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EXAMPLES OF THE USE OF GEOLOGIC AND SEISMOLOGIC INFORMATION
FOR EARTHQUAKE-HAZARD REDUCTION
By

William J. Kockelman

INTRODUCTION

There is much recent interest in earthquake hazard-reduction in California,
for example, the creation of the Southern California Earthquake Preparedness
Project (1981) which is making use of scientific information to develop prototypical
emergency plans. The purpose of this report is to illustrate some of the range and
types of applications of geologic and seismologic information used by planners and
decisionmakers to reduce earthquake hazards in Southern California. Included
among the wusers are State legislators, State agencies, county planning
commissioners, county board supervisors, mayors, councilpersons, engineers, building
inspectors, and real-estate sellers. The exomple§ affect an entire State, a
metropolitan region, a 2,740 square-mile (7,097 km®“) county, a city of almost 3
million people, and individual lots and acreages offered for sale. The selection of
these five examples does not imply endorsement by the U.S. Geological Survey.
Other examples by users such as schools, Federal regulatory agencies, private
corporations, financial institutions, and individual homeowners can be cited.

Each example contains a summary of the problems or needs faced by the users,
the Earth-science information used or available, the specific action taken, the
methods and procedures used to carry out each action, and brief comments on the
impact of each plan or decision and its adaptation for earthquake-hazard reduction
by other users. The users applied the earth-science information available at the
time; users can revise, update, or amend their plans and decisions as later or better
information becomes available. Similar examples of the use of geologic and
seismologic information are reported elsewhere (Kockelman, 1975, 1976, 1979;
Kockelman and Brabb, 1978; Robinson and Spieker, eds., 1978; Blair and Spangle,
1979; and Brown and Kockelman, in press).

| gratefully acknowledge the many helpful comments of those who reviewed
this report in draft form: James Kahle, Theodore Smith, and Earl Hart, geologists,
California Division of Mines and Geology; Albert McCurdy, Deputy Director, Santa
Barbara County Current Planning Division; David Doerner, geologist, Santa Barbara
County Resource Management Department; James Gates and Guy Mancarti, bridge
engineers, California Department of Transportation; Earl Schwartz, Chief,
Conservation Bureau, Los Angeles Department of Building and Safety; Glenn
Johnson and Victor Hernandez, Citywide Planning Division, Los "Angeles City
Planning Department; Rache! Gulliver Dunne, Vice-president, Los Angeles Board of
Building and Safety Commissioners; William Spangle, William Spangle and



Associates; and Richard Andrews, Executive Director, California Seismic Safety
Commission.

This report has been prepared for inclusion as a chapter in a U.S. Geological
Survey professional paper on earthquake hazards in the Los Angeles region and is
being released here in the open-file series for use and distribution at the
International Earthquake Conference scheduled in February, 1983 in Los Angeles and
at the Conference on Earthquake Research in Urban and Regional Planning
scheduled by the American Planning Association in April, 1983 in Seattle..



ANTICIPATING DAMAGE TO CRITICAL FACILITIES*

For purposes of assessing the impact of a major future earthquake, scenarios
are used. Although a scenario is usually thought of as a synopsis or outline of a play
or movie, a scenario for an earthquake can be considered a synopsis or outline of a
large seismic event and its severe impacts on an urban region. [t is important to
assess the effects of a future earthquake upon principal lifelines for emergency
planning purposes. An analysis of readiness can then be used to provide planning
insights, recommend further work, and serve as a basis for making or improving
emergency preparedness, response, recovery, and reconstruction plans.

For example, property losses to buildings and their contents, deaths and
injuries requiring hospitalization, and failure of critical and other facilities were
estimated for a suite of seven postulated earthquakes in California including a
magnitude 8.3 event on the southern San Andreas fault system in the Los Angeles-
San Bernardino region by the Federal Emergency Management Agency (FEMA, 1980,
p. 15-26). The FEMA and the California Office of Emergency Services then
conducted an analysis of readiness and discussed Federal, State, and local responses
(p. 27-32) and response planning (p. 43-51). In addition, the National Oceanic and
Atmospheric Administration (Algermissen and others, 1973) made a study of
earthquake losses in the Los Angeles area; Blume and others (1978) predicted
damage to structures in southern California; and the U.S. Geological Survey (1981)
presented detailed scenarios for the seven postulated earthquakes used by FEMA
(1980) affecting major California population centers including the Los Angeles and
San Diego metropolitan regions.

Many critical facilities, particularly lifelines, are vuinerable to the effects of
earthquakes. For example, landslides and rockfalls can block highways and railways;
surface fault ruptures can damage highways, runways, and railbeds or break sewer,
water, or fuel pipelines causing pollution and fire hazards; strong shaking can cause
transmission lines and overpass structures to fail interrupting power transmission,
highway use, and railway use; and liquefaction and resulting ground failures can
cause failure of bulkheads, piers, and quays thereby disrupting shipping.

*The term "critical facilities" is used here to include:

(a) Lifelines such as major communication, utility, and
transportation facilities and their connection to
emergency facilities;

(b) Unique or large structures whose failure might be catastrophic,
such as dams or buildings where explosive, toxic, and
radioactive materials are stored or handled;

(c) High-occupancy buildings, such as schools, churches, hotels,
offices, auditoriums, and stadiums; and

(d) Emergency facilities such as police and fire stations, hospitals,
communications centers, and disaster-response centers.
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A radio network may use a complex combination of telephone lines, microwave
circuits, satellite interfaces, and underground cables. According to Davis and others
(1982, p. 68), the failure of one link in this electronic "chain" can effectively disable
a large portion of the system. Most of southern California's water supply arrives by
way of three major aqueduct systems--Los Angeles Aqueduct from the eastern
Sierra Nevada Mountains, the California Aqueduct from northern California, and the
Colorado River Aqueduct. Both the Los Angeles and the Colorado River aqueducts
cross the San Andreas fault; the California Aqueduct closely parallels the San
Andreas fault for over 160 miles (100 km) and crosses the fault at four locations.
See figure 3.

Information

Evernden and others (1981) have developed procedures for predicting
intensities of any hypothetical earthquake at any location in the conterminous
United States. Their computer model calculates the ground-shaking parameter of
Rossi-Forel or modified Mercalli intensity on a grid of reference points throughout a
region, employing equations which include the influence of distance from fault
source, attenuation, and the geology of the area.  They published a series of
intensity maps for specific earthquakes, including a magnitude 8.3 event on the
southern part of the San Andreas fault. Their work includes a map of southern
California (1981, plate |) showing 10 ground-condition units correlated to geologic
units digitized on a 1/2 minute by |/2 minute grid and 8 categories of predicted
Rossi-Forel intensities for the occurrence of an event similar to the 1857 Fort Tejon
earthquake.

Geologic information at a scale of 1:250,000 is available from the California
Division of Mines and Geology (CDMG) "Geologic Atlas of California". Information
on ground water and liquefaction is available from the USGS, CDMG and other
sources, including Youd and others (1978), Fife and others (1978), and local and
metropolitan water departments.

Decision

The CDMG, using an intensity map provided by the USGS, prepared a planning
scenario for the Governor's Emergency Task Force on Earthquake Preparedness
based on a repeat occurrence of the great Fort Tejon earthquake of January 9, 1857
(Davis and others, 1982). The map is based on the method described in the Evernden
and others (1981) paper; the CDMG modified the map based on additional geologic
information. lts scenario assumed that a magnitude 8.3 earthquake on the southern
San Andreas fault would produce:

200 miles (320 km) of surface rupture from Cholame Valley in
northern San Luis Obispo County to near San Bernardino,



Intense shaking continuing for at least 60 seconds throughout
the planning areaq,

Slip on the fault, predominantly horizontal, reaching a
maximum of 33 feet (10 m) within a zone generally less than
330 feet (100 m) wide,

No concurrent secondary movement on other faults, and

Aftershocks with occasional events in the magnitude 6-7
range continuing for several weeks.

Zones roughly paralleling the postulated surface rupture along the San Andreas
fault are shown on a map (fig. 1) as isoseismal areas, that is, as areas within which
the anticipated seismic intensities are comparable. Each zone is assigned an
intensity rating based on the Rossi-Forel (R-F) scale. According to Davis and others
(1982, p.34):

Regionally, the isoseismal values diminish to intensity 7 or
less (R-F) southward and westward across the Los Angeles
Basin toward the coast at succesively greater distances from
the fault. In the Long Beach and Huntington Beach areas, the
Santa Clara Valley, and Ventura-Oxnard areas farther west,
the groundwater-saturated substrates are considered to be
intensity 8 (R-F) with ground failure potential.

These regional patterns associated with the scenario event
are of sufficient plausibility to form a credible basis for
evaluation of general effects upon lifelines that service the
greater Los Angeles area and adjacent communities.

Their map showing the distribution of seismic intensity (fig. |) is intended for
emergency planning purposes only and is based upon the following hypothetical chain
of events: the specified earthquake occurs, various localities in the planning area
experience a specific type of shaking or ground failure, and certain critical facilities
undergo damage while others do not. Because the scenario is based upon the
occurrence of a specific earthquake on the San Andreas fault, it is not valid for the
assessment of possible damage produced by an earthquake on any other fault or by a
different earthquake on the San Andreas fault (Davis and others, 1982, p. 23).

Application

Individual scenarios showing damage to critical facilities, specifically lifelines
such as highways, airports, railroads, marine facilities, communication lines, water
supply and waste disposal facilities, and electrical power, natural gas, and petroleum
lines were developed by Davis and others (1982, p. 35-116) . The scenarios for



Figure |. —

Predicted seismic intensity distribution from a 1857-sized earthquake
along the south-central San Andreas fault for part of the Los Angeles
region. Compiled by Davis and others (1982) showing areas subject to
surface fault rupture, liquefaction or other ground failure, and
predicted intensity corresponding to the Rossi-Forel scale. Richter
(1958, p. 651) alines the Rossi-Forel and modified Mercalli intensity
scales as follows:
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