of these recent buildings were designed
by alternate design concepts. That is, a linear elastic dynamic analysis may be performed to
verify the performance of the structure, or the design forces may be determined by a linear
elastic or modified response spectra. Some unusual and daring design concepts were used in
some of these buildings. While these firms sometimes use sophisticated elastic analysis con-
cepts, few if any of these firms employ inelastic analysis in their designs. Further, ductility
often does not appear to be in the forefront of their thinking. Small or intermediate sized
buildings (buildings 10 to 15 stories or less) are frequently designed by smaller engineering
firms, and appear to be designed by the usual code based static design methods. One may logi-
cally ask if all of these smaller firms have a sound understanding of the unwritten ductility
requirements of the code, and if these buildings all satisfy both the spirit and legal require-
ments of the code. This distinction may be quite important when it is recalled that local soil
conditions suggest that these small to intermediate sized buildings are prime candidates for
damage during future earthquakes.

The construction methods have also changed during this period. A number of small or inter-
mediate sized buildings were constructed in the region prior to 1950. Most of these buildings
have light structural frames with considerable mass contributed by unreinforced masonry,
heavy plaster, and ornate architectural fixtures. Some of these buildings are still in service
and are in need of renovation. These buildings typically have light structural frames which
cannot possibly satisfy the present seismic design code. At the same time, many of these
structures have survived two major earthquakes. They probably survived these past earth-
quakes because of the stiffness and resistance provided by the unreinforced masonry and
nonstructural elements. These elements are relatively brittle and design codes do not provide a
method for incorporating this strength or for estimating the degree of deterioration. As a
result, this causes a serious dilemma to structural engineers, developers, and government
agencies. It is generally impractical or even impossible to bring the building up to existing code
standards, and the engineer is concerned that he will be legally responsible if a failure occurs
with a building that is rehabilitated to less than present design standards. Government agencies
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are hesitant to assume the responsibility for legal waivers to the existing design provisions. On
the other hand, nearly everyone agrees that the buildings are in need of repair, and that seismic
upgrading is required. Many of these older buildings are of the intermediate height which is
most susceptible to damage in the region. The balance between the opposing concerns is dif-
ficult to achieve.

Many buildings built since 1950 have similar problems. They were built with little or no con-
sideration of seismic design or they were built to standards well below those required today. In
addition the construction methods changed considerably during this period. Heavy masonry and
plaster walls were replaced by light partitions and glass curtain walls. The weight and mass of
the structure was reduced dramatically, but the strength and stiffness provided by these non-
structural components was well below that found in older structures. The 1965 Puget Sound
Earthquake resulted in significant damage to a number of these newer buildings. In addition,
these buildings do not have the psychological advantage of having withstood the 1949 Olympia
Earthquake. Thus, upgrading of these somewhat newer buildings is also a question of some
concern.

Most homes and many other small one story buildings in the regions are built without any en-
gineering design. These buildings are generally wood frame buildings which behave well if they
are properly attached to their foundations, have good connection between members, and have
chimneys which are reinforced and attached to the building. The building codes usually have
minimum requirements for these details. However, the public awareness of the seismic
problem in the region is not great, and the inspection requirements for the construction of these
small buildings is minimal. As a result, one must suspect that there are a number of potential
hazards with these structures.

SEISMIC HAZARD POTENTIAL

This has been a brief and simplified discussion of the seismic design practice in building design
in the Pacific Northwest with particular emphasis on the Puget Sound region. The evaluation of
the hazard potential is a highly uncertain process because of the many variables and
uncertainties involved. However, it appears that a few important observations can be made -

1. The design specifications in the region have changed significantly in the last 25 years.
Today they appear to be at a level consistent with other seismic areas of this country. However,
many of the buildings in this regions were built with no consideration of seismic design or by
standards well below the present level. The appears to be considerable potential for damage in
these buildings.

2. The structural engineering profession has become much more aware of the seismic design
problem and the special requirements of designing for dynamic loads. Some of the more
sophisticated firms use linear elastic dynamic analysis to help them in their designs. Essen-
tially all local firms use linear elastic static analysis methods in their design. There does not
appear to be any usage of inelastic response calculations by the local profession. Therefore, it
is not clear that the profession is appropriately concerned with inelastic behavior and ductility
requirements. It is not clear that some of the new and daring structural designs used in the
region are justified with this present state of practice.

3. The many older and substandard buildings raise serious concerns for rehabilitation of
buildings in the region. Many of these older buildings are of intermediate size which appear to
be most susceptible to damage with local soil conditions. Rehabilitation is needed and required,
but the complex technical and legal issues make it difficult to achieve.
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4. The present codes and design practice appear to be in line with recent seismic history.
This recent history has suggested that the magnitude of the maximum earthquake is 1imited by
local geological conditions. The amplitude of the acceleration, the duration of shaking, and the
predominant period of the acceleration record are strongly influenced by the deep focus of these
earthquakes and the local soil deposits. However, recent research has suggested that a much
larger magnitude earthquake could occur off the Pacific Coast. This much larger earthquake

could change the characteristics of ground motion and greatly increase the damage potential for
the region.



LAND-USE PLANNING IN THE MITIGATION OF SEISMIC HAZARD

By
Derek B. Booth
King County Basin Planning
Seattle, Washington

INTRODUCTION

Geologic hazards can be either ignored, avoided, or
prepared for. Land-use planning efforts seek to reject the
alternative of ignorance. Of the remaining twe choices,
"planning" typically has favored avcidance over structural or
engineering solutions. Yet the tools and procedures of
planning can also be used to identify when and where more
active measures should be applied within an existing zoning
framework.

In the Puget Sound region, King County has adopted what
is probably the most comprehensive code dealing specifically
with seismic hazards on a site-by-site basis. The Count:’s
"Sensitive Areas Ordinance", adopted in 1979, provided for
the delineation of potential seismic hazard areas and the
mechanism to require additional site-specific study and
design for developments proposed in such areas. The
ordinance also adopted equivalent regulations for landslide,
erosion, and coal-mine hazard areas in an effort to avoid the
worst consequences of development in geologically hazardous
areas. The King County Comprehensive Plan, adopted in 1985,
reaffirmed the intent of the ordinance in two policies:

"E-308 In areas with severe seismic hazards, special
building design and construction measures
should be used to minimize the risk of
structural damage, fire and injury tc
occupants, and to prevent post-seismic
collapse.

"E-309 Prior to development in severe seismic hazard
areas, builders snould conduct special studies
to evaluate seismic risks and should use
appropriate measures to reduce the risks.”

From a planning standpoint, the focus of these policies
are essentially reactive and reflect the prevailing local
attitude towards seismic risk. Developments are conditioned
or modified once proposed, but the underlying zoning
limitations are not altered as a result of hazard
designation. This approach stands in contrast with the
treatment afforded other types of geolcgic hazards, suck as
landsliding cor coal mine subsidence, where the restrictions
in many cases are tantamount to a prohibition on any
development. Seismic risk in the Puget Scund region is
generally perceived as a hazard that can be mitigated by
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appropriate engineering techniques.
There are several components to any regulatory effort
designed to mitigate a geologic hazard. These include:

--Definition of the hazard;

--Characterization of a hazardous set of
conditions;

--Delineation of the hazard zones on a map;

--Screening of proposed development; and

--Review and conditioning of projects.

Because this procedure cutlines King County’s implementatiocon
of its seismic hazard policy, and because the princirples
should be generally applicable to any municipality’s approach
to these risks, the steps are described below in greater
detail.

HAZARD DEFINITION

Seigmic hazards come in a variety of forms. They
include the "direct hagzards", such as ground shaking,
rupture, and failure (including landsliding and
liquifaction); and the "indirect hazards”", such as floods,
fires, and tsunamis. Not all of these categories will be
relevant concerns in all regions; because planning efforts
typically lag at least one earthquake (or more) behind
the empirical data, past experience is usually available to
guide the choice of relevant concerns in a particular region.
In the Puget Sound area, effects from the 1949 and 1965
earthquakes suggest that ground failure and the effects of
direct shaking on buildings are of primary concern.
Landslides and evidence of liquifaction were reported in
several localities as well.

CHARACTERIZATION OF HAZARDOUS CONDITIONS

The identification of hazardous conditions and the
delineation of their areal extent is guided first by the
scale of the desired product. On a continental scale, the
determining factors include tectonic province and the
distribution of known or inferred earthquakes, irrespectiive
of the theoretical understanding of their occurrence. Within
a region of "high" seismic risk, such as the Puget Sound
area, the hazard zones will depend on the type of seismic
hazards judged relevant. The direct effects of shaking are
measured by the intensity of the earthquake, which in turn
depends on both geographic and geologic factors. Indirect
effects will also depend in part on the intensity, together
with more specific requirements (e.g., tsunamis or floods
obviously require low elevations and proximity to water).

For a given earthquake, energy will radiate outwards
from the focus, ideally producing concentric shells of ever-



decreasing seismic effects. Yet any plot of earthquake
damage after a single event will show variability in this
simple pattern: regions where the damage, and thus the
intensity, is.as high as areas much closer to the epicenter,
and sites where those effects appear anomaloucsly low relative
to their neighbors. Land-use planning, when applied to
seismic hazards, is primarily the attempt to recognize and
prepare for those areas where the intensity of a quake will
be anomalously¥ high.

The conditions that will contrel the variability of
earthquake-related damage include:

--proximity to active faults,

--so0il type and soil conditions,

--site inclination, and

--csubsurface focusing of earthquake energy.

Any of these factors could in theory be made a part of
the basis for seismic zonation of an area (i.e. the
discrimination of areas of differing seismic hazard or risk}.
In practice, some of these determinants are more applicable
or usable than others. 1In King County, only soil conditions
and site inclination are used. Earthquakes here are
relatively deep-seated and no surface trace of active faults
in this part of the Puget Lowland have been identified, =so
proximity to known faults is nowhere relevant. The modeling
of earthquake focusing is neither complete nor universally
accepted, espec¢ially prior to 1979 when the ordirance
governing seismic hazard zones was createc. 1In contrast,
soil types have been long accepted as a2 primary determinant
of earthquake damage, both from the amplification of
earthquake energy passing through thick unconsclidated
sediments and from the potential for liquifaction. Slope
inclination reflects the potential for increased landsliding
of incipiently unstable s0il masses during and immediately
following an earthquake, ohbhserved most recently during the
1965 event. The identification of landslide-prone areac is
itself an exercise in multiple determinants, of which zlope
inclination is only one factor.

MAPPING OF HAZARD ZONES

Ideally, the representaticn of seismic hazard zones
would combine the various factors that determine the
potential level of the hazard. For a given region or
sub-region, where the likelihood of an earthquake of a given
magnitude was roughly constant across the entire area, that
hazard level might be quantified by the maximum horizontal
ground acceleration for a quake of a given energy release.
The resulting product would be contour map delineating
several such categories.

In practice, the data are rarely available to make such
estimates, although such information is becoming rapidly more



available. 1Instead, a simple "good-bad" discrimination is
made, typically on the basis of whether any of the
unfavorable factors is present at a site.

The source of data to identify those factors can be a
major weakness of the final hazard map. Municipalities
generally do not have the resources to create their own maps
of seismically susceptible soils, and so they must rely on
existing soils or geologic mapping. Typically these existing
maps were not specifically intended to identify seismically
hazardous soils; they may also lack adequate information on
the depth of the deposit. So although an complete data
source would show and identify the known types of seismic
hazards, including artificial fills, recent alluvial soils,
low-density organic soils, thick unconsolidated deposits,
areas of potential focusing, and landslide susceptibility,
more commonly the information available consists of surface
soil types and slope information only.

In spite of these deficiencies, the actual determinants
of seismic response correlate fairly well with available
information. Deep, unconsolidated deposits are most common
beneath surfaces of alluvial sediment, which typically
include areas of loose, organic soil as well. Saturation of
these sediments is also common. Steeper slopes correlate
fairly well with landslide hazard. Yet use of existing
mapping may also identify areas where no credible seismic
hazard exists, such as shallow pockets of peat on an
undulating till surface or moderate-gradient hillslopes
underlain by competent bedrock.

SCREENING OF DEVELOPMENT PROPOSALS

Once a map is prepared, a mechanism must be established
to screen and divert affected development proposals from the
standard permitting process. In King Ccunty, that authority
was created by the Sensitive Areas Ordinance, which required
that virtually all proposals requiring a permit be checked
against the final map showing "hazardous"” and "non-hazardous"”
areas. The process is quite straightforward; the location of
the project is checked on a 1:62,500 map of the hazard zone
by the intake permit technician (in the case of building
permits) or lead planner (in the case of subdivisions or
other large projects). If the project lands within the
hazard zone, it is referred to a geotechnical specialist for
further review and conditions. About 10% of the land area of
the developing portions of the County (i.e. outside of the
eastern tree farms and National Forests) is so categorized.

REVIEW AND CONDITIONING OF PROPOSALS

Once a project has been identified as lying in a seismic
hazard zone, the technical reviewer must choose among several
options:
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--Because of the project, no concern is warranted (e.g.,
a kitchen remodel or a pole-supported carport).

--Because. of the location, no concern is warranted
(e.g., not actually in the hazard zone because of
mapping error or map-reading error).

--The project lies in a seismic hazard zone, but the
seismicity is the least of the project’s concerns
(e.g., excessive depth to bearing soil or active
landslide threat). This category is by far the most
common in the seismic hazard zones in King County.

--The seismic hazard is in fact a significant concern
for the project and will not be addressed by other,
more pressing needs.

Assuming that authority has been established, a
municipality will typically proceed in a similar fashion for
either of the last two options, where conditions or
requirements beyond the standard zoning and building codes
are deemed necessary. The applicant will be directed to
hire a professional consultant to design a solution, which
will be reviewed (usually) and approved by the municipality.
For seismic hazards in King County, typical proposed
mitigation have included subgrade replacement or improved
site drainage. In most cases they represent engineering
solutions to other, non-seismic problems at the site, which
have the additional consequence of reducing the seismic
hazard to a level equivalent to "non-hazardous" sites.

In only a few cases is a seismic-specific structural
solution deemed necessary. The need in these cases generally
transcends the information on the seismic hazard mapping,
because they depend on additional knowledge by either the
municipality or the consulting engineer about the depth of
unconsolidated deposits, the historical association of the
site’s vicinity with high earthquake damage, or the peculiar
nature of the structure.

LIMITATIONS OF LAND-USE PLANNING IN SEISMIC HAZARD MITIGATION

Because the scope of a planning technique is ultimately
a function of the supporting ordinances, its limits will
depend on the specific municipality that applies it. In King
County, recognition of seismic hazard zones is not an avenue
to disallow development. The ordinance provided the means to
create a map identifying areas associated with higher-than-
typical seismic risk and the ongoing authority to require
additional study and mitigation of that risk for specific
projects. Yet no project has been denied exclusively for
reasons of seismic risk in this area.

Seismic zonation also has not been used in this area to
date as a factor in long-range land-use. Only in one area,
for an as-yet unadopted communuity plan, has a density
reduction been proposed that takes seismic hazard into
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account as one of several determining factors. Three reasons
probably underlie this general inattention. First, the
conditions that yield high seismic hazard also correlate well
with other, more immediate land-use constraints, such as
flooding in alluvial valleys or landsliding on steep slopes.
Second, seismic hazards are widely believed to be adequately
manageable using structural and engineering techniques.

Under such conditions, denial of property use is considered
an extreme and indefensible approach. Even reduction of the
density of development has not been considered a warranted
step in light of this hazard alone.

Finally, the area has experienced no major earthquakes
in almost 25 years. Their absence has fostered little
support for more extreme land-use controls in seismic hazard
zones, because there is very little first-hand experience,
either popular or professional, on the success of the less
extreme development restrictions and techniques applied to
date. It will be interesting to see, at some future date, if
our relative complacency has been warranted.
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NEW EDUCATION, AWARENESS, AND PREPAREDNESS PROGRAMS
AN OVERVIEW

By

Carole Martens
School Earthquake Safety and Education Project (SESEP)
Seattle, Washington

INTRODUCTION

Recently a reporter asked me if, in my opinion, any progress toward
earthquake preparedness had been made in Washington. I asked him what time
frame he was referring to: our time or geologic time? Luckily at this
conference we are evaluating change in geologic time--where a few thousand
years is a small frame of reference. So on those terms, I can begin to
discuss earthquake education, awareness, and preparedness by saying progress
has been made.

HISTORY

Nearly 50 years have passed since a series of four large quakes between 1939
and 1949 clearly established this area as a major earthquake zone. The
largest and most damnaging event occurred thirty-nine years ago yesterday, on
April 13, 1949, when the Puget Sound/Portland area experienced a 7.1 Richter
Magnitude quake that caused severe damage to structures, disrupted lifelines
and resulted in 7 deaths. Two of those deaths were students in Washington
State Public Schools. Recognizing that a large number of the structures
damaged were school buildings and that, had it not been Spring vacation in
many of the state's school districts, the death toll among school children
could have been much higher, the Seattle School District developed and
distributed a guideline for carrying out school earthquake drills. A cover
letter stressed the importance of being prepared for the next earthquake.

The assumption one would like to make is that after nearly 50 years of
earthquake awareness and thirty-nine years of practicing earthquake drills,
our schools are prepared to deal with a school-day earthquake emergency.

The School Earthquake Safety and Education Project (SESEP) learned during its
four-year project that this is not the case.

SOME SESEP FINDINGS ON SCHOOL EARTHQUAKE PREPAREDNESS

SESEP was housed within the University of Washington Geophysics Program,
supported by the Federal Emergency Management Agency (FEMA) with funding
provided to the Washington State Department of Emergency Management--now a
division of the Department of Community Development. One of SESEP's goals
was to reduce the vulnerability of the school population to the life-
threatening consequences of future earthquakes.

Some project findings were 1) schools generally were unprepared for

earthquake emergencies: drills were not required in all school districts;
when required, they were frequently not carried out (Though earthquake drills
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were required in one urban school district in 1983-84, only 49 of the 67
elementary schools held drills); and parents were not informed about school
emergency plans, if a plan existed; and 2) motivation to develop earthquake
safety plans existed because of the eruption of Mt. St. Helens in May of
1980, but no clear information on what to include and how to proceed was
available.

Needs identified by the project clearly point out that past intermittent
efforts to involve schools in earthquake preparedness activities had not
achieved the level of preparedness desired. SESEP determined that schools
were not prepared to handle earthquake emergencies, although some were
notivated to begin earthquake emergency planning, and schools needed
education and information to assist them in the process.

This lack of preparedness prevailed in spite of a statutory requirement, with
mandatory language, that schools shall be prepared to meet sudden
emergencies. RCW 28A.04.120 (10), Duties and Powers of the State Board of
Education, written into the Washington Administrative Code (WACs), Chapter
180-41, Pupil Safety, since October, 1970, mandates that school district
boards of directors shall be responsible for providing instruction of pupils
and shall develop specific plans and procedures consistent with WAC 180-
41...and in accordance with guidelines to be provided by the superintendent
of public instruction.... Since its adoption, this statute has, in most
cases, been narrowly interpreted to mean sudden "fire" emergency only.
School earthquake emergency planning takes place in school districts were it
is regarded as a priority, but not on an institutionalized scale as in the
case of school fire preparedness.

PAST PUBLIC INFORMATION AND AWARENESS PROGRAMS

Over these past 50 years, many efforts have been made to increase public
information and awareness of the earthquake risk and the need for
preparedness in the Puget Sound, Washington area. This was affirmed in a
research project, Earthquake Mitigation Policy: The Experience of Two States
conducted in the 1980s by Drabek, Mushkatel, and Kilijanek. The two states
were Washingtcn and Missouri. Their summary said, "The earthquake hazard
clearly has not been a neglected topic in Washington State....all [efforts]
raised the consciousness of the general public and policy makers, but they
all were stopped short of their ultimate goals.

Some of these efforts have resulted in significant gains. Some examples are
the study committee formed by the American Society of Civil Engineers in 1950
to review damage caused by the 1949 event, and headed by Professor Al Miller,
University of Washington Civil Engineering Department; the articles that
resulted entitled, "Lessons in Structural Safety Learned from the 1949
Northwest Earthquake"; the 1970s legislative review committee, the Ad Hoc
Committee on Geologic Hazards; and the statutory adoption of the Uniform
Building Code as a statewide design standard.

Certainly public and governmental awareness has increased, but none of these

efforts has resulted in a state level commitment to fund and embark on a
permanent and on-going program of earthquake hazard reduction for the welfare
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of the citizens of the state of Washington. The need is intensified as we
look forward to two decades of population growth--the U.S. Census Bureau
projects a 15.7% increase in population for Washington State by the year
2010--much of which will be within the Puget Sound region, an area designated
Seismic Risk Zone 3 in the Uniform Building Code, and can expect major
earthquake damage.

NEW EARTHQUAKE EDUCATION, AWARENESS AND PREPAREDNESS PROGRAMS

There is some reason for optimism when reviewing what is being done today.
No one group or individual can know every effort that is being made. My
attempt here will be to review some new programs. Most focus on one of
several categories: schools, the design profession, the community or the
legislature. New programs, in this discussion, will be defined as programs
initiated since the USGS "Workshop on ‘'Earthquake Hazards in the Puget Sound,
Washington area'" held in Seattle in October, 1985. That workshop included
presentations on earthquake awareness, earthquake education and earthquake
preparedness.

SCHOOLS

Target Group: Grades K-3, 4-6

Goal: Education and training leading to students and teachers
understanding the causes and effects of earthquakes
and being able to take appropriate self-protective
actions in an earthquake

Program: Development of Earthquake Education teaching modules for K-3

called "When the Unusual Happens," and 4-6 called "Rumble Ready.”" Packages
include a letter to the parents, 3 lessons plus related activities and a
choice of slides/audio or a videotape of an original story illustrated with
art work by high school art students.

Impetus: Linda Noson, Carole Martens with writer Connie Coleman;
Seattle's Franklin High School art teacher, Ms. Lynn Knell-Jones; artists Tim
Baxter and Brian Chin; storyteller Spencer Shaw; and the Seattle School
District. Production and distribution is by the University of Washington

Health Sciences Center for Educational Resources.
I 22 2828323333233 3332323333 3323323233333 3 3333333333335 33 2232233

Target Group: Grades K-6

Goal: Education and training leading to students and teachers
understanding the causes and effects of earthquakes
and knowing what to do in an earthquake

Program: Development of a draft Earthquake Safety and Education
Curriculum for grades K-6. The goals of the program are that students will
gain awareness of the impact of earthquakes on the human and natural
environment; understanding of what we know about earthquakes and how we know
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it; and earthquake preparedness as individuals and as communities.

The draft curriculum is now being assessed by the curriculum division of the
Office of the State Superintendent of Public Instruction (SPI) to determine
their interest in further development of it and the possible inclusion of the
concept in their environmental education curriculum.

Previous developers of envircnmental education curricula (such as Project
Learning Tree and Project Wild) have limited the concepts included to man's
effect on the environment and various ways to change behavior harmful to the
natural environment. This curriculum, when developed, will include the
environment's effects on man and man's ability to alter the harmful impact by
selective actions.

Impetus: School Earthquake Safety and Education Project with the
assistance of a committee of teachers, district and SPI science education
specialists and a science curriculum doctoral candidate at the University of

Washington.
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Target Group: School District Facilities Staff
Goal: Education and guidance leading to hazard mitigation
Program: Non-structural Earthquake Hazards Identification and Mitigation

Guidebook for school facilities divisions. The information can easily be
transferred to other facilities as well. The final copy is near completion
and preliminary drafts have been approved for publication as a supplement to
the "Safer Schools" manual by the School Support Services Director of the
Office of the State Superintendent of Public Instruction (SPI).

Impetus: School Earthquake Safety and Education Project with the
assistance of a committee from the Seattle School District Facilities
Division, the School Support Services Division of SPI, and private

consultants in structural engineering and design.
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Target Group: 211 schools, school districts, or other groups wantlng
earthquake education information

Goal: : Make available earthquake awareness and education
information

Program: Videotape of SESEP director giving typical school earthquake

safety and education presentation. Presentation includes causes and effects
of earthquakes; explanation of materials available; demonstration of the
earthquake education models developed by the Environmental Volunteers of
California. Needs refilming due to excess noise on audio track.

Impetus: Dr. George Willett, Superintendent , Mary M. Knight School

District; filmed and distributed by Educational Service District 113,
Olympia.
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Target Group: -School Bus Drivers, School District Administrators
Goal: Provide earthquake preparedness training program
Program: Videotape of SESEP assistant giving presentation aimed at school

bus drivers. Provides information on earthquake zones, typical earthquake
damage and goes through a scenario of a morning school-bus route earthquake
disaster. Ends with recommendations for appropriate actions. Includes model
procedures and a driver instruction sheet.

Impetus: Ms. Sheryl Everson, Seattle School District school bus driver.
with Laidlaw Transportation, Seattle School District School Support Services,
EBI O'Ryan (a private enterprise) and the School Earthquake Safety and

Education Project.
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Target Group: The Pierce County School Community

Goal: Provide public education and information which will result
in awareness and preparedness

Program: Earthquake awareness and preparedness program for the Pierce
County school districts. A program was developed after reviewing available
materials including the Hanna-Barbera earthquake preparedness program
featuring Yogi Bear comic books and videotapes. A fund raising campaign
resulted in adequate funding to purchase the Yogi Bear materials for use in
all elementary schools in the County. Additional materials focusing on
Pierce County were developed.

Impetus: Bill Lokey, Pierce County Department of Emergency Management,
working with the City of Tacoma, the Lakewood Chamber of Commerce, and

businesses, organizations, and school districts.
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Target Group: The central administration and each school site in the
Highline School District

Goal: Development of specific earthquake preparedness plans
Program: Adoption of a district goal to be prepared in the event of a

school-day earthquake. All levels within the district worked together toward
this goal.

Impetus: The School Board and Superintendent adopted the goal, gathered
information, invited the School Earthquake Safety and Education Project
(SESEP) in as consultants, held a four-hour workshop/planning session and
developed the outline of their preparedness plan. Later the district
included earthquake education in a summer in-service training seminar for

area elementary science teachers
1333283 2233338333 3383333 3333032333123 3 323333333 33333333 8333323333333 3333333

Al 3o w



Target Group: Washington State School Districts

Goal: - Provide a model policy for school earthquake preparedness

Program: Policy office began development of a model policy in order to

distribute it to school district boards of directors statewide as a model for
school earthquake emergency preparedness.

Impetus: Vashington State School Directors Association (WSSDA) Director

of Policy Services; Dr. George Willett, Mary M. Knight School District
Superintendent
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Target Group: School District

Goal: Increase awareness and provide guidance in a school day
earthquake or other emergency

Program: Adoption of emergency procedures and/or policies on the subject
of managing school-day emergencies of a broad description--most including or
limited to earthquake emergency. School Districts having programs known to
me include: Olympia, Mary M. Knight, Seattle, Sultan, Lake Washington,
Highline.

Impetus: Varies between districts
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COMMUNITY

Target Group: General Public

Goal: Demonstrate the causes and effects of earthquake ground
shaking

Program: The Pacific Science Center has begun a program of scheduled

demonstrations of the causes and effects of earthquake ground shaking. They
use a set of educational models developed by the Environmental Volunteers of
California.

Impetus: The School Earthquake Safety and Education Project and its
supporting agencies: the Federal Emergency Management Agency (FEMA) and the
Washington State Department of Community Development, Division of Emergency
Management (DEM)
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Target Group: The Community

Goal: Education and information leading to a united community
effort to prepare to be self-sufficient in the
immediate aftermath of a large, damaging earthquake

X4 3o o



Program: The Eastside Mothers for H.E.L.P. is a neighborhood group formed
to raise public awareness of the potential impact of a major earthquake on
the area, to develop and distribute information, and to help Eastside
communities with earthquake emergency preparedness.

Impetus: Ms. Beverly Carter, after seeing the KOMO TV documentary, "On
Shaky Ground"
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LEGISLATURE
Target Group: The policy makers of the state of Washington
Goal: Recommend state level policies and actions which, if acted
: upon, would help reduce the damage and loss of life
from a major earthquake in Washington State
Program: The Washington State Seismic Safety Council was convened by the

Director of the Department of Emergency Management (DEM) at the direction of
the governor following his veto of legislation establishing an independent
commission. The Council of 14 members began meeting in November, 1985, and
submitted its report, Washington State Seismic Safety Council Policy
Recommendations to DEM in September, 1986. The report concluded with a
section entitled "Priorities for State Action" which included four
legislative recommendations and eight State agency recommendations.

Impetus: Legislation initiated and supported by individual citizens and
groups concerned about the need for on-going and aggressive state leadership
and action in the area of earthquake education and earthquake hazard

reduction
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Target Group: Washington State House of Representatives
Goal: Raise legislators awareness of the need to recognize the

earthquake threat to the citizens of the State

Program: For Earthquake Awareness Week, 1987, a House member obtained
permission from Hanna Barbera and duplicated the Yogi Bear comic book on
earthquake preparedness. She also developed a House Floor Resolution stating
that the House of Representatives recognized the serious threat to the
citizens of the State due to the potential for major earthquakes and
recognized the need for State action. She distributed copies of the comic
book and the resolution to each member of the House, then urged the adoption
of the resolution. It passed.

Impetus: Representative Georgette Valle, Democrat from the 34th District
in Seattle, and member of the Washington State Seismic Safety Council,

working with Harry Halverson, Olympia, and Carole Martens of SESEP.
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Target Group: The policy makers of the state of Washington

Goal: Passage of legislation leading to state level actions which
‘ would result in the reduction of potential loss of
life and property from a major earthquake in
Washington State

Program: During the 1987 and 1988 legislative sessions, bills were
introduced based on the Washington State Seismic Safety Council Policy
Recommendations for State action. The 1987 bill, SB 5885, calling for an
inventory of public facilities and for earthquake education, passed the
Senate. Progress for the session was ended in the House Ways and Means
Appropriations Subcommittee and it was not scheduled a hearing in 1988 in its
house of origin, the Senate.

In the 1988 session, HB 1405, Earthquake Education, was introduced. It
called for a $30,000 appropriation to provide State matching funds to capture
the National Earthquake Hazard Reduction Program (NEHRP) funds available to
Washington for FY 1989, and which falls before adoption of the next
Washington State biennial budget. The bill passed House State Government but
failed to move out of House Ways and Means. However, the Chair expressed
willingness to provide the state matching funds by including the item in the
budget. The Senate agreed in conference committee. The governor signed the
budget with the item remaining.

Impetus: Prime sponsor of HB 1405 and HB 483 (same wording as SB 5885),
in the House was Representative Georgette Valle, Democrat from the 34th
District, Seattle; and of SB 5885 in the Senate, Senator Stuart Halsan,

Democrat from the 20th District, Lewis County.
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DESIGN PROFESSIONS

The Structural Engineers Association of Washington (SEAW) in cooperation with
the Continuing Education Committee of the Earthquake Engineering Research
Institute (EERI) and the Applied Technology Council (ATC) has sponsored
earthquake education programs on Observations of earthquake impacts in the
Whittier event and "State of the Art in Earthquake Evaluation of Structures--

an Overview."”
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MEDIA

All of the major television channels and Channel 9 aired shows relating to
earthquake awareness and preparedness during the period being discussed.

Channel 4, KOMO TV, researched the issue locally and filmed an hour-long
documentary entitled, "On Shaky Ground." The show aired on December 12,
1986, at 8:00 P.M.--prime time on a Friday evening. Since they have received
more than 400 requests for copies of the tape and numerous requests to re-air
the film. SESEP used the film in earthquake awareness presentations, as does
Eastside Mothers for H.E.L.P.
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"On Shaky Ground" may have accomplished more for earthquake awareness in

Washington State than any other single element of which I am aware.
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EXECUTIVE BRANCH

The Governor's annual proclamation of Earthquake Awareness Week is a program
which gives each of us an cpportunity to discuss earthquake preparedness with

our families and co-workers.
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THE FUTURE?

At present there is little understanding of the full significance of the
earthquake risk by decision makers. Often a school district response will
be: We do earthquake drills; a state-level response might be: We retrofitted
the state capital building.

School earthquake preparedness funding is always in competition with highly
visible and important causes: drug abuse prevention; AIDS curriculum
development. This is consistently used as an excuse not to fund school
earthquake preparedness. In districts where it is a priority, ways have been
found to accomplish both.

Some members of the school community have specific ideas about what we need
to do to change our future course from foreseeable losses in an earthquake to
one of preparedness. During the last year SESEP was funded, a survey was
developed and sent to 250 persons who had had contact with SESEP. They
either:

Participated at a SESEP pilot school

Responded to publicity about earthquakes’

Attended a SESEP workshop

Requested information

Held a school district administrative or board position

0O 0 00O

Our objective was to learn several things: what policies are needed to get
earthquake education and preparedness programs in place in Washington's
school districts and assure their implementation and continuation; and what
programs already exist that could add an earthquake component with little
effort and cost. Attached is a copy of a summary of the results.

CONCLUSIONS

Limited, narrow-focused, typically short-lived programs can accomplish a good
deal. But so nmuch more is needed. Schools and other groups need committment
to earthquake preparedness at the top levels, policies and funding, and clear
guidelines on what to include and how to proceed--with specific details
worked out at the local level. A successful earthquake awareness and
preparedness program can only occur when the State of Washington recognizes
the need for permanent and on-going state level programs and makes a
commitment to provide leadership and the required funding. Until then,
Washington State will remain at risk.
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SCHOOL EARTHQUAKE SAFETY AND EDUCATION PROJECT (SESEP)
GEOPHYSICS PROGRAM, UNIVERSITY OF WASHINGTON
.. FUNDED BY FEMA/WSDEM 9/83 - 9/87

SUMMARY OF QUESTIONNAIRE RESPONSES

July 31, 1987

250 Questionnaires sent
9 Could not be delivered *
39 Completed and returned = 16% response

Breakdown by category of respondent

2 Parents
10 Building Staff
8 Building Administrators
11 District Administrators
2 School Board Members
1 ESD Administrator

5 Misc: City Council, County/City DEM,
Fire District, Red Cross

Breakdown by geographic location of respondent

WASHINGTON
Adna
Cape Flattery OREGON
Darrington Portland
Elma CALIFORNIA
Everett Tiburon
Lacey CANADA .
Longview Vancouver, B.C.
Mount Vernon Victoria, B.C.
Puyallup
Randle
Rochester
Seattle
Shelton
Snochomish
Sultan

Though it is acknowledged that a 167 response to a survey is not academically
acceptable, the survey is included for informational purposes. It is helpful
to see the areas where the seven categories of respondents are in greatest
agreement, notable questions C and D.
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A. What policies are necessary for a school district to
have in place to assure that each school building and
the district as a whole can respond quickly and
effectively in a school-day earthquake emergency?

SUMMARY OF RESPONSES TO A:

Districts need to adopt strong Board policies [or a state law is
needed] which clearly state the committment to fund, develop,
implement, and monitor earthquake emergency preparedness
programs.

District earthquake emergency preparedness programs should
mandate that each school develop a plan. Using state-provided
guidelines, site-specific building plans should be developed by
building-level Safety Committees.

Ideally, plans should include earthquake drills with periodic
evacuation drills, staff first-aid training, alternate
districtwide communication system, student retention vs.
dismissal decision, assignment of staff responsibilities, hazard
identification and mitigation, emergency supplies and equipment,
staff and student education, coordination with city-county and
other emergency responders, communication of school plan to
parents and community., annual building safety checks,
accountability, and funding to buildings.

Legislation may be necessary to initiate program.

B. What school district administrative or director-
level support might assist those at the school
building level in developing and implementing
earthquake safety and education programs?

SUMMARY OF RESPONSES TO B:

Support needed from the district administrative or director-level
sited most often is: An administrator responsible for program
development and implementation.

Also sited as necessary: Awareness and committment at
administrative and director levels; support services available,
eg. staff training, building maintenance, clearly-defined
responsibilities, accountability via annual report, and
guidelines from the Superintendent of Public Instruction (SPI).
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C. 1Ideally, where should school earthquake safety and
education programs and plans be initiated: the
state level? the district level? or the school
building level? Why? How would the system work?

SUMMARY OF RESPONSES TO C:

At what level should school earthquake safety
and education programs and plans be initiated?

Total of 37 responses:

3 Legislature Mandate, Funding
16 State (SPI) Guidelines, Funding, Resources
10 District Obtain State Help, Guidelines
3 Building With State/District Funding
5 All levels All levels Work Together
1 Community

-

D. Identify existing programs (both safety and curricu-
lum) that could be expanded to include an earthquake
section with minimal time and financial impact.

SUMMARY OF RESPONSES TO D:

The area of greatest agreement was that 1.) earthquake safety
programs should be part of each school's safety committee
responsibilities, and that 2.) earthquake safety and education
curriculum components should be incorporated into subjects which
could most easily accommodate them, such as:

Science
Social Studies
Health, Safety

Building safety checks could be incorporated with routine
maintenance checks.

SESEP program could be used as model.
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OVERVIEW OF EMERGENCY MANAGEMENT PLANNING AND RESPONSE PLANNING
By

Chuck Steele
Federal Emergency Management Agency - Region X
Bothell, Washington

My comments this morning are mainly related to those who are the two
percenters in the audience, viz., those who represent the State and local
government implementation component in the overall National Earthquake Hazards
Reduction Program (NEHRP) scheme of things. But first, I would like to step
back and review the NEHRP from an overall perspective. NEHRP was created in
1977 with the Goals of reducing future losses of life ard property, amd
preventing severe disruption that could be caused by a catastrophic
earthquake. The Act directed the Federal Government to lead, coordinate and
conduct earthquake research , hazard mitigation, and disaster preparedness
activities.

Of the $65 million annual NEHRP Budget, only $1.3 million is directed
Natiorwide to State and local preparedness planning projects; that is the two
per cent. When California's roughly 57% is subtracted fram this total, an
average of around $35,000 is left for the 16 other States that participate in
NEHRP funding (California's figure is around $700-800,000).

The six basic program elements these funds must be distributed to are now
well established through our agency, and are described in a document entitled
"State and Local Earthquake Hazards Reduction: Implementation of FEMA Funding
and Support.”" They are:

State Seismic Advisory Boards
Hazard Identification
Vulnerability Assessments
Preparedness and Response Planning
Mitigation Planning

. Public Awareness/Education

mo 0o

Though the funding is meager, there have been some very creative products

that have resulted. They range from the State of Washington's excellent School
Earthquake Safety and Education Project, to production of an award winning .
earthquake awareness videotape in Utah. They include a medical response plan
in Kentucky., seismic design standards in the Virgin Islands, vulnerability
studies in several States and an examination of the earthquake safety of
State-owned ard leased buildings in Alaska. The State and local government
accomplishments funded in part through NEHRP in California are dramatic and
have been very effective.

Indeed, the two percenters have been very busy and have gotten great
mileage out of very limited resocurces. If the "Commentary and Recommendations
of the Expert Review Cammittee," chaired by George K. Bernstein, is listened
to, it is possible that the two percenters will get more than double, to around
$2.8 million per year (however, they will still be two percenters, since the
total NEHRP Budget also more than doubles). Mr. Bernstein, a former Federal
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Insurance Administrator (FIA being a camponent of FEMA) chaired the Expert
Review Camittee that examined NEHRP and recently produced its Commentary and
Recommendations. The report is very cognizant of the important role
implementation plays in the entire process. It says: "There is concensus that
greater emphasis needs to be placed on implementation if the goals of the Act
are to be realized during the next decade.” This is acknowledged by the fact
that a significant body of research presently exists that could solve specific
implementation problems if it could be incorporated into practice.

The basic purpose of the Expert Review Committee was to review current
NEHRP activities and make recommendations to be considered by the involved
agencies for the upcoming five year planning period of 1989 to 1993. 1In the
context of the revised five year plan, the committee recognized "that an
increase in resources for implementation is necessary to address the gap that
exists between research itself and translation of research into earthquake
hazard reduction practices.” While the report recognizes the need for cost
sharing in State and local assistance projects, it also suggests that NEHRP be
a catalyst in areas where there is a lower level of interest or awareness, and
that it play a leadership role in bringing together all facets of the
implementation community.

The literature is full of references to the importance of good scientific
data, and how that, in turn, can translate into sound implementation. The
USGS's Bill Kockelman, who is no stranger to the world of implementation,
reduces the components for any successful earthquake hazard reduction program
to 5:

1. Conducting scientific and engineering studies

2. Translating the results of these studies into reports and
maps that are understandable

3. Transferring this information to users and assisting them

4. Selecting and using appropriate hazard reduction techniques
(such as design criteria)

5. Reviewing the effectiveness of hazard reduction techniques

At the FEMA/USGS Workshop in Denver in September 1987, this concept was
discussed long and hard. All agreed with the basic process and needs spelled
out by that process. When it came to implementation, people from Utah saw
great value in the scientific products and, in turn, used these products to
convince State and local officials to take several actions (like upgrading
hospitals, retrofitting a VA hospital, developing a strong State/county
Earthquake Response plan, establishing numerous mutual aid agreements,
cooperative agreements and MOU's, conducting State/county earthquake exercises
based on products of the research and a host of others). The report was well
prepared, well communicated and well received by those who would be most
affected from the perspective of preparing for earthquakes (local officials,
the media, private utilities, etc.).
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The Puget Sound is not a newcamer to earthquake hazard identification and
assessment studies. The first "Blue Book" for this area was sponsored by
FDAA (a predecessor component of FEMA) and was prepared in 1975 by the USGS.
This report had all the right essentials. It started by positing a maximum
credible earthquake of magnitude 7.5 with epicenters near Seattle and Olympia,
and gave anticipated damage patterns on a county-by-county basis that included
estimated loss of life, injuries, number homeless, and degree of impairment of
all vital needs (such as lifelines, medical, food, communications, and
schools).

Was this report successfully applied? I will not attempt to answer that
question. Dick Buck of our Disaster Assistance Programs Division delivered a
paper on that subject at the 1987 FEMA/USGS Workshop in Denver. He detailed
the actions that followed release of the report, including extensive media
coverage, and missionary work by the then-FDAA in the form of workshops,
seminars, development of a Federal Response Plan and a major exercise of that
plan.

Similar actions by the State emergency management agency did not occur at
that time, and no specific local programs resulted during that time, probably
because of the lack of any funding incentives. However, Mr. Buck describes the
Study Report as one that probably has had much more subtle and long-term
effects than what appeared on the surface. BHe described it as the standard
reference or baseline for all who have an interest in the Puget Sound
earthquake problem, and cites subsequent local earthquake planning efforts
spurred by its content (e.g., Whatcam County) as well as notable State
activities that came later (such as the 1986 bill in the Legislature to
establish a seismic safety comission and the School earthquake Safety and
Education Project). It is obvious, as you can tell by listening to others on
this program, that many effective local efforts are underway, whether or not
they are related to the "Blue Book."

What does this all mean in terms of where we are now? The work underway
in the Puget Sound-Portland project is probably the best thing that could
happen in this area in terms of rekindling the need for earthquake preparedness
planmning, especially since real events (thankfully) have not been prominent in
this area in recent years. The data base that results should be invaluable. I
would hope that the final products would be as utilizable as they were
described by users of the most recent such study, that for the Wasatch Front.
If all of the science leads us to damage and loss profiles related to the
larger subduction zone event described earlier, Federal, State ard local
officials will have to become much more active players on the implementation
stage.

I believe this area is ready to assume a greater role in emergency
preparedness activities, especially in State and local implementation. It is
ironic that we could be entertaining throughts about something "new" in view of
the fact that National Earthqueke Hazards Reduction Program is already 10 years
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old, and we have been funding earthquake activities for a longer time than
that. But at least in ocur office, there has been a comitment, for the first
time, to hire a person to work full-time on earthquake in an effort to fulfill
many of the NEHRP goals, including that described in the Work Plan as a
leadership role for implementation in the Puget Sound-Portland project.

There are many things FEMA can offer in the implementation area both
indirectly through the State/local grant program, ard directly. For example,
FEMA has been responsible for development of a rather well-done series of
guidebooks aimed mainly at local officials, known as the Earthquake Hazard
Reduction Series. This series covers all aspects of earthquake preparedness
programs and seismic design, as can be seen in the titles. Further work will
soon be published in the following areas:

.Seismic Design Standards for High Occupancy Buildings
.Costs of Seismic Rehabilitation

.Rehabilitation Priorities Handbook

.Seismic Strengthening Handbook

.Rapid Visual Survey Handbook

.Identifying Existing Hazardous Buildings

Multihazard Mitigation Handbook

Most of these documents are prepared through the Building Seismic Safety
Council or the Applied Technology Council. They are aimed at the implementer
ard can be understood by the non-engineer. The BSSC also has a Speakers Bureau
available as a service, ard a toll-free number for assistance (1-800-66-NEHRP).
Our Regional Offices, for the most part, have not actively communicated these
publications ard services to implementers in the past. This is just one thing
that will be more actively pursued with addition of a dedicated earthquake
person.

FEMA has also developed some excellent courses through its National
Emergency Training Center which can be deployed to the field or taken at
Fimitsburg (EMI). We will encourage both. We specifically intend to
field-deploy the following two courses in the Puget Sound region within the
next several months:

.Earthquake Mitigation for Utility Lifeline Systems
.Nonstructural Earthquake Hazard Mitigation for Hospitals

I am also encouraged by statements that have been made by Kate Heimbach
regarding the State of Washington's desire to get into a very comprehensive and
long-range earthquake reduction program, one that would become
institutionalized within State government. Her statements have been backed up
with a very ambitious, all-encompassing scope of work that has been proposed
for funding starting this fiscal year. I would hope the State would proceed
quickly to hire a professional earthquake plamning staff that would be capable
of carrying out the many and complex tasks that are in this program. Certainly
there could be no better opportunity or time than now, especially in view of
the excellent data that will be produced through the Puget Sound-Portland.
project. The project is begging for this kind of leadership in the
Implementation component.
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Finally, I would hope there would be more formalized involvement between
the States and local governments, or groups of local governments. One need
only look south of. the Oregon border to see the model for this, viz., the very
successful Regional organizations in the Los Angeles and San Francisco areas
referred to as SCEPP and BAREPP. These highly successful regional
organizations have, in turn, established very significant plamning partnerships
with the ultimate implementers, the local governments in their areas. In fact,
some would say that the success of the Regional efforts is because of the
successful dealings with local governments. Same of the Planning Partnerships
involve grants to major counties to prepare five year plans, coordinated
emergency preparedness plans, common seismic mitigation measures, mutual aid
agreements, and the like. FEMA is presently exploring the possibility of
funding local governments through NEHRP. A recent workshop with all
NEHRP-funded States in Denver raised the question of how to increase local
participation, especially in view of FEMA's emphasis on mitigation, local
governments being the prime mitigators. Increased local involvement has been
suggested by many groups, including Congress and the Western States Seismic
Policy Council, among others.

One of the more exciting initiatives underway in FEMA is planning for
Federal Response. Although there has been Federal earthquake response planning
in the past, this is a rather major effort that is being undertaken in all 10
FEMA Regions. I will not attempt to describe it but, rather, will defer at
this time to the person from our Disaster Assistance Programs Division who is
the Project Manager for this effort, Mr. Bob Freitag.
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EVALUATION OF EARTHQUAKE HAZARD AND RISK IN THE
PUGET SOUND AND PORTLAND AREAS

By

Tod W. Perbix
Ratti Perbix & Clark, P.S.
Seattle, Washington

SESSION II

Group I:

Bulilding Practises

The purpose of this discussion group is to explore current practises for the
reduction of seismic hazards in buildings; emerging methods of hazard
reduction; future needs; and barriers to the implementation of hazard
reduction.

A.

Current practise

Methods of seismic rehabilitation in the Puget Sound area are
undergoing constant evolution. Many jurisdictions regularly deal with
the concept of seismic rehabilitation while others rarely, if ever,
insist on seismic improvement of older buildings. There are no code
formats currently in general use which adequately address the issues
of seismic rehabilitation; consequently, the practising engineer is
left largely alone to assimilate the increasing volume of techmnical
and empirical data produced by ICBO, ATC, NSF, USGS, FEMA and others.
While doing so, the engineer must develop a design philosophy
consistent with competing bureaucratic and economic demands of the
owner, architect, and regulator. This design philosophy is most often
unstated, and even if presented, does not meet contemporary standards
of new building design even for life safety.

In large part then, the development of seismic retrofit is anecdotal
and relies on practises which have developed validity simply by their
repeated use. Puget Sound has, for the last fifteen years, renovated
primarily masonry and wood-frame structures; therefore, the practises
developed in these buildings hold credence for other, more complex
building types as well. Following are the methods most often
employed:

1. Anchorage, both of walls and parapets.

2. Development of global lateral systems, usually of a very stiff
type, regardless of a building's site/structure response.
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3. Anchorage of building elements, such as masonry infill walls,
equipment and fixtures.

4.  Development of horizontal diaphragms.
5. Maintenance and enhancement of vertical continuity.

6. Development of detailing procedures to mitigate hazards inherent
in irregular building configurations and pounding.

There have, in addition, been movements in the past to add elements of
ductility to otherwise very stiff structures; this movement is now
largely discredited.

Emerging practises

Emergent practises are currently focused on two basic elements: the
development of code formats consistent with the high variability of
older buildings and the development of practises which are more
responsive to the economic demands of rehabilitation as well as the
structure's likely existing performance characteristics. Each of
these requires a great deal more development, particularly the
development of even the most general rehabilitation codes for seismic
strengthening and the laboratory testing of more satisfactory
rehabilitation methods. Several of these emergent issues include:

1. Code developments such as ATC-14 which particularize the problems
inherent in the many older building types. These codes are
general; however, they have systemetized issues by building type
rather than the making of presumption, as contemporary building
codes do, of a particular standard for building construction by
material.

2. The development of the analytic and technical tools to assess
site/structure response and to provide systems which improve a
building's existing qualities rather than simply provide an
entirely different way of behaving during an earthquake.

3. Continued development of inelastic analysis tools which better
reflect an older structure's characteristics.

4. The development of a progressive response philosophy by
techniques aimed at providing structures with initial strength
and ductility using as much as possible their current resources.
The issue is to develop a least-to-most important level of
deterioration within a building system tied to a philosophy for
life safety and the economic life of the building.
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In this regard, methods for improving building ductility need to
be addressed. Older buildings are decidedly lacking in this area
and such methods as column jacketing and the addition of frames
where appropriate need to be discussed.

Also, techniques and design philosophies for the improvement of
damping characteristics within structures are being explored.

5. Experiential data bases are being refined to assess the responses
of retrofit methods. Whittier, in particular, allows comparison
of retrofit methods with unrenovated construction.

6. Base isolation may become practical in a limited number of cases

where the historic character of a structure is compromised by
conventional methods.
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THE NEED TO MITIGATE EARTHQUAKE HAZARDS TO LIFELINES

- By

William M. Elliott
Portland Water Bureau
Portland, Oregon

ABSTRACT

Most attention and concern regarding earthquakes and the impacts on people
have centered on the effects of earthquakes on buildings and structures. The
effects on lifeline facilities, those which people rely on for the most basic
of human needs, has not received adequate attention. Following the 1971 San
Fernando earthquake, it became apparent that the impact of earthquakes on
lifeline facilities such as water and sewage delivery systems needed more
attention. The American Society of Civil Engineers created the Technical
Council on Lifeline Earthquake Engineering and several subcommittees to deal
with these critical facilities such as water and sewage, power, communica-

tions, gas and liquid fuels, and the related topic of seismic risk.
This paper describes the efforts of the City of Portland, Oregon to deal with
seismic risk matters that affect our system and our ability to continue to

function under all conditions.

INTRODUCTION

The 1971 earthquake in San Fernando, California caused extensive damage to a
wide range of lifeline facilities in addition to the building and structure
damage which gained national attention such as the collapse of the Veterans
Administration Hospital. Equally important was the near collapse of the lower
San Fernando dam which could have affected tens of thousands of people direct-
ly and affected the water supply to the millions that depend on the critical
water facilities that pass through this area. Had there been an additional
aftershock, the flood would have been devastating. The 1906 San Francisco
earthquake disrupted water facilities and allowed a fire to ravage the entire
city. More closer to Portland, windstorms, floods, and other hazards have
impacted the city and have resulted in a recognition of the fragility of
components of the water supply system. The Portland Water Bureau has taken
steps to address certain of these needs and is looking further for other needs

that need to be addressed.
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The lack of earthquake activity in the Northwest, particularly in the Portland
region in recent years, may have created an aura of apathy regarding earth-
quake motion and the devastating effect it can have. Further, the emerging
research on subduction type earthquakes such as the article by Heaton and
Hartzell in the April 10, 1987 issue of Science magazine are beginning to
raise some doubts. The possibility of great earthquakes and the similarity of
subduction situations to other parts of the world needs to be discussed among
lifeline purveyors and utilities more fully so that steps can be taken, pro-

grammed, or budgeted to harden facilities as a normal course of operations.
LIFELINES

Lifelines are the critical facilities and utilities that bring a modern, urban
population those commodities that are urgently needed for life, health, and
safety. The American Society of Civil Engineers through their Technical
Council on Lifeline Earthquake Engineering recognize the following key life-

line functions:

Water and sewage lifelines
Electrical power and communications lifelines
° Gas and liquid fuel lifelines

Transportation lifelines

All of these lifeline systems are critical to meet the human needs of food,
shelter, and clothing, but are by no means the only critical needs during a
catastrophic emergency. Other needs are functional buildings such as hospi-
tals and food distribution centers; bridges for transportation; electrical
power plants; port structures; and airports are further examples of critical

point facilities.

Several of these lifelines are aerially distributed in the form of buried
pipes or pipes on bridges. For example, in the City of Portland, 40 percent
of our installed asset cost is in the form of buried pipes and long, large
diameter pipeline delivery systems. Also, transportation lifelines such as

roadways and railway systems extend over long distances and are impacted by
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ground shaking, subsidence, and other effects of earthquakes. Gas and liquid
fuel pipelines are generally buried and under extremely high pressures and are
also susceptible to disruption. Electrical power systems and communication
systems extend o§er vast expanses and are networked to provide reliability but

are also subject to gross disruption.

AFFECTS ON THE PORTLAND WATER BUREAU

The earthquakes of the past in the Portland area have not created great public
observable disruptions to service. Occasional rockfalls and disruptions of
power to pumping stations and the consequent outage of water have been minor
to moderate. However in 1964, a combination of severe weather that created
deep snow packs followed by a change in the weather which melted the snow
packs quickly resulted in flooding in the region of Oregon and Washington.
This manifested itself in a flood or record at the recently completed Bull Run
Dam No. 2 that caused two of Portland's three water conduits to be taken out
of service by flood action, undermining, and the breaking of the largest
supply pipeline. This event was quickly addressed since men, materials, and

equipment were available to address the problem immediately.

Subsequently, another emergency affecting the water supply in 1972 resulted
wheﬁ ice bridging at a remote site gave way on the North Fork, ome tributary
of Bull Run River that undercut a landslide mass, and exposed decomposed
volcanic ash materials of colloidal size. This resulted in the entire water
system being impacted by material that would not settle out in the reservoirs
and lead to a long period of turbid water. The resulting emergency declara-
tion by the governor and subsequent repair work using FDAA (now FEMA) grant
funds to repair the damage to the natural channel ended up costing in excess
of $1 million dollars and lead our thinking to the future development of an

emergency groundwater backup system.

Following the emergency repairs in 1972, another grant-funded effort was
undertaken to look at the watershed for further disaster causing influences.
This work, the DIMP Project (Disaster Identification and Mitigation Project),
had several elements, including the review of the entire watershed for geolo-

gic hazards. The resulting work by Beaulieu in 1974 has helped to focus the
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Bureau concern to hazardous areas of the watershed. In addition, a hydrologic
model of the entire watershed using sophisticated computer simulation techni-
ques was undertakeﬁ and the computer simulation was calibrated to earlier
flood events. The computer model was then used to simulate probable maximum
flood as a result of probable maximum precipitation. These flows were then
simulated over the dams and spillways to check their safety. This work has
been reviewed in subsequent years following the installation of hydropower

facilities and has been found to still be state—of-the-art in its character.

Additional studies of the condition of facilities and equipment has resulted
in capital projects to add emergency power generators and a wide range of

other related activities.

The Bureau is undertaking a full hazard assessment review of water facilities
this year that may result in further needs being identified for a wide range
of hazards, including earthquake. The Bureau added hydropower facilities to
the dams in the watershed, and at one location where older distribution reser-
voirs exist. The subsequent FERC requirements for review have resulted in
several dam safety investigations as well as the Corps of Engineers' dam

safety investigations in 1978.

More recently, the Bureau undertook the review of a large 3-million gallon
elevated water storage tank in 1985. This review of the Denver Tank resulted
in a seismic evaluation of several steel water storage reservoirs in 1987, We
reviewed the geologic and soils situation, conducted seismic studies and
structural evaluations, and recommended lowering several reservoirs until
strengthening and repairs could be made. This work included the review of
eleven surface tanks, nine standpipes, and ten elevated tanks, 30 facilities

in total.

EARTHQUAKE INTENSITY

The work of our geotechnical consultants (Cornforth Consultants) and seismic
evaluation of the steel water storage tanks noted above resulted in the aware-
ness in the 1 in 500-year event of a maximum credible earthquake (MCE) for

these tanks to be a near field event of magnitude 6.0 within ten miles. The
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far field events of magnitude 7.0 at 55 miles (St. Helens zone) and magnitude
8.0 at 120 miles (Puget Sound) were not as significant as the near field
event. Another project in January 1986 reviewed the liquefaction potential at
a large reservoif built in 1911 that holds 75 million gallons of water,
Reservoir No. 6 is centrally located in the city at a location called the Mt.
Tabor complex and since a small hydrogenerator between two reservoirs of
different elevations exist, FERC regulations required a liquefaction study.
The 28-foot high soil embankment was analyzed and our consultant, Derek
Cornforth, engaged Dr. Ignatio Arango and Professor H. Bolton Seed on the
analyses. They recommended using a 1 in 5,000 year occurrence interval for
high hazard dam structures such as the Mt. Tabor soil embankment. Since the
embankment serves as a dam for this reservoir, an earthquake of magnitude 6.5
with peak ground acceleration of 0.32 g was selected. Professor Raymond B.
Seed at Stanford performed a finite element study of the horizontal shear
stresses on the embankment and the foundation materials as a part of the
liquefaction study. As a result, it was found that the facility is safe under

the stated earthquakes.
PIPELINES

The Portland Water Bureau has a continuing interest in how earthquakes would
affect the facilities of the Bureau and our critical mission of supplying
water to the people of Portland and those who rely on us for water. The
Bureau is in the midst of conducting a hazard assessment study, and as part of
that effort, has submitted a grant application under the National Earthquake
Hazards Reduction Program to describe the seismicity and earthquake hazards
confronting the service area and to understand more fully the earthquake
effects on various pipelines. Loss algorithms will be developed to describe
earthquake intensity versus expected loss for the pipeline networks and for
concentrated facilities such as pump stations and tanks. Dr. Leon Wang of 01d
Dominion University will be involved with this work as well as Don Ballantyne
of Kennedy/Jenks/Chilton Engineers in the review of concentrated facilities
and the expected effects of earthquakes. The unique feature of this grant
proposal is that we intend to look not just at water facilities but at the

sewage facilities operated by the City of Portland.
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LIFELINE PURVEYORS MUST BE INVOLVED

It is evident frgm“my work in emergency planning and discussions with other
utilities that there is a general lack of emergency planning and very little
plan exercising, and a general lack of recognition for the potential impacts
of earthquakes in our area. In order to foster an awareness and interest in
changing this situation, it will be necessary to catch the attention of high
officials in all of these key lifeline areas. Toward that end it would be
helpful to have ways and means of communicating and keeping interest at a
reasonable level such as video tape presentations and investigations of earth-
quakes and their impacts. A great deal of literature is available as noted in
the ASCE Annotated Bibliography. Other presentations such as walk-throughs of
facilities with experts to discuss damage would be helpful. In addition,
workshops and working groups to heighten awaremess of all that should be
concerned over the next several years will be crucial to the success of any

earthquake mitigation efforts.

When the USGS began talking about the possibility of Mt. St. Helens erupting,
there was little concern because no volcano had erupted in recent memory.
However, following the May 18 event at Mt. St. Helens, a greater credibility
has been placed on USGS concerns. Now that the Survey is raising our concerns
about the possibility of large and great earthquakes in the Northwest, it is
an appropriate time to explore and implement those communications devices that
would lead to fresh looks at all of the lifeline utilities that are so criti-

cal to us in our modern urban existence.
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GEOPHYSICS
Seismicity
Intensity
Ground Response
Velocity Model

GEOLOGY
Surficial
Borehole
Ground Water

Geotechnical

HAZARDS
ASSESSMENT

ENGINEERING

Building Response
Damage Inventory
Soil Mechanics

Figure 1. —-- Schematic diagram showing a traditional seismic
hazards assessment in which data sets and models from three dis-

ciplines are integrated.
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HAZARDS
ANALYSIS

Ground Response
Prob. Accel. Model
Vulnerability Analysis
Loss Estimation
Landslide Susceptibility
Liquefaction Potential

Seismic Response
Reflection/Refraction Expt
Borehole Seismology
Borehole Geology
Geologic Mapping
Inventory Buildings/Lifeline
Inventory Damage

DATA
BASE

Earthquakes
Intensities
Ground Response

Geotechnical
Geology/Hydrology

Building Inventory
Damage Inventory
Building Response
Velocity/Response Model
Geographic/Base Data

Fiqgre 2. —-- Schematic diagram showing a different approach
to seismic hazards assessment employing a GIS linking three
classes of activities.
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The USGS has begun a project of application of GIS technol-
ogy to urban hazards assessment of Puget Sound and Portland urban
areas. In FY 1988, one major objective of this project is to
link the interests and personnel from the Geologic Division and
National Mapping Division of the USGS, Washington State Depart-
ment of Natural Resources, and a variety of local governmental
entities from several cities in Washington. As the project de-
velops, additional groups and organizations will be encouraged to
participate.

OBJECTIVES

The overall goal of this project is to apply GIS technology
to urban hazards assessment usage. The general objectives are:

e DATA BASE -- Build, manipulate, and maintain a digital
urban hazards data base (UHDB) comprised of fundamental geograph-
ical, geological, geophysical, hydrological, engineering, and so-
cioeconomic data for urban areas in the Pacific Northwest.
Building the data base will require extensive effort to capture
data sets that may or may not be in digital (or computerized) or
graphical form. Examples of available digital data include cata-
logs of earthquake epicenters and historic intensity observa-
tions, some well locations, surface water and ground water data,
USGS Digital Line Graph (DLG), and Census (DIME file) data. Ex-
amples of data which will require digitization are boundaries of
bedrock and surficial geological units, isopachs of surficial
units, and isolines of depth to bedrock. Examples of data cap-
ture which will require special processing are land use and land
cover (rasterized) data, hypsography (topographic and bathymetric
contours), and air photos.

e ANALYSIS -- Perform spatial analyses on data contained in
the UHDB and to produce derivative data sets for inclusion in the
UHDB. It will be possible to analyze spatial data using GIS ap-
plications software. For example, any attribute having spatial
variation can be modeled and generalized as a two-dimensional ma-
trix of regular polygons or a set of irregular polygons; simi-
larly, any numerical attribute having spatial coordinates can be
modeled as a surface. Use of the GIS to analyze fundamental data
will, in some cases, result in derivative data sets which them-
selves may be organized, manipulated, and displayed. Examples of
derivative data are isolines of seismic intensities, ground re-
sponse, and depth to specific geologic units; slopes derived from
hysometric data; thickness of water-saturated units; and ex-
ceedance probabilities for acceleration.
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e PRODUCTS -- Design and generate high-guality map and
graphical products and tabular reports of data attributes. The
GIS will permit generation of numerous maps having various data
layers overlaying a standard base of (say) hydrography, hypsogra-
phy, transportation net, and boundaries. One example is a ground
response map containing surficial geology, ground response con-
tours, and basement depth contours. Another example is a land-
slide susceptibility map containing surficial geology., slope con-
tours, and thickness of water-saturated units.

e RESEARCH -- Perform experiments which seek to discover
more effective techniques for generating derivative data sets.
Some existing methodologies and techniques that are inefficient
or cumbersome might benefit from use of GIS technoclogy. Consid-
erable attention will be given to streamlining the process of in-
tegrating and using multiple data sets in the GIS. Improvement
in data capture techniques are of great importance. Utilization
of query languages and an expert systems approach to access and
analyze GIS data seem promising.

More specifically, in the Pacific Northwest, these four ob-
jectives will include numerous tasks, such as: :

e DATA BASE —-- Construct base map products using data sets
({hydrography, transportation, boundaries) from existing USGS DLG
tapes on a quadrangle-by-quadrangle basis for major urban areas
(such as Seattle, Tacoma, Bellevue, Olympia, Portland); scan hyp-
sographic plates of the same quadrangles to construct topographic
and bathymetric contour line graph and digital elevation model
(DEM) data sets; digitize numerous geologic, hydrogeologic, tec-
tonic, and isoline maps to capture geologic, hydrologic, and
structural units; convert earthquake epicenter and intensity data
into GIS data files; capture geotechnical data (borehole geology
and velocity, soils analysis) from existing computer files; cap-
ture Census tract data from existing data tapes.

® ANALYSIS -—- Modeling of topographic surface from DEM;
slope determination from surface model; contouring of intensity,
seismic response, and geotechnical data; microzonation of urban
areas on basis of surficial geology, seismic response, and
geotechnical data; revision of urban land use areas.

e PRODUCTS -- Preliminary seismic response and landslide
susceptibility maps of Olympia and Seattle; preliminary seismo-
tectonic map of western Washington and Oregon.

e RESEARCH -- Improved interfaces between graphics software

and external data bases; synthesis of a DEM from several eleva-
tion data sets of varying resolutions.
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IMPLEMENTATION

The UHDB will be implemented using the existing USGS Central
Region GIS Laboratory PRIME computer (located in Lakewood, CO)
and a remote workstation and peripherals (located at the Branch
of Geologic Risk Analysis in Golden, CO). The new workstation
will be a SUN Microsystems 3/60C running ARC/SUN software; pe-
ripherals will include a high-accuracy digitizing table and ter-
minal, large format pen plotter, and communications equipment.
The workstation will be linked by an EtherNet connection to on-
site VAXs and by high-speed data link to the Regional GIS Labora-
tory PRIME computer. The workstation thus will be able to pro-
cess data in stand-alone mode or as a high-quality graphics dis-
play terminal when connected to the PRIME computer of the Central
Region GIS Laboratory.

‘ The Geologic, National Mapping, and Water Resources Divi-
sions of USGS and many State and local governments use ESRI's
ARC/INFO (Version 4.0) software package to perform GIS operations
(data base management, data manipulation, data display). Usage
of the same software package maximizes interchangability of data
sets and applications programs, to the benefit of the network of
GIS participants.

The overall approach in this project is long-range in scope,
attempting to create a GIS environment in which investigators
from many disciplines will find common ground (in the GIS facili-
ties and through the UHDB) for performing experiments and complex
spatial analyses which only a powerful GIS will permit. This ul-
timately means coordinating the GIS interests of several USGS op-
erating divisions, other Federal agencies and bureaus, the State
Geological Surveys of Washington and Oregon, municipal agencies
in the major cities, and several university groups.

In the short term, there are many obstacles to overcome in
establishing a network of GIS users, not the least of which are
disparate requirements for digital geographic data, incompatible
computer systems, incomplete or non-existent data standards, and
incompatible data formats. Data capture continues to be a costly
and time-consuming task, demanding imagination and innovation.
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EARTHQUAKE SAFETY PROGRAMS IN THE SCHOOLS
ONE JURISDICTION'S EXPERIENCE

By

William Lokey
Plerce County Department of Emergency Management
Tacoma, Washington

Background

State Law (RCW 38.52) gives authority for Emergency Management
Agencies to provide public education and information about
natural hazards which may affect citizens. The schools have
requirements for earthquake drills, building safety and emergency
planning. Citizens, service clubs and other community groups
are, or become, aware of earthquake hazards and want to help the
community with earthquake safety projects. These three
ingredients led to the development of Earthquake Safety and
Preparedness programs in Pierce County.

The Pierce County Department of Emergency Management was
receiving numerous requests for planning assistance from school
principals and classroom teachers. PTA groups contacted the
Department for information about safety programs and classroom
demonstrations. Service clubs wanted programs, and a local
Chamber of Commerce wanted to provide earthquake safety
information for their local school district. Trying to handle
these individual requests became very labor intensive, so after
receiving some assurances of support, a community wide effort was
begun to provide the most up-to-date and interesting information
to every school district in the County and to any other
organization or group with an interest in earthquake safety.

The Program

We patterned our program after several earthquake safety programs
which had been done in the Puget Sound area by other local
governments. We were also aware of the materials available
through the University of Washington, State Department of
Community Development, and the Federal Emergency Management
Agency. Finally, we learned of a program developed by
Hanna-Barbera in Californina using Yogi Bear to promote
earthquake safety targeted at elementary school kids.

We approached the school districts and got a commitment from many
of them to contribute 2 cents per student toward material costs.
We received support from the Lakewood Chamber of Commerce and
Pacific N.W, Bell. We approached the Exchange Club of Tacoma and
some private foundations in the Pierce County area and received
donations from them. We cooperated with the City of Tacoma and
combined funds from both the City and the County. We raised
enough to purchase 100,000 Yogi Bear Comic Books, which would
provide o~e for every elementary school child in Pierce County
twice. (We intend for the program to be ongoing.)

A video tape produced by Hanna-Barbera was also made available -
for each school district to be used in the classroom. This tape
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complemented the information in the comic book.

We put together a workbook containing the planning workbooks and
guidance which was available from the University of Washington
and from the Federal Emergency Management Agency. These
materials would help districts develop emergency plans and
programs for buildings and classrooms. These were distributed to
each school district. Any calls that are now received for
planning assistance are referred to the appropriate school
district person,

Disaster research has shown that the closer a hazard comes to
home, the more attention people pay to it. We took the
"Earthquake Safety brochures developed by the State, FEMA, the Red
Cross and others and compiled a brochure that targeted the
earthquake hazards in Tacoma and Pierces County. The Morning
News Tribune gave us permission to use their photographs of
historic damage in Tacoma. This has been very well received in
the Community.

Finally, we prepared a slide tape program which also specifically
targets the Tacoma-Pierce County earthquake hazard. This is now
available for presentations for service clubs and businesses.

Lessons Learned

We learned several lessons as we developed this program that we
hope will help it be more successful in the future.

1. People do pay more attention when the hazard is presented
as relevant to their home town.

2. There needs to be one central coordinating agency which
takes the lead in fundraising.

3. In dealing with school districts you must consider the
separate roles of the Superintendents and Administrators,
the safety coordinators, and the people responsible for
curriculum, :

4, 1If everyone is offered the opportunity to share in the
costs, and government provides some "seed" money,
fundraising seems to be more successful.,

5. People were more supportive of an on going program with a
10 year goal of better educated citizens.

6. Support from the State is essential. If the public
perceives the State does not think something is
important, they will not give it priority either.

7. A central clearninghouse of information available from

all sources, particularly at the State level would have
been helpful.
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EMERGENCY OPERTIONS CENTER COMPUTERIZATION
AND
PUBLIC AWARENESS PROGRAMS

By

B. Lance Olmstead
Emergency Program Coordinator
The Corporation of the District of Sanich
Victoria, British Columbia
Canada

-- Introduction

The Vancouver/Vancouver Island area of British Columbia Ties in the same
subduction zone as the Puget Sound/Portland area and poses the same risks to
our citizens as it does to theirs. Our hazard analysis and historical
incidence of earthquake activity in this area leaves no doubt as to the RISK
we face. My comments are primarily aimed at hazard mitigation through
Emergency Program Coordination and Public Education.

Emergency Operations

Every city, town and municipality must have basic plans duly approved by the
elected officials. Failure to do so can result in confusion, increased loss
of 1life, increased property damage, considerable economic losses and
probably a lot of litigation for negligence caused by not taking basic
measures to protect the public against a known hazard. Some legal authori-
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ties feel that .litigation for negligence, (similar to that faced by
employers who do not provide adequate information or equipment to protect
the public from fire or dangerous goods and hazards) would be successful
should government and business fail to help their citizens and employees
protect themselves against the effects of an earthquake. In addition, the
reduction of economic losses to the community, state and country that can be
obtained by efficient preplanning and education are significant.

Once a community has obtained basic planning, legal authority and manpower
and developed it into a framework that can manage urban rescue, casualty
assessment, casualty treatment and the problem of evacuation and temporary
shelter, (with all that entails) they must then be concerned with protection
of property, clean-up and repair of the community infrastructure to reduce
the economic losses. Finally, there comes the damage assessment and claims
procedures for insurance companies and government. One can readily see that
the phrase "Emergency Coordinator" implies onerous responsibilities over a
long period of time.

There has been much written on methods of response to such widespread
disasters and how to return to normal with the minimum of economic loss, and
I will not comment further on these aspect. However, even though there are
many computer programs which assist Police and Fire and provide access to
lists of assets and personnel, there are very few programs which cater
to Urban Heavy Rescue. One such program is being developed here in Victoria
which we hope will greatly assist Search and Rescue organizations in
locating personnel in collasped buildings. The general idea is to use
computerized street plans, digitized building floor plans and site plans to
assist searchers in ensuring all areas in a partially collapsed structure
have been searched and to indicate where a rescue group should start their
search in a collapsed structure. The big problem with these graphic
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programs in the past has been their lack of speed. I feel we have now
solved that technical problem as we can now find a floor plan, have it on
the screen in color and print it on a dot matrix printer in 1less than one
minute. The system is totally "stand alone"” and is configured for field
operations in conjunction with batteries or portable generators. We expect
this system to be a very useful tool in urban heavy rescue situations (see
attached sample). I feel that there is a considerable body of work that yet
remains undone in the emergency operations field and I urge our elected
representatives and emergency services to place more emphasis and assets in
this important area.

Public Awareness

Public awareness is a major problem everywhere, and strategies to deal with
it have been generally unsuccessful. Saanich has decided that the problem
can be more effectively dealt with through the schools (they will become
adults) although it is a slow process. All schools need to ensure the
safety of the children entrusted to them. This basic fact can be used to
ensure appropriate participation. The litigation risk is also a key phrase
which is very effective in convincing recalcitant administrations to get on
with their earthquake awareness and planning responsibilities. Each school
must ensure that staff are aware they must be able to deal with an
earthquake situation on their own for at least the first six hours and

probably twenty-four hours or more, depending on the severity of the quake.
They must have instilled the "Duck and Cover" drill in their students, be
able to evacuate the uninjured and walking wounded through the rubble to a
predesignated meeting area. Know who is missing, conduct search and rescue
operations for the missing, provide first aid for the injured, control,
register and comfort their students and protect their school against

[EDL DI



ancillary damage from fire, flood, etc. Trying to move a group of
traumatized children to another area through downed electrical wires and
other earthquake damage is probably more dangerous than staying and
reoccupying a section of the school. Preplanning is obviously essential if
all of this is to be accomplished. The provision of evacuation kits in each
classroom complete with minimal first aid equipment for cuts is essential.
Distribution of first aid equipment is necessary as a collapse situation may
bury a centralized supply. All exits should also have a stretcher, hard
hats, gloves, etc., available for search and rescue operations. Training in
search and rescue, first aid and fire protection using installed appliances
is very important. A1l staff should also know how to shut off water, power
and gas in order to protect the school against further damage.

When it comes to business, the next target for your awareness campaign, the
same two key phrases can be used: Safety of Employees and Customers.
Businesses will be responsible for dealing with similar problems as the
schools with regard to their staff and to a more limited degree with regard
to their customers. Employers should have detailed plans and personnel
policies negotiated with staff regarding search and rescue, pay and
allowances, first aid, evacuation, protection of assets and clean-up. Most
employers have not yet considered these aspect.

In Victoria, our municipality has commenced a major attack on public
awareness by the introduction of Project "Shakey Ground" (see enclosure). We
feel this three pronged effort, although costly, stands the best chance of
changing public opinion.

Awareness of what 1is required by way of preplanning before the quake,

actions during the quake and method of limiting the risk to personnel and
property after the quake is essential if we wish to limit casualties,
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decrease our physical asset losses, reduce the period necessary to return to
normalcy and thereby reduce the total economic loss. Public awareness and
preplanning can go a long way towards mitigating losses due to earthquake
hazards. We all need to get on with it now.

IO D30



peoYy

AV

e m_..- B EEEEE R PR od

L

D (I

u. ol w Ly

/ 1S _ b.z.u_.. 18
N O Nod %
._. N

301:440

301440

JOVLS

\nl.x.l

&

v

T B E

01440

331440

P

@w

'
_w

m—
A

FNLI3INT

£

@

Lo 30 |

R —— - 1oy -.Mw'-_ N owrased -.-—IW' l A......m\f.v U.U'u_’ml
) = f.‘. A ll. -

_,mm_

g ———— X ) '.MM-.
_w@ Cha &
o T ——————— 8 Orh*.. =
AR
.—_U k % , 5

prOYy

[SEYINPRIND

UOSD AP

1N
"t

D
D
-t

260

[DA7 S03¢



PROJECT "SHAKEY GROUND"

The Vancouver/Vancouver Island area, as well as most of the west coast of
British Columbia, is in an active earthquake zone. It is the opinion of most
Emergency Program Coordinators such as myself, that not enough public
information has gone out to our citizens to educate them in methods of
limiting the risk to themselves and their property when the inevitable major
earthquake hits our area. It is my opinion that most schools and businesses
have not considered the consequences of such a disaster on their personnel
or operations, nor have they educated their employees in methods of
protecting themselves or their employer's assets. Some schools and most
businesses do not even have basic emergency plans in place to permit them to
cope during an earthquake, let alone subsequent to one.

In order to rectify this deficiency in public education, the Corporation of
the District of Saanich has embarked upon a public awareness campaign in the
Victoria area. Our program has three primary objectives.

Firstly, the production of five videos of six minutes duration each. These
videos will identify the earthquake risk, indicate the preparations needed
prior to an earthquake to limit risk to personnel and property, demonstrate
the proper immediate and subsequent response to limit injuries to personnel,
illustrate damage limitation and survival techniques after the earthquake
and demonstrate methods of mitigating the psychological effects, especially
among children, which earthquakes will cause.

These videos will be supplemented by four handouts. One handout will be a
compendium of the videos for adults. The other three will be in "comic
book" form, produced under the auspicies of the Hanna-Barbera Productions
Corporation in Los Angeles, California. The first four page comic book
utilizing the "YOGI BEAR" motif, is designed for very young children up to
age ten. The second comic book is used to teach basic first-aid using items
around the house and the third comic book is an eight page version of the
first comic book and is used for older children.

Supplementing the video information and handouts will be an "Earthquake
Simulator" which will be used to teach children and adults the correct
initial response to an earthquake and the evacuation procedure required
after the shaking stops.

The Municipality will acquire a tractor-trailer unit and outfit the traijler
portion as the simulator. The trailer will be paneled, carpeted,
illuminated and set up with sixteen school desks and a teacher's desk inside
it. The audio-visual system will air the selected videos, the Educator will
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answer questions and then "press the button". An actuator will shake the
trailer, giving the students an opportunity to feel what an earthquake might
be like and then they will practise their "duck and cover" drill and
evacuation procedures. By changing the interior of the trailer, a home or
office setting can be simulated and employees or families can experience the
simulation. The simulator will be towed from location to location to
improve public awareness.

Phase One is the production of the five video clips. The cost of the video
production 1is estimated at Forty Thousand Dollars ($40,000.). I am
convinced the information on the videos would be of importance to management
and staff for employee awareness programs in addition to students and
parent-teacher groups.

Phase Two is the publication of four pamphlets. A1l pamphlets have been
designed and forty thousand copies of the first pamphlet "A Blueprint for
Earthquake Survival" has already been paid for and has been distributed to
residents of Saanich. The three comic books are estimated to cost
approximately Six Thousand Dollars ($6,000.) each, with a run of forty
thousand copies for a total cost of Eighteen Thousand Dollars ($18,000.).
If subscribed by government and business, their logo and credits would be
published on the back cover.

The largest project item is the "Earthquake Simulator". Funding for the
tractor-trailer and power generator is in place. There will be audio-visual
equipment costs, interior design and furniture costs estimated at Fourteen
Thousand Dollars ($14,000.). Annual operating costs for the project are
estimated at Thirty Thousand Dollars ($30,000.) for a part-time Educator,
Student Assistant and Driver, plus accommodation, fuel and repair costs.

Students would be the main benefactor of simulator use, but families and
business would also benefit. The operating costs of the simulator on a

"cost only" basis will be assessed as mutually agreed for those groups
requesting access. '

Preparation done in advance of an earthquake will 1limit the risk to the

public, business employees and physical assets and help reduce 1lost
production time subsequent to the earthquake.

[ am, therefore, convinced this project is a worthy one and will result in
greater awareness, fewer casualties, decreased economic loss and a quicker
return to normalcy after the earthquake.
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OBJECTIVES OF THE WORKSHOP ON
"EVALUATION OF EARTHQUAKE HAZARDS AND RISK IN
THE PUGET SOUND AND PORTLAND AREAS"

By

Linda Lawrance Noson
Federal Emergency Management Agency, Region X
Bothell, Washington

This workshop is part of an integrated 5-year Federal and State effort
focused on earthquake hazards and risks in the Puget Sound and Portland
areas. Study results in the region will be reviewed and discussed at
workshops annually. A similar 5-year program has recently been completed in
Utah. These programs are part of the National Farthquake Hazard Reduction
Program (NEHRP). NEHRP was initiated in 1977 in recognition of the threat of
catastrophic losses of life and property posed by earthquakes in the United
States. The goal of NEHRP is to reduce personal and economic earthcuake
losses. Four Federal agencies provide National leadership for the NEHRP:
the United States Geological Survey (USGS), *the Federal Emergency Management
Agency (FEMA), the National Science Foundation, and, the National Bureau of
Standards.

USGS and FEMA were the Federal sponsors of the Puget Sound/Portland workshop.
Their State partners in cosponsoring the workshop were the Washington State
Department of Natural Resources, the Washington Division of Emergency
Manacement, the Oregon Department of Geology and Mineral Industries, and, the
Oregon State Department of Emergency Management. These State and Federal
acgencies along with mumerous private organizations, universities and
colleges, and other State and local agencies are involved in the effort to
determine the nature and extent of the earthquake hazard in the Puget Sound
and Portland areas and to implement efforts to reduce earthguake losses. The
objectives of the workshop include:

describe the present level of understanding of the nature and

extent of earthcuake hazards and risk in Puget Sound and

Portiand areas.

identify additional information needed to improve that level of

tnderstanding.

communicate scientific results in a clear fashion to

individuals who must make decisions about how to respond to the

hazards identified.

facilitate dialogue between those carrying out research to

device the hazards and those using research results to reduce

risk.

— What loss reduction studies can be initiated given what is
presently known about earthgquake hazards in Puget Sound and
Portland?

- What further information must be collected before further
recduction efforts can be carried out?

- Encourage networking among the diverse groups involved in
this process.
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Earthquakes are egalitarian in that they do not distinguish between political
jurisdictions, type of occupation, income, etc. This diversity is reflected
in the range of individuals, agencies, and organizations that must be
involved to successfully reduce future earthquake losses. Nearly 200 people
participated in the workshop including scientists, insurance industry
experts, design engineers, land use planners, educators, emergency management
groups and more.

The focus of the workshop's final day will be on the role the State could
play to provide direction and guidelines to facilitate the implementation of
earthquake hazard mitigation and preparedness actions. The foundation upon
which these actions are developed are past experience of damaging earthquakes
in Washington and Oregon and research that has been carried out to determine
the causes and effects these earthquakes will have on residents of these
States.
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ESTIMATION OF EARTHQUAKE LOSSES IN THE PUGET SOUND AREA
S. T. Algermissen and E. V. Leyendecker

U.S. Geological Survey
Denver, Colorado

LOSS STUDIES

The USGS is currently conducting studies of earthquakes and losses due to
earthquakes in several geographic areas throughout the United States. Work in
the Salt Lake Valley in Utah (Gori and Hays, 1987) is nearing completion and
new studies are underway in the Puget Sound area. Work on earthquake losses
in this area is not new; however, much has been learned since 1975 when the
last study (Hopper and others, 1975) was published. These new loss studies
are being done both to develop improved estimates of the consequences of
earthquakes and to develop improved techniques for conducting such studies.

Earthquake loss studies may be of the "deterministic" or "probabilistic"
type. A deterministic study might consider the consequences of one or more
earthquakes; frequently this might be the largest likely earthquake. Such a
study is very useful for purposes such as emergency planning. The
probabilistic study considers both magnitude and frequency of occurrence and
may be "more realistic" than the above "worst case" scenario. Both
deterministic and probabilistic studies are being considered for the Puget
Sound area. The work of Hopper and others (1975) is representative of the
scenario or deterministic type of loss study. Emphasis is being placed on
developing the tools for use in loss studies rather than a complete assessment
for the region. Accordingly a limited area of Seattle has been selected for
conducting a detailed study of losses.

The study area is shown in Figure 1. It includes West Seattle, an area
with considerable damage in 1965, and downtown Seattle. It extends north to
about Salmon Bay and Lake Union and south to about the Boeing Plant. This
area will be used as a demonstration of some techniques which can be used to
conduct a loss study. Most of the work is being done by USGS personnel. Some
work in losses that is being done under the USGS grants program is closely
related and will be included in the study. These efforts will be coordinated
when it is within the scope of the grant proposals.

DATA COLLECTION

The inventory of structures, except for housing, has been the weakest
link in developing realistic estimates of total dollar loss by building type.
The data collection procedures are centered around (1) a simple system for
classifying buildings, (2) the census tract as the basic area for data
collection, and (3) machine read "mark-sense" sheets for compiling a computer
data base. Each of these factors is described below. It should be noted that
the procedure can be used for either inventory or damage surveys.

The 1983 Insurance Services Office (IS0O) classification system described
by Steinbrugge (1982) will be used in the inventory survey of buildings in the
census tracts. This classification uses a system of 5 major classes as shown
below:
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Class 1: Wood frame structures

Class 2: All-metal buildings

Class 3: Steel frame buildings

Class 4: Reinforced concrete buildings, combined
reinforced concrete and structural steel
buildings :

Class 5: Concrete, brick, or block buildings

This system was selected for its relative simplicity and ease of use by a lay
person with a limited amount of training.

The census tract will be used as a data collection unit in order to
simplify the inventory of buildings. Since census data provide a relatively
accurate count of residential construction, this is one component of an
inventory that does not have to be compiled in detail. The type of
residential construction (type of frame, siding, etc.) can be determined by
relatively simple statistical sampling. Other types of structures require
additional inventory work. Extensive sampling will be required in order to
develop suitable inventories for structures other than dwellings.

Data will be collected on "mark-sense" sheets which describe building
class and various types of damage if it is a damage survey. The mark-sense
sheets are preprinted forms with multiple choice responses that are filled out
with a soft lead pencil. The "marks" by the soft lead pencil can be "sensed"
by an optical scanning device. Space is also provided for general comments
and/or observations. The presence of this latter type of data can be "sensed"
although it must be entered by hand. These forms are then read into a
computer data base using an optical scanner. This procedure is shown
schematically in Figure 2.

STRONG GROUND MOTION

Most loss studies have used MMI as the measure of ground motion. Although
the limitations of intensity for this use are well recognized, it is also well
recognized that there is little information on building damage as a function
of some other measure of ground motion. Thus the use of MMI is expected to
continue for some time. It is, however, possible to estimate losses to
structures by the use of damage attenuation curves such as those proposed by
Steinbrugge, Algermissen, and Lagorio (1984). This technique requires the
development of curves that represent the loss of a particular type of
structure as a function of earthquake magnitude (or maximum intensity) and
distance from the rupture surface of the fault.

The current work on ground motion, intensity, and local effects by King
(King and others, 1988) will be included.

DAMAGE DATA

As would be expected, the largest data base for earthquake damage exists
for California. These loss data have been categorized by building class and
strong ground motion amplitude. The relatively simple classification of
building stock described earlier has been used to compile existing damage
statistics (Steinbrugge, 1982). Of necessity, the MMI scale has been used as
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HARDWARE:

DATA PRINTER
s SHEET
b3
] MODEM
i ey
OPTICAL : - |
SCANNER 220 HP PLOTTER

— DIGITIZING
' TABLET

LOCAL STREET MAP

SOFTWARE:

PROGRAMS TO -
1. DIGITIZE LOCAL MAPS
2. GRID, SURFACE, CONTOUR
3. DRAW MAP
4, COMMUNICATE WITH VAX
5. DRAW GRAPHS

6. SCAN OPTICAL FORMS

Figure 2. Acquisition system for inventory development and
earthquake loss data.
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circled star is the main shock epicenter,
west of it is the epicenter of the largest aftershock.
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a measure of ground motion. Due in part to the lack of widespread
instrumentation it is anticipated that the use of MMI will continue for some
time. These data have been cautiously extrapolated for use in other areas of
the United States.’

Efforts have been made to expand these data for California using an
expanded classification system and loss estimates based on expert opinion to
create damage statistics (Applied Technology Council, 1985).

FIELD USE

The procedure for data collection was tested following the October 1,
1988 Whittier Narrows Earthquake. Census tracts surveyed in Whittier are
shown in figure 3. The open circles represent the coordinates of the center
of housing in each tract. Boundaries of the tracts are omitted for
simplicity. The survey procedures worked relatively well, However, it was
concluded that the specific data recorded on the mark-sense sheets, while
adequate, should be simplified as much as possible for use in future
studies. There were also indications that minor modifications were desirable
in the building classification system but major changes are not anticipated in
the near term,

SUMMARY

Procedures for loss studies in the Puget Sound area have been briefly
described. The building classification and survey strategies described have
been tested and found usable and adequate for describing damage. Further
refinement in the direction of simplification was found desirable for future
use by personnel with training in its use but with limited background in
structures.
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EFFECTS OF PAST EARTHQUAKES IN THE PUGET SOUND AREA

By

Margaret G. Hopper
U.S. Geological Survey
Denver,

Abstract

Historic earthquakes in the Puget Sound area have caused
intensities up to the level of structural damage (Modified Mercalli
intensity (MMI} VIll). The two largest such earthquakes occurred
in 1949 and 1965 and produced their highest levels of damage near
Olympia and Seattle, respectively. An unusual concentration of
damage occurred in West Seattle due to the 1965 shock.

In addition to shaking damage, damage due to ground fail-
ures is common during large Puget Sound earthquakes. Ground
faifures from historic Puget Sound shocks include landsfides, lique-
faction, and settling.

INTRODUCTION

The seismicity of the Puget Sound basin and sur-
rounding region is shown in figure 1. Only earthquakes
large enough to cause damage (that is, having max-
imum Modified Mercalli intensity Io>VI) are shown.
(A copy of the Modified Mercalli intensity scale is ap-
pended to this report.) Notice that there are only two
shocks within the Puget Sound basin large enough to
cause structual damage (MMI>VIII): the 1949 earth-
quake near Olympia and the 1965 earthquake at Seat-
tle.

TABLE 1. 1949 and 1965 Earthquakes Data

DATE MAG |y  AREA! DEPTH? LOCATION

1949 April 13 7.1 VIII 388,000 70
1965 April 29 6.5 VIII 337,000 59

Olympia
Seattle

! Felt area in km?.
2 Focal depth in km.

An earthquake with Ig=IX in 1872, probably a little
over 100 km east of the Puget Sound basin, caused only
MMI=VT level damage within the basin.

The rapidity of intensity attenuation away from
the epicenter of an earthquake is one of the factors that
determines the extent of various levels of damage for
a given earthquake. The rate of intensity attenuation
varies in different parts of the country; for example,
earthquakes on the east coast of the United States have

15U D=/

Colorado

about ten times lower intensity attenuation (and there-
fore much larger felt areas) than earthquakes in Cali-
fornia for the same magnitude. Figure 2 (a) shows how
intensity diminished with distance from the epicenter
for the 1965 Seattle earthquake. From this graph it is
evident that the attenuation of intensity is dependent
or more than just distance from the epicenter, since
many intensities are possible at a given distance. In
fact, many factors influence the actual intensity result-
ing at a specific site, such as the fault movement causing
the earthquake, the path from the focus to the site, and
the site itself. One of the most important of these fac-
tors is the local geology at the site where the intensity is
reported. For example, the intensity at a site on water-
soaked alluvium is likely to be much higher than the
intensity at a site on rock, for both sites at the same
epicentral distance. Figure 2 (b) shows a subset of the
data in figure 2 (a) containing only those sites on nor-
mally consolidated materials. In this case it is much
more apparent that for a given distance range there is
a predominant intensity.

The two MMI=VIII shocks will be discussed
individually, followed by a short discussion of the
shocks large enough to cause architectural damage

(MMI=VTII).

1949 EARTHQUAKE

The epicenter of the 1949 earthquake was between
Tacoma and Olympia and caused MMI=VIII damage
from north of Seattle to Longview (figure 3). Intensi-
ties within the city of Seattle (figure 4) range from IV
to VII. Additional data not shown on figure 4 suggest
intensities as high as VII-VIII on Harbor Island and the
harbor area.

In Tacoma (figure 5), closer to the epicenter, in-
tensities range from IV to VIII. The higher intensities
(VII and VIII) are mostly in the central part of the city.
Additional data not shown on figure 5 suggest one or
two scattered MMI VIII's within the city.

Olympia (figure 6), the closest large city to the
epicenter, has structural damage intensities (VIII) in
the area of the state capitol where eight of the capi-
tol buildings were damaged to the extent of two million
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Figure 1. Puget Sound regional seismicity. The arabic numbers show maximum Modified Mercalli intensities
(Io) and epicentral locations. Years are noted for shocks with Io>VII M.M. Maximum intensities shown on
this map are the highest given in any of the catalogs searched.
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(1949) dollars (Murphy and Ulrich, 1951). Additional
data for this map also show a few more MMI VIII's.

1965 EARTHQUAKE -

The isoseismal map for the 1965 earthquake is
shown in figure 7. The resemblance to the 1949 at-
tenuation pattern is striking. Both shocks have elon-
gated north—south interior isoseismals and have felt ar-
eas elongated toward the east across northern Idaho and
northwestern Montana.

Although both the 1949 and 1965 earthquakes
have maximum intensities of VIII, the 1965 earthquake
is the smaller. Its magnitude and felt area are both
slightly smaller than for the 1949 earthquake (see table
1). Also, whereas the 1949 earthquake caused enough
damage at the MMI=VIII level for there to be an VIII
isoseismal, in 1965 there were only a few scattered VIII’s
within a VII isoseismal.

Numerous data points within the city of Seattle
(figure 8) make it possible to look at the distribution of
intensities on a city-wide basis. Intensities within Seat-
tle range from IV to VIII with the VIII’s mostly clus-
tered in West Seattle. Because the most serious damage
seemed to be in West Seattle, a survey was done there
utilizing damaged chimneys to determine relative dam-
age on a block-by-block basis (figure 9). The percent-
age of downed chimneys in a block was often as high as
80%-100%, although most of the blocks surveyed had
from 40% to 60% of their chimneys down. An important
question to be addressed during the studies in progress
is why West Seattle was so hard hit when other areas
of Seattle with apparently similar geology and similar
types and ages of construction (for example, Magnolia
and Queen Anne Hill) were not.

Tacoma (figure 10) had isolated intensities as high
as VII, but the predominant damage level was VL.

Olympia (figure 11), farther from the focus than
Tacoma, nevertheless had far more damage at the
MMI=VII level than did Tacoma. As in 1949, the high-
est damage was clustered primarily around the state
capitol. However, Olympia had no structural damage
in 1965 as it did in 1949.

OTHER LARGE EARTHQUAKES

A knowledge of the seismic history of the Puget
Sound basin is essential to an understanding of the seis-
mic hazard. A number of earthquakes, either smaller
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than the 1949 and 1965 shocks, or as large or larger,
but farther away from the Puget Sound basin, are also
important for any study of the area because they can
cause locally high damage within their epicentral areas.
Table 2 lists shocks of maximum intensity Ip=VII within
the basin plus larger, more distant shocks. Isoseismals
for six of these shocks are shown in figure 12. Better
information is needed for most of these earthquakes in
order to better see the intensity attenuation patterns.
Some patterns do appear consistently in these maps.
In particular, the felt areas of the 1945 and 1946 earth-
quakes (figure 12 (d) and (e)) show the same extension
to the northeast that occurred in the 1949 and 1965
earthquakes. Some of the “isoseismal” maps shown in
figure 12 are only maps of the overall felt area. These
need to be much more detailed to understand the dis-
tribution of the intensities.

TABLE 2. Other Large Earthquakes in the Puget Sound
Region

YEAR 13!  LOCATION

1872 X Cascade Mountains, central Washington
1877 VII  Portland

1880 VI-VII? Bainbridge Island

1891 VI-VII? Port Angeles

1904 VI-VII? Victoria, Brit. Col.

1909 VII  Northwest Washington

1920 VI  Northwest Washington

1932 VI-VII? Tolt River, Sultan

1939 VII  Olympia

1945 VII  Mount Si, North Bend

1946 VII  Near Tacoma

1946  VIII  Georgia Strait, Brit. Col.

1949 X Queen Charlotte Islands, Brit. Col.
1962 VI Vancouver, Washington

! Maximum intensity. Highest Iy from catalogs searched.
2 Maximum intensity not well established.

CONCLUSIONS

The seismic history of the Puget Sound basin ex-
tends back only a little over a century. During this pe-
riod there have been two shocks large enough to cause
structural damage (MMI=VIII) within the basin and
one of MMI=IX in the adjacent Cascade Mountains.
The two larger shocks within the basin have both been
relatively deep (60-70 km) and have had correspond-
ingly large damage areas and felt areas. It is reasonable
to assume that such earthquakes can occur again and,
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moreover, that a slightly larger earthquake is possible,
even though it has not yet happened during the short
historical record. An earthquake similar to the 1949 or
1965 shocks, but with magnitude 7.5 and maximum in-
tensity of IX, could cause widespread structural damage
over a densely populated area. Such an earthquake, if it
occurred during rush hour, could leave over 2,000 people
dead, over 8,000 injured, and perhaps 23,000 homeless
(Hopper and others, 1975). Landslides and liquefaction
in susceptible areas would block transportation systems
and hinder relief and recovery efforts.

High intensities in historical Puget Sound earth-
quakes have been due to: (1) strong shaking in the
meizoseismal regions of the earthquakes, (2) unusual
amplifications of ground motion as in West Seattle in
1965, (3) widespread ground failures in susceptible soils,
and (4) damage in an aging inventory of buildings, par-
ticularly buildings of unreinforced masonry. These con-
ditions still exist and will continue to exist during the
next earthquake in Puget Sound.
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CONSIDERING EARTHQUAKE RISK REDUCTION POLICIES AND PRACTICES

By

Peter J. May
University of Washington
Seattle, Washington

This paper addresses relevant social science considerations to earthquake risk reduction within
the context of the USGS Puget Sound/Portland earthquake hazards assessment. Unfortunately, social
science considerations are often relegated a secondary role in discussions of earthquake risk reduction.
As noted in what follows, social scientists have made useful contributions to our understanding of
factors affecting natural hazards policy adoption and implementation. This knowledge base along with
information about current policies and problems provide important lessons for the design of
appropriate and feasible risk reduction strategies for the Puget Sound/Portland areas.

Policy Formation and Implementation

There is a burgeoning social science literature about policy formation and implementation that
is relevant to discussions of policies for earthquake hazards. The focus of recent political science
research on policy formation has been upon factors associated with opportunities for policy enactment.
The recent focus of the closely related, but disciplinary more diverse, implementation research has
been upon the relationships between policy design and the incentives or disincentives that particular
policies create for desired behavioral changes.

Policy Entrepreneurs and Policy Formation

In studying policy formation, political scientists have in recent years moved away from rational
policy-making models to more free-flowing models of policy-making. The new models emphasize the
separate streams of policy ideas, problems, and political currents from which occasions for policy

- enactment arise as unpredictable windows of opportunity. What emerges from such descriptions is a
policy-making world in which political entrepreneurs must champion causes and a store of proposals
need be at the ready when fleeting windows of opportunity open.

In applying these newer theoretical perspectives, social scientists who have studied policy
formation concerning earthquakes and other hazards had little success in identifying conditions other
than earthquakes themselves which occasion opportunities for policy enactment. While several case
studies (e.g., Alsch and Petak, 1986; Wyner and Mann, 1986) exist of policy enactment for earthquake
risk reduction, they reflect the broader literature in depicting fleeting episodes when political currents
are supportive of specific policy action. Typically, new policies are considered only after long periods
of fledgling efforts to draw attention to the need for reforms.

The main lessons of this research for those advocating enactment of new policies for
earthquake risk reduction are:

(1) Expect a long "softening up" period. Given the low placement of earthquake hazards on
policy agendas, it takes a long time -- often a decade or more -- for officials and relevant
professionals to grapple with the important technical, political, and economic considerations of
introducing changes in existing practices.

Alesh and Petak (1986), in their study of retrofit policies for hazardous buildings, note that it

took eight years from the time Los Angeles Councilmember (now Mayor) Bradley formally
requested a feasibility study for addressing the problem of pre-1934 unreinforced masonry
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buildings until the Council enacted their 1983 ordinance. It will be another 3 to 10 years
before owners will have been required to comply with the ordinance,

In Washington state, it has been some 15 years since sustained state-level efforts to build a
constituency for earthquake risk reduction were initiated with the Washington State
Engineering Advisory Council formed by the governor in 1971, and the Ad Hoc Committee on
Geologic Hazards formed by the state Senate Committee on Commerce in 1973.

(2) Anticipate unpredictable and fleeting "windows of opportunity". Windows of opportunity for
enacting policy changes are not predictable and rarely last more than a few weeks or months.
The norm is for situations to arise where earthquake provisions can be tacked onto related
legislative measures. For example, seismic provisions might be added to new provisions for
historic structure rehabilitation. Or, earthquake education provisions might be folded into
new science curricula as part of education curriculum reforms. On rarer occasions when
earthquakes occur in nearby areas, there will be more widespread, but still fleeting, interest in
addressing earthquake risks.

(3) Learn to be more entrepreneurial about advocating policy reforms. Even when viewed from
the inside, one of the central features that stands out in descriptions of policy-making in
federal, state and local legislative arenas is the level chaos that dominates policy-making.
Some types of individuals or organizations -- which have been labeled "policy entrepreneurs” in
the policy literature -- tend to thrive in such situations. Their skills lay in first recognizing
when windows of opportunity might open, and second in having ready concrete proposals to
offer as solutions to the problem at hand.

Policy Instruments, Implementors, and Intermediaries

Perhaps the greatest contributions to date of social scientists to earthquake risk reduction have
been both identifying the complex chain of implementing actions various risk reduction measures entail
and sorting through the relevant decision-making considerations that affect implementation success.
The state-of-art for this work has involved analyzing implementation considerations for risk reduction
measures aimed at influencing people's behaviors with respect to land use, design, and construction or
rehabilitation of new and existing structures.

Implementation-relevant research by hazards specialists, geographers, planners, and political
scientists can be summarized as follows (see, May and Bolton, 1986 for further discussion):

(1) The range of prospective risk reduction measures is fairly well prescribed. While the
appropriateness and feasibility of implementing particular measures varies considerably
among different jurisdictions, the types of measures that might be employed have been
detailed by planning professionals and bazard researchers (e.g., Blair and Spangle, 1979; Jaffe,
Butler, and Thurow, 1981; Kockelman, 1983; Nichols, 1982). These include building code
provision for new construction, hazardous abatement provisions for existing construction,
various zoning provisions, special use or critical facility permits, lifeline location or design
restrictions, seismic area impact review requirements, real estate disclosure requirements, and
the purchase of property rights or property itself.

(2) The relevant chain of actions, actors, and decision-making considerations affecting
implementation success are important to consider. In depicting the prospects for successful
policy implementation, implementation theories have focused attention on two aspects of the
policy process: (1) the chain of actions that must be undertaken in order to achieve desired
behavioral changes among "target groups” affected by a given policy, and (2) the
decisionmaking considerations that affect behaviors of "target groups" and intermediary
implementors with respect to the policy under consideration. Social scientists have applied
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these broad notions about policy implementation in identifying the relevant considerations to
implementation success for risk reduction policies. The difficulty lay in specifying which of the
generic considerations apply to any particular set of policies and locations.

(3) We have learmed to be much more cautious about assuming implementation success. One of
the salient lessons of the earthquake risk reduction implementation studies (e.g., Palm, 1983;
Wyner and Mann, 1986), is the extent of implementation problems and resultant lack of
implementation success for risk reduction policies. These findings call attention to the
importance of careful analysis of relevant decision-making considerations so that policies can
be designed that anticipate implementation problems. In addition, we should be cautious
about accepting cost-benefit studies or other policy analyses that assume full implementation
of policies under consideration.

Risk Reduction Policy for Washington and Oregon

Within this region there have been case studies of risk reduction efforts within selected
communities but no comprehensive studies of risk reduction practices. As a consequence, there is
limited knowledge of existing local-level policy and less understanding of actual development, land use,
or building practices. In brief, previous research and other documents (more generally, see the review
of state policy actions by the Washington Seismic Safety Council, 1986) concerning this region tell us:

(1) State-wide policies exist with respect to new construction. The chief state-level policy action
in Washington state is adoption in 1975 of a State Building Code which mandates state and
local governmental adherence to seismic provisions of the Uniform Building Code (UBC) --
currently referencing the 1982 UBC provisions -- for nonresidential, new construction .
Oregon also has a state-wide building code. Neither of these codes address existing
construction.

(2) The consensus seems to be that the current UBC provisions for this region have provided
satisfactory state-of-the-art designs for construction of new "engineered" buildings. While the
delineation of the zones and peak acceleration estimates are subject to change as the USGS
assessment findings are released, the current provisions appear to be unlikely to experience
substantial change except possibly in a localized, site-specific cases. In assessing the impact of
the NEHRP Recommended Provisions upon cost of construction, designs using the
recommended provisions when applied to Seattle were found to be slightly less expensive than
designs using the Modified 1979 UBC provisions which at that time were the applicable Seattle
Code (reported in Weber, 1985).

(3) Some local jurisdictions in this region are fairly advanced in their risk reduction efforts.
Seattle was cited by Holmes and Thurston (1985) in a FEMA-sponsored national review of
private sector activities for its parapet ordinance and provisions for seismic upgrading when
rehabilitating buildings. Land use practices in some jurisdictions reference seismic hazards,
particularly secondary effects, as documented by discussions of the King County, Washington
sensitive areas ordinance (Bolton et al., 1986). Tacoma requires a strong-motion recording
instrument be installed and maintained in all buildings six stories or higher, funded through a
city surcharge on building permits (discussed in Drabek, Mushkatel, and Kilijanek, 1983, p.
132).
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(4) The risks posed by existing construction are noteworthy in this region. The problems of
existing unreinforced masonry buildings in this region are similar to what has been reported
nationally for high risk areas (FEMA, 1985a,b). Relatively little has been done at the state or
local level to address the problem. The Washington Seismic Safety Council cited the
particular problem of unreinforced masonry schools. Hawkins and Burke (1985), in a NSF-
funded study of unreinforced masonry buildings in seven small towns in the Pacific Northwest,
found the seismic problem to be acute m such small towns. Moreover, they judged the
prospects for addressing the problems to be limited by a lack of local technical expertise and
financial considerations.

Barriers to Policy Development and Implementation

The 1986 Washington Seismic Safety Council Report identified a number of barriers to policy
development that apply at both state and local levels of government. The following were noted by us as
continuing themes in discussions of earthquake reduction policy by officials in Washington state:

(1) Inadequate planning information. We cited a need for risk maps that are appropriate for
guiding planning and building decisions. Such maps, or the capacity to produce and interpret
them, exists in some jurisdictions. But in many jurisdictions, the capacity does not exist.
Equally important, given the relatively low perception of earthquake risks among planning and
policy officials, one might suspect there is little perceived need for such maps. The dual
challenge is to produce usable information and to create capable users of the information.

(2) Limited direct governmental control. Ultimately risk reduction efforts entail changes in
individual behaviors. Governments adopt and attempt to enforce regulations governing land
use and building practices, but compliance decisions ultimately rest upon private citizens. In
addition, enforcement of regulations typically entails multiple intermediaries. As such,
governments have indirect means for influencing risk reduction practices.

Complicating the intergovernmental implementation problem is the fact that the Puget
Sound/Portland areas contain multiple, overlapping jurisdictions. Within or overlapping the
six counties of the Puget Sound area and the two counties of Portland are some 100 cities and
towns, 365 special districts (e.g., recreation, utility, transit, drainage), 114 school districts, and
17 active ports. The challenge is to develop policies that recognize the diversity of govemmental
entities and the complexity of intergovernmental implementation.

(3) Concern about costs. Clearly, the costs of undertaking earthquake risk reduction programs
is a major concern of policymakers. As such, a high priority of the assessment effort should be
both estimating costs and identifying ways to finance reduction programs.

Unfortunately, as we noted in the Washington state policy report, the high costs and long time
frames for risk reduction programs tend to blind policymakers to other more immediate and
less expensive risk reduction efforts. Priorities should be placed upon identifying immediate,
low cost actions.

(4) Concern about liability. A related concern we identified is a fear of increased governmental
assumption of liability for earthquake damages and losses that might follow from documenting
earthquake risks and public building vulnerability. As noted in the report and by others in this
Puget Sound/Portland review session, there are several reasons for suggesting that such
thinking is inappropriate. The fact is that in the event of a major earthquake, the state may
already be held liable in some circumstances for damages or deaths. The challenge is to
identify risk reduction measures which appropriately address liability issues. ‘
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Opportunities for Action

The lessons of the social science literature about policy formation and implementation
establish the broad contours concerning earthquake risk reduction policy prospects. The listing of
noteworthy barriers to policy development no doubt diminish expectations for enactment of far-
reaching policy initiatives. Taken together these lists may suggest that any efforts to legislatively enact
risk reduction policy reforms are fruitless. Unfortunately, such thinking seems to be all too common
among state and local policymakers who have responsibilities for addressing the risks posed by
earthquakes and other natural hazards.

One implication of this discussion is that rather than seeking comprehensive and expensive
legislative initiatives, advocates should promote a more limited set of policy proposals for legislative
enactment. In this respect, advocates need to become more entrepreneurial in taking advantage of
windows of opportunity to insert seismic provisions where relevant into non-hazard specific policy
initiatives. Even though the changes will be less visible and by definition more marginal, the
cumulative impacts of inserting seismic considerations into rules, regulations, and guidance concerning
state and local health and safety issues can be very important for earthquake risk reduction.

A second implication is that advocates of risk reduction should place greater emphasis on
actions that do not require legislative action. One of the surprising findings of our work in reviewing
state-level earthquake risk reduction practices in Washington state is that state agencies already
possess most of the necessary authority for undertaking risk reduction programs. In this respect,
several specific suggestions concerning immediate opportunities for advancing risk reduction practices
come to mind:

(1) Create a state-level agency working group. As part of our review of seismic programs within
Washington state, we found some activity in many state agencies and much activity in a few.
While we judged the overall level of effort as shirking state leadership responsibilities, there is
a clear potential for administrative action. A first step in promoting such action is to create an
effective state-level agency working group. This does not require legislative action.
Presumably, a similar effort could be undertaken in Oregon.

(2) Anticipate policy-relevant questions. As part of efforts to insert seismic provisions into
existing legislation, rules, and regulations many questions will inevitably arise concerning costs,
liability, and need. Without answers to these questions, there is little hope of even marginal
additions to existing policies. It is remarkable how little prepared advocates or relevant state
and local officials are to answer these questions. The USGS effort will help address some of
these questions, but institutional mechanisms need to be created to make sure that the
necessary answers are being developed. This requires an institutional capability to synthesize
research results from the USGS effort. Such capability is provided in other states by seismic
safety commissions.

(3) Explore non-governmental avenues for risk reduction. Most of the attention concerning
earthquake risk reduction efforts is upon governmental policy as a means of mandating or
otherwise inducing risk reduction behaviors. However, much risk reduction activity takes
place outside of the governmental arena. Professional engineers participate in the
development of local, regional and national standards or recommend appropriate
modifications to standards. The insurance and banking community adopt their own standards
or procedures for dealing with hazardous areas. Various companies deciding whether or not
to locate in an area, or build facilities, have their own set of considerations.
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Given these considerations, more attention should be given to the prospective role of the
design professions in enhancing local earthquake risk reduction, rather than assuming risk
reduction is necessarily accomplished through governmental actions. This requires an
understanding the relationship between governmental policy -- the standards adopted by
governments -- and professional recommendations of architects, planners, geotechnical and
structural engineers, and other design professions concerning design standards and acceptable
levels of risk.

As should be evident from this brief discussion, there are noteworthy behavioral and social
science considerations at the heart of earthquake risk reduction efforts. Just as physical scientists use
the Puget Sound/Oregon area as a laboratory for refining their theories about seismic events, socials
scientists should be encouraged to test and apply relevant theories about policy formulation and
implementation in the Puget Sound/Oregon political laboratory. Social science research is necessary
to help answer inquiries concerning liability, costs, and risk acceptability. More basic social science
research should also be encouraged concerning such things as the relationships among
nongovernmental professional practices and governmental policies.
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Washington Seismic Safety Council
1985-86 Accomplishments and Issues

Background
Established October 1985 as an advisory group to the Division of Emergency Management
(DEM). Prior to its establishment, the Governor vetoed legislation establishing a commission
and directed the DEM to carry out the functions of the proposed commission.

Funded through September 30, 1986 out of federal funds provided DEM by FEMA.
(Supplemental funding provided by FEMA to publish the council report.)

Council membership included 12 members plus ex officio representation from DEM and
FEMA.
Council Activities

Met nine times with monthly meetings held beginning November 1985. Attendance fairly good
with alternates participating when necessary.

Background work by/for the council consisted of:
-Inventory of state agencies -- questionnaire asking about attention to seismic issues
-Questionnaire to selected professional associations

-Consultant report by Professor James Huffman, Lewis and Clark College,
Northwestern School of Law on liability issues

Completed report in September 1986. Related slide presentation prepared by Carole Martens
and Linda Noson. Related publication -- Reducing Earthquake Risks: Seismic Safety Policy,

University of Washington, Institute of Public Policy and Management -- prepared by Peter
May and Linda Noson.

Dissemination of Council Findings
Report issued to list of state agencies, legislators, and other relevant individuals.
Presentation made by Linda Noson to State Board of Education. Presentations to key
legislative committees considering earthquake-hazard reduction related legislation. No

specific legislation introduced because of the report.

Policy Notes publication being mailed to extensive mailing list of individuals within Washington
state and local government (several thousand individuals).
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Issues For Future Efforts

Future of Council -- FEMA funding expired, DEM has no state funding for continued Council
activity. Couincil membership has agreed that without strong staff support and funding, there
can be no follow up in terms of detailed studies, media events, and so on that are necessary for
an effective Council. Issuing reports is not enough.

Staff support -- DEM provided staff support for the council. Several factors undermined the
usefulness of the support: changeover in DEM personnel during council activities; physical
separation of DEM from co-chairs limiting turnaround for clerical work; limited DEM
capacity for carrying out background studies; and no specific budget assigned to council chairs
for Council activities. Bulk of staff work carried out by the co-chairs.

State-level advocacy -- Getting action on the recommendations of this council or any
subsequent effort requires strong advocacy among state agencies and the legislature. DEM
and other state agencies are restricted in their ability to undertake such advocacy, particularly
concerning legislative actions. The Council itself is limited because of the part-time, volunteer
nature of its membership. Lack of this advocacy is a key barrier to implementation that needs
to be addressed.

Capacity to undertake background studies -- The Council was only able to raise a number of
issues that are central policy questions of state policymakers including such issues as the
expected losses from major earthquakes, the costs of various recommendations, and liability.
Any advisory council will not have the time or resources to carryout the detailed work required
to address these issues. Yet, until answers are provided concerning these and related
implementation considerations, we cannot expect significant legislative or agency action.
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THE POLICY OPTIONS: THE LOS ANGELES EXPERIENCE

by
Shirley Mattingly
Director of Emergency Management
City of Los Angeles, California

The headline on the front page of the lLos Angeles Herald
Examiner on March 1, 1988 proclaimed "The Big One: Next major
quake may hit East, not California, geologists warn." What had
made front page news in California was a statement reported
from a conference in New York City: many geologists believe
that the next catastrophic American earthquake could well
strike not in California but in the densely populated, highly
industrialized and poorly prepared eastern United States.

Similarly, two years ago USGS Seismologist Bill Bakun told
Canadian television viewers that there might be an earthquake
along the B.C.-Washington-Oregon coast as big as that which
broke the southern coast of Chile in the 1960s, and that the
possibility of a very great earthquake must be taken

seriously. The quake could be, Dr. Bakun surmised, OFF the
Richter scale. So, the risk exists: the Pacific Northwest and
the eastern United States, like California, are not immune from
a massive catastrophic earthquake. In the article "The
Prediction No One Wants to Hear: the great Earthquake," author
Fred Cooper contends:

Canadian and U.S. Scientists are predicting a
mammoth earthquake along the B.C.-Washington-
Oregon coast, but no one is paying much atten-
tion because it might not happen for another
200 years - but then again it might be a lot
sooner. Those who think it might happen sooner
want to prepare for the disaster, but they've
got a big selling job to do first.

Apparently, the British Columbia-Washington-Oregon coastal
areas, like the eastern United States and like California, are
no more immune from earthquake apathy than they are from
earthquakes.

Marketing and selling earthquake awareness and pushing people
to take preparedness actions is a TOUGH SELL. Actually getting
through to elected officials, bureaucrats, community groups,

- businesses, schools and families is a never-ending struggle.

Public officials can be an especially tough nut to crack,
particularly elected officials if their concerns for their
community's good tend to relate to periods of time bound at
either end by an election. Programs are often more likely to
get funded if they can produce visible, demonstrable results
within four years. Winning over the City Hall power structure
is no easy task. It requires some top level commitment.
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Interest and active participation by key influential people
such as the mayor, a city councilmember or county supervisor, a
key legislator or respected corporate leader are absolutely
essential in order to gain budgetary, bureaucratic, and
community support for facing up to a most unpleasant task. In
my experience, this is evident both within the Los Angeles
basin, where you'd expect at least lip service to be paid to
the need for earthquake planning and preparedness, and in
communities across the country which have tried to enhance
their local commitment to emergency preparedness.

In Los Angeles we live with the knowledge that Los Angeles is
earthquake country. Most of us are convinced that someday we
will be faced with an earthquake of magnitude 8.0 or greater.
Some day people will get up expecting to go about their
business, but it won't be business as usual any more. Because
the earth will convulse and rupture, and parts of Los Angeles
will never be the same again.

Perhaps we will have some sort of warning in the days, hours,
minutes or seconds preceding the great shock. Perhaps we
won't. So we're taking actions in LA to prepare for
earthquakes, so we can save lives and property during a
predicted or unpredicted event. And we're planning and setting
policy for response to a short-term earthquake prediction or
advisory, whether it culminates in an actual earthquake or not.

Just to make sure that the populace at large takes seriously
both the earthquake threat and the need to prepare, we make
certain that there are reminders every once in a while. Small
to moderate earthquakes rock the LA basin almost daily. 1In
fact, they occur so often that instead of spurring us to action
they often lull us into complacency. And complacency and
apathy are mighty deterrents to action. Nevertheless there
exists in LA what has been called an "earthquake subculture."
There are "earthquake groupies." We are not laughed at much,
though, because our ranks include a number of our most
prominent political, corporate and community leaders who are
willing to put their money where their mouth is and support and
fund earthquake preparedness efforts.

In the Los Angeles basin we had on October 1st one of those
reminders which the earth sends us periodically to shake us out
of our earthquake apathy. It was a 5.9 magnitude earthquake
which caused $358 million in damage. It also did at least

$1.6 million of good, because it instantly elevated the
priority of earthquake preparedness and mitigation and it
created the impetus for the Mayor and Council to authorize and
fund a new $1.6 million preparedness program.

The City of Los Angeles certainly isn't unique in taking the
earthquake threat seriously. However, the City takes it very
seriously. And it is unique in having taken seriously the
science and the art of earthquake prediction with all its
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policy implications. What successes Los Angeles has had in
these efforts are probably attributable, more than anything, to
three basic strategies we employ:

1. The demonstrated commitment of prominent persons
2. The team approach, and
3. Persistence and tenacity.

We do not make one shot attempts to educate, to influence, to
make an impact; we just keep hammering away. There is really
nothing new or unusual about our tactics, our approach, or even
most of our specific programs. But we have enjoyed a consider-
able degree of success because of teamwork, leadership, and
persistence.

Los Angeles has a dynamic organization for emergency planning
and response which involves participation by all agencies of
City government. Our first source of strength is the support
of top officials: the Mayor, who is the director of the
Organization, the City Council, and the heads of the City's
major departments, such as Police and Fire, nine of whom form
the Organization's Emergency Operations Board. Our second
source of strength lies in our multi-agency approach, the
active participation of mid-management and staff from both City
and non-City agencies who work together with us, such as the
Red Cross and volunteer groups, and the utilities. We use a
team approach.

This multi-agency team approach is applied to emergency
response as well as emergency planning. Our plans assign
responsibilities and authority to various agencies prior to
catastrophic events, because we believe that a time of crisis
is not a good time to get to know people and to decide who is
going to be responsible for what. So our emergency plans
define and distribute responsibilities widely, among all
departments, and we exercise and practice our response.

An example of how we have incorporated nontraditional providers
of emergency services is the Department of Recreation and
Parks, which manages and controls the Public Welfare and
Shelter Division during a local emergency. The American Red
Cross, the Los Angeles Unified School District, and other
volunteer and governmental agencies assist in providing
services and support. This division arranges for housing and
assistance for persons rendered homeless as a result of a
disaster. Services provided include food, clothing, shelter,
registration, information on available assistance programs, and
rehabilitation.

We use this multi-agency approach consistently throughout
planning, exercising, and actual earthquake response. Of
course it doesn't always work: some people do not like to take
on additional, unwanted responsibilities. However, the Mayor's
involvement coupled with persistent peer group pressure work
wonders.
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Los Angeles' methodology is that we have found that if we want
the City's decision-makers to think BIG POLICY instead of
day-to-day operational requirements, we take them out of their
day-to-day setting, sequester them along with the chief
executive in pleasant surroundings and create an environment in
which the managers themselves bring up policy questions and
deliberate over them. We did this first in 1984 at the
National Emergency Training Center in Emmitsburg, Maryland, in
preparation for the 1984 Summer Olympics in Los Angeles. 1In
the fall of 1986 we held our first Earthquake Prediction
Workshop at Monterey, California; and then in December 1987 we
followed up with a second Earthquake Prediction Workshop and
Exercise at Lake Arrowhead, California. This approach works
very well for us because it ensures a participative planning
process and encourages team building.

How we have approached what to do with the emerging science of
earthquake prediction clearly reflects our approach to
emergency planning and response. It is a team project (which
means it has taken ten years to accomplish what one person
could have completed in four months).

Earthquake Prediction Planning is old hat in Los Angeles. A
landmark report was published in 1978, the Consensus Report of
Mayor Bradley's Blue Ribbon Task Force. So truly, it has taken
10 years (so far) and it has been a real team effort.

The challenge of earthquake prediction is one which most local
jurisdictions have ignored. A few in California have had to
respond to an earthquake prediction or advisory unprepared.

But the City of Los Angeles is not comfortable with the
implications of inaction, of ignoring a challenge which has
been issued by both the scientific community and our state
government. When confronted with disaster or the potential for
disaster, local government's responsibility, it seems to us, is
clear: to protect lives and property. Local officials must be
prepared to save the community from any calamity which could
strike. Local government is where the buck stops.

Local government's responsibility for earthquake preparedness
and prediction preparedness is considerable. We are
responsible for translating theory into practice, and having
the guts to implement costly seismic risk reduction strategies
developed by engineers and others who do not have to be
reelected to stay in their jobs. We are the ones who have to
convince skeptical reporters and constituents that we are doing
a good job. We are the ones who will have to answer for our
actions or inactions based on earthquake predictions or
forecasts which may or may not be scientifically based,
properly evaluated, or communicated to us officially.

A direct result of the City's work on its Earthquake Prediction
Response Plan was the realization that we had a long way to go
to be prepared for the actual earthquake event. It became
apparent that there were many response and prediction response
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issues requiring interdepartmental attention. We discarded the
City's obsolete Civil Defense and Disaster Ordinance and
created an Emergency Operations Organization, which is now the
framework for all our emergency planning efforts.

In the years since 1978 we have worked on and off on various
revisions of a draft Earthquake Prediction Response Plan. We
had a plan, but we knew it did not address many important
policy issues, so we scheduled a policy workshop for October
1986 at Monterey, California. We went to a nice place, fed
everyone good food, and took three days to develop a policy
which could have been written in two hours. There were 65
participants, including a dozen major department heads. The
Policy was developed through a group process, so every
participant "bought into it." There was considerable feeling
that the workshop was invaluable in team-building and
development of interpersonal relationships among top level City
administrators and managers. That was probably more important
than the actual Policy which was developed.

Having plans is fine but they are not much good unless they are
tested, so we planned another Workshop for last October. The
October 1 earthquake caused postponement and diversion from
practicing our prediction response to practicing our response
to the real thing.

When we finally made it to Lake Arrowhead last December, we
held a slow motion exercise designed to raise and resolve
policy issues rather than test the participants. The Mayor
actively participated, setting the tone for the three days.
Time was included for socializing and team building. At the
end of the workshop, presentations and commitments were made by
each department head regarding areas they will address in
upcoming months. And we found again that our somewhat esoteric
or obscure efforts in earthquake prediction planning helped
tremendously in identifying and facing major problems in our
overall disaster preparedness planning and response functions.

This team approach, with support and participation by top
officials, is being applied to other projects as well. For
instance, the City's Planning Director chairs a planning team
which is preparing a policy-level workshop on the recovery and
reconstruction issues we will face after our projected
devastating earthquake. We will work on policies related to
rebuilding and land use and economic recovery. The key to
these kinds of efforts is that they are an ongoing process in
which the City's policymakers are actively taking part. They
are true team efforts.
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GOVERNMENT LIABILITY AND DISASTER MITIGATION

By
James L. Huffman
Lewis and Clark Law School
Portland, Oregon

G CANC

The ”liability crisis” of the last few years is not limited to
the medical profession and big industry. The rapid expansion in
legal causes of action for accident victims and the parallel
growth in the size of damage judgments have also impacted upon
governments at all levels. The result is that virtually every
activity undertaken by government, including disaster mitigation,
raises liability concerns which must enter into the policy
decisions of government officials.

For many decades, governments, like hospitals, had the benefit of
legal immunities protecting against the prospect of liability
actions. However, many of these immunities have been gradually
stripped away leaving governments subject to the same laws which
affect the conduct of private enterprises and individuals. The
rationale for exposing governments to liability is rooted in the
logical proposition that accident victims should not have their
ability to recover depend upon whether their injury has been
caused by a governmental or private actor. The victim of a
collision with a government owned vehicle is surely as entitled
to recovery as is the victim of a collision with a privately
owned vehicle.

Notwithstanding the logic of exposing governments to liability,
at least where they engage in actions for which private parties
are liable, the extension of liability to governments raises
special problems of public policy because of the impact which
these liability actions, whether or not successful, have upon the
actions of government officials and the budgets of government
agencies. In an era of large damage judgments, the best
defendant is one with what personal injury lawyers refer to as
#deep pockets.” Governments, with the exception of some local
units, are generally viewed as having perhaps the deepest pockets
of all.

II. HE LAWYERS VIEW OF GOVERNMENT LIABILITY

First it is helpful to understand the basic elements of a tort
action without the complicating factor of government
involvement. There are various types of tort actions, indeed an
expanding list, but it will suffice to focus on the common law
action for negligence to illustrate the way lawyers and judges
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understand liability problems. There are four basic elements to
be proven by a plaintiff in a private tort action for negligence:

1. failure to exercise reasonable care,

2. breach of duty to exercise such care,

3. foreseeability that harm will result, and
4. actual and proximate cause.

If the plaintiff proves these four things the defendant will be
held liable unless the defendant can claim some form of immunity.
The defendant might also seek to prove that third parties were
responsible or that the plaintiff was contributorily negligent
and thereby diminish the magnitude of responsibility.

When harmful government action is involved, the situation is
complicated in several respects. There is a long history of
special rules for government. These rules reflect an assortment
of factors, both historic inertia and considered policy. The law
with respect to government liability has been in rapid flux over
the last several years. Several issues must be considered where
harmful government action is involved.

First there is the issue of whether the government or the
government official, or both, can be held responsible. 1In a
private employer-employee setting, the law of vicarious liability
makes the employer liable for the negligent and otherwise
tortious acts of his or her employees where the employees are
acting within the scope of their employment. The employer is
held vicariously liable for the actions of the employee, but not
to the exclusion of the employee’s joint liability. The
doctrine’s importance rests not in relieving the employee of
responsibility, but in giving the injured plaintiff a defendant
who can reasonably be held responsible and will also have a good
prospect of affording any damages assessed.

Obviously the same concern may occur to individuals injured by
the actions of government employees. Although most government
employees are reasonably compensated today, few are in a position
to pay large damage judgments. However, the law of vicarious
liability has not historically applied to government. The
reasons are deeply rooted in our history.

SOVEREIGN IMMUNITY

American law inherited the doctrine of sovereign immunity from
the common law of England. Although the content and rationale of
the English doctrine is a subject of debate among legal
historians, the bottom line was that the sovereign, which in
American law means the state (in the generic sense), could not be
sued in court without its permission. This doctrine was applied
to the national and state governments. The doctrine was also
applied to subdivisions of state governments and in some states
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to municipalities as well.

After several decades of Congressional foot dragging, the federal
government waived some of its immunity in the Federal Tort Claims
Act of 1946. Although the Act purports to be a general waiver of
immunity in tort actions, it has exceptions which preserve
significant immunities. Most states have adopted similar
legislative waivers of immunity, although in a few states the
doctrine has been overturned by judicial decision. The
Washington Tort Claims Act was adopted in 1961. By its terms the
waiver has no exceptions, but the Washington Supreme Court has
held that the waiver is subject to a discretionary function
exception. The Oregon legislature enacted a Tort Claims Act in
1967 which is a general waiver of immunity subject to express
exceptions including one for discretionary functions. Both
states apply their waivers of immunity to political subdivisions
and municipalities.

In many states municipal governments have been subjected to
special rules of immunity based upon a distinction between
governmental and proprietary functions. In some states the
immunity of municipalities has been eliminated by the courts on
the theory that municipalities have none of the characteristics
of sovereignty and therefore should have no immunities. However,
the dominant view has been that municipalities have distinct
types of functions, some of which require immunity in a
democratic system.

OFFICIAL LIABILITY

Generally the law of government immunity has no impact upon the
liabilities of individual government employees. One of the
historic justifications for no vicarious liability was that
tortious behavior by a public official was not within the scope
of their official duties and therefore could not be the basis of
government liability under vicarious liability doctrine. Even
where the government can be held liable, however, the issue of
official liability is an independent matter generally governed by
the regular tort law except where there is a specific statutory
immunity. For example, Washington law immunizes the elected
officials of special purpose districts when they are acting
within the scope of their official duties or employment. (RCW
4.96.040 [1981]) Another provision of the Washington Code
immunizes anyone engaged in mine rescue or recovery work (RCW
38.52.198 [1985]). Of the most relevance to routine emergency
work, if there be such a thing, is RCW 38.52.180 which immunizes
emergency workers for harm resulting from their authorized
emergency activities unless the result of wilful misconduct,
gross negligence or bad faith.
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Absent some statutory immunity like those noted, the

application of which are subject to judicial 1nterpretatlon, the
public official is situated no differently than any private
tortfeasor, except that the public official has also to cope with
the possibility of legal action under Section 1983 of the Civil
Rights Act.

SECTION 1983 ACTIONS

State and local officials are subject to liability for damages
under federal civil rights legislation for the ”deprivation of
any rights privileges, or immunities secured by the constitution
and laws of the United States. Actions pursuant to this federal
law have increased dramatically in recent years, and the courts
have found officials liable for damages for actions which
formerly appeared to have no constitutional relevance. Since
1978, municipalities have been subject to damage actions under
the federal civil rights laws, and although the traditional
immunities of the State protect it and its political subdivisions
from liability, the State of Washington has accepted liability
for damages levied against public officials acting in good faith
within the scope of official duties.

STATE DEFENSE AND IND FICATION OF OFFICIALS

Having stated a picture of official vulnerability to lawsuits
based upon negligent behavior in the performance of official’s
duties, I should hasten to point out that the Washington Tort
Claims Act provides that state officials may request that the
Attorney General defend an action brought against a state
official when that official is acting within the scope of
official duties. (RCW 4.92.060) The Act also provides that the
state will be responsible for damages levied against state
officials.

POLICY IMPLICATION OF GOVERNMENT LIABILITY

Public officials should be as concerned about the policy
consequences of their actions as they are about the liability
consequences. We have a tendency to look at the prospect of
liability as an outcome to be avoided at all costs. 1In fact, I
would suggest that liability has simply to do with the
distribution of costs and with the existence of those costs. To
some extent we can influence the existence of those costs by
deterring negligent behavior. But to some extent those costs
will occur either because we cannot avoid them or because they
are incurred to avoid higher costs of another type. This is
particularly true in the case of emergency services where the
government is often seeking to avoid very large costs. Thus it
is important to weigh the prospect that the best solution is
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government liability from the point of view of deterrence of
negligent behavior as well as from the point of view of cost
distribution.

With regard to the issue of whether the costs should rest with
the government or with the public official, I would generally be
of the view that with respect to negligence, as opposed to gross
or wilful negligence, the government should bear the
responsibility. Otherwise we risk losing the benefits of
aggressive decision making. The government has ample means to
assure that employees have incentive to avoid negligent conduct.
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GLOSSARY

Accelerogram. The record from an accelerometer showing acceleration as a
function of time. The peak acceleration is the largest value of acceleration
on the accelerogram.

Acceptable Risk. A probability of occurrences of social or economic
consequences due to earthquakes that is sufficiently low (for example in
comparison to other natural or manmade risks) as to be judged by authorities
to represent a realistic basis for determining design requirements for
engineered structures, or for taking certain social or economic actions.

Active fault. A fault is active if, because of its present tectonic setting,
it can undergo movement from time to time in the immediate geologic future.
This active state exists independently of the geologists' ability to recognize
it. Geologists have used a number of characteristics to identify active
faults, such as historic seismicity or surface faulting, geologically recent
displacement inferred from topography or stratigraphy, or physical connection
with an active fault. However, not enough is known of the behavior of faults
to assure identification of all active faults by such characteristics.
Selection of the criteria used to identify active faults for a particular
purpose must be influenced by the consequences of fault movement on the
engineering structures involved.

Attenuation. A decrease in seismic signal strength with distance which
depends on geometrical spreading and the physical characteristics of the
transmitting medium that cause absorption and scattering.

Attenuation law. A description of the average behavior of one or more
characteristics of earthquake ground motion as a function of distance from the
source of energy.

b-value. A parameter indicating the relative frequency of earthquakes of
different sizes derived from historical seismicity data.

Capable fault. A capable fault is a fault whose geological history is taken
into account in evaluating the fault's potential for causing vibratory ground
motion and/or surface faulting.

Design earthquake. A specification of the ground motion at a site based on
integrated studies of historic seismicity and structural geology and used for
the earthquake-resistant design of a structure.

Design spectra. Spectra used in earthquake-resistant design which correlate
with design earthquake ground motion values. A design spectrum is typically a
broad band specturm having broad frequency content. The design spectrum can
be either site-independent or site-dependent. The site-dependent spectrum
tends to be less broad band as it depends at least in part on local site
conditions.

Design time history. One of a family of time histories used in earthquake-
resistant design which produces a response spectrum enveloping the smooth
design spectrum, for a selected value of damping.
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Duration. A description of the length of time during which ground motion at a
site exhibits certain characteristics such as being equal to or exceeding a
specified level of acceleration such as 0.05q.

Earthquake hazards. Natural events accompanying an earthquake such as ground
shaking, ground failure, surface faulting, tectonic deformation, and
inundation which may cause damage and loss of life during a specified exposure
time. See earthquake risk.

Earthquake risk. The probability that social or economic consequences of
earthquakes, expressed in dollars or casualties, will equal or exceed
specified values at a site during a specified exposure time.

Earthquake waves. Elastic waves (P, S, Love, Rayleigh) propagating in the
Earth, set in motion by faulting of a portion of the Earth.

Effective peak acceleration. The value of peak ground acceleration considered
to be of engineering significance. It can be used to scale design spectra and
is often determined by filterng the ground-motion record to remove the very
high frequencies that may have 1ittle or no influence upon structural
response.

Epicenter. The point on the Earth's surface vertically above the point where
the first fault rupture and the first earthquake motion occur.

Exceedence probability. The probability (for example, 10 percent) over some
exposure time that an earthquake will generate a level of ground shaking
greater than some specified level.

Exposure time. The period of time (for example, 50 years) that a structure or
facility is exposed to earthquake hazards. The exposure time is sometimes
related to the design lifetime of the structure and is used in seismic risk
calculations.

Fault. A fracture or fracture zone in the Earth along which displacement of
the two sides relative to one another has occurred paraliel to the fracture.
See Active and Capable faults.

Focal depth. The vertical distance between the earthquake hypocenter and the
tEarth's surface.

Ground motion. A general term including all aspects of motion; for example,
particle acceleration, velocity, or displacement; stress and strain; duration;
and spectral content generated by an earthquake, a nuclear explosion, or
another energy source.

Intensity. A numerical index describing the effects of an earthquake on the
Earth's surface, on man, and on structures buiit by him. The scale in common
use in the United States today is the Modified Mercalli scale of 1931 with
intensity values indicated by Roman numerals from I to XII. The narrative
descriptions of each intensity value are summarized below. '
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IT.

III.

Iv.

VI.

Not felt--or, except rarely under specially favorable circumstances.
Under certain conditions, at and outside the boundary of the area in
which a great -shock is felt: sometimes birds and animals reported
uneasy or disturbed; sometimes dizziness or nausea experienced;
sometimes trees, structures, liquids, bodies of water, may sway--doors
may swing, very slowly.

Felt indoors by few, especially on upper floors, or by sensitive, or
nervous persons. Also, as in grade I, but often more noticeably:
sometimes hanging objects may swing, especially when delicately
suspended; sometimes trees, structures, liquids, bodies of water, may
sway, doors may swing, very slowly; sometimes birds and animals reported
uneasy or disturbed; sometimes dizziness or nausea experienced.

Felt indoors by several, motion usually rapid vibration. Sometimes not
recognized to be an earthquake at first. Duration estimated in some
cases. Vibration 1ike that due to passing of 1ight, or 1ightly loaded
trucks, or heavy trucks some distance away. Hanging objects may swing
slightly. Movements may be appreciable on upper levels of tall
structures. Rocked standing motor cars slightly.

Felt indoors by many, outdoors by few. Awakened few, especially 1light
sleepers. Frightened no one, unless apprehensive from previous
experience. Vibration 1ike that due to passing of heavy or heavily
loaded trucks. Sensation 1ike heavy body of striking building or
falling of heavy objects inside. Rattling of dishes, windows, doors;
glassware and crockery clink or clash. Creaking of walls, frame,
especially in the upper range of this grade. Hanging objects swung, in
numerous instances. Disturbed 1iquids in open vessels slightly. Rocked
standing motor cars noticeably.

Felt indoors by practially all, outdoors by many or most; outdoors
direction estimated. Awakened many or most. Frightened few--slight
excitement, a few ran outdoors. Buildings trembled throughout. Broke
dishes and glassware to some extent. Cracked windows--in some cases,
but not generally. Overturned vases, small or unstable objects, in many
instances, with occasional fall. Hanging objects, doors, swing
generally or considerably. Knocked pictures against walls, or swung
them out of place. Opened, or closed, doors and shutters abruptly.
Pendulum clocks stopped, started or ran fast, or slow. Move small
objects, furnishings, the latter to slight extent. Spilled liquids in
small amounts from well-filled open containers. Trees and bushes shaken
slightly.

Felt by all, indoors and outdoors. Frightened many, excitement general,
some alarm, many ran outdoors. Awakened all. Persons made to move
unsteadily. Trees and bushes shaken slightly to moderately. Liquid set
in strong motion. Small bells rang--church, chapel, school, etc.

Damage slight in poorly built buildings. Fall of plaster in small
amount. Cracked plaster somewhat, especially fine cracks chimneys in
some instances. Broke dishes, glassware, in considerable quantity, also
some windows. Fall of knickknacks, books, pictures. Overturned
furniture in many instances. Move furnishings of moderately heavy kind.
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VII.

VIII.

IX.

X.

XI.

Frightened all--general alarm, all ran outdoors. Some, or many, found it
difficult to stand. Noticed by persons driving motor cars. Trees and
bushes shaken-moderately to strongly. Waves on ponds, lakes, and
running water. Water turbid from mud stirred up. Incaving to some
extent of sand or gravel stream banks. Rang large church bells, etc.
Suspended objects made to quiver. Damage negligible in buildings of
good design and construction, slight to moderate in well-built ordinary
buildings, considerable in poorly built or badly designed buildings,
adobe houses, old walls (especially where laid up without mortar),
spires, etc. Cracked chimneys to considerable extent, walls to some
extent. Fall of plaster in considerable to large amount, also some
stucco. Broke numerous windows and furniture to some extent. Shook
down loosened brickwork and tiles. Broke weak chimneys at the roof-line
(sometimes damaging roofs). Fall of cornices from towers and high
buildings. Dislodged bricks and stones. Overturned heavy furniture,
with damage from breaking. Damage considerable to concrete irrigation
ditches.

Fright general--alarm approaches panic. Disturbed persons driving motor
cars. Trees shaken strongly--branches and trunks broken off, especially
palm trees. Ejected sand and mud in small amounts. Changes:

temporary, permanent; in flow of springs and wells; dry wells renewed
flow; in temperature of spring and well waters. Damage slight in
structures (brick) built especially to withstand earthquakes.
Considerable in ordinary substantial buildings, partial collapse,
racked, tumbled down, wooden houses in some cases; threw out panel walls
in frame structures, broke off decayed piling. Fall of walls, cracked,
broke, solid stone walls seriously. Wet ground to some extent, also
ground on steep slopes. Twisting, fall, of chimneys, columns,
monuments, also factory stacks, towers. Moved conspicuously,
overturned, very heavy furniture.

Panic general. Cracked ground conspicuously. Damage considerable in
(masonry) buildings, some collapse in large part; or wholly shifted
frame buildings off foundations, racked frames; serious to reservoirs;
underground pipes sometimes broken.

Cracked ground, especially when loose and wet, up to widths of several
inches; fissures up to a yard in width ran parallel to canal and stream
banks. Landslides considerable from river banks and steep coasts.
Shifted sand and mud horizontally on beaches and flat land. Changes
level of water in wells. Threw water on banks of canals, lakes, rivers,
etc. Damage serious to dams, dikes, embankments. Severe to well-built
wooden structures and bridges, some destroyed. Developed dangerous
cracks in excellent brick walls. Destroyed most masonry and frame
structures, also their foundations. Bent railroad rails slightly. Tore
apart, or crushed endwise, pipelines buried in earth. Open cracks and
broad wavy folds in cement pavements and asphalt road surfaces.

Disturbances in ground many and widespread, varying with ground
material. Broad fissures, earth slumps, and land slips in soft, wet
ground. Ejected water in large amounts charged with sand and mud.
Caused sea-waves ("tidal" waves) of significant magnitude. Damage
severe to wood-frame structures, especially near shock centers. Great

I2A3- 03



~ to dams, dikes, embankments often for long distances. Few, if any
(masonry) structures, remained standing. Destroyed large well-built
bridges by the wrecking of supporting piers or pillars. Affected
yielding wooden bridges less. Bent railroad rails greatly, and thrust
them endwise. Put pipelines buried in each completely out of service.

XII. Damage total--practically all works of construction damaged greatly or
destroyed. Disturbances in ground great and varied, numerous shearing
cracks. Landslides, falls of rock of significant character, slumping of
river banks, etc., numerous and extensive. Wrenched loose, tore off,
large rock masses. Fault slips in firm rock, with notable horizontal
and vertical offset displacements. Water channels, surface and
underground, disturbed and modified greatly. Dammed lakes, produced
waterfalls, deflected rivers, etc. Waves seen on ground surfaces
(actually seen, probably, in some cases). Distorted 1ines of sight and
level. Threw objects upward into the air.

Liquefaction. The primary factors used to judge the potential for
liquefaction, the tranformation of unconsolidated materials into a fluid mass,
are: grain size, soil density, soil structure, age of soil deposit, and depth
to ground water. Fine sands tend to be more susceptible to liquefaction than
silts and gravel. Behavior of soil deposits during historic earthquakes in
many parts of the world show that, in general, liquefaction susceptibility of
sandy soils decreases with increasing age of the soil deposit and increasing
depth to ground water. Liquefaction has the potential of occurring when
seismic shear waves having high acceleration and long duration pass through a
saturated sandy soil, distorting its granular structure and causing some of
the void spaces to collapse. The pressure of the pore water between and
around the grains increases until it equals or exceeds the confining

pressure. At this point, the water moves upward and may emerge at the
surface. The liquefied soil then behaves 1ike a fluid for a short time rather
than as a soild.

Magnitude. A quantity characteristic of the total energy released by an
earthquake, as contrasted to intensity that describes its effects at a
particular place. Professor C. F. Richter devised the logarithmic scale for
local magnitude (M;) in 1935. Magnitude is expressed in terms of the motion
that would be measured by a standard type of seismograph located 100 km from
the epicenter of an earthquake. Several other magnitude scales in addition to
M, are in use; for example, body-wave magnitude (m,) and surface-wave
magnitude (M.), which utilize body waves and surface waves, and local
magnitude (M;). The scale is theoretically open ended, but the largest known
earthquakes have had My magnitudes near 8.9.

Region. A geographical area, surrounding and including the construction site,
which is sufficiently large to contain all the geologic features related to
the evaluation of earthquake hazards at the site.

Response spectrum. The peak response of a series of simple harmonic
oscillators having different natural periods when subjected mathematically to
a particular earthquake ground motion. The response spectrum may be plotted
as a curve on tripartite logarithmic graph paper showing the variations of the
peak spectral acceleration, displacement, and velocity of the oscillators as a
function of vibration period and damping.
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Return period. For ground shaking, return period denotes the average period
of time or recurrence interval between events causing ground shaking that
exceeds a particular level at a site; the reciprocal of annual probability of
exceedance. A return period of 475 years means that, on the average, a
particular level of ground motion will be exceeded once in 475 years.

Risk. See earthquake risk.

Rock. Any solid naturally occurring, hard, consolidated material, located
either at the surface or underlying soil. Rocks have a shear-wave velocity of
at least 2,500 ft/sec (765 m/s) at small (0.0001 percent) levels of strain.

Seismic Microzoning. The division of a region into geographic areas having a
similar relative response to a particular earthquake hazard (for example,
ground shaking, surface fault rupture, etc.). Microzoning requires an
integrated study of: 1) the frequency of earthquake occurrence in the region,
2) the source parameters and mechanics of faulting for historical and recent
earthquakes affecting the region, 3) the filtering characteristics of the
crust and mantle along the regional paths along which the seismic waves
travel, and 4) the filtering characteristics of the near-surface column of
rock and soil.

Seismic zone. A generally large area within which seismic design requirements
for structures are uniform.

Seismotectonic province. A geographic area characterized by similarity of
geological structure and earthquake characteristics. The tectonic processes
causing earthquakes are believed to be similar in a given seismotectonic
province.

Source. The source of energy release causing an earthquake. The source is
characterized by one or more variables, for example, magnitude, stress drop,
seismic moment. Regions can be divided into areas having spatially
homogeneous source characteristics.

Strong motion. Ground motion of sufficient amplitude to be of engineering
interest in the evaluation of damage due to earthquakes or in earthquake-
resistant design of structures.
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GROUND MOTIONS FROM SUBDUCTION-ZONE EARTHQUAKES
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By C. B. CrROUSE, YOGESH K. Vyas, aAND BRUCE A. SCHELL

ABSTRACT

A total of 258 honzontal components of accelerogram data recorded at soil
sites during thrust, normal, and strike-slip earthquakes occurring in seven sub-
duction zones around the Pacific Ocean were analyzed. The resuits of statistical
analyses of 5 per cent damped pseudo-velocities (PSV), computed from these
accelerograms at 10 periods (T) between 0.1 and 4 sec, indicated no significant
ditferences in the average PSV levels of the thrust, normal, and strike-slip data
from the Northern Honshu zone. Each of these groups of Northern Honshu data,
which together comprised one-half of the total data base, were fit equally well by
the same attenuation model. The analyses aiso reveaied that at intermediate
periods (0.8 = 7 < 3 sec), the PSV observed at stiff-soil sites within the Northern
Honshu, Nankai, Kuril, Mexico, and Alaska zones were, on the average, signifi-

- cantly greater than the PSV observed at similar sites in the Peru/Northern Chile
and New Britain/Bougainville zones. This observation indicates that ditferences
in the source and/or travel-path characteristics between the two groups ac-
counted for the differences in PSV. independent evidence supporting source
differences is the correlation noted between PSV in this period band and the
characteristic source compiexities for these zones, which Hartzell and Heaton
inferred from the teleseismic data of the iarger magnitude earthquakes. Certain
anomalous tectonic characteristics of the New Britain/Bougainville zone were
noted that may have contributed in some systematic manner to the refatively
unusual spectral characteristics of the ground motions recorded on stitf-soil sites
within this zone.

Some of the differences in the PSV among the zones at intermediate and long
periods were probably the result of differences in local geologic characteristics.
Geology greatly influenced the Mexican PSV data from soft-soil sites. To a iesser
extent, geology probably affected the Alaskan data, which were recorded mostly
on deep stiff soils, and the New Britain/Bougainville data recorded at Yonki,
which is underiain by softer soil deposits.

INTRODUCTION

The characteristics of ground motions generated during subduction-zone earth-
quakes is a subject that has received little attention in the United States relative to
studies of ground motions generated by transform-margin earthquakes in the
Western United States and intraplate earthquakes in the Eastern United States.
However, the recent suggestion of the possibility of a large subduction-zone earth-
quake in the Pacific Northwest (Heaton and Kanamori, 1984) and the well-
documented occurrences of such earthquakes in Alaska and other regions of the
world indicate the need for a better understanding of the ground motions from these
earthquakes.

A considerable number of seismotectonic studies, many of which are referenced
in the next section, have been conducted for subduction zones around the Pacific
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rim. Recently, sufficient ground-motion data became available to permit a system-
atic study and comparison of the ground motions among these subduction zones.
For this study, processed and unprocessed accelerograms or their response spectra
were compiled from various sources (Denham and Small, 1971; Prince et al., 1976;
Brady and Perez, 1977; Rascon et al., 1977; Espinosa et al., 1978; Crouse et al., 1980;
Mori and Crouse, 1981; Beavan and Jacob, 1984; Silverstein et al., 1986; Anderson
et al., 1987; the Japan Port and Harbour Research Institute; and the U.S. National
QOceanic and Atmospheric Administration). The unprocessed accelerograms were
corrected using methods similar or identical to those described in Trifunac and Lee
(1973). The 5 per cent damped pseudo-velocities (PSV), which were computed from
the horizontal components of the corrected accelerograms at 10 periods between 0.1
and 4.0 sec, represented the ground-motion data base that was analyzed. Some
accelerograms, recorded during the larger subduction-zone earthquakes, and their
associated velocity time histories have been examined in a parallel study by Hartzell
and Heaton (1985b) and Heaton and Hartzell (1986). They identified similarities
between these strong motion records and the source-time functions derived from
teleseismic data recorded in Pasadena during these events (Hartzell and Heaton,
1985a).

In this investigation, statistical studies of the PSV data, using regression analyses
and analysis of covariance techniques, were conducted to determine: (1) the potential
effect of focal-mechanism type on ground motion and (2) those subduction zones in
which the recorded ground motions were similar or significantly different. Possible
reasons for these differences were explored by examining the regional and local
geology and the seismotectonic characteristics of the subduction zones.

DATA BASE

Sesimotectonic characteristics of the subduction zones. The locations of the seven
subduction zones considered in this study are shown as wide lines in Figure 1.
Certain seismologic, geologic, and tectonic characteristics of these zones are sum-
marized in Table 1. The information comprising this table was compiled from many
references; the principal ones are listed at the end of the table. Most of the column
headings are self-explanatory, except possibly column 14 (“Q structure”) and column
17 (“Seismic Slip”). The designation “Low @” refers to zones of extremely high
attenuation beneath the high plateau of Peru, beneath the Sea of Japan, and
beneath the Sea of Okhotsk (Kuril zone). The other zones in these and other
subduction zones have relatively low attenuation properties and have been desig-
nated as “Normal” in the table. However, it should be noted that little is known
about the @ structure from 0 to 150 km beneath the Earth’s surface, the depth
range of nearly all of the earthquakes in this study. Because the paths of the seismic
waves travel through this portion of the lithosphere and upper mantle before arriving
at the recording stations, detailed information on the @ structure at these shallow
depths eventually will be needed to better interpret the recorded ground motions.
Nonetheless, the @ structure, as it is presently known, is provided in Table 1 for
completeness. The values in the “seismic slip” column are the percentages of plate-
convergence rates that are released as slip during major earthquakes.

The categories in Table 1 were selected because they are commonly discussed in
the literature as having some bearing on the mode and mechanism of the subduction
process or as being a direct result of the subduction. Some or all of this information
may be indirectly related to the earthquake source and travel path characteristics,
which in turn would affect the characteristics of the recorded ground motions. This
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F16. 1. Location map of subduction zones around the Pacific Ocean. Solid lines represent subduction
zones with well-developed seafloor trenches; dashed lines indicate subduction zones without well-
developed trenches or indicate other lithospheric plate margins. The labeled wide solid lines and wide
dashed lines are the zones considered in this study.

possibility was explored to a limited extent in this study by examining possible
correlations between the seismotectonic data and the ground-motion data.

Accelerogram data. The relevant information on the recording conditions of the
accelerogram data base compiled for this study is given in Table 2. For all but two
of the entries, the PSV from both horizontal components of the corresponding
accelerograms were used in the subsequent analyses. The exceptions were the
accelerograms recorded at Pajaritos, Mexico, and Santiago, Chile, for which only
one horizontal component was available. The total of 258 components indicated in
Table 2 were distributed among the various subduction zones according to type of
focal mechanism (thrust, normal, and strike slip) as follows

No. of Components

Subduction Zone Thrust Normal Strike-Slip Total
Northern Honshu 98 22 8 128
Nankai 22 10 6 38
Kuril 14 4 4 22
Alaska 4 6 — 10
Peru/Northern Chile 13 6 —_ 19
Mexico 19 6 — 25
New Britain/Bougainville 12 4 —_ 16
Total 182 58 18 258

All earthquakes in the data base occurred within or near the Benioff-Wadati zone
of the subduction-zone regions. Focal mechanisms were compiled for these earth-
quakes from the appropriate references listed at the end of Table 2. Although most
of the earthquakes were thrust events, a significant number were normal. As
expected, relatively few were strike-slip events. All great earthquakes (M, 28.0) in
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GROUND MOTIONS FROM SUBDUCTION-ZONE EARTHQUAKES

. TABLE 2
EARTHQUAKE PARAMETERS FOR THE ACCELEROGRAM DATA BASE
Subduction Zons (yﬁD;: dy) M F (k’:nl (k.:n) (k?m Station
Northern Honshu, 56/02/14 6.0 45 21 50 TKO02¢
Japan 56/02/14 6.0 45 23 51 TKO024
62/04/30 6.5 35 64 69 THO01
63/05/08 6.1 40 53 63 KTo001
63/05/08 6.1 40 53 63 KT003
63/08/04 5.1 39 35 52 KTo014
64/02/05 6.0 34 36 65 KT001-a
64/02/05 6.0 54 36 65 KT001-b
64/02/05 6.0 54 36 65 KT001-¢
64/11/14 5.1 69 8 69 KTo001
67/11/19 6.0 48 50 69 KT001
68/05/16 8.2 20 90 129 HK003
68/05/16 8.2 20 319 170 HKO009
68/05/16 8.2 20 159 56 HK013
68/05/16 8.2 20 243 113 THO020
68/05/16 8.2 20 187 71 TH029
68/05/16 7.5 26 236 115 HK003
68/05/16 7. 26 75 %0 HKO013
68/07/01 6.1 68 58 91 TKO056
68/07/05 6.4 44 62 76  THO005
68/10/08 5.3 7 38 82 KT004

25 46 51  HKO003
35 35 65 KTo001

70/01/21 6.7
71/06/13 5.3

HHHHZZHHH—]U’U)HHZ*)—]HU)HHH—]—]r-i““—]*-i’-i*-l*'lzr-]—l'-i*-]*322*‘1*‘]*‘]&—]»—]2'-3'-3'-3&'-]-]—-]‘22

71/08/02 7.0 45 196 201 HKO004
71/10/11 5.2 40 12 42 KTo050
72/02/29 7.1 50 259 240 KT004
73/11/19 6.4 36 107 121 THO033
74/03/03 6.1 49 39 63 KTo036
74/07/08 6.3 45 bt 87 KT036
74/09/04 3.6 52 42 67 THO029
74/11/09 6.5 125 15 126 HKO016
74/11/16 6.1 44 38 58 KT036
78/06/12 77 40 116 102 THO19
78/06/12 i 40 120 102 THO033
68-05-16 8.2 20 258 259 HKO004
68-06-12 7.2 31 189 192 THO029
68-07-04 3.2 100 70 122 KT004
68-09-21 6.9 37 196 204 THO029
70-01-21 6.7 25 122 125 HKO004
70-04-01 5.8 7 101 126 THO029
71-08-02 7.0 45 262 266 HEKO003
72-02-29 71 50 285 289  Chiba-S
72-02-29 7.1 50 304 308 TKO056
72-03-20 6.4 80 308 318 HKO003
72-03-20 6.4 30 55 7 THO029
72-12-04 7.2 66 253 261 KT004
72-12-04 72 66 402 407 Onahama-ji-S
74-11-09 6.5 125 220 251 HKO004
75-10-30 6.0 60 174 184 HKO003
78-02-20 6.7 30 230 235 Onahama-ji-S
78-02-20 .7 50 205 211  Sakata-S
78-06-12 7.7 40 173 178  Onahama-ji-S
78-06-12 7.7 40 249 252 Akita-S
78-06-12 7.7 40 27 276 THO029
78-06-12 7.7 40 373 375 KT004
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TABLE 2—Continued

Date

h

EY

R

Subduction Zone wrmordy 4T km ok km Station
81-01-23 71 N 130 225 260 THO29
81-01-23 7.1 N 130 103 166 HKO003
82-03-21 7.1 T 10 137 143 HK003
82-03-21 1 T 10 64 75  Tokachi-M
82-07-23 70 T 30 118 122  Kashima-Zokan-S
82-07-23 70 T 30 207 209 TKO056
83-05-26 78 T 14 107 108 Akita-S
83-05-26 78 T 14 173 174 Sakata-S
83-05-26 78 T 14 204 204 THO029
Nankai. Japan 65/04/20 6.1 S 10 21 45 CBO002
65/04/20 6.1 S 410 30 50 CB005
66/11/12 3.5 N 20 19 28 KS005
68/04/01 7.5 T 37 60 75 KS002
68/04/01 7.5 T 37 123 135 KS003
68/04/01 7.5 T 37 167 166 SKO005
68/04/01 753 T 37 80 88 SKO006
68/08/06 6.6 N 48 116 106 CG005
68/08/06 6.6 N 18 14 54 SK006
69/04/21 6.3 T 39 13 66 KS002
70/07/26 67 T 47 21 51 KS002
70/07/26 6.7 T 47 70 84 KS003
70/07/26 6.1 T 47 21 51 KS002
71/01/05 6.1 N 44 64 " KKo026
75/04/21 6.4 N 12 41 37 KS014
74-05-09 69 N 10 52 53  Shimizu-Sekitan-3
78-05-23 67 T 160 141 213 Miyazaki-M
78-07-04 6.2 T 120 226 256  SKO005
78-07-04 62 T 120 7 148  Mivazaki-M
Kuril, Japan 62/04/23 7.0 N 60 73 100 HKO005
65/10/26 7.1 T 139 162 227 HKO004
68/08/07 3.7 T 68 32 5 HKO004
72/05/11 38 T 63 33 1 HKO004
73/06/17 78 T 11 112 134 HK004
69-01-19 7.1 N 238 231 332 HKO004
69-08-12 8.2 T 43 287 290 HKO004
73-06-24 7.1 T 30 194 196 HKO004
78-03-25 76 T 40 462 464 HKO004
78-12-06 7.7 S 100 284 301 HKO004
78-12-06 77 S 100 401 413 Tokachi-M
. Alaska 75/01/01 6.0 N 58 81 100 2702 (Anchorage)
75/01/01 6.0 N 58 82 100 2703 (Anchorage)
75/01/01 6.0 N 38 7 98 2704 (Anchorage)
79/02/28 7. T 13 7 39 2712 (Icy Bay)
79/02/28 T T 13 166 125 2728 (Yakutar)
Peru/N. Chile 66/10/17 8.1 T 38 236 239 4302 (Lima)
70/05/31 8.0 N 43 372 300 4302 (Lima)
71/11/29 3.3 T 37 127 138 4302 (Lima)
74/01/05 6.6 N 98 T4 123 4302 (Lima)
74/01/05 6.6 N 98 7 123 4303 (Lima)
74/10/03 8.1 T 13 36 70 4302 (Lima)
74/10/03 3.1 T 13 91 70 4304 (Lima)
T4/11/09 7.2 T 6 95 7 1302 (Lima)
7T4/11/09 7.2 T 6 103 70 4305 (Lima)
71/07/09 75 T 39 140 152  Santiago, Chile
1545 @036



GROUND MOTIONS FROM SUBDUCTION-ZONE EARTHQUAKES

TABLE 2—Continued
Date h Ry R

Station

Subduction Zone yrmordy 7 T km m
Mexico 62/05/11 7.0 T 37 260 263 +Alameda Central,
D.F.
62/05/19 70 T 19 260 261  +Alameda Central,
D.F.
64/07/06 6.7 N 100 240 260 +E. M. Gonzalez, D.F.
—---  -- 54/07/06 6.7 N 100 240 260 +P. E. Hidalgo, D.F.
75/03/14 55 N 155 40 160 6529 (T. Gutierrez)
78/11/29 7.7 T 18 299 300 +6518 ( Minatitlan)
78/11/29 T T 18 329 330 +6520 (Pajaritos)
78/11/29 7T T 18 119 120 6519 (Oaxaca)
85/09/19 80 T 28 469 469  Sismex Puebla
85/09/19 30 T 28 380 380 Tacubava, D.F.
85/09/19 80 T 28 381 381 ~Sismex Viveros, D.F.
857/09/19 3.0 T 28 389 389 +C. de Abastos F.. D.F.
85/09/19 80 T 28 383 385 +Sec. de Comm.. D.F.
New Britain/Bougain-  70/10/31 7. T 45 154 160  +Yonki, Upper Ramu
ville 70/11/12 65 T 22 159 161  +Yonki. Upper Ramu
71/07/14 30 T 43 200 205 Panguna
71/07/26 81 T 43 298 301 Panguna
71/09/25 7.0 N 111 43 119 Lae Base
71/10/28 6.5 T 107 250 272 Rabaul
72/01/19 66 N 100 203 226  +Yonki, Upper Ramu
83/03/18 7.8 T 89 271 285 Panguna

Notes: M = magnitude (M., Ms, or Mua); F = fault type (T = thrust, N = normal; S = strike slip);
h = focal depth; A = epicentral distance; R = center-of-energy-release distance. Station names preceded
by a plus denote sites on soft soil. Data from the subduction zones were obtained from Anderson et al.
(1987), Beavan and Jacob (1984), Boatwright (1980), Brady and Perez 11977), Builetin of the International
Seismological Centre, Chael and Stewart (1982), Crouse et al. (1980), Denham (1977), Denham and Smail
(1971), Dewey and Spence (1979), G. Dunphy (personal communication, 1985), Dziewonski and Wood-
house (1983), Dziewonski et al. (1983), Espinosa et al. (1978), Fujita and Kanamori (1981), Hartzell and
Heaton (1985a), Ichikawa (1971), Jacob and Hauksson (1983), Kanamori (1971}, Kasahara and Sasatini
(1985), LeFevre and McNally (1983), K. McCue (personal communication. 1986), Molnar and Sykes
(1969), Mori and Crouse (1981), Prince et al. (1976), Rascon et al. (1977), Silverstein et ai. (1986), and
Stauder and Mualchin (1976). For the three Japanese subduction zones, dates indicated with slashes (/)
represent ground-motion data from Mori and Crouse (1981). Dates indicated with dashes (-) represent
data supplied in 1984 by the Japan Port and Harbour Research Institute and Ann Mori of Kisojiban
Consuitants, Ltd. The four-digit numbers designating the Alaskan, Peruvian, and Mexican stations were
assigned by the U.S. Geological Survey (Switzer et al., 1981).

the data base, except one, were thrust events. The notable exception is the 31 May
1970, Peruvian earthquake (M, = 8.0), a normal-faulting event which occurred near
the Peru trench.

Note that approximately half of the components were recorded during earth-
quakes occurring in the subduction zone adjacent to the northern portion of Honshu
Island, Japan. The number of components from the other zones is much smaller,
and questions regarding the adequacy of the data sample size are certainly relevant.
For every zone, the sample size could have been enlarged by admitting accelerograms
that were recorded, for example, at sites on geologic media other than soil. Had
rock-site records been considered, the Alaskan data base would have increased
substantially, but the data base for the other zones would have only slightly
increased. Thus, a decision was made not to use rock-site data in order to remove
one variable from the analysis. Another example of accelerograms that were not
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selected were those generated by earthquakes definitely not associated with a Benioff
zone, or earthquakes with magnitudes and epicentral distances well outside the
range of most of the selected data. Partly for this latter reason and because of the
small sample size, the eight horizontal components of the accelerograms recorded
at Olympia and Seattle, Washington, during the 1949 and 1965 earthquakes, which
occurred within the Juan de Fuca subduction zone, were not included in this study.

Accelerogram data recorded by the SMA-1 accelerograph network (Chang, 1984;
Chang and Chiu, 1984) and the SMART-1 array (Bolt et al., 1982) in Taiwan were
also not included primarily because the causative earthquakes occurred in a region
where the tectonics are complex and include both transform faulting and subduction.
Thus, most of the earthquakes could not clearly be associated with either the
transform faulting or the Benioff-Wadati zones.

Accelerogram data recorded during the 3 March 1985, Chile, earthquake (Ms =
7.8; EERI, 1985), which would have greatly enhanced the data base from the Peru/
Northern Chile subduction zone, were not available for this study.

The accelerogram data used in this study were generally recorded on shallow,
stiff soil and sedimentary deposits between about 5 to 25 m deep over Tertiary or
older bedrock. The notable exceptions are some of the data from Mexico, which
were recorded on deeper, much softer alluvial and sedimentary deposits in a basinal
structural configuration. Other stations underlain by relatively soft and/or deep soil
deposits or sediments include all the Alaskan stations and the station at Yonki,
Upper Ramu, in New Britain/Bougainville. The stations at Anchorage, Alaska, are
underlain by stiff alluvial material on the order of 100 m deep over Tertiary bedrock
(Schmoll and Barnwell, 1984; Idriss, 1985; D. Cole, personal communication, 1987).
Both the Yakutat and Icy Bay stations in southeast Alaska are underlain by
generally stiff sediments, which are more than 200 m thick at Yakutat and probably
much thicker at Icy Bay (Yehle, 1975; G. Plafker and B. Molnia, personal commu-
nications, 1987). The Yonki station is underlain by 110 m of poorly consolidated
and unconsolidated lake sediments (K. McCue, personal communication, 1986).
The potential effects from all of the above-noted differences in local geology were
considered in the interpretation of the results of the data analyses.

The moment magnitude was used when known, which was generally the case for
the larger earthquakes greater than magnitude 7.5. The moment-magnitude scale
better represents the true size of great earthquakes, and its use in this study was
preferred. When moment magnitudes were not available, surface-wave or Japan
Meteorological Agency magnitudes were used. These magnitudes were used for the
smaller earthquakes approximately less than magnitude 7.5. They were considered
to be equivalent to the moment magnitudes based on Utsu (1982) and Heaton et al.
(1986).

The center-of-energy-release distance was defined as the distance from the
recording station to a point on the fault rupture where the energy was considered
to be concentrated. For all earthquakes less than magnitude 7.5, this point was
assumed to be the hypocenter. For most of the larger events, this point was the
centroid of the fault plane defined by the aftershocks. If special studies of source
characteristics and aftershock distributions were both available, the center-of-
energy release was selected at a point on the fault plane corresponding to the
location of greatest energy release. An example of the latter is the 16 May 1968,
Tokachi-Oki earthquake off the eastern coast of Northern Honshu. Nagamune
(1969) and Fukao and Furumoto (1975) determined that the source of major energy
release for this event was located along the western edge of the fault plane. This
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point was a significant distance from either the centroid of the fault plane or the
epicenter, which was located near the eastern edge of the fault plane.

The distribution of (1) magnitudes versus center-of-energy-release distances, (2)
magnitudes versus focal depth, and (3) focal depths versus center-of-energy-release
distances for the 128-component data base selected for Northern Honshu is por-
trayed in Figure 2. The three different symbols in each figure represent the three
types of focal mechanisms. The data cover a magnitude range from 5.1 to 8.2, a
focal depth range from 14 to 130 km, and a distance range from 42 to 407 km. The
data are fairly well distributed over these ranges; thus, no strong correlation exists

among the three pairs of parameters.

Generally, the data from the other subduction zones are distributed in similar
fashions as shown in Figure 3. In these figures, different symbols designate subduc-

tion zones. Figures 2 and 3 show that the magnitudes

and distances of the smaller

data sets are generally within the magnitude and distance ranges of the Northern

18 . .
° 3 2 29 =
3 15a = 1 .3 -
2 23
3
3 2 2 2
° - -
- N “ s - = L) - s - s
s : 2 -]
22 a 2 Ja 8D
- a . 200 - 2 LT3 2 © s
2 H ' g =
: z 2 aa
> e < 3 = 3 ?
- s o 5 s - a E Tes - 33 - "3 z -
3° 4o ° 2 Fl
9
2 ° © 2
- %cc’ e :%b a0 T 4.3 - . 2
an o A a .
2 > 2 Sg 2 2 2 J0 3 2
2
» 3 3¢ z
- - s - 2 4 Ay 5.5 =
22 20 2 2
s By ] 20 E -
P R , 3 R =
2 - 3

S0 % 100 128 'S¢ ke co
QEATH AN ZE® JISTANCE M

F16. 2. Distribution of earthquake data in Table 2 for Northern
O; normal = A; strike-slip = (J; CER = center-of-energy release.

k)
JrsTancs

599 "1
B an

Honshu subduction zone. Thrust =

Z hed

] ol a

- 2 e 50 p
r4 o

2 z

. z
- .- 2 1 28 -

- -
2 238 e -
Zz Z I—
3= 2 Q2o 2 ° “ Smn- 2 e22z I
°
+ 2 - z
- » =

- o - > 31~

- 4

. LI,
- - 50 - - . - Y »
- - )
I, Y e - T - m
z
b4
- . 2 3 - N L
- 2 2z
2 a0 >

o

MHLNL U0t

Mmoo,

i 128 128 tl

EPTH xa)

130 £
CEN JUSTANCE  am)

s

$00

sz TANCE  my

F16. 3. Distribution of earthquake data in Table 2 for other subduction zones. Nankai = +; Kuril =
Z; Alaska = A; Peru/Northern Chile = O; Mexico = (J; New Britain/Bougainville = .; CER = center-

of-energy release.

/9.6[ @03(0 B-9



B .. C. B. CROUSE, YOGESH K. VYAS, AND BRUCE A. SCHELL

Honshu data. The data for all subduction zones were selected in this manner to
avoid excessive extrapolations of the regression equations that were used to compare
the ground motions from the subduction zones.

ANALYSES

Statistical analyses were conducted on the PSV data collected for the seven
subduction zones. The main objectives of the analyses were twofold: (1) to determine
whether differences in PSV within a particular subduction zone for a given magni-
tude and distance were due to differences in the type of focal mechanism, and (2)
to determine the subduction zones in which the recorded ground motions could be
considered similar. For zones which had significantly different ground motions,
possible physical reasons for the differences were considered.

The large number of components (128) for the Northern Honshu zone suggested
that this data base first be used to determine the possible effect of focal-mechanism
type, and then used as the basis for comparisons with data from each of the other
zones. Standard analysis of covariance techniques (e.g., Dixon and Massey, 1983;
Dixon, 1985) were used to test whether a linear attenuation model fit groups of data
(e.g., groups representing different focal-mechanism types or groups representing
different zones) equally well at some confidence level. Because the analysis of
covariance in these references is based on linear models, preliminary analysis was
conducted to determine whether such a model produced a reasonable fit to the data.

Selection of attenuation model. As a first step, all of the PSV data for the Northern
Honshu zone were cast into a regression analysis and the coefficients a, b, ¢, and d
in the equation

In[PSV(T)] = a + bM + ¢ In[R) + dh (1)

were computed at each of 10 periods between 0.1 and 4 sec. In equation (1), PSV(T)
is the 5 per cent damped PSV in centimeters/second at period T, M is earthquake
magnitude, R is center-of-energy-release distance in kilometers, and h is focal depth
in kilometers. The values of the coefficients and the standard errors at each period
are given in Table 3. Other trial regressions, assuming different functional forms
for the PSV dependence on the magnitude and distance parameters, were conducted.
These equations included a quadratic magnitude term, eM? and an anelastic

TABLE 3

RESULTS OF REGRESSION ANALYSES ON 128 COMPONENT DATA BASES FROM THE NORTHERN
HoONSHU SUBDUCTION ZONE [(SEE EQUATION (1)]

. ion Coe
'T::‘:’ Regression Cosificients PtHy/d) SE.
a b ¢ d
0.1 1.86 0.48 -1.02 0.0093 1.00 0.668
0.2 3.19 0.44 -0.98 0.0053 0.94 0.672
0.4 1.29 0.68 -0.84 0.0041 0.90 0.397
0.6 0.67 0.85 -(.95 0.0030 0.71 0.674
0.8 -0.38 0.96 -0.87 0.0017 0.44 0.703
1.0 -1.13 1.06 -0.83 0.0000 0.00 0.713
1.5 -2.79 1.18 -0.69 -0.0007 0.19 0.663
2.0 -3.04 1.26 -0.78 -0.0008 0.21 0.718
3.0 -3.46 1.34 -0.85 =0.0046 0.87 0.730
4.0 -4.09 1.39 =0.85 -0.0053 0.92 0.720

* P{Hy/d) = probability of hypothesis, Hy; d is significantly different from zero.
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attenuation term, fR; however, these terms, although physically plausible, were not
supported by the data according to the ¢ test and were omitted. A regression was
also performed on a nonlinear variation of equation (1), in which the term, R =
C.exp(C: M), replaced R in the equation. Such a magnitude-dependent term in the
geometric spreading term, ¢ In(R + C,exp(C;M)), has been used by others (e.g.,
OASES, 1978; Campbell, 1981; Hadley et al., 1982) to account for the saturation of
ground-motion amplitudes at short distances, R. However, the standard errors of
this more complicated model were similar to those obtained from equation (1).
Furthermore, the residuals (i.e., differences between computed and observed values
of In[PSV(T)]) were uniformly distributed about their mean of zero throughout the
range of each independent variable. These results suggested that near-field satura-
tion effects were not significant for the Northern Honshu data. If data had been
available at R < 40 km, such effects might have been observed; however, because
there was no empirical basis for this effect, the nonlinear form of equation (1) was
not considered further.

The purpose of the term, dh, in equation (1) is to account for any possible effect
of focal depth. The term has some physical basis in that deeper earthquakes might
be expected to produce greater short-period body-wave motions than shallower
earthquakes of the same magnitude and hypocentral distance because the anelastic
attenuation would likely be less and the stress drop would conceivably be greater
{McGarr, 1984). On the other hand, shallow earthquakes tend to generate more
long-period surface waves. The decreasing trend of the d values with increasing
period in Table 3 tend to support these postulations. The inclusion of the dh term
is supported to some extent by the data as indicated in Table 3, which also shows
the probability that the coefficient d is significantly different from zero. These
statistical tests suggest that d is significant at short and long periods. The insignif-
icance of the coefficient at intermediate periods between 0.6 and 2.0 sec is expected
because the values of d are closer to zero. In this period range, d is in transition
from the relatively large positive values at short periods to the relatively large
negative values at long periods. However, it should be noted that, at each period,
the standard errors from regressions without the depth term are very similar to
those in Table 3, indicating that the inclusion of the depth term does not substan-
tially improve the fit of the model to the data. Regardless, linear models with the
depth term [equation (1)] and without it were both used to test (1) the potential
effects of focal-mechanism type on the PSV and (2) whether there were differences
in the PSV among the subduction zones. Because the results using both sets of
attenuation equations are similar, only the results based on equation (1) are reported
in this paper.

Effect of focal-mechanism type. The analysis of covariance tests whether the mean
values of the In[PSV(T)] are equal among the various groups after adjustments are
made for differences in the values of the independent variables among the groups.
The main assumption of the method is that the regression curves for each group
are parallel [i.e., for each group (i) the coefficients b; are the same, the coefficients
¢; are the same, etc., for a given period]. Another assumption is that the residuals
of the regressions are normally distributed. This assumption was verified for data
in each zone at several periods by plotting the residuals on normal probability paper
and using the well-established Kolmogorov-Smirnov test. The fact that the residuals
were found to be normally distributed is consistent with the findings of others (e.g.,
Donovan, 1973; McGuire, 1974; Campbell, 1981) who have studied the statistical
distributions of United States ground-motion data. The final assumption is that
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the population variances about the regression lines are equal. Although this as-
sumption was not formally tested, an examination of the sample variances indicated
the assumption was reasonable.

The analysis of covariance was applied to the three focal-mechanism groups of
Northern Honshu data. The equality of the coefficients, b;, ¢;, and d; (where the
subscript i = 1, 2, 3 denotes the group), as well as the equality of the adjusted group
means of In[PSV(T)};, were tested at the 95 per cent confidence level by using the
appropriate F ratio (Dixon and Massey, 1983; Dixon, 1985). The resuits indicated
that, at this confidence level, the adjusted group means can be considered equal at
all periods. The test for the equality of coefficients fails at only one period (7' =1
sec), but this isolated case is inconsequential.

The equality of the adjusted group means is consistent with the distribution of
residuals and their averages for each of the three groups. At each period, the
predicted PSV were compared to the observed PSV through the equation for the
normal deviate

& = ID(PSV)O‘ = 1n(PSV)ps (2)

Oin

where ¢; is the normal deviate for the ith datum at a given period; (PSV),,; is the
observed PSV at a given period; (PSV),,; is the corresponding predicted PSV which
was obtained by substituting the values of M, R, and h for the ith datum into
equation (1); and oy, is the period-dependent standard error. The coefficients, a, b,
¢, and d, and the standard errors were taken from Table 3. A comparison of the ¢;
and their averages, ¢, is shown in Figure 4. The ¢; distributions of each focal-
mechanism group are similar, and, in general, the & for each group are close to zero,
which supports the results of the analysis of covariance. Thus, it appears that
differences in the PSV data from Northern Honshu cannot be attributed to
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F1G. 4."Distribution of ¢; and o as a function of period and focal-mechanism type for the Northern
Honshu subduction zone. Symbols for focal-mechanism type are given in Figure 2.
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differences in the type of focal mechanism. With the exception of the thrust and
normal data from the Nankai zone, the data from the other zones were not
considered to be sufficient to test the effect of focal-mechanism type on the PSV.
Nonetheless, although the effect of focal-mechanism type was not considered when
the analysis of covariance was applied to the PSV data from the other zones, the
separation of the data into the three focal-mechanism groups was preserved in the
figures for each zone similar to Figure 4. Tests for differences in the Nankai thrust
and normal data are reported in the following subsection in the paragraph where
comparisons between the Northern Honshu and Nankai data are presented. Because
these tests were also negative, the interpretations of the results for each zone assume
that focal-mechanism type is not an important factor contributing to any differences
observed in the PSV.

Comparisons of PSV among subduction zones. Statistical analyvses similar to those
presented in the preceding subsection were used to determine whether the PSV
from the various subduction zones were similar. Rather than forming seven groups
of data (one group for each zone) and testing them together, which would have
produced many rejections of the null hypothesis that the adjusted group means were
similar, the Northern Honshu group was compared with each of the other six
subduction-zone groups individually. The results of the analysis of covariance are
summarized in Table 4. The o; distributions and their averages for the PSV data
from each subduction zone were also computed using equations (1) and {2); for each
observed PSV, the corresponding M, R, and h values were substituted into the
regression equation developed from the Northern Honshu data [equation (1) and
Table 3] to obtain the predicted PSV datum, which was in turn substituted into
equation (2) to obtain the corresponding ¢;. In equation (2), the period-dependent
standard error, oi,, was also obtained from Table 3. The resulting ¢ data are

TABLE 4
RESULTS OF ANALYSIS OF COVARIANCE
Penod isect
[m#" Subduction Zone
! 0.1 0.2 0.4 0.5 0.3 1.0 1.3 2.0 3.0 4.0
1 Kuril 0 0 0 0] X X [} 0 0 0
2 Nankai X X 0 0 X 0 0 0 0 0
3 Alaska* 0 0 0 0 0 0 X 0 X X
4 Peru/N. Chile x 0 3} 0 0] X X X o 0
5 New Britain/ 0 (0] 0 ) ) X X X o o
Bougain-
ville (all
sites) .
Stiff-soil sites Q Q x X 0 0 X X o o
Soft soil site* X 0 0 X X X X 0] 0 X
6 Mexico (all 0 X 0] 0] X 0 X X X X
sites)
Stiff-soil sites ) ) 0] 0 (0] 0 0 0 o o)
Soft-soil sices 0 X 0] ) X X X X X X

Test of null hypothesis, H,: adjusted group means of In[PSV(T)] for Northern Honshu and the ith
subduction zone are equal. Confidence level = 0.95. x or X = reject Hy; o or O = accept H,. Lower case
letter signifies that the equality of coefficients b, ¢, and d, between Northern Honshu and the :th
subduction zone cannot be accepted at the 95 per cent confidence level.

* Insufficient data to test equality of b, ¢, and d,.
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summarized in Figures 5 through 10 for the other six subduction zones. Each figure
contains two plots: the upper plot shows the distribution of ¢; for the thrust, normal,
and strike-slip data as a function of period, and the lower plot shows the average
¢:(¢) for each focal-mechanism group as well as the ¢ for all of the data combined.
For the New Britain/Bougainville and Mexico subduction zones, the data have also
been separated into two soil classifications: the shallow stiff-soil sites and the soft-
soil sites. The ¢ for each of these soil classes is shown on the lower part of Figures
9 and 10 for these two zones. Results of the analysis of covariance for these cases
are also presented in Table 4.
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The results indicate that, in general, there are no significant differences in the
data from the Northern Honshu, Kuril (Figure 3), and Nankai (Figure 6) subduction
zones. For the Kuril versus Northern Honshu data, the independent variable
coefficients (4;, ¢,, and d,) can be considered equal at the 95 per cent confidence
level at 7 of 10 periods, and the adjusted group means of In[PSV(T)] can be
considered equal at all periods except T = 0.8 and 1.0 sec (Table 4). At these two
periods, the adjusted means for the Kuril zone are greater than those for Northern
Honshu, which is apparent in Figure 5. At the three periods for which the inde-
pendent-variable coefficients were not equal (7 = 0.4, 1.0, and 1.5 sec), plots of the
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¢; versus each independent variable and the F values from the analysis of covariance
were examined. For T = 0.4 and 1.5 sec, the plots of ¢; versus distance, R, generally
showed the ¢; were greater than zero for R < 200 km and generally less than zero
for R > 200 km. At T = 1.0 sec, the ¢; show no striking trends with any of the
independent variables; the ¢; are mostly greater than zero, as previously noted.
For the Nankai versus Northern Honshu data, the independent variable coeffi-
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cients can be considered equal at all periods. The adjusted group means can be
considered equal except at very short periods (T = 0.1 and 0.2 sec) and again at T
= (.8 sec. At the short periods, the Northern Honshu adjusted group means are
greater; at T = 0.8 sec, the Nankai adjusted group mean is greater (Figure 6).

The data in Figure 6 also suggest some differences in ground motion due to focal-
mechanism type. However, when an analysis of covariance was performed on the
thrust and normal data, the two larger groups of data within the Nankai data base,
the equality of adjusted group means could not be rejected at the 95 per cent
confidence level for all but two periods (T = 2 and 4 sec).

The data from each of the other nonJapanese subduction zones are generaily
different from the Japanese data, although undoubtedly some of these differences
can be traced to differences in the local geology between the typical Japanese site
and some sites from other zones. In other instances, the differences appear to be
more related to intrinsic differences in the earthquake source characteristics.

The Alaskan data, according to the results in Table 4, are not significantly
different from the Northern Honshu data for T = 1.0 sec. At longer periods (T =
1.5, 3, and 4 sec), the differences are significant at the 95 per cent confidence level.
At these periods, the adjusted means for the Alaskan data are greater than those
for the Northern Honshu data. It should be noted that the lack of Alaskan data did
not permit a test of the equality of the coefficients b;, ¢, and d;. However, plots
(not shown here) of the normalized residuals, ¢;, for the Alaskan data versus each
independent variable did not show any correlation or trends with any of these
variables. The results in Table 4 are consistent with the residual plot in Figure 7.
The interesting feature of this figure is the gradual increase in the ¢; and ¢ with
increasing period. This trend can be attributed to differences in local geology
between the Alaskan and Northern Honshu sites. The sites in both areas are
underlain by relatively stiff sediments, but the sediments at the Alaskan sites are
much deeper, as noted in the previous data base section. The increase in PSV with
period at sites with deeper soil deposits has also been observed in the ground-motion
data from the Western United States by Seed et al. (1976) and Trifunac and Lee
(1979), for example. Taking this effect into consideration, the Alaskan data would
then more closely agree with the Northern Honshu data at longer periods.

The Peru/Northern Chile data are not significantly different from the Northern
Honshu data except at 7 = 0.1, 1.0, 1.5, and 2.0 sec (Table 4 and Figure 8). At the
three longer periods, the adjusted means of Peru/Northern Chile are significantly
less. Table 4 reveals that the equality of the coefficients &;, ¢;, and d; is not generally
satisfied at the 95 per cent confidence level, but an examination of the residuals
versus each independent variable does not indicate any obvious trends for T = 1.0
sec. For T > 1.0 sec, trends are not apparent if the data corresponding to the M =
5.3 event, the smallest earthquake in the Peru/Northern Chile data set, is ignored.
This event accounts for the two largest residuals, ¢;, at these periods.

Unlike the Alaskan data, the differences between the Peru/Northern Chile and
Northern Honshu data at the longer periods are not thought to be primarily due to
any differences in local geology. All sites in the Peru/Northern Chile data set except
station 4305 in Lima (the La Molina site) are underlain by Cascajo, a dense to very
dense sandy gravel deposit less than about 20 m in depth (Lastrico and Monge,
1974; Repetto et al., 1980). The La Molina site is underlain by about 25 m of stiff
silty clay, sandy silt, and dense sandy gravel. Thus, this site and the Cascajo sites
are similar in depth and stiffness to the Northern Honshu sites. Although Repetto
et al. (1980) show that the long-period ground motions at La Molina are somewhat
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greater than those recorded at the Cascajo site during the 9 November 1974
earthquake and that this difference may be due to the local geologic differences at
both sites, the residual data in Figure 8 do not indicate that the local geology is the
primary factor for the ¢ < 0 trend at the longer periods. The two La Molina data
points, identified by the horizontal arrows in the top half of Figure 8, follow the
average trend dictated by the Cascajo data shown in the bottom half of the figure.

The trends at long periods observed in the Peru/Northern Chile data are also
seen to some extent in the data from New Britain/Bougainville. Taken collectively,
the adjusted means of the New Britain/Bougainville data are similar to those from
the Northern Honshu data except at T = 1.0, 1.5, and 2.0 sec, at which periods the
adjusted means of the New Britain/Bougainville data are significantly less. Because
6 of the 16 components in this data set were recorded at Yonki, a known soft-soil
site, the data were separated into stiff-soil and soft-soil categories and the analysis
was repeated. The results (Table 4 and Figure 9) show that the stiff-soil data are
greater than the Northern Honshu data at short periods (T < 1.0 sec), while the
opposite trend is observed at longer periods. This trend at longer periods is similar
to that noted in the Peru/Northern Chile data. The fact that the coefficients b;, ¢,,
and d; did not pass the equality test at 7' = 0.4 sec at the 95 per cent confidence
level does not affect these observations within the ranges of the independent
variables for the stiff-soil data. This was verified »v examining plots of the residuals
versus each of these variables.

Another interesting observation in Figure 9 is the similarity in the ¢ for the stiff-
soil and thrust data and for the soft-soil and normal data. These apparent correla-
tions are more of a coincidence rather than reflecting possible biases in the soft-
soil and stiff-soil data due to focal-mechanism type or vice versa. Twice as many
thrust components (4) were recorded at Yonki, the soft-soil site, but the ¢; for these
data are similar to the ¢; for the two normal components at this site, as shown in
the top half of Figure 9. This comparison further emphasizes the differences in the
Yonki data due to local geology. The remaining stiff-soil data have approximately
the same ratio of thrust to normal components (8:2) as the Northern Honshu zone
(98:22) to which it is compared. Thus, the distinct differences between the stiff-soil
New Britain/Bougainville and Northern Honshu data are not the result of any
differences in the relative numbers of thrust and normal events between the zones.

The results of the final comparison with the Mexico data are presented in Table
4 and Figure 10. Because of the large disparity in the local geology between the
stiff-soil and soft-soil categories, the results from the combined data base are not
too informative. The adjusted group means of the stiff-soil data are similar to the
Northern Honshu data at all periods; however, some caution must be exercised in
interpreting this result because the test for the equality of coefficients b;, ¢,, and d;
failed at the short (7' = 0.1 and 0.2 sec) and long (T = 1.5 sec) periods. At each of
these periods, the inequality in the ¢; coefficient was the reason that the hypothesis
regarding the equality of the three sets of coefficients was rejected. A linear trend
was observed between the residuals and In[R). At the two short periods, the residuals
decreased with increasing In[R], and at the long periods the opposite trend was
observed. Of particular interest are the data recorded in or near Mexico City at
Tacubaya and Sismex Puebla during the 9 September 1985, earthquake. These data
were recorded at the longer epicentral distances within the stiff-soil group. The
residuals, ¢;, of these data are between —3 and 0 at the two short periods and
between 0 and +2 at T = 1.5 sec. At these longer periods, these residuals are much
less than those for the soft-soil sites, as illustrated in Figure 10. Although the
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equality of the coefficients 4;, ¢;, and d; for the soft-soil data was rejected at most
periods, the reasons were not apparent when the residual plots were examined.
Clearly, most of the residuals were substantially greater than zero at the longer
periods, regardless of the values of the independent variables.

The local and regional geologic characteristics, i.e., soft soils and large sedimen-
tary basins, are responsible for the large PSV of these Mexico accelerograms.
Approximately half of the Mexico accelerogram data listed in Table 2 were recorded
in Mexico City, which is situated on the bed of a Pleistocene lake that occupied the
basin of the Valley of Mexico (Tsai, 1969). The basin is composed of soft alluvium
and lake sediments, which amplified the ground motions at the longer periods (Tsali,
1969; Anderson et al., 1986). The Minatitlan and Pajaritos accelerograms were
recorded near the eastern coast of Mexico adjacent to the Bay of Campeche. This
back-arc region is part of a large alluvial basin, and this basin is probably responsible
for the large, long-period motions observed in the PSV of these two accelerograms,
which were recorded near the middle portion of this basin. By contrast, the
accelerograms from the other subduction zones were generally recorded in the fore-
arc regions at the edges of sedimentary basins, where the sedimentary layers are
much thinner than those in the middle of the basins. Long-period motions at the
edges of the basins are usually not as pronounced as those in the middle, as
demonstrated during the 1971 San Fernando, California, earthquake (Hanks, 1975;
Liu and Heaton, 1984). During this event, sites at the edges of the Los Angeles and
San Fernando Valley basins did not experience large, long-period motions, whereas
sites near the middle of these basins did experience them.

The results of the analyses of the PSV data were compared to the characteristics
of the subduction zones to gain some further physical insights for the differences
observed in the ground motions among the seven subduction zones. Plots of nine of
the parameters in Table 1 (age, convergence rate, dip, contact width, maximum
subduction depth, maximum historical earthquake—M,,, maximum rupture length,
stress drop, and seismic slip) appear in Figure 11. The two groups of the subduction
zones from left to right along the horizontal axis of each plot are in order of
decreasing strength of ground motion at stiff-soil sites for periods greater than
about 0.8 sec. The braces beneath the zone abbreviations lump those zones together
in which the strength of motion at these longer periods are similar. This grouping
was based on information presented in Figures 5 through 10 and in Table 4.

Correlations are not readily apparent between most of the variables plotted in
Figure 5 and the observed long-period ground motions. If the limited Mexican stiff-
soil data are ignored, weak correlations are seen in the stress drop and M, plots.
The maximum stress drops and M, are somewhat higher for the Alaska-Nankai-
Kuril-Northern Honshu group than for the Peru/Northern Chile-New Britain/
Bougainville group. Although some physical interpretation could be advanced to
explain the stress drop observation, the stress drop variations are large, and the
values reported in the literature are probably not consistently determined by one
procedure with the same type of data to warrant any such interpretation.

The most anomalous subduction zone in terms of the characteristics listed in
Table 1 is New Britain/Bougainville, the zone with the smaller long-period ground
motions. This small subduction zone involves a complex interaction of four litho-
spheric plates and, consequently, is more complex tectonicaily than any of the other
zones. Compared to the other six zones, the New Britain/Bougainville zone has the
steepest Benioff-Wadati zone below the plate interface and has the smallest contact
width. Although there are many anomalous characteristics of the New Britain/
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F1G. 11. Subduction-zone parameters from Table 1. The grouping of subduction zones from left to
right along the horizontal axis is in order of decreasing strength of ground motion for periods of 0.3 sec
and greater. Braces beneath zone abbreviations lump those zones in which the strength of motion is
similar. M = Mexico; A = Alaska; N = Nankai; K = Kuril; NH = Northern Honshu; PC = Peru/
Northern Chile; NB = New Britain/Bougainville.

Bougainville subduction zone, the potential physical link between them and the
ground motions is not clear.

DiISCUSSION

The general lack of correlation between the PSV data and the seismotectonic
characteristics of the subduction zones, as indicated in Figure 11, may not be
surprising. Variables such as convergence rate and age of the subduction zone,
although they may correlate with the maximum magnitudes of earthquakes that
have occurred in the subduction zones (Ruff and Kanamori, 1980; Heaton and
Kanamori, 1984), may have little or no bearing on the ground motions generated
by an earthquake of a given moment magnitude. Detailed information, which would
be relevant, such as local and average stress drops for many earthquakes, asperity
sizes and distributions, and seismic velocity and @ structure in the upper 150 km,
is not available for these regions. Some information on source complexity, multi-
plicity, and roughness, which may be useful, was obtained in a parallel study by
Hartzell and Heaton (1985a).

Hartzell and Heaton analyzed data from large magnitude (M, > ~7.5) subduction-
zone earthquakes and found no correlation between the teleseismic source-time
functions, trench age, and convergence rate. This finding is analogous and perhaps
consistent with our observations concerning the general lack of correlation between
the ground motions and the subduction-zone parameters listed in Table 1, two of
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which are the age of the subducted plate and convergence rate. However, the source-
time functions derived by Hartzell and Heaton exhibited similar characteristics for
different earthquakes in the same subduction zone. These characteristics tended to
vary for different subduction zones. Hartzell and Heaton grouped the zones accord-
ing to source multiplicity and source roughness as follows

1. South Chile, Alaska

2. Aleutians, Kamchatka, Kuril, Colombia, Nanka:

3. N. Honshu, Japan, Tonga-Kermadec, Central America

4. Central Chile, Peru, Solomon Islands (New Britain/Bougainville), New

Hebrides.

The grouping is in order of decreasing multiplicity and roughness, and the italicized
zones are those considered in our study. Central America has not been italicized
because our Mexico zone is northwest of the area studied by Hartzell and Heaton.
A comparison of Figures 5 through 10 with the above groupings indicates that there
is little correlation between the short-period ground motions less than about 0.8 sec
and the zone grouping. However, at intermediate periods around 1 sec, some
correlation is apparent. For example, the ground motions from Peru/Northern Chile
(Central Chile, Peru, of Hartzell and Heaton) and New Britain/Bougainville (Sol-
omon Islands of Hartzell and Heaton) are smaller on the average than those from
Northern Honshu. Likewise, the Northern Honshu ground motions are smaller on
the average than those from Nankai and Kuril, although the differences between
the Nankai and the Northern Honshu motions were only statistically significant at
a period of 0.8 sec. This apparent correlation may be a coincidence because the
correlation breaks down at periods around 3 and 4 sec. At these periods, one would
expect the correlation to be just as strong or possibly stronger because the teleseismic
data contain some information at these periods (the period band of the teleseismic
data is 2.5 to 30 sec). A stronger correlation at these periods would have offered
more persuasive evidence that the source (rather than travel-path) characteristics
at intermediate periods are potentially different in some zones and are thus
contributing significantly to the differences in the observed ground motions.

The effect of local and regional geology was found to be an important factor also
despite the initial attempts to select as much accelerogram data from stations (other
than those from Mexico) with similar local geology. Geology obviously affected the
Mexico ground-motion data, and it probably affected the Alaska data and the
ground motions recorded at Yonki in New Britian/Bougainville.

The evidence suggesting that local geology affected the New Britain/Bougainville
accelerograms recorded at Yonki is based on a comparison between these data and
those recorded at stiff-soil sites within the same zone (Figure 9). Denham et al.
(1973) also observed a characteristic shape of the response spectra from the Yonki
accelerograms. The spectra exhibit a peak centered at 0.2 sec, and Denham et al.
(1973) suggest that the local geology may be the primary factor responsible for this
peak. However, the PSV levels observed in the Yonki spectra at the longer periods
are much smaller than the PSV levels generally associated with other softer and/or
deeper soil sites (e.g., Alaska and Mexico). Furthermore, it is interesting to note the
sinusoidal character of the average residuals, ¢, in Figure 9 for both the Yonki and
stiff-soil data. This evidence indicates that other factors, such as the source and/or
travel-path characteristics, are contributing to the spectral characteristics. The
anomalous tectonic environment of the New Britain/Bougainville zone, as discussed
in the preceding section, may be influencing these factors in some systematic
manner.
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._.Abnormal Animal Behavior Prior to Earthquakes, I

Not Open-Filed
Experimental Studies of Rock Friction with Application
to Earthquake Prediction
Not Open-Filed
Fault Mechanics and Its Relation to Earthquake Prediction
Open-File No. 78-380
Use of Volunteers in the Earthquake Hazards Reduction
Program
Open-File No. 78-336
Communicating Earthquake Hazard Reduction Information
Open-File No. 78-933
Methodology for Identifying Seismic Gaps and Soon-to-
Break Gaps
Open-File No. 78-943
Stress and Strain Measurements Related to Earthquake
Prediction
Open-File No. 79-370
Analysis of Actual Fault Zones in Bedrock
Open-File No. 79-1239
Magnitude of Deviatoric Stresses in the Earth's Crust
and Upper Mantle
Open-File No. 80-625
Earthquake Hazards Along the Wasatch and Sierra-Nevada
Frontal Fault Zones
Open-File No. 80-801
Abnormal Animal Behavior Prior to Earthquakes, II
Open-File No. 80-453
Earthquake Prediction Information
Open-File No. 80-843
Evaluation of Regional Seismic Hazards and Risk
Open-File No. 81-437
Earthquake Hazards of the Puget Sound Region, Washington
Open-File No. 82-19
A Workshop on "Preparing for and Responding to a
Damaging Earthquake in the Eastern United States"
Open-File No. 82-220
The Dynamic Characteristics of Faulting Inferred from
Recording of Strong Ground Motion
Open-File No. 82-591
Hydraulic Fracturing Stress Measurements
Open-File No. 82-1075
A Workshop on "Continuing Actions to Reduce Losses from
Earthquakes in the Mississippi Valley Area
Open-File No. 83-157
Active Tectonic and Magmatic Processes Beneath Long Valley
Open-File No. 84-939
A Workshop on "The 1886 Charleston, South Carolina,
Earthquake and its Implications for Today"
Open-File No. 83-843
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XXI

XXII

XXIII

XXIV

XXV

XXVI

XXVII

XXVIII

XXIX

XXX

XXXI

XXXII

XXXIII

XXXIV

XXXV

XXXVI

XXXVII
XXXVIII

A Workshop on"Continuing Actions to Reduce Potential
Losses from Future Earthquakes in the Northeastern United

__States"

Open File No. 83-844
A Workshop on "Site-Specific Effects of Soil and Rock on
Ground Motion and the Implications for Earthquake-
Resistant Design"
Open-File No. 83-845
A Workshop on "Continuing Actions to Reduce Potential
Losses from Future Earthquakes in Arkansas and Nearby
States"
Open-File No. 83-846
A Workshop on "Geologic Hazards in Puerto Rico"
Open-File No. 84-761
A Workshop on "Earthquake Hazards in the Virgin Islands
Region”
Open-File No. 84-762
A Workshop on "Evaluation of the Regionald and Urban
Earthquake Hazards in Utah"
Open-File No. 84-763
Mechanics of the May 2, 1983 Coa]inga Earthquake
Open-File No. 85-44
A Workshop on "The Borah Peak, Idaho, Earthquake"
Open-File No. 85-290
A Workshop on "Continuing Actions to Reduce Potential
Losses from Future Earthquakes in New York and Nearby
States"
Open-File No. 85-386
A Workshop on "Reducing Potential Losses From Earthquake
Hazards in Puerto Rico
Open File No. 85-731
A Workshop on "Evaluation of Regional and Urban Earthquake
Hazards and Risk in Alaska"
Open File No. 86-79
A Conference on "Future Directions in Evaluating
Earthquake Hazards of Southern California”
Open-File No. 86-401
A Workshop on "Earthquake Hazards in the Puget Sound,
Washington Area"
Open-File No. 86-253
A Workshop on "Probabilistic Earthquake-Hazards
Assessments,"
Open-File 86-185
A Workshop on "Earth Science Considerations for Earthquake
Hazards Reduction in the Central United States," Open-File
Report No. 86-425
A Workshop on "Assessment of Geologic Hazards and Risk in
Puerto Rico"
Open-File 87-007
A Workshop on "Earthquake Hazards Along the Wasatch, Utah
Open File 87-154 ,
A Workshop on "Physical & Observational Basis for
Intermediate Term Earthquake Prediction
Open-File 87- [in press]



Conference XXXIX Directions in Paleoseismology
' Open File 87- [in press]
Conference XL __A Workshop on "The U.S. Geological Survey's Role in
Hazards Warnings"
Open-File Report 87-269
Conference XLI A Review of the Earthquake Research Applications in the
National Earthquake Hazard Reduction Program: 1977-1987
Open-File 88-13-A
Conference XLII A Workshop on "Evaluation of Earthquake Hazards and Risk
in the Puget Sound and Portland Areas"
Open-File Report 88-541

For information on ordering the above publications, please contact:

U.S. Geological Survey

Books and Open-File Reports Service Section
Building 41, Box 25425

Federal Center

Denver, Colorado 80225
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IN THE PUGET SOUND AND PORTLAND AREAS"
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King County Building & Land Development
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1120 S. W. Fifth Avenue, Room 1002 (206) 296-6660
Portland, Oregon 97204
(503) 796-7700 Mr. Stan Biles
Deputy Supervisor
Mr. Ronald L. Angle Department of Natural Resources
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5964 M. Olympia, Washington 98504
Las Positas Boulevard
Pleasanton, California 94566 Mr. Christian J. Birkeland
(415) 460-6381 Consulting Engineer .
1019 Pacific Avenue, Suite 1121
Mr. Alvin R. Ankrum Tacoma, Washington 98402
Portland General Electric (206) 572-2627
121 S.W. Salmon Street
Portland, Oregon 97204 Dr. Patricia Bolton
(503) 226-8126 Battelle Human Affairs Research Center
4000 NE 41st Street
Dr. Brian F. Atwater Seattle, Washington 98105
U.S. Geological Survey (206) 525-3130
Department of Geological Sciences
University of Washington, AJ-20 Dr. Derek B. Booth
Seattle, Washington 98195 King County
(206) 442-2927/FTS 399-2927 770 Dexter Horton Building
Seattle, Washington 98104
Mr. Donald Ballantyne (206) 344-2544
Kennedy/Jenks/Chilton
33301 Ninth Avenue, S, Suite 100 Ms. Cynthia L. Bordelon
Federal Way, Washington 98003 General Reinsurance Corporation
(206) 874-0555 300 S. Riverside Plaza, Suite 2000 North
Chicago, I11inois 60606
Mr. Rendol Barlow (312) 207-5300
Seattle Department of Construction and
Land Use Dr. Joanne Bourgeois
400 Municipal Building, 600 Fourth Avenue Department of Geological Sciences
Seattle, Washington 98104 University of Washington, AJ-20
(206) 684-8880 Seattle, Washington 98195

(206) 545-2443/543-1190
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U.S. Geological Survey Washington Insurance Council
5400 MacArthur Boulevard Seattle, Washington 98122
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(206) 696-7996
Dr. Robert S. Crosson
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P.0. Box 4054 Seattle, Washington 98195
Seattle, Washington 98104 (206) 593-6505

(206) 624-9635
Dr. C. B. Crouse

Mr. Theodore Bushnell Earth Technology Corporation
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121 S.W. Salmon Street Long Beach, California 90807
Portiand, Oregon 97204 (213) 595-6611

(503) 226-8061
Mr. Robert Cunningham

Mr. Philip J. Carpenter Fireman's Fund Insurance Company

U.S. Geological Survey 2121 4th Avenue, Suite # 100

Water Resources Division Seattle, Washington 98121

1201 Pacific Avenue, Suite 600 (206)405-2001

Tacoma, Washington 98402

(206) 593-6510 Mr. Christopher R. Curtis
State of Washington

Mr. Clay Carter ‘ Office of Risk Management

Fireman's Fund Ins. Co. 715 East 8th SE

101 S.W. Main, Suite 710 Olympia, Washington 98504
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(503) 226-3761
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Federal Emergency Management Agency Washington State Emergency Management
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Mr. F. D. Cooper Mr. Steve Drussell
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Emergency Preparedness Canada 3860 145th Avenue NE
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Ms. Suzanne English
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601 Booth Street
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Cornforth Consultants, Inc.
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Federal Emergency Management Agency

500 C Street, S.W.

Washington, D.C. 20472
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Mr. Allen Fiksdal
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(206) 459-6490

Ms. Jean E. Fiechel

Geological Survey, Public Inquiries Office
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(509) 456-2524/FTS 439-2524

Dr. Duncan Foley

Department of Earth Sciences
Pacific Lutheran University
Tacoma, Washington 98447
(206) 535-7568

Mr. Robert C. Freitog

FEMA
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Bothell, Washington 98021-9796
(206) 487-4701

Dr. Charles V. Fulmer
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