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SUMMARY AND BACKGROUND
WORKSHOP ON "EVALUATION OF REGIONAL AND URBAN EARTHQUAKE HAZARDS
AND RISK IN UTAH"

by
Walter W. Hays and Paula L. Gori
U.S. Geological Survey
Reston, Virginia 22092

INTRODUCTION

The workshop, "Evaluation of Regional and Urban Earthquake Hazards and Risk in
Utah," was held in Salt Lake City, Utah, on August, l14-16, 1984. The workshop
is a part of the U.S. Geological Survey's (USGS) program element, "Regional
Earthquake Hazards Assessments," and the Federal Emergency Management Agency's
(FEMA) "Multihazards Project in Utah." The USGS, FEMA, the Utah Geological
and Mineral Survey (UGMS), the Utah Division of Comprehensive Emergency
Management (CEM), and the University of Utah (U of U) sponsored the workshop
which is the 26th overall in a series of workshops and conferences that was
devised in 1977 by USGS under the auspices of the Earthquake Hazards Reduction

Act. The two primary objectives of the workshop were:

1) to strengthen the capability of the scientific and technical
community of Utah 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, and tectonic deformation, and for assessing the risk from

these hazards, and

2) to work with public officials in Utah to foster an environment for
implementation of research results, creating partnerships and
providing high quality scientific information that can be used by
local governments to devise and implement loss reduction measures
such as building codes, zoning ordinances, and community and personal

preparedness plans and activities.

] (7)



Three tasks were undertaken in the forum provided by the workshop:

1) assessment of the present state-of-knowledge of earthquake hazards in Utah
including scientific, engineering, and societal-preparedness components,

2) determination of the need for additional scientific, engineering, and
societal-response information to implement an effective earthquake hazards
loss-reduction program in Utah, and 3) creation of action plans that
scientific~technical-policymaker communities can use to implement research and

loss-reduction measures.

The papers contained in this publication were presented at the workshop and
are organized into three categories: 1) papers developing the session themes
of the workshop, 2) papers providing supplementary scientific and technical
information, and 3) papers defining the needs of the user communities in
Utah. A glossary of technical terms used in earthquake engineering is

contained in Appendix A to facilitate communication and understanding.

Prior to the workshop in October 1983, and January 1984 two planning meetings
were held in Salt Lake City, Utah, to devise a draft workplan for the research
and implementation activities along the Wasatch front. This plan, which
follows this summary, was produced by representatives of UGMS, CEM, U of U,
FEMA, and USGS. It was used as a framework for discussion in the workshop and
is part of the Geological Survey's National Earthquake Hazards Reduction

Program (NEHRP).

One hundred fifteen participants having varied backgrounds in earth science,
social science, planning, architecture, engineering, and emergency management
participated in the workshop. The participants (see Appendix B) represented
industry, volunteer agencies, and academic institutions from Utah, as well as
representatives of local and State governments of Utah, other States, the
private sector, and the Federal Government., The participants represented a
major part of the resources available to conduct research, to prepare for, to

mitigate, and to respond to earthquake hazards in Utah,
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Figure l.--Map showing the Wasatch fault zone, a major zone of young, active,
normal faulting. The largest urban centers of Utah are located along the
fault zone. Geologic and geomorphic evidence acquired primarily from
paleoseismicity studies show that earthquakes having magnitudes of 7 or
greater have occurred on the fault in the past 10,000 years. Current
research is addressing questions such as: 1) Is the fault segmented? 2)
1f so, do individual segments generate a characteristic earthquake? 3)
Does the fault become listric at depth? &) Does the fault have seismic
gaps? 5) What is the depth to the brittle-ductile transition zone in the
crust where large magnitude earthquakes might be expected to nucleate?

6) Is the area along the Wasatch fault zone susceptible to enhanced
ground shaking because of soil amplification? 7) Is the area susceptible
to liquefaction and ground failure in a large earthquake?



The workshop followed by one year the Governor's Conference on Geologic

Hazards which was held in Salt Lake City, Utah, in 1983.

JUSTIFICATION FOR STUDYING THE WASATCH FRONT

Some scientists believe that the Wasatch fault zone, a major zone of active,
young normal faulting within the intermountain seismic belt, is overdue for a
damaging earthquake. The fault extends approximately 370 km (220 miles) from
Gunnison, Utah, to Malad City, Idaho (Figure 1). Studies by scientists at the
University of Utah have shown that many small earthquakes have occurred in the
past and are still occurring along the fault zone. However, no moderate or
large earthquakes have occurred since Utah was settled in 1847 in spite of
clear geologic and geomorphic evidence that large earthquakes (magnitude 7 or
greater) have occurred repeatedly throughout the late Pleistocene (about

125,000 years B.P.) and Holocene (about 10,000 years B.P.) times.

The largest urban centers of Utah are located along the Wasatch front. Also,
the largest growth in population is occurring in these centers. At present,
Utah, like other parts of the nation, is not well prepared for a large
damaging earthquake. On the basis of a damage study conducted in 1976 by the
USGS for the Federal Disaster Assistance Administration (the predecessor of
FEMA), a large earthquake centered near Salt Lake City would cause extensive
damage to single family dwellings, buildings, lifeline systems, and public
facilities. The level of ground shaking would probably be in the range of
0.2-0.4 g. Surface fault rupture and tectonic deformation would be

expected. Landslides and liquefaction would occur in many areas. Deaths and

injuries would be high, depending on the time of day and the season of year.

The October 1983 Borah Peak, Idaho, earthquake demonstrated that laxge
earthquakes can occur in the intermountain seismic belt. Many scientists
believe that this earthquake was a "model" of what can happen on the Wasatch
front., A magnitude 7.0-7.5 earthquake nucleating at a depth of 10-15 km is

now being considered in planning scenarios for Utah.



CUMMULATIVE IMPACT OF PRIOR WORKSHOPS

This workshop was designed to address the potential effects of earthquakes and
other geologic hazards that might be triggered by earthquakes in Utah. Of the
26 prior workshops, it was the 13th in a series designed under the auspices of
the NEHRP to define the threat from earthquakes in the United States and to
improve earthquake preparedness. The program followed the format used in
prior workshops. These 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 and concern, and improved the state-
of-practice in earthquake-resistant design. They have brought together morxe
than 1,000 producers and users of geologic hazards information in almost every
earthquake-prone part of the United States. They have fostered local-State-
Federal partnerships and have enhanced the use of existing information
networks as well as the creation of new networks. Seismic safety
organizations have been created as a result of the workshops. Proceedings of
past workshops have been dissiminated to the participants to use in their
program development and to about 5,000 others who have requested them for the
information they contained. A discussion of each of the 12 prior workshops
follows this summary to provide a complete picture of the cummulative

accomplishments. Proceedings are available from the USGS.

DECISIONMAKING AND EARTHQUAKE HAZARDS

The workshop on "Evaluation of Regional and Urban Earthquake Hazards and Risk
in Utah," emphasized the well known fact that understanding the geologic
processes causing earthquake hazards is the most important step in devising
practical methodologies for reducing future economic losses and social impacts
from earthquakes. The potential losses in Utah are increasing annually as a
consequence of factors such as: 1) increased population density and

2) increased building wealth exposed to potential geologic hazards as urban
centers grow through construction of homes, schools, hospitals, high rise

buidings, factories, utility systems, power plants, and public facilities.



The choices facing decisionmakers are difficult for three reasons: 1) future

earthquake hazards occur at uncertain times and locations and have great

variation in magnitude and probability of occurrence, 2) reduction of losses

requires integration of technical information in the planning process and its

use in the formulation of loss reduction measures, and 3) loss reduction

measures cost money and require local-State-Federal partnerships having well

conceived short- and long~term objectives in order to be cost effective. The

variety of options for reducing losses from earthquake hazards includes:

1)

2)

3)

4)

5)

6)

Personal preparedness—--prepare for the consequences of earthquake

hazards that are expected to occur, taking advantage of efficiencies
provided by preparation for other natural hazards such as floods and

debris flows.

Avoidance--if maps and other technical information are available to

answer the questions WHERE? and HOW OFTEN?, avoid the hazards by

selecting the least hazardous area for construction.

Land-use planning and regulation--reduce losses to certain types of

structures susceptible to a particular earthquake hazard either by
reducing their density oxr by prohibiting their construction within
parts of the area characterized by a relatively high frequency of

occurrence or severity of effects.

Engineering design and building codes—-require engineering design and

construction that is appropriate in terms of the frequency of

occurrence and the severity of the hazaxd.

Distribution of losses--use insurance and other financial methods to

distribute the potential losses in an area susceptible to earthquake

hazards.

Response and recovery--plan response and recovery measures that are

appropriate in terms of past experiences, using scenarios based on
damaging events in other parts of the Nation (e.g., the 1983 Borah
Peak, Idaho earthquake) that provide specific lessons that can be

transferred to Utah.



Decisionmakers have different perspectives about geologic hazards than

scientists and engineers. These differences, which have been summarized by

Szanton (1981), are the reason that implementation of loss reduction measures

is difficult. They are:

1)

2)

3)

4)

5)

6)

7

The ultimate objective of the decisionmaker is the approval of the

electorate; it is the respect of peers for the scientist/engineer.

The time horizon for the decisionmaker is short; it is long for the

scientist/engineer.

The focus of the decisionmaker is on the external logic of the

problem; it is on the internal logic for the scientist/engineer.

The mode of thought for the decisionmaker is deductive and

particular; it is inductive and generic for the scientist/engineer.,

The most valued outcome for the decisionmaker is a reliable solution;

it is original insight for the scientist/engineer.

The mode of expression is simple and absolute for the decisionmaker;

it is abstruse and qualified for the scientist/engineer.,

The preferred form of conclusion for the decisionmaker is one "best

solution" with uncertainties submerged; it is multiple possibilities

with uncertainties emphasized for the scientist/engineer.

These differences in perspectives emerged in the workshop. They almost always

emerge in discussions of the basic questions that form the basis for an

earthquake hazards reduction program:

1)

2)

WHERE are the earthquake hazards of ground shaking, earthquake-
induced ground failure, surface fault rupture, and tectonic

deformation occurring? Where have they occurred in the past?

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, and tectonic
deformation in a given period of time (for example, 50 years, the
useful life of an ordinary building)? How severe are they expected

to be?

5)  WHAT are the viable options for reducing losses from these physical

effects?

These seven differences in perspectives between decisionmakers and scientists
are the main reasons 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 implementation.

WORKSHOP STRATEGIES

The strategies used in this workshop were designed to build on past and
present activities in Utah, 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 workplan "Regional Earthquake Hazards Assessments: Wasatch
front, Utah," was prepared several months before the workshop (see
"Draft Work Plan" following this summary). It was distributed in
advance to all the particpants and used as a framework for

discussion.

2) The workshop was scheduled to take advantage of heighted awareness
and concern caused by debris flows, mud flows, landslides, and floods
which struck numerous areas of Utah in the spring of 1983. Action
plans were created in the Governor's Conference on Geologic Hazards
held in Salt Lake City, on August 11-12, 1983, and were, to some

extent, integrated into the discussions of this workshop.



3)

4)

5)

6)

7)

Past experiences, accomplishments, and recommendations of the Utah
Seismic Safety Advisory Council were integrated into the workshop.

(See paper by Delbert Ward for council recommendations.)

Research reports and preliminary technical papers prepared in advance
by the participants were distributed at the workshop and used as
resource material. The papers comprised three categories: 1) papers
developing specific themes of the workshop, 2) papers describing
results of current research (presented in two special night
sessions), and 3) papers describing the information needed by

planners and decision makers in Utah (presented on the last day).

The report and papers presented by the participants during the
workshop and in the three special sessions were finalized after the

workshop and are contained in this publication.

Scientists, social scientists, engineers, and emergency management
specialists gave oral presentations in four plenary sessions. The
objectives were to: 1) integrate scientific research and hazard
awareness and preparedness knowledge, 2) define the problem indicated
by the session theme, 3) clarify what is known about earxthquake
hazards in Utah and, 4) identify knowledge that is still needed to
resolve specific problems. These presentations served as a summary

of the state-of-knowledge and gave a multidisciplinary perspective.

A preliminary assessment of the effects of a hypothetical large
earthquake in Utah was presented before the participants of the
workshop and a committee of the Utah Legislature which was in session

at the same time as the workshop.

Presentations of the speakers were discussed in small groups. These

groups also suggested future research and implementation programs.



8) Ad hoc discussions on topics not addressed during the plenary and
discussion group sessions were encouraged to add a spontaneous

dimension and to foster creativity and networking.

PLENARY SESSIONS

Following the welcome and introductions, the overall theme of the workshop was
developed in four plenary sessions. The themes, objectives, and speakers for

each plenary session are described below:

WELCOME: Honorable Scott M. Matheson, Governor of Utah

OBJECTIVE: Description of the background of the workshop, its objectives,
and goals.

SPEAKERS: Genevieve Atwood, Utah Geological and Mineral Survey
Paula Gori, U.S. Geological Survey

SESSION 1: EVALUATION OF EARTHQUAKE HAZARDS AND RISK ALONG THE WASATCH
FRONT, UTAH

OBJECTIVE: An integrated series of overview-type presentations identifying
important research results obtained in the past several years
which are now being used to evaluate the hazards of ground
shaking, earthquake-induced ground failure, surface fault
rupture, and tectonic deformation in Utah and to assess the
risk,

SPEAKERS: Ronald Bruhn, University of Utah
Robert Smith, University of Utah
David Schwartz, Woodward Clyde Consultants
Loren Anderson, Utah State University
Ted Algermissen, U.S. Geological Survey
Walter Hays, U.S. Geological Survey

OBJECTIVE: To produce a directory of the researchers working along the
Wasatch front, the hazards information they have produced (or
will produce), and procedures for acquiring information from the
researchers.

SPEAKERS: Don Mabey, Utah Geological and Mineral Survey
Art Tarr, U.S. Geological Survey

SESSION 2: RESPONDING TO EARTHQUAKE HAZARDS IN UTAH
OBJECTIVE: Presentation of a hypothetical scenario of a damaging earthquake
on the Wasatch front and simulation of a community response to

it. (This presentation was made to a special committee of the
Utah Legislature and to the participants. The participants took

10



SPEAKER:

OBJECTIVE:

SPEAKERS:

OBJECTIVE:

SPEAKERS:

SESSION 3:

OBJECTIVE:

SPEAKERS:

part in role playing afterwards to simulate some of the political
processes that take place after a damaging earthquake),

Charles Thiel, Telesis Inc.

Special presentations to a committee of the Utah Legislature
suggesting actions concerning existing buildings, lifeline
systems, and preparedness planning that can be initiated now to
mitigate hazards in Utah.

Genevieve Atwood, Utah Geological and Mineral Survey

Christopher Arnold, Building Systems Development, Inc.

Anshel Schiff, Purdue University

Jerry Olson, Federal Emergency Management Agency, Region VIII

Lorayne Tempest, Utah Divison of Comprehensive Emergency
Management

An overview of current preparedness planning along the Wasatch
front for earthquakes and other natural hazards.

Jerry Olson, Federal Emergency Management Agency, Region VIII
Ralph Findlay, Utah Division of Comprehensive Emergency
Management

IMPLEMENTATION OF SPECIFIC ACTIONS TO REDUCE POTENTIAL LOSSES
FROM EARTHQUAKE HAZARDS IN UTAH

A series of integrated presentations describing the range of
achievable actions that can be taken to reduce potential losses
from earthquake hazards in Utah.

Genevieve Atwood, Utah Geological and Mineral Survey
Anshel Schiff, Purdue University

Delbert Ward, Structural Facilities, Inc.

Richard Olson, Arizona State University, Tempe, Arizona
Christopher Arnold, Building Systems Development, Inc.
Lawrence Reaveley, Reaveley Engineers & Associates
Charles Thiel, Telesis, Inc.

Jerold Barnes, Salt Lake County Planning Department
William Kockelman, U.S. Geological Survey

DISCUSSION GROUPS

The topical subjects of the plenary sessions were discussed in a small group

setting.

researchers.

The goal was to stimulate interactive discussions between all the

Some of the topics included:

1) Synthesis of geologic, geophysical, and engineering studies for

evaluation of earthquake hazards and risk in Utah. (Ground failure

hazards were also included.)

11



2) Ground motion modeling and loss estimation in Utah.

3) Information systems.

4) Implementation options available in Utah.

5) Legal issues relating to hazard mitigation policies in Utah.

SPECIAL SESSIONS: TECHNICAL SESSIONS ON EVALUATION OF EARTHQUAKE HAZARDS AND

RISK ALONG THE WASATCH FRONT, UTAH, AND DETERMINATION OF THE NEEDS OF
POLICYMAKERS

SESSION 1: GEOLOGICAL AND GEOPHYSICAL STUDIES IN THE WASATCH FRONT AREA

MODERATORS: Robert Bucknam, U.S. Geological Survey
Walter Arabasz, University of Utah

OBJECTIVE: To give details about current geological and geophysical research
studies.

SPEAKERS: Anthony Crone, U.S. Geological Survey
Spencer Wood, Boise State University
Mary Lou Zoback, U.S. Geological Survey
Walter Arabasz, University of Utah
James Pechmann, University of Utah
William Parry, University of Utah

SESSION 2: EARTHQUAKE POTENTIAL AND GROUND MOTION/LOSS ESTIMATION MODELING
MODERATOR: Lawrence Reaveley, Reaveley Engineers and Associates

OBJECTIVE: To give details about current earthquake potential, ground
motion, and loss estimation research studies and to reporxt on the
1983 Borah Peak, Idaho, earthquake.

SPEAKERS: David Perkins, U.S. Geological Survey
Robert Smith, University of Utah
Martin McCann, Jack R. Benjamin and Associates, Inc.
Maurice Power, Woodward Clyde Consultants
Kenneth Campbell, U.S. Geological Survey
Don Steeples, Kansas Geological Survey
Ernest Anderson, U.S. Geological Suravey

SESSION 3: EARTHQUAKE~HAZARD INFORMATION NEEDED BY PLANNERS AND
DECISIONMAKERS

MODERATORS: Genevieve Atwood, Utah Geological and Mineral Survey
William Kockelman, U.S. Geological Survey
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OBJECTIVE: The purpose of this session convened especially for planners and
decisionmakers was to identify the "special needs" for earthquake
hazards information and to describe possible obstacles to its use
after the information has been made available.

PANELISTS: Jerold Barnes, Salt Lake County Planner
Don Bennett, Vice President, Mountain Fuel Company
G. Allen Fawcett, Director, Richfield Community Planning
Don LeBaron, Utah House of Representatives
George Shaw, Sandy City Planner
Harold Tippetts, Davis County Commissioner

SPEAKERS: Patricia Bolton, Battelle Human Affairs Research Centers
Wesley Dewsnup, Utah State Division of Comprehensive Emergency
Management

Merrill Ridd, Utah State University

Jeanne Perkins, Association of Bay Area Governments
Clark Meek, State of Idaho

Robert Alexander, U.S. Geological Survey

Stephen French, California Polytechnic State University

CONCLUSIONS, RECOMMENDATIONS, AND COMMITMENTS

Conclusions--The ultimate goal of the Wasatch front studies is the reduction
of loss of life and property from the earthquake hazards of ground shaking,
surface fault rupture, earthquake-induced ground failure, and tectonic
deformation. This goal requires a long~term commitment; it is not likely to
be achieved in a 3-year period. However, significant progress can be made in
a 3-year period when effective partnerships are forged between scientists,
engineers, architects, planners, social scientists, emergency managers, and
public officials. The results of this workshop indicate that difficult goals

are achievable.

Recommendations--The participants in the workshop produced a number of

excellent specific recommendations (see the reports of the discussion

groups). The recommendations encompass the following:

1) The earthquake potential of the entire Wasatch front should be
assessed carefully, From a research perspective, the Wasatch front is
a 3-dimensional volume, extending across the valley and to depths of
about 20 km (12 miles). Such assessments require investigations of
major faults, emphasizing mechanics, timing, geometry, stress, and

other parameters., Additional trenching of major faults is needed to
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determine the displacement history, segment definition, and
statistical uncertainty. If resources can be made available, deep
drill holes and seismic reflection lines should be deployed. Vertical
and horizontal geodetic networks are needed to determine long texrm

strain and deformation.

2) Improved deterministic and probabilistic estimates of the ground-
shaking and ground-failure hazards are needed. Strong motion
accelerometers need to be purchased and deployed at rock and soil
sites and eventually in buildings to develop a "Utah" ground motion

data base for use in earthquake-resistant design.

3) Vulnerability studies for buildings, other facilities, and lifeline
systems are needed along the Wasatch front. The 1976 loss estimates
produced by USGS need to be updated. The experience gained from the

1983 Borah Peak, Idaho, earthquake needs to be transferred to Utah,

4) User-friendly information systems are needed to make the information
generated in the Wasatch front studies readily available, Such a
system should be developed incrementally, using existing computer

systems and carefully planned demonstration studies.

5) An extraordinary effort is needed to devise practical loss-reduction
measures and to foster their implementation. In general, the progress
of the scientific/technical investigations will drive the
implementation activities; however, the cost is too great if Utah is
unprepared for the next large earthquake because implementation of
loss reduction measures has lagged behind the advances in

scientific/technical knowledge.

Commitments~—At the conclusion of the workshop, each partner in the "Regional
Earthquake Hazards Assessments" program of the Wasatch front pledged their
support of the goals of the program. U.S. Geological Survey renewed their
commitment to the "Regional Earthquake Hazards Assessments' program and will
continue to fund internal and external research projects. USGS will publish

and disseminate the workshop proceedings and take responsibility for convening
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the 1985 and 1986 meetings and compiling a professional paper. The
professional paper, tentatively scheduled for completion in 1986, will
document the results of 3 years of focused research along the Wasatch front
and recommend future research priorities. USGS plans to deploy strong motion
accelerographs along the Wasatch front and will consider funding the "county
geologists" proposal discussed in the workshop. The Federal Emergency
Management Agency plans to assist in the implementation phase of the program,
possibly by joint funding with USGS of some of the proposed implementation
projects, training of land-use and emergency planners, and sponsorship of a
working group of the agencies and universities involved in implementation.

The Utah Division of Comprehensive Emergency Management plans to continue its
efforts on the Multi-Hazards Project and active membership in the proposed
working groups. The Utah Geological and Mineral Survey plans to continue work
on projects to identify geologic hazards, create proposals for new projects,
serve as a resource to other agencies and institutions, and make policy
recommendations to the State Legislature to increase the capability of Utah to
reduce losses from earthquakes and other geologic hazards. UGMS also plans to
publish the "Wasatch Forum," a newsletter to communicate with the researchers

and potential user groups.
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REGIONAL EARTHQUAKE HAZARDS ASSESSMENTS
WASATCH FRONT, UTAH
DRAFT WORK PLAN: FY 84-86

FOREWARD

This draft work plan describes the integrated goals, plans, and activities of
the U.S. Geological Survey (USGS) and the Utah Geological and Mineral Survey
(UGMS) for the program element, '"Regional Earthquake Hazards Assessments:
Wasatch front, Utah," 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 84-86, the
first phase of a focused effort on the Wasatch front. The work plan will be
reviewed each year and revised, as appropriate, to reflect progress, new
goals, opportunities for synergism, and more effective use of resources. The
following persons participated in at least one of the two planning meetings
held in Salt Lake City, Utah, on October 27-28, 1983, and January 26-27, 1984,

and contributed to the formulation of the work plan:

Robert Alexander U.S. Geological Survey (National Mapping Division)
Ted Algermissen U.S. Geological Survey

Genevieve Atwood Utah Geological and Mineral Survey

William M. Brown, III U.S. Geological Survey

Robert Bucknam U.S. Geological Survey

Russ Campbell U.S. Geological Survey

West Dewsnup Utah Division of Comprehensive Emergency Management
Ralph Findlay Utah Division of Comprehensive Emergency Management
Douglas Gore Federal Emergency Management Agency

Paula Gori U.S. Geological Survey

Wendy Hassibe U.S. Geological Survey (National Mapping Division)
Walter Hays U.S. Geological Survey

Bruce Kaliser Utah Geological and Mineral Survey

Floyd Toren Klinge Utah Division of Comprehensive Emergency Management
William Kockelman U.S. Geological Survey

Don Mabey Utah Geological and Mineral Survey

Jerry Olson Federal Emergency Management Agency

Albert Rogers U.S. Geological Survey

Robert Smith University of Utah

Arthur Tarr U.S. Geological Survey

Lorayne Tempest Utah Division of Comprehensive Emergency Management
Will Ulman U.S. Geological Survey (National Mapping Division)
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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
NEHRP, now 5-years old, needed and if so what are they?" From these
discussions, the 5 interrelated program elements constituting the current

NEHRP were defined:

1) 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).

2) 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).

3) 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 (127 of

budget).

4) Engineering Seismology--Operate a national network of strong motion

instruments, disseminate the basic ground-motion information, and

conduct research on the data (97 of budget).

5) Regional and Urban Earthquakes Hazards Evaluation--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 local
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governments to devise and implement loss-reduction measures (such as
building codes, zoning ordinances, personal prepardness, etc.) (12% of

budget).

COMPONENTS OF THE REGIONAL AND URBAN EARTHQUAKE HAZARDS PROGRAM ELEMENT

The Regional and Urban Earthquake Hazards program element has 5 INTERRELATED

components:

1) 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.

2) 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
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.

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

decisionmakers as a basis for "calling for change."
g g
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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) Wasatch front, UT 2) Southern California
3) Northern California 4) Anchorage, AL
5) Mississippi Valley 6) Puget Sound, WA
7) Charleston, SC 8) Buffalo-Rochester area, NY

The Wasatch front is the only region where all 5 components are being
conducted. In each region, the research is performed using the resources of
the USGS's internal and external program (the external program is implemented
through grants and contracts awarded annually following a request for

1

proposals in cooperation with the resources of their '"partners"). The goal is

to achieve maximum synergism of State and Federal resources.

STRATEGIES FOR CONDUCTING RESEARCH IN THE WASATCH FRONT AREA

The strategies for the Wasatch front are:

1) Foster Partnerships--USGS and UGMS will seek to foster strong

partnerships with the universities, private sector, units of local
government, and other State and Federal agencies. Existing

partnerships will be strengthened.

2) Take Advantage of Past Research Studies and Other Activities--Results

of past research studies will be utilized to the fullest extent
possible. Achievements of the Utah Seismic Safety Advisory Council,
the USGS sponsored earthquake hazards workshop of 1980, and the
Governor's Conference on Natural Hazards of 1983 will be used as

building blocks for future activities.

3) Study 10 Counties Along the Wasatch Front--Although Salt Lake, Davis,

Weber, and Utah Counties will receive the primary attention because of
their population density, potential risk, and the availability of

information from prior and ongoing research studies, Cache, Box Elder,
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4)

5)

6)

Summit, Wasatch, and Juab Counties will also be studied. The goal 1is

to acquire a uniform, HIGH QUALITY data base on earthquake hazards.

Convene Annual Meetings to Review Progress and Recommend New Research-

Each year, a workshop will be held in Salt Lake City to review: WHAT
HAS BEEN ACCOMPLISHED and WHAT IS STILL NEEDED TO ACCOMPLISH THE
GOALS. Participants from many different disciplines in the workshop
will be asked to address the question "what changes, if any, are
needed to accomplish the goals of the program element '"Regional

Earthquake Hazards Assessments: Wasatch front, Utah."

Publish Annual Reports and Communicate Findings--Proceedings of the

workshops, which will include papers documenting results from all
research projects in the Wasatch front, will be published as USGS
Open-File Reports approximately 3- or 4-months after each meeting. 1In
FY 86, the third year of the program, a USGS Professional Paper will
be published. The workshops, their products, and the findings in the
professional paper will be COMMUNICATED to policymakers whose task is

to implement hazard-reduction policy.

Take Advantage of Earthquakes--Use knowledge gained from earthquakes

such as the Borah Peak, Idaho, earthquake of October 1983 to improve
the methodology that is currently used in the evaluation of earthquake
hazards and the assessment of risk in the Wasatch front area. Many
scientists consider the 1983 Borah Peak earthquake as representative
of the type of earthquake that can occur along the Wasatch front. 1In
addition, other parts of the World have a similar tectonic setting as
the Wasatch front; earthquakes in these areas should be investigated
to provide insight into the characteristics of ground-shaking and the
physical effects that might occur in a major earthquake along the

Wasatch front.
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RESEARCH GOALS, OBJECTIVES, AND TASKS OF THE PROGRAM ELEMENT
"REGIONAL EARTHQUAKE HAZARDS ASSESSMENTS: WASATCH
FRONT, UTAH"

INTRODUCTION

The 5 INTERRELATED components comprising the program element "Regional
Earthquake Hazards Assessments: Wasatch front, Utah" are described below to
provide GUIDELINES for researchers who are either working now or planning to
work in the Wasatch front area. Each component of the workplan will be
reviewed annually and revised as appropriate, to meet the research goals of
the program element. UGMS (and their partners) will focus primarily on tasks
described in components 1, 2, and 5. USGS (and their partners) will focus on

tasks described in components 1-5.

COMPONENT 1: INFORMATION SYSTEMS

Every research study will generate basic data which needs to be organized. A
large but unorganized amount of data relating to the earthquake hazards along
the Wasatch front already 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 a
system 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.
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Priorities--The first priority is the creation of a directory of hazards
information by the time of the 1984 annual workshop. 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.

Implementation--The objectives listed above will be accomplished primarily by

USGS and UGMS. Tarr (USGS) and Mabey (UGMS) will provide leadership; however,
others will be involved in the implementation of the tasks. To accomplish the
above objectives, a leadership role is suggested for USGS and UGMS, as noted

below in the task statements:

1) Inventory of Existing Data--UGMS lead. The UGMS is compiling a

computerized bibliography of Utah geology 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 by the UGMS to meet the needs of the program element.

USGS lead. USGS will compile a directory of hazards information to
determine what data exists, 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--USGS lead. To the extent possible, the catalog of

Utah 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 Utah
Seismograph Station 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.
UGMS lead. 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
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3)

4)

available for rapid production of greenlines, paper copies, and film
composites of maps. 1In addition, standards for computer storage of
point data and line data will have to be established if automated

computer mapping is to be realized.

Data Set Management--UGMS lead. A complete library of publications,

reports, and a hard copy of data sets related to the Wasatch front
studies are needed. These could be established as a part of the

existing UGMS library.

USGS lead. The successful management of computerized data should

expedite many research studies. Existing computer resources are the
USGS VAX/VMS system in Golden, the Multics system in Lakewood, USGS
PIO in Salt Lake City, and the Utah Department of Natural Resources
Automatic Geographic Reference System in Salt Lake City. The
University of Utah 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.

Information Transfer--UGMS lead. An earthquake information office is

needed in Salt Lake City. Such an office would 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 would provide, to a wide
variety of users: historic and current data on Utah earthquakes,
information on current research, and advice on obtaining access to
earthquake-related literature and data. The new earthquake
information office could be established at the UGMS, with a close
working relationship with the USGS Public Inquiries Office in Salt
Lake City.
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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 Wasatch
front region have been carried out since as early as 1970. 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 and Urban Earthquake Hazards 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 Wasatch front region.

Priorities--First priority will be given to collecting and synthesizing basic
geologic and geophysical data required for evaluation of earthquake hazards.
The second priority is to conduct additional research needed to achieve the

goals of the program element.

Implementation--USGS and UGMS scientists (identified below) will provide

leadership and perform the research tasks identified below. In addition,
other researchers in universities and the private sector (e.g. University of
Utah, Utah State University, and others) will participate under the auspices

of the USGS's grants and contracts program.

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

continued as well as new research, focusing on the collection and
synthesis of those data needed for realistic deterministic and
probabilistic calculations of hazard and risk for the region, as well
as carrying out essential additional research. This effort will be

integrated to provide: a) a broader understanding of the setting and
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effects of active tectonic processes and rates of tectonic activity
producing earthquakes in the region, and b) definition and study of

specific geologic hazards of special significance to the Wasatch front

area.

The objective of the above task is to develop synthesis reports and
maps on four main topics. Project chiefs in USGS and UGMS are listed

below for each topic:

a. Geologic/tectonic setting of current seismicity of the Wasatch

front region:

Project Chief/Investigator Project Topic

Anderson..eeeseceeeesssSeismotectonic Studies, Eastern Great Basin

Wheeler.seeeesessesss.Structural controls of segmentation, Wasatch
Front

Pakiser.seeessseecesessReview and evaluation of crustal models
Basin and Range Province

Diment.ceecssseesesssesGeophysics of eastern Great Basin Transition
Zone

Mabey (UGMS)...s......Interpretation of subsurface and geophysical
data (Utah Valley to Ogden area)

2) Late-Quaternary tectonic activity of the Wasatch front region:

Project Chief/Investigator Project Topic

Crone.seseessecessssssSubsurface geometry of Late-Quaternary
faults, Wasatch front region.
Machette/Rehis.....s..Late Quaternary history of the Wasatch
fault in the Santaquin-Nephi region.
Woodeeeeeeeeessssenss.Tectonic deformation, Wasatch front region
Kaliser (UGMS)........Documentation of evidence of Late-Quaternary
faulting in Wasatch front urban area

3) Timing and character of Late-Quaternary ground failure events:

Project Chief/Investigator Project Topic

Madoleceeeesesseeneee.Timing of ground failure events, Wasatch
front region

Not assigned..s.......Liquefaction potential mapping

Not assigned..........Surface faulting

Not assigned..sessse..5lope stability mapping

Bucknam...seeeseeessceSeismic source zone mapping
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4) Information for local and regional use in hazard reduction:

Project Chief/Investigator Project Topic

Not assigned (UGMS).......Compilation of hazards information for local
and regional use

COMPONENT 3: GROUND MOTION MODELING

This component is concerned primarily with the prediction of the effects of
local geologic site conditions on ground shaking in the Salt Lake City region,
although the effects of the source and the travel path will also be
considered. 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 Salt Lake City area and along the Wasatch front.

Priorities--The first priority is to install strong motion accelerographs in
the Salt Lake City area and to acquire and use the mini-Sosie portable
reflection system in ground-response research. (Utah only has one strong
motion accelerogram from past earthquakes.) The second priority is to prepare
a synthesis report of the ground shaking data available from prior studies in
Utah. The third priority is to extend the results of these studies,
performing deterministic and probabilistic hazard analysis and utilizing new
equipment (mini-Sosie, strong motion accelerographs, etc.) to acquire basic

data.

Implementation--The research will be conducted primarily by Algermissen,

Campbell, Hays, Rogers, and King (USGS). Non-USGS researchers will be invited
to participate through the Survey's external grants and contract program. The

tasks are described below:

1) Synthesis Report--The research by Hays, King, and Miller, which used

nuc lear-explosion ground-motion data to derive ground response in the

Salt Lake City-Ogden-Provo-Logan-Cedar City area, has been published
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2)

3)

in several journals (e.g., Proceedings of Third International
Conference on Seismic Microzonation), but has not been synthesized and
published in a reference that is more readily available. Such a
report will be produced in FY 84. A USGS Open-File report describing

the nuclear-explosion ground-motion data will also be produced.

Deterministic and Probabilistic Hazard Analysis——Research on

deterministic and probabalistic hazard analysis, applied in 1982 on a
national scale by Algermissen and others, will be applied in the
Wasatch front urban areas, and extended by using time-dependent models
of earthquake occurence. A regional seismic wave attenuation function
for Utah will be derived. 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.

Research on Attenuation and Ground Response--Beginning in late FY 84,

the methodology developed by Rogers and others to zone the ground-
shaking hazard in Los Angeles will be applied to the Wasatch front.
This empirical technique uses several generally available geotechnical
factors to predict how site conditions will influence ground motion
during an earthquake. Sites are classified into site types or
clusters according to their geotechnical factors, and a mean ground
shaking factor (dependent on the site's cluster type) is assigned to
the site in three separate period bands. The classification scheme
developed for Los Angeles will be applied to Salt Lake City.
Validation of this technique for Salt Lake City will be accomplished
by comparing ground motions recorded by Hays and others in Salt Lake
City with the predictions. By combining and comparing the cluster
results at selected sites throughout the city with mapped near-surface
geology, 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 a
maximum-magnitude earthquake. Ground-response research is still in
the early stages, and as noted by Rogers and others, some sites

outside of Los Angeles can not be classified using the scheme
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4)

5)

developed for that city. Additional site types may have to be
developed in this study; these clusters might possibly be based on the
data of Hays and others. Additional ground motion data, however, may
have to be collected, as well as the development of new correlation

techniques and the collection of new site properties.

Regional seismic-wave attenuation functions for the Wasatch front will

be derived using the best available data.

Zoning Research--Beginning in FY 85, research with high frequency

techniques (e.g., mini-Sosie) will be initiated to determine
subsurface conditions within the study area that are known to exhibit
high ground response. 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 2- to 5-story class. Buildings having more than 5-
stories were also found to be at greatest risk when located at sites
where the depth to basement 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 Salt Lake City and Los Angeles at
sites where measured site response can be correlated with reflection

data.

Probabilistic Ground Shaking Hazard Maps Incorporating Ground

Response--Following tasks 1-4, described above, revised estimates of
the probabilistic ground-shaking hazard in the Salt Lake City region
will be made. Maps of the peak acceleration and intensity will be
prepared for exposure periods of 10, 50, and 250 years. These maps

will incorporate the effects of local geologic conditions.

COMPONENT 4: LOSS ESTIMATION MODELS

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
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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
research on loss estimation (seismic risk) has already been done in the
Wasatch front area by USGS and its consultants. An earthquake vulnerabilty
study was completed in 1976 (Rogers, et al 1976) to provide planning guidance
for earthquake preparedness and mitigation. Preliminary estimates of economic
losses using three different loss models for Salt Lake City have recently been

published (Algermissen and Steinbrugge, 1984).

Priorities——The first priority is to update the existing building inventory in
Salt Lake City (especially considering high rise buildings) and to create an
inventory for lifeline systems. The second priority is to establish building
inventories and lifeline system inventories in other parts of the study area,
seeking to achieve uniformity with the Salt Lake City inventories. The third

priority is to reassess the vulnerability relationships for Utah.

Implementation--The research will be conducted primarily by Algermissen

(USGS). Non-Survey researchers will be invited to participate through the

USGS's external grants and contract program. The tasks are described below:

1) Loss Estimation, Salt Lake City-Ogden-Provo--Begining in FY 84, the

primary emphasis will be placed on research concerning earthquake loss
(risk) studies is the Salt Lake City, Ogden, and Provo metropolitan
areas. The data requirements are: 1) update the existing building
inventory in Salt Lake City, 2) develop an inventory of buildings in
other parts of the study area, 3) reassess vulnerability relationships
for Utah, 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 Salt Lake City-Ogden-Provo areas.
Deterministic loss and casualty estimates will be made for magnitude

(Ms) 6.5 and 7.5 earthquakes having various locations on the Wasatch

fault. Probabilistic loss and casualty estimates will be computed for

30



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 counties in Utah and used to perform loss estimates.

COMPONENT 5: IMPLEMENTATION

The goal of this component is effective use of scientific information to
reduce loss of life 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 Utah 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.
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Implementation--Leadership for the implementation components will be provided

by Atwood and Mabey (UGMS) and Gori, Hays, and Kockelman (USGS). 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
program. A key strategy is to build on past successful activities such as the
Utah Seismic Safety Advisory Council (1977-1980) and the "Governor's
Conference on Geologic Hazards" (August 1983). Partnerships between the
research community (USGS, UGMS, universities, and the private sector) and
those who will ultimatly use the information to implement hazard-reduction
plans are necessary for success, and the strongest possible effort will be
made to achieve these partnerships within the initial three years. However,
implementation activities, described below, must continue after the Wasatch
front is no longer receiving first priority in the Survey's '"Regional

Earthquake Hazards Assessments program element'",

1) Scientific Information--This task began before FY 84 because many

prior studies (e.g., conducted by the University of Utah, Utah State
University, Woodward Clyde Consultants, USGS, UGMS, and others) have
produced considerable high-quality information. Translated 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 location with forecasts of
recurrence intervals and anticipated displacement, 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.

The following actions are likely to improve use of scientific

information by nonscientists:

-- Identify and catalog existing hazard maps and reports.
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2)

3)

Identify the hazard maps and reports needed for 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, 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 by the Utah Seismic Safety

Advisory Council (1977-1980) and the August 1983 Governor's Conference
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4)

on geologic hazards succeeded to some extent in determining the needs
for earthquake hazards information in Utah. 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) that have urgent needs and who

could be expected to use the information most effectively.

-- Consult with those users about their needs and priorities and

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

assessment).

-- Orient or train targeted 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 targeted users or are available to them.
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5)

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

laws.

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 hazard 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 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 information or to 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 and

contracts in support of the above implementation tasks:

User is an applicant.

Experienced communicator is an applicant.
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-- 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 local level.

-- Evaluate proposals and fund selected projects that will enhance

implementation.

-- Enlist Federal partners.

Suggested Roles for UGMS--Initially, the role of the UGMS would 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 Utah.
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Table 1

Some Potential Users of Geologic and Hydrologic Information
for Earthquake-Hazard Reduction along the Wasatch Front, Utah

City, County, and Areawide Govermment 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 Governments 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

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 Genmeral Counsel

National Guard

Planning and Budget Office

Public Service Commission

Science Advisor

State Tax Commission
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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, civil engineering,
architecture, urban and regional planning, and environmental
departments).
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Table 2
Typical Communication Techniques
Educational services

Assisting and cooperating with universities and their extension divisions in
the preparation of course outlines, 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 lists 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, Utah Chapter
American Institute of Professional Geologists, Utah Chapter
American Society of Public Administrators, Utah Chapter
American Society of Civil Engineers, Utah Chapter
Association of Engineering Geologists, Utah Chapter

Bear River Association of Governments

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 (univerity, college, high school, and elementary school levels)
Governor's Advisory Council on Local Governments

Hansen Planetarium

Hazrd-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
University of Utah Seismograph Stations

Utah Association of Counties

Utah Geological Association

Utah League of Cities and Towns

Utah Geological and Mineral Survey

United States Conference of Mayors

U.S. Bureau of Land Management

U.S. Forest Service

U.S. Geological Survey

U.S. Soil Conservation Service

Wasatch Front Regional Council

Western Governor's Policy Office
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Table 4

Some Opportunities for Using Geologic and Hydrologic Information
to Reduce Earthquake Hazards along the Wasatch Front, Utah

Preparing development studies and plans

Circulation of transportation studies or plans

Community facility and utility inventories or plans

Environmental impact assessments lnd reports

Land-use and open-space inventories or plans

Land subdivision lot layouts

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

Redevelopment plans (pre- and post-earthquake)

Seismic safety and public safety plans

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

Regulating development

Building ordinances

Design and construction regulations
Grading regulations

Hazard-zone investigations

Land-use zoning districts and regulations
Special hazard-reduction ordinances
Subdivision ordinances

Designing and building structures

Strengthening or retrofitting of unsafe structures
Critical facilities, siting, design, and construction
Engineering, geologic, and seismologic reports
Public-facility or utility reconstruction or relocation
Reconstruction after earthquakes

Repair of dams

Site-specific investigations and hazard evaluations
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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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SUMMARIES OF WORKSHOPS AND KNOWLEDGE UTILIZATION ACTIVITIES
CONDUCTED UNDER THE AUSPICES OF THE
NATIONAL EARTHQUAKE HAZARDS REDUCTION PROGRAM

WORKSHOPS

The first workshop, "Communicating Earthquake Hazards Reduction Information,"
was held in Denver, Colorado, in May 1978, 65 participants attended the
workshop which had two objectives: 1) to evaluate the process of information
flow, examining critically the characterists of the information producer and
the information of the user communities, the communication procedures that
work, and the lessons that have been learned, and 2) to recommend procedures
for improving communication of earthquake hazards reduction in the NEHRP. The
workshop (described in USGS Open-File Report 78-933) identified the key
factors that must be accommodated in order to achieve effective
communication: 1) publication of a 'report" does not constitute
communication, 2) there are many publics, each one has specific needs for
earthquake hazards reduction information, 3) there is no consistency between
the provision of scientific information to a user and how it is used, and

4) communication is enhanced when the user has a stake in the process.

The second workshop, "Information Needs for Producing National and Regional
Seismic Hazards and Risk Assessments,' was held in Vail, Colorado, in October
1979. The workshop had two objectives: 1) to define the needs of users in
local-State-Federal government, researchers, land-use planners, building code
organization, the financial sector, and others for hazards and risk maps and
information, and 2) to identify the concerns of users with regard to: a) the
physical parameters that are mapped, b) the usefulness of the map products,
¢) how to depict uncertainity, d) how to minimize conservative tendencies, and
e) how to disseminate the information effectively. Six maps depicting the
ground shaking hazard on a national scale in terms of exposure times, peak
acceleration and velocity, and a 10% probability of nonexceedance have been
published since the workshop and the recommendations of the workshop
(described in USGS Circular 816) have been incorporated in both the internal
and external programs of the USGS.

The third workshop, "Communicating Earthquake Prediction Information," was
held in Los Angeles, California, in January 1980. The workshop was
cosponsored by USGS, FEMA, and California State government agenices. It
provided a forum for presenting basic information on earthquake prediction and
for identifying constructive responses before and after the actual prediction
of an earthquake. One hundred and five participants attended this meeting.
The results are published in USGS Open-File Report 80-843. Two prediction
councils, the California Earthquake Prediction Council and the National
Earthquake Prediction Council, began to function in an integrated way as a
result of this meeting.

The fourth workshop, "Evaluation of Regional Seismic Hazards and Risk,'" was
held in Santa Fe, New Mexico, in August 1980. Forty scientists and engineers
participated in the meeting which had three objectives: 1) to identify the
technical issues associated with the evaluation of regional earthquake
hazards, 2) to assess the current state-of-knowledge for evaluating regional
earthquake hazards and risk and 3) to recommend future research for resolving
the technical issues for improving the state-of-knowledge. The recommenda-—




tions of the workshop, which are described in USGS Open-File Report 81-437,
are now being implemented in the USGS's '"Regional Earthquake Hazards
Assessments" program element, a part of the NEHRP.

The fifth workshop, "Preparing for and Responding to a Damaging Earthquake in
the Eastern United States,' was held in Knoxville, Tennessee, in September
1981. The Knoxville workshop (described in USGS Open-File Report 82-220)
demons trated that policymakers and members of the scientific—engineering
community can assimilate a great deal of technical information about
earthquake hazards and work together to devise practical work plans. The
workshop resulted in the creation of a draft S-year work plan to improve the
state-of-earthquake-preparedness in the Eastern United States and the birth of
the South Carolina Seismic Safety Consortium.

The sixth workshop, "Continuing Actions to Reduce Losses from Earthquakes in
the Mississippi Valley Area," was held in St. Louis, Missouri, in May 1982.

It resulted in the identification of specific actions with high potential for
reducing losses that could be implemented immediately and the formation of the
Kentucky Governor's Task Force on Earthquake Hazards and Safety. The workshop
provided a basis that eventually led in 1984 to FEMA's Central United States
Earthquake Preparedness Project. The results of the workshop (described in
USGS Open-File Report 83-157) reaffirmed that practical work plans can be
created efficiently by a diverse group of scientists, engineers and
decisionmakers.

The seventh workshop, "The 1886 Charleston, South Carolina, Earthquake and Its
Implications for Today," was held in the Charleston area of South Carolina, in
May 1983. The Charleston workshop had multiple objectives including:
interpretation of scientific information and its use in the siting of critical
facilities and preparedness measures. The most important outcome of the
workshop (described in USGS Open-File Report 83-843) was the definition of a
comprehensive integrated research program on eastern seismicity.

The eighth workshop, "Continuing Actions to Reduce Potential Losses from
Future Earthquakes in the Northeastern United States," was held at
Massachusetts Institute of Technology, Cambridge, Massachusetts, on June 13-
15, 1983. The workshop (described in USGS Open-File Report 83-844) identified
a need for at least one regional seismic safety organization in the
Northeastern United States to deal with earthquakes in the context of natural
hazards. A seismic safety organization for New York was created in 1984;
formation of a New England Seismic Safety Organization is currently being
considered.

The ninth workshop, "Site Specific Effects of Soil and Rock on Ground Motion
and their Implications for an Earthquake-Resistant Design,'" was held in Santa
Fe, New Mexico, in July 1983. Forty scientists and engineers attended this
workshop which was sponsored by USGS and the Nuclear Regulatory Commission.
The objective was to identify the technical issues concerning the effects of
soil and rock on ground motion and the consequences of these issues on current
design practice. The workshop (described in USGS Open-File Report 83-845)
produced recommendations for experiments that would address the concerns of
both scientists and engineers; these are now being implemented.
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NATIONAL EARTHQUAKE HAZARDS REDUCTION PROGRAM

WORKSHOPS

The first workshop, "Communicating Earthquake Hazards Reduction Information,"
was held in Denver, Colorado, in May 1978, 65 participants attended the
workshop which had two objectives: 1) to evaluate the process of information
flow, examining critically the characterists of the information producer and
the information of the user communities, the communication procedures that
work, and the lessons that have been learned, and 2) to recommend procedures
for improving communication of earthquake hazards reduction in the NEHRP. The
workshop (described in USGS Open-File Report 78-933) identified the key
factors that must be accommodated in order to achieve effective
communication: 1) publication of a "report" does not constitute
communication, 2) there are many publics, each one has specific needs for
earthquake hazards reduction information, 3) there is no consistency between
the provision of scientific information to a user and how it is used, and

4) communication is enhanced when the user has a stake in the process.

The second workshop, "Information Needs for Producing National and Regional
Seismic Hazards and Risk Assessments,'" was held in Vail, Colorado, in October
1979. The workshop had two objectives: 1) to define the needs of users in
local-State-Federal government, researchers, land-use planners, building code
organization, the financial sector, and others for hazards and risk maps and
information, and 2) to identify the concerns of users with regard to: a) the
physical parameters that are mapped, b) the usefulness of the map products,
¢) how to depict uncertainity, d) how to minimize conservative tendencies, and
e) how to disseminate the information effectively. Six maps depicting the
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published since the workshop and the recommendations of the workshop
(described in USGS Circular 816) have been incorporated in both the internal
and external programs of the USGS.

The third workshop, "Communicating Earthquake Prediction Information," was
held in Los Angeles, California, in January 1980. The workshop was
cosponsored by USGS, FEMA, and California State government agenices. It
provided a forum for presenting basic information on earthquake prediction and
for identifying constructive responses before and after the actual prediction
of an earthquake. One hundred and five participants attended this meeting.
The results are published in USGS Open-File Report 80-843. Two prediction
councils, the California Earthquake Prediction Council and the National
Earthquake Prediction Council, began to function in an integrated way as a
result of this meeting.

The fourth workshop, "Evaluation of Regional Seismic Hazards and Risk,'" was
held in Santa Fe, New Mexico, in August 1980. Forty scientists and engineers
participated in the meeting which had three objectives: 1) to identify the
technical issues associated with the evaluation of regional earthquake
hazards, 2) to assess the current state-of-knowledge for evaluating regional
earthquake hazards and risk and 3) to recommend future research for resolving
the technical issues for improving the state-of-knowledge. The recommenda-
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tions of the workshop, which are described in USGS Open-File Report 81-437,
are now being implemented in the USGS's "Regional Earthquake Hazards
Assessments" program element, a part of the NEHRP.

The fifth workshop, "Preparing for and Responding to a Damaging Earthquake in
the Eastern United States,'" was held in Knoxville, Tennessee, in September
1981. The Knoxville workshop (described in USGS Open-File Report 82-220)
demons trated that policymakers and members of the scientific-engineering
community can assimilate a great deal of technical information about
earthquake hazards and work together to devise practical work plans. The
workshop resulted in the creation of a draft S-year work plan to improve the
state-of-earthquake-preparedness in the Eastern United States and the birth of
the South Carolina Seismic Safety Consortium.

The sixth workshop, "Continuing Actions to Reduce Losses from Earthquakes in
the Mississippi Valley Area," was held in St. Louis, Missouri, in May 1982.

It resulted in the identification of specific actions with high potential for
reducing losses that could be implemented immediately and the formation of the
Kentucky Governor's Task Force on Earthquake Hazards and Safety. The workshop
provided a basis that eventually led in 1984 to FEMA's Central United States
Earthquake Preparedness Project. The results of the workshop (described in
USGS Open-File Report 83-157) reaffirmed that practical work plans can be
created efficiently by a diverse group of scientists, engineers and
decisionmakers,

The seventh workshop, '"The 1886 Charleston, South Carolina, Earthquake and Its

Implications for Today,'" was held in the Charleston area of South Carolina, in
May 1983. The Charleston workshop had multiple objectives including:
interpretation of scientific information and its use in the siting of critical
facilities and preparedness measures. The most important outcome of the
workshop (described in USGS Open-File Report 83-843) was the definition of a
comprehensive integrated research program on eastern seismicity.

The eighth workshop, '"Continuing Actions to Reduce Potential Losses from
Future Earthquakes in the Northeastern United States,'" was held at
Massachusetts Institute of Technology, Cambridge, Massachusetts, on June 13-
15, 1983. The workshop (described in USGS Open-File Report 83-844) identified
a need for at least one regional seismic safety organization in the
Northeastern United States to deal with earthquakes in the context of natural
hazards. A seismic safety organization for New York was created in 1984;
formation of a New England Seismic Safety Organization is currently being
considered.

The ninth workshop, "Site Specific Effects of Soil and Rock on Ground Motion
and their Implications for an Earthquake-Resistant Design,'" was held in Santa

Fe, New Mexico, in July 1983. Forty scientists and engineers attended this
workshop which was sponsored by USGS and the Nuclear Regulatory Commission.
The objective was to identify the technical issues concerning the effects of
soil and rock on ground motion and the consequences of these issues on current
design practice. The workshop (described in USGS Open-File Report 83-845)
produced recommendations for experiments that would address the concerns of
both scientists and engineers; these are now being implemented.
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The tenth workshop, "Continuing Actions to Reduce Potential Losses from Future
Earthquakes in Arkansas and Nearby States,'" was held in North Little Rock,
Arkansas, in September 1983. The workshop was designed to accelerate the
ongoing work of the Arkansas Office of Emergency Services, providing a forum
for discussion of their activities to prepare for and respond to a major
earthquake such as a recurrence of the 1811-1812 New Madrid earthquakes. The
results of this workshop (described in USGS Open-File Report 83-846)
reiterated the fact that no State or region of the United States is adequately
prepared to cope with the effects of a major earthquake. Corrective measures
are now being taken throughout the United States.

The eleventh workshop, "Geologic Hazards in Puerto Rico,'" was held in San
Juan, Puerto Rico, in April 1984. The workshop was designed to strengthen the
short- and long-term activities of the Department of Natural Resources of
Puerto Rico to reduce losses from earthquakes and other geologic hazards. The
results of this workshop (described in USGS Open-File Report 84-761) pointed
out that Puerto Rico is potentially vulnerable to landslides, large
earthquakes, and tsunamis. A vulnerability study is currently underway to be
incorporated into preparedness measures and emergency plans.

The twelfth workshop, "Earthquake Hazards in the Virgin Islands Region,' was
held in St. Thomas, Virgin Islands, in April 1984. The workshop was designed
to identify the earthquake hazards in the Virgin Islands Region to report on
the status of geologic mapping and a vulnerabilty study, and to recommend
specific research and loss reduction measures. The workshop (described in
USGS Open-File Report 84-762) called for continuation of geologic mapping and
the vulnerability study.

KNOWLEDGE UTILIZATION

In order to enhance the utilization of knowledge about earthquake hazards
generated in the workshops, a new series of publications was created in
1984. The first two publications in the series are:

"Primer on Improving the State of Earthquake Hazards Mitigation and
Preparedness," (USGS Open-File Report 84-772).

"The New Madrid Seismic Zone," (USGS Open-File Report 84-770).
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EVALUATION OF THE WORKSHOP ON REGIONAL AND URBAN
EARTHQUAKE HAZARDS AND RISK IN UTAH: ANALYSIS AND RESPONSE OF
PARTICIPANTS

by

Sallie Marston
Natural Hazards Research
Applications and Information Center
Boulder, Colorado 80309

At the conclusion of the two—and-a half day gathering, participants were asked
to evaluate the success of the workshop in reaching its goals, to rate various
sessions, to list one or two possible actions to increase earthquake hazard
awareness and concern of others, and to identify one or two positive and

negative aspects about the workshop.

The workshop was designed to define the regional and urban earthquake hazards
and risk in Utah: to inform participants about the potential from earthquakes;
to outline some of the unresolved technical problems surrounding the hazard
which require more research; to identify some of the scientific-legal-
political-social issues that might result from a damaging earthquake in Utah;
to highlight the possibility for present action to mitigate future potential
losses; and to identify relative priorities, program options and strategies
for future research to improve the evaluation of the earthquake hazard in

Utah.

Responses were elicited on a five-point scale: 1 and 2 representing the
lowest level of agreement, 3 moderate agreement, and 4 and 5 highest
agreement, or a "yes" response (see Figure 1). Since not all respondents
answered all the questions, percentages are based only on those who submitted

evaluations (see Figure 2).

Evaluations returned by 48 participants indicate that the workshop was

successful In increasing knowledge about various aspects of the earthquake
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hazard in Utah. Almost all or 98% came away from the workshop with more
information about earthquake hazards and 80% with an increased understanding

of Utah”s potential risks from earthquakes.

In other key areas respondents indicated that their earthquake hazard
awareness had been increased. Specifically, 927 felt they had learned more
about some of the unresolved technical problems that require more research.
Eighty-nine percent felt they had improved their understanding of the
scientific-legal-political-social issues accompanying a damaging earthquake.
A majority, or 85Z%, gained a better grasp of mitigation actions that can be
implemented now to reduce future earthquake losses in Utah. Another 85% felt
that they had increased their understanding of the relative priorities,
program options, and strategies for future research that would improve

evaluation of the earthquake hazard in Utah.

Ninety-four percent of those evaluating the workshop attended the plenary
session finding them to be both informative (897) and valuable (96%).
Similarly, highly positive responses were elicited from the 95% who attended
the interactive group discussions, as over 857 found them to be both

informative and wvaluable.

The special evening technical sessions were attended by over three~quarters of
the respondents. Again, evaluations were highly positive as the respondents

found the technical sessions also to be informative and valuable (927).

There seems to have been some confusion regarding the evaluation of the
special session on the "Determination of the Needs of Policy Makers in
Utah”™. This session was held after the respondents had completed their
evaluations. Consequently, the responses are, at best, misguided and should

probably be ignored.

Responses related to earthquake hazard awareness before and after the workshop
indicated that three—quarters of the respondents already had substantial
knowledge of the earthquake threat in Utah. While 77% indicated that their
pre-~workshop awareness was high, this figure increased by 17% to render a

post-workshop count of 96%. The challenge is, of course, to attract greater
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numbers of participants who are less aware of the significance

of the earthquake risk. U.S. Geological Survey (USGS) has demonstrated a
strong commitment to identifying concerned policymakers through whom other
influential officials can be identified for future involvement. Finally,
almost all respondents would welcome the opportunity to repeat the workshop

experience and support the planning of future workshops of this type.

Another important judgement of the success or failure of a workshop can be
made by looking beyond the impacts it had on attitudes, to ways in which it
may affect behavior. 1In order to determine whether the workshop had any long-
term effect on the behavior of participants, the final questions on the
evaluation sheet asked respondents to consider actions they might take to
improve the awareness and concern of others in Utah. Responses to those

questions were varied and reflect a wide range of experience and knowledge.

In the home, plans included educating family members and adopting basic
household safety measures such as tying down water heaters, latching cupboards
and installing fire alarms. At work, plans included both baisc safety
measures, such as bolting bookshelves and protecting computerized data bases,

as well as more ambitious actions such as orgaizing workshops.

Several respondents indicated that education was the key to increasing
community awareness of earthquake hazards. The media, church groups and local
advisory boards were suggested as instuments to convey the earthquake
message. With reference to colleagues, several respondents suggested the use

of professional workshops to increase earthquake hazard awareness in Utah.

When asked to identify one or two items of value about the workshop,
respondents” answers were varied. Most frequently mentioned were the mix of
both technical and policy persons and issues and the interdisciplinary nature
of the workshop. Other items mentioned included the informal contacts made
and discussions held, the opportunity to focus on needs and objectives and the

interactive discussion sessions.

When identifying items that needed improvement, what one respondent perceived

as a weakness, almost invariably, another saw as a strength. However, there
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were several items that were repeatedly perceived as weaknesses. Prominent
among them was the complaint that the technical presentations were too

technical and that these seemed to take precedence over planning issues.

Overall, the evaluations were indicative of a high level of interest in and
concern about the earthquake hazard in Utah. Clearly, a majority of the
respondents found the workshop to be of great benefit and were intent on
translating an increased awareness on the earthquake hazard in Utah into

action at home, at work, in the community and among professional assoclates.
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FIGURE 1
Evaluation of the Workshop by Individual Participants

Low High
1&2 3 4&5
1. Did you find the workshop to be useful to you or
your organization by increasing you knowledge of:
a. earthquake hazards in Utah?...cccecceeccscssccssccesssnnnnes 2 16 30
b. the potential risk from earthquake hazards in Utah?........10 18 20
c. some of the unresolved technical problems requiring
additional or more focused research?...ceecceccsccsccsesses & 10 34
d. some of the scientific-legal-political-social issues
that might result as a consequence of a damaging
earthquake in Utah?.eeeeeecseesccessessscessssssscnssessses D 8 34
e. achievable actions that can be taken to reduce potential
losses from earthquake hazards in Utah?.esececcccscocnncess 7 21 17
f. relative priorities, program options, and strategles
for future research to improve the evaluation
of earthquake hazards in Utah?...ccceccesecnaseccsccscscnsens 7 17 22
2. Did you attend the plenary sessions?.c.cceccsccsccscccsssscccnes 0 45
If yes, did you find them to be:
a. Iinformative?..cccceccsccnsrsesssscccsccsscesescssesscscsossseass I 9 33
b, valuable?..eceeeeescocsoccssscsncnossssssnscsssssoscsssssssss 2 12 33
3. Did you attend the interactive group sessions?...cccceccccseess 2 41
If yes, did you find them to be:
a. informativel...eecececcensssesscsnssssscsecncssscncssasccce O 8 32
b. valuable?..ccoecececosecacasascecosscsssnsssassssosccssscssses D 10 30
4. Did you attend the special evening technical sessions where
details of individual research projects were discussed?........ 10 34
If yes, did you find them to be:
a. Informative?..ceecececceescsnsscccsoecassssasansscssssnassnss 3 9 35
b. valuable?..ceeeeeessscocesssesossccoscssnscssssssssnssssesse 3 13 21
c. presented clearly and in an understandable manner?.....e.ee. 7 8 22
d. reinforced by the handout material?...ceeessscescosceseoces 3 9 25
5. Did you attend the special session on "Determination of
the needs of policymakers of Utah"?..eseeecsceccescssssscnccsss 28 17
If yes, did you find it to be:
a. Informative?.cececececsesescscescnssscsossscsacssssossscnscnss 2 2 11
b. valuable?.c.iuieeecsseseesscsossseessssosncsnacsasssosscsssscnens 2 1 11
c. reinforced by the handout material?..c.ceceescceccsscsccene 1 5 8
6. Before this workshop, I would rate my level of
earthquake hazard awareness and concern as .cesessessccsscsscss 3 8 36
7. Now I rate my level of earthquake hazard awareness and
CONCETN 8Sccsesesessssssssssssssssssnssssssssssssnsssssssssssns 2 1 45
8a. If the clock were turned back and the decislon to attend this
workshop were given to you again, would you want to attend?.... 2 44
8b. Should future workshops of this type be planned?..cceceeccccens 1 45
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8a.

FIGURE 2
Evaluation of the Workshop by Percentages Participants

Low High

1&2 3 4&5

Did you find the workshop to be useful to you or
your organization by increasing you knowledge of:
a. earthquake hazards in Utah?....ci0eeencsssnnnsesnnencnnssss 42 337  63%
b. the potential risk from earthquake hazards in Utah?........217 37%Z 427
c. some of the unresolved technical problems requiring

additional or more focused research?..sssesescssssssssnnsae 8% 217 717
d. some of the scientific-legal-political-social issues

that might result as a consequence of a damaging

earthquake in Utah?..cuisiennncosansosesnssensnnnsnnsnsnssnsesll? 1772 727
e. achievable actions that can be taken to reduce potential

losses from earthquake hazards in Utah?...eeecencnneeeesess15Z 477 387
f. relative priorities, program options, and strategies

for future research to improve the evaluation

of earthquake hazards in Utah?......cceeersenennsnnsensenessl5? 377 487

Did you attend the plenary sessions?..eececscscsssesscsssssnsns 0Z  94%
If yes, did you find them to be:

a. Informative?..ccseescessnscnssnsscnssnsossssssssssssnssnsssllZ 197 707
b. valuable?.icuicutririsessnsessssssssnenessnesssnsnanensnesesns 42 262 707

Did you attend the interactive group sessions?....cecesccscnnes 5%  95%
If yes, did you find them to be:

a. Informative?...cesieescescsccsscsnccnsassossasssssssssssasssl3d% 177 70%
b. valuable?.iieessssssssssssssssssssassssnssnnsnnsnnennsnsessll? 227 677

Did you attend the special evening technical sessions where

details of individual research projects were discussed?¢.eevees 2372 77%
If yes, did you find them to be:

a., informative?..cesssnccsssssssnssssessnnesssssnnnnsssssacess 84 247 687
b. valuable?...eececsncesoessssssnnscssansssssssennssnsssssees 84 357 57%
c. presented clearly and in an understandable manner?.........19%Z 22%Z 59%
d. reinforced by the handout material?....ceeeeeessesscnnssees 82 247 68%

Did you attend the special session on "Determination of

the needs of policymakers of Utah”?.uieeeeencenssnnscasasnssnsenss 627 387
If yes, did you find it to be:

a. Informative?..ceeeccecccnconcasnccnoanssssssnssnssssssssssssl2? 137 73%
b, valuable?.ssesssssescessossonssnssssssssssssssssnsasssssesssldZ 77 797
¢, reinforced by the handout material?....seeeesesscencssesnss 74 36Z 577

Before this workshop, I would rate my level of
earthquake hazard awareness and cOncCern as seeecsssssssccsennes 64 1772 77%

Now I rate my level of earthquake hazard awareness and
concern as...0..............................0.................. 4% 2

N

947%

If the clock were turned back and the decision to attend this
workshop were given to you again, would you want to attend?.... 47 967
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SUMMARY AND RECOMMENDATIONS OF DISCUSSION GROUP 1:
SYNTHESIS OF GEOLOGICAL, GEOPHYSICAL, AND ENGINEERING DATA
FOR EVALUATION OF EARTHQUAKE HAZARDS AND RISK IN UTAH

Moderator: Walter J. Arabasz, University of Utah
Recorder: Russell L. Wheeler, U.S. Geological Survey

FOREWARD

These draft plans and recommendations were developed by the participants of
the workshop on "Evaluation of Regional and Urban Earthquake Hazards and Risk
in Utah." They are intended to serve as a guide for scientists, engineers,
social scientists, public officials, and emergency managers. Representatives
of these disciplines can use the plans and recommendations in several ways:
1) to evaluate the present state-of-knowledge of earthquake hazards in Utah
including scientific, engineering, and societal preparedness components, 2) to
determine if additional scientific, engineering and societal-response
information is needed to implement an effective earthquake-loss reduction
program in Utah, and 3) to create action plans to implement such a program as
soon as possible.

Messers. Keaton, L. Anderson, and Youd prepared the recommendations for the
ground failure program. Phillip Wright prepared recommendations for geodetic
and subsurface studies. Craig Taylor provided the preliminary results of his
study on seismic risk.

The membership of the discussion group included:

Loren Anderson Utah State University

Ernest Anderson U.S. Geological Survey

Walter Arabasz (Moderator) University of Utah

Lynn Barnhard U.S. Geological Survey

Ronald Bruhn University of Utah

Robert Bucknam U.S. Geological Survey

Russell Campbell U.S. Geological Survey

Patricia Cashman Weber State College

Robert Conlon Consultant

Anthony Crone U.S. Geological Survey

Mark Jadkowski Utah State University

Bruce Kaliser Utah Geological and Mineral Survey
Jeffery Keaton Dames and Moore

Richard Martin Bureau of Reclamation

James Pechmann University of Utah

Loren Rausher Utah Department of Transportation

Robert Schuster
David Schwartz
Richard Shea

Robert Smith

Craig Taylor

Bergthora Thorbjarnardottir
John Tinsley

Russell Wheeler (Recorder)
Spencer Wood

U.S. Geological Survey
Woodward-Clyde Consultants
The Church of Jesus Christ

of the Latter Day Saints
University of Utah
National Technical Systems
University of Utah
U.S. Geological Survey
U.S. Geological Survey
Boise State University, Idaho
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Phillip Wright University of Utah Research Institute

Leslie Youd Brigham Young University
Mary Lou Zoback U.S. Geological Survey
INTRODUCTION

The primary charge given to this discussion group was to "focus on the task of
synthesizing geological, geophysical, and engineering data for evaluating
earthquake hazards and to identify achievable actions that can be taken within
the next 2 or 3 years to foster an environment for implementation of loss
reduction measures in Utah." For a number of reasons, the scope of discussion
was very broad. The discussion group included a large number of participants
who are working on fundamental studies of earthquakes and fault behavior along
the Wasatch front, and this meeting was their first forum for open discussion
within the framework of a new USGS Wasatch front initiative. Because members
of the group had strong convictions about how much we 