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SAN ANDREAS FAULT IN SOUTHERN CALIFORNIA



- e PN e o g e o G e e S m SR

-

PURPOSE, APPROACH, AND:DESIGN

OF THIS EARTHQUAKE PLANNING SCENARIQ

Perspective: .In 1857, just éeven-years after California obtained

statehood, southern California experienced a great earthquake upon the

south—-central portion of the San Andreas fault. As this fegion has developed,
it has been subjected to a number of smaller events that have done
considefable damage. ' The 1971 San Fernando and 1933 Long Beach earthquakes
have demonstrated the need for improved construction and iﬁstitutional

practices. New state legislation, changes in local policies, and revisions of

"the Uniform Buildinngode have since provided for the improvement of these

practices.

The prospect of another large earthquake on the south-central San Andreas
fault has been a latent source of concern in pubiic policy over the years.
During the mid-1960's earth scientists.began to appreciate the dynamic motion
of the earth's crust and to understand the role of the San Andreas and other
tectonic plate boundary faults in such movement.v This confirmed the
inevitability of future large earthquakes on the Sén Andreas. In the
mid-1970's the Palmdale bulge, or southern California uplift, drew attention
to the state of deformation of the earth's crust in the vicinity of the San
Andreas fault. Subsequent analysis of thg geodetic data relating to the
uplift and deformation since that time have demonstrated the complexity of

such phenomena, but do not modify the prospect of a great earthquake.

During the late 1970's, K. Sieh explored the history of displacements
created by large earthquakes on the south-central San Andreas by studying

of fsets in stratified materials that were exposed in trenches. The results of



this work have materially advanced the understanding of the frequency of great
earthquakes on the segment of the San Andreas fault. A sequence of twelve
large events have occurred on this portion of the fault over the last 2,000
years at various intervals ranging between 100 to 200 years, averaging about
one large e?@nt every 140 years. During th;s decade we will mark the 130th

anniversafy of the 1857 event.

Challenge: Following the eruption of Mount St. Helens, the President
requested the National Security Council to consider the implicatipns of the
occurrence of a large damaging earthquake in the State of California. The
results of this analysis were presented in a report published by the Federal
Emergency Management Agency (FEMA) in January 198l. Several conclusions were

highlighted.

0 A large earthquake (M 8.3) on the south-central San Andreas fault is
likely before the end of the twentieth century and is estimated to have a

current annual probability of occurrence bewteen two and five per cent.

o First instance property losses for the M 8.3 event on the south-central

San Andreas fault are estimated to be close to $20 billion.

o Depending upon the time of day or night, this M 8.3 event will kill
between 3,000 and 14,000 people and cause between 12,000 and 55,000 people to

require hospitalization.

o A survey of local, State, and Federal government emergency plans
indicated that although there is a general capacity to respond to small- and

intermediate~sized earthquakes, it is unlikely that any of these units of

ay o o
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government can cope with a large earthquake such as a magnitude 8.3 event on

the south-central San Andreas.

Workers in California generally agree with these conclusions. To

California citizens the message is that we must anticipate the occurrence of

~ large earthquakes which will overwhelm our present capabilities to respond

adequately and in an organized manner both as a society and as individuals.
Such sobering events satisfy the definition of the term "catastrophic” as it

is used in this report.

Response: The conclusions of the National Security Council were
communicated to the Governor of California by the President. In response, the
Governor's Taskforée on Earthquake Preparedness was established in Febrqary
1981. The taskforce chairman, Dr. William Whitson, has established a group of
committees designated to deal with improvement of functiomns such as
communications, management of waste and water, search and rescue, fire
fighting. In addition, the Threat Assessment Committee was created to
characterize the outcomes of large earthquakes as a basis for improved
emergency-response planning. The committee has been co-chaired by James F.
Qavis, the California State Geologist, and Karl V. Steinbrugge, structural
engineer. Members of the committee include Rachel Gulliver, Mary Woods, Jan

Hutton, Roger Sherburne, and Dennis Mileti. -

Scenarios: The January 1981 FEMA report has underscored that the
occurrence of a large earthquake on the south-central San Andreas is a matter
which should engender immediate public concern. The Threat Assessment
Committee, in conjunction with the chairman of the Taskforce, elected to use

scenarios to serve as a basis for emergency planning. Selected for scenarios



were the M 8.3 event on the northern segment of the San Andreas which produced
the 1906 San Francisco earthquake and the M 8.3 event on the portion of this

fault which was the source of the 1857 earthquake in southern California.

The gen@g;; plan of the committee is to forecast the physical_effects_qf
the northern and southern California scenario earthquakes. An analysis of the
ground shaking and ground failure associated with the magnitude. 8.3 event on
the south-central San Andreas fault is presented in-this scenatio. This
information, together with an assessment of the anticipated general damage
patﬁerns; constitufes the Earthquake Planning Scenario map series included in

this reporte.

Earthquake planning scenarios are intended to portray the conséquences of
catastrophic earthquakes. By this means we communicate the message that it is
. possible to cope with the natural threats by personal, corporate, and
government efforts in planning preparedngss. Hopefully, this report will bte
construétive to such an end. We also intend that it will motivate a
commitment to ﬁarticipation since it provides an understanding that planning
and action will make a real difference in reducing the dimensions of the

disaster.

This lifeline scenario is intended to contribute significantly to the

efforts of the following users:

o Local, State, and Federal officials with emergency planning

responsibilities.
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Elected officials who must be able to visualize the threat in order to
commit themselves to the leadership roles needed to cope with the

earthquake.

Private-sector leaders and planners who must know about and understand

the hazard in order to prepare for it.

Educators, journalists, and other public opinion makers who must
appreciate the threat and communicate its character in order to

motivate citizen commitment to preparedness.

The citizens of southern California who must support public mitigation
efforts and develop personal strategies for themselves and their
families in order to minimize the effects of the earthquake on their

lives.

o oen w e = B owWn ae

It is reassuring that many of these users are participating in the
activities of the Governor's Taskforce on Earthquake Preparedmess, which

during 1981 and 1982 has numbered between 300 and 400 individuals.
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EXECUTIVE SUMMARY

Thié scenario portrays anticipated damage to the highway, airport,
railway, marine, communication, water, waste disposal, electrical power,
natural gas, and petroleum lifelines that service the metropolitan areas in
the Los Angeles Basin and environs when they are subjected to the large
(magnitude 8.3) earthquake expected to take place during fﬁe lifetime of many
of the current residents of southern California. Most of the lifelines will
experience significant adverse effects. Coping with each of these results,
taken alone, would require a major emergency-response effort. The combined
impacts of all the lifelines being simultaneously impaired by the scenario
earthquake will greatly escalate the problem. The added strain of dealing
with the expected 3,000 to 14,000 dead and with the 12,000 and 55,000
casualties requiring hospitalization resulting from this earthquake will put
an unprecedented demand upon government institutions, utilities, businesses,
individuals, and society in general. The circumstances will be catastrophic,
i.e., they will overwhelm our institutional and personal capacities fo cope,
unless public awareness and emergency preparedness can provide an adequate
means of responding. The information presented in this report is intended to

be a basis for such planning and preparedness.

The ﬁrincipal challenge in responding to the consequences of this event
will be local transport of people and materiel within the planning area rather
than access to the stricken region from the outside. Emergency preparations
should be based upon the assumption that electrical power, communications,

water supplies, and sewage treatment facilities will be significantly affected.



In developing this earthquake planning scenario, the California Division
of Mines and Geoiogy (CDMG) assumed the occurrence of a magnitude 8.3
earthquake on the San Andreas fault modeled on the great Fort Tejon earthquake
of January 9, 1857. Besides information on the known effects of that

earthquake, CDMG used a mathematical model for predicting the ground-shaking

effects of great earthquakes (U.S. Geological Survey, 1981), supplemented.By a.

designation for areas having potential for ground failure, to prepare a
SEISMIC INTENSITY DISTRIBUTION map. This map was used as an aid in predicting
the damage to lifelines and critical structures that would probably result

from the scenario earthquake.

Because of the need to encompass all the affected major population
centers, the SEISMIC INTENSITY DISTRIBUTION map (and the derivative lifeline
damage assessment maps), were compiled on two sheets with some overlap of
coverage between the two. The southern sheet (Map No.'s 25-) encompasses most
of the Los Angeles Basin and adjaceﬁt areas to the east, including the San
Bernardino-Riverside area. The northern sheet (Map No.'s 2N-) encompasses the

western part of the Los Angeles Basin and the Oxnard-Ventura area.

Intensity zones roughly paralleling the San Andreas fault are shown on the

map as isoseismal areas—~that is, as areas within which the anticipated
seismic intensities, or local earthquake effects, are considered comparable.
Each intensity zone is assigned an intensity rating based on the Rossi-Forel

(R-F) scale (see Appendix).

A broad area to the north of the San Andreas fault in the Antelope Valley
is shown on the map as an intensity 9 (R~-F) zone because it is underlain

principally by alluvial fan materials eroded from the San Gabriel Mountains.

10
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A broad area to the south of the fault is shown as intensity 7 (R-F), or less
than 7, because the substrate is mountain bedrock that has greater coherency

than alluvial material.

The San Bernardino-Riverside area is shown as intensity 8 or higher
because of its alluvial substrate. An area imn San Bernardino and along the
Santa Ana River is shown as intensity 9 (R~F) because of the presence of a

high groundwater table and granular materials--a combination that also makes

-ground failure (by liquefaction) a strong possibility during a great

earthquake. If fault rupture extended further southeast along the San Andreas
fault than assumed for this scenario earthquake (based on the Fort Tejon

earthquake), the San Bernardino area could experience intensity 9 (R-F).

The iséseismal values diminish to intemnsity 7 (R-F) southward and westward
across the Los Angeles b;sin toward the coast at progressively greater
distances from the fault. In the Long Beach and Huntington Beach areas, the
Santa Clara Valley, and Ventura-QOxnard areas further west, the groundwater
saturated substrates are considered to be intensity 8 (R~F) with ground
failure potential. The San Fernando Valley is shown mostly as intensity 8
(R-F) because of the disfance from the fault and the nature of-the underlying

unconsolidated materials.
These regional patterns of seismic intensity distribution associated with

the scenario event were used in drawing the following scenarios for specific

lifelines that service the greater Los Angeles region and adjacent communities.

11



Highwazs

Maps 2N-HA and 2S-HA display the regional effects of the scenario
earthquake upon the highway system. In the southern portion of the
metropolitan area, the highway system will be only locally impaired by the
event, prinicipally by damage in. areas of intensity 8 (R-F) where ground
failure occurs. Transportation routes through the mountains to the north will
be significantly impaired and access from fhe high desert areas near Palmdale
and Victorville will be difficult, if even possible, during the initial
post-earthquake period. Interstate 5 from the north and Interstate 15 from
the northeast will be closed, leaviﬁg U«S. 101 along the coast as the ouly
méjor route open from the north. Highway connections with San Diego will
remain open providing important routes for access into the area. Many
highways within the Los Angeles Basin and environs will have significant

delays because of damage.

Emergency planners should identify major emergency routes likely to be
open immediately following the scenario earthquake. To prepare for the
closure of some segments of the freeway system alternate emergency routes
should be selected which are at grade, wide, and neither flanked by buildings
likely to be damaged nor likely to be affected by overhead powerlines or other
potential obstructions. This search for alternative routes is especially
important in populous areas such as San Bernardino, portioms of the San
Fernando Valley, Newhall-Saugus area, and others where signifcant highway
damage is probable. Several corridors should be established so ﬁhat necessary

flexibility is achieved.

12
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Planning insights: Highway emergency response plans should be integrated

with air, rail, and marine transport scenarios in order to provide a plan for
integrated transportation capability. Access to the area with supplies and
emergency assistance persomnnel from San Diego will be feasible. Distribution
of people and materiel within the damaged areas will be more difficult than

achieving access from outside the area.

Recommended further work: Assessment of highway performance and

identification of alternative emergency routes is especially important in San

Bernardino and other populated areas where major damage is apt to occur.

Airports

Most major air facilities within the region (see Maps 2N-HA and 2S-HA) are
expected to have intact runways capable of landing military C-130 and C-141
cargo planes following the scenario earthquake. It is leés certain how the
control towers, fuel facilities, and electric power will fare. Air transport
will play a vital role in moving people and materiel into the stricken area
from the outside as well as search and rescue, damage assessment, and other
critical air operations. Integrating the delivery system within the area

however, will be challenging.

Planning insights: Plans for air cargo delivery should determine the

extent that off-loaded people and supplies will be distributed by helicopters
and highway, rail or marine transport. Preferred airports should be
identified by the planning process discussed above and should be checked for
auxiliary electrical power supply, integrity of buildings, and vulnerability
of stored fuels in order to finalize transportation plans.

13



Recommended further work: The survival of the runways at Norton A.F.B.

near San Bernardino and Los Alamitos Armed Forces Reserve Center in Orange
County should be reappraised using data derived from recent subsurface
investigations conducted especially for this purpose. Thé CDMG analysis
indicates that runways at these two facilities could be damaged by ground
failure (liquefaction) although the available information is not sufficiently

complete to warrant a definitive conclusion.

Railroads

Maps 2N-RM and 2S-RM depict the earthquake pianning scenario for
railroads. Rail service from the north and east via the Palmdale and Cajon
Pass corridors will be seriously affected by ground rupture and ground
shaking. Rail transportation into the area from the north may also be
impaired in the Ventura area. Some rail damage will be experienced in the
vicinity of the marine terminals in the Long Beach harbor areas. Rail service
within muéh of the Los Angeles Basin may still be feasible. Access to.the
Basin from San Diego should be possible. Rail facilities in the San
Bernardino area, including yards and shops, will probably be significantly
daméged. The major railroad companies have heavy equipment for the repair of
their facilities which can be brought to the damaged area and set up in a
relatively short time. Surviving rail service into the metropolitan areas

from the outside will probably be limited to service from San Diego.

Planning insights: planning might involve importation of heavy equipment

and emergency supplies from military installations in that area.

14
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Integrated planning should be undertaken for-air,‘highway, rail, and

marine transport.

Recommended further work: The performance of railroad facilities in the

Ventura and San Bernardino areas should be further investigated in order to
evaluate their availability immediately following the earthquake, if response

plans are established which depend upon these links.

Marine Facilities

The marine facilities (see Maps 2N-RM and 2S-RM) are anticipated to
survive the scenario earthquake with only minor impact. Adjacent rail lines
and other support facilities may, however, be impaired by damage due to

liquefaction.

Planning insights: The importance of marine shipping into the area to

satisy the needs of the initial 72 hours after the earthquake needs to be
evaluated. This should be a part of the correlation and integration of
regional transportation. Nearby sources of supplies could be Oakland and San

Diego.

Recommended further work: If marine transport is considered to be

important to emergency planning, the performance of the marine terminals

should be reappraised using more detailed information.

15



Communications

Telephone communications (see Maps 2N-C and 25-C) will be adversely’
affected by overloading following the scenario earthquake. Calls within the
area and from the,outside will satqrate_te1¢phone systems and significantly
reduce their usefﬁlness, expecially since not all of the systems. in the
greater Los Angeles region are set up to procesé emergency calls automatically
on a previously established priority basis. This situation will be further
complicated by physical damage to some of the equipment due to ground shaking
and perhaps some loss of service due to electrical power failure and possible

subsequent failure of auxiliary sources of power.

This post-earthquake coﬁmunications scenario is an estimate of how much
the effectiveness of telecommunications systems will be reduced by the
scenario earthquake. "Effectiveness” is defined as the ability of a system to
perform to its design limits and provide the intended service. The
effectiveness scale has then been apﬁlied to a three-day time frame. Four
patterns of effectiveness over time were distinguished and used as the basis
for zoning the study area (Zones A, B, C, and D). Zone D areas will have the
greatest loss of effectiveness—over-time, Zone A the least. Much of the San
Fernando Valley, where there is recent earthquake experience, is rated Zone
D. The same is true for the Newhall area, which has additional access
problems. Tﬁe San Bernardino-Riverside area is rated Zone D not only because
of the high shaking intensities that are predicted, but also because of
anticipated inhibition of repairs by transportation difficultiés; further,

most of this area does not have line access control.

16
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Following the scenario earthquake, radio systems will have an

effectiveness ranging from about 40-75%. Microwave systems are an exception:

‘most will be 30% efféctive or less.

Planning insights: A general communication plan should be developed for

use to insure that key agencies and personnel have access to needed
communications after the scenario earthquake. This plan should anticipate the
needs of the most vital parties and of those who presently possess their own

communications systems.

Reliance on the telephone system for communications should be kept at a
minimum. A strategy should be developed for communication. to the general
public which relies upon the capabilities of surviving commercial radio and

television stationse.

Recommended further work: An inventory of commercial and amateur

broadcasting capabilities should be undertaken and the resulting information

employed in developing the regional emergency communications plan.

Water Supply and Waste Disposal

Maps 2N-W and 25~-W depict the earthquake planning scenario for water
supply and waste disposal systems. Two of the three major aqueduct systems
which cross the San Andreas fault will be ruptured and supplies will not be
restored for a three-— to six-month period. Water users in the Los Angeles

region will have to rely primarily upon existing reservoir storage and the

17



Colorado River Aqueduct. Impairments to reservoir intake and outlet
sﬁructures and distribution lines will locally affect water pressure and
availability. For purposes of planning, one important reservoir is assumed to
sustain damage necessitating emergency procedures to lower water levels and
evacuate the downstream population. A number of water treatment facilities
will be damaged an& some will probably. be without.electrical power.. Waste
water treatment will be impaired by loss of power and damage to some sewage
treatment plants. Collection lines will also be impaired causing significant

contamination problems to the water supply in some areas.

Planning insights: Water supply agencies should develop public education
procedures to acquaint water consumer; with the possibility of contamination
and loss of water supply. Plans for fire fighting should be coordinated with
water supply agencies, and alternative sources of water for fire fighting

should be planned for in areas where the danger of fire is greatest.

Recommended further work: Feasibility of emergency distribution of water

using ground transportation should be considered in areas identified as likely

to have impaired water availability.

Electrical Power

Maps 2N-E and 2S-E depict the earthquake planning scenario for electrical
power. Approximately one-third of the power consumed in the greater Los
Angeles region is imported via routes that will be subjected to intense

shaking by this scenario earthquake. Immediately following the earthquake,

18
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transmission of a significant portion of this power will be impaired. The
power generated at the five hydroelectric plants north of Castaic and Devil's
Canyon plant will be shut down. These losses, coupled with impaired
generation capacity at Etiwanda and the major plants aiong the coast could
cause a loss of about 25% of the capacity generated within the Basin. Most of
the imported power will be lost, réducing power availability to about 50% of

the normal level. Some substations near the fault may also be impaired.

Planning insights: Managing power with a short term loss of about 50%

availability is important.

Recommended further work: Counfirm the tentative conclusion that about 50%
of available power could be lost during the immediate post—earthquake period.

Assess capabilities to respond to am event of this magnitude.

Natural Gas

Maps 2N-G and 25-G depict the earthquake planning scemario for natural
gas. For plauning purposes, pipelines importing natural gas into the greater
Los Angeles area will be breached near Tejon Pass, south of Palmdale and Cajon
Pass. These lines will be shut off automatically as a result. Damage to

pumping stations may also reduce gas transmission.

Planning insights: In general, these effects will only be moderate to

minor. Underground storage facilities will be available to provide gas for

users in many parts of the Basin during the post-earthquake period.
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Recommendéd further work: Locations where gas availability would be most
severely impacted should be identified. Emergency users of natural gas should
be identified so that provisions can be made to insure its availability to

them.

Petroleum Fuels

Maps 2N-P and 2S-P depict the earthquake planning scenario for petroleunm
‘fuels. Imported crude oil from the San Joaquin Valley will be disrupted in
lines crossing the San Andreas fault near Te jon Pass. Petroleum product
Apipelines exporting from the ios Angeles Basin may also be damaged in the

Cajon Pass area. Resulting possibilities of fire exist in both of these areas.

Planning insights: Plans for fire control should be made for areas where

pipelines cross the San Andreas fault. Plans should also be made for
distribution of fuel supplies at. airports selected for emergency activities

and at other locations where emergency supplies will be needed.

Recommended further work: The effects on pipelines located in areas where

ground'failure is plausible should be evaluated. The existence and adequacy
of shutoff valves to stop pipeline flow in the event of a rupture should be
confirmed at all crossings of the San Andreas fault and in any other areas

where ground failure is plausible.
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INTRODUCTION

One and a quarter centuries ago, one of the largest earthquakes to strike
California was felt over much of central and all of southern California.
Severe shaking, strong enough to cause damage, was felt from as far north as
the San Benito River in central California to Cajon Pass near San Bermardino
in southern California. Although California was sparsely settled in 1857,
there are enough contemporary reports to document this Fort Tejon earthquake

and its effects (Wood, 1955; Agnew and Sieh, 1978).

During the remainder of this century or early in the next, the southern
half of the state will in all probability again be affected by a great
earthquake along the south-central segment of the San Andreas fault. An
earthquake similar to the 1857 event will have a magnitude of approximately 8
on the Richter scale, but unlike the earlier event, it will affect a
population of several million people. Some older critical facilities could be
seriously damaged or destroyed since they were not built to withstand intense

shakin~ d may have been built upon ground that could fail.

This report and accompanying Ear;hquake Planning Scenario maps extend the
work begun by Algermissen and others (1973). In addition to predicting the
extent of damage likely to occur to lifeline facilities, this scenario
endeavors to specify where damages will occur. Because this 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.
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The EARTHQUAKE PLANNING SCENARIO maps included in this report reflect the

fact that earthquake damage will not be uniform. Damage will be related to
the design of specific structures, the geologic ground conditions upon which
they are built, and their distance from the fault. Many structures are

designed to resist’earthquake shaking, while others are not.

Structures on competent .bedrock are subjected predominantly to the effects
of relatively high-frequency, low-amplitude vibrations for relatively short
durations; The ground surface in such settings is not likely to suffer
permanent deformation (ground failure). On the other hand, structures on
compressible deposits, particularly where the water table is high, are
subjected not only to the effects of relatively lew frequency, high amplitude
vibrations, but also may be subjected to disruption caused by differential

settlement, lateral displacement, or liquefaction.

In general, earthquake effects diminish with distance from the causative
fault. These considerations are reflected in the damage assessments described

~in this report.

HOW TO USE THE EARTHQUAKE PLANNING SCENARIO MAPS

For emergency planning purposes, it is important to have an assessment of
.the effects of the scenario earthquake_upbn principal lifelines. The present
investigétion’provides a regional characterization of anticipated damage
patterns. CDMG's approach in formulating this assessment was, first, to
interpret the regional pattern of ground shaking and ground failure and,

second, to evaluate the resulting performance of lifeline segments throughout
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the area. In this way, CDMG reached conlusions which constitute the regiomnal
post—earthquake conditions of each of the lifelines. It is important to have
a variety of emergency-response contingency plans to deal with these
circumstances. It was not feasible to rigorously determine the effects of the
scenario earthquake on each bridge, overpass, or other types of lifeline
structures. To accomplish such exhaustive analyses would require borehole
sampling of soil and rock conditions at each site in order to further assess
ground shaking and ground failure. Moreover, an engineering analysis of the
manner in which specificAstructures would respond to the ground-shaking
characteristics determined in this way would be necessary to draw more
definitive conclusions. It is, therefore, improper to use the earthquake
scenario conclusions to forecast the effects of the scenario earthquake for
any other purpose than emergency planning. For example, decisions on whether
or not to replace or retrofit lifeline components, etc., should definitely be
based upon more intensive and rigorous investigations than were practicable

for this project.

In general, people in well-designed structures built upon firm bedrock
some distance from the fault will be able to aid people in poorly-designed
structures built upon soft alluvium near the fault. While no scenario will
prové accurate in detail, a general effort such as this provides a regiomnal
pattern of the magnitude and types of problems that will confront
emergency-response planners. As more detailed engineering and geologic data
become available, these maps will be periodically updated. Other scenarios,
similar in scope, could be developed for earthquakes on other faults, or
different earthquakes on the San Andreas fault. Once these scenarios are
developed a more complete understanding of the earthquake hazard within the

planning area will be possible.
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LIMITATIONS OF EARTHQUAKE PLANNING SCENARIO MAPS

In this text, a description of the regional impacts of the scenario

earthquake is presented for each lifeline, together with a discussion of the

planning insights which are implied by the damage patterns. Where

appropriate, further work is recommeénded.” Next, an annotated 1list of damage

localities for each lifeline precedes the planning scenario maps which

graphically portray the géographic pattern of earthquake effects.

1.

3.

The maps in this report illustrate only a regional pattern of damage,
specifically, one that it is plausible to expect from the great earthquake
(magnitudeé 8.3) on the south-central San Andreas fault. The maps do not
present assessments of the damage produced by shaking from earthquakes

which may take place on other faults or on other segments of the San
Andreas fault.

The seismic'intensity forecasts upon which the damage distribution is
dependent are interpretative. There are various judgments among workers
regarding which is the most appropriate model for forecasting intensity.

The quality of information upon which the ground-failure forecasts have
been made varies area to area within the study regiom. - Only general
geologic information is available concerning ground conditions associated
with most lifeline elements. Furthermore, modeling of ground shaking on a
regional basis using this generalized geologic information can produce
plausible damage conclusions which are appropriate for emergency

planning. Other types of conclusions regarding specific structures, such
as the desirability of upgrading seismic resistance, etc., require more

detailed geologic information and more extemnsive engineering analysis than
is practical for this study.
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EARTHQUAKE INTENSITY DISTRIBUTION-

FOR AN M 8.3 EARTHQUAKE ON THE SAN ANDREAS FAULT

(Maps 2N-S and 2S-S)

To develop an earthquake planning scenario, it is necessary first to
estimate the regional patterns of ground shaking and ground failure. This
procedure is aided by assuming that the effects of the scenario earthquake
will be interpretable from previous earthquakes about which there is some
knowledge. In this instance the scenario earthquake has been assumed to be
similar to the great Fort Tejon earthquake of January 9, 1857. There is some
scattered information on the effects of that earthquake (Wood, 1955; Agnew and
Sieh, 1978), but additional information is required. The available
information must be augmented through the development of a regional seismic
intensity map which provides the basis for assessing the performances of

modern lifelines in the Los Angeles region.

"Seismic intensity"” is the local effect of an earthquake at a particular
point of referemce (Barosh, 1969, p.6). Unfortunately, forecasting of seismic
intensity has inherent problems. This is primarily because intensity scéling
is based upon generalizations. With a single numerical value, scaling
attempts to convey all of the effects of earthquake shaking upon humans and
their cultural paraphernalia. The measurement, therefore, is unavoidably a
somewhat subjective description. Over 44 different intensity scales have

appeared during the last century (Barosh, 1969, p.6).
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REGIONAL SEISMIC INTENSITY INVESTIGATIONS, IN GENERAL

Forecasting seismic intensity patterns resulting from a specific
earthquake is complicated by other considerations in addition to uncertainties
in describing and scaling earthquake effects. Assessing the intensity
distributions of an anticipated scenario earthquake requires the investigator
to determine approximate ground shaking and ground failure conditiomns at
reference points throughout the area. To scale the intensity of these
physical parameters, it is necessary to interpret their consequences upon a

“variety of types of construction at the reference points.

The degree of ground shaking at a specified location resulting from the
scenario earthquake is dependent upon.a number of circumstances. Among the
most influential considerations are the distance from the fault source of the
event and the nature of earth materials through which the vibrations pass.
Generally, the amplitude of vibratory motion diminishes away from the source
of excitation through the process of attenuation. ‘The vibrations associated
with earthquakes are complex. Characterizing their anticipated effects on
ground shaking at specific reference points is further complicated by the
different geologic materials through which they pass. Well-consolidated

bedrock, for example, transmits most frequencies while uncomnsolidated sand and

gravel or water-saturated mud preferentially transmit low frequencies.

Development of seismic intensity maps also requires consideration of the
consequencés of ground failure. In contrast to vibratory shaking, ground
failure is a permanent displacement of earth materials resulting from such
secondary earthquake-induced processes as liquefaction, differential

settlement, and slope failure. The potential for ground failure is governed
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by the presence of susceptible substrate materials such as water-saturated mud
or granular materials. Ground failure has been observed at considerable

distances (150 km) from the earthquake source.

DEVELOPMENT OF THE SEISMIC INTENSITY MAP FOR THIS SCENARIO

In preparing a regional intensity map to be employed in the assessment of
lifeline damages, CDMG selected the Evernden model (Evernden and others, 1973,
1981). This computer model calculates the ground shaking parameters of
particle acceleration at grid of reference points throughout a region
employing equations which include the influence of distance from fault source,
attenuation, and the geology of the substrate. The intensities are calculated
using ah empirical relationship between acceleration and the Rossi-Forel (R-F)
intensity scale. The Rossi-Forel scale was selected by Evernden because he
interprets a rather straight-forward mathematical relationship to exist
between acceleration and this measure of intensity. The Modified Mercalli
(MM) scale, which was developed in 1931 about half a century after the R-F
scale, is extensively used today because it provides a classification of
earthquake effects related to types of comnstruction. The R;F scale does not
distinguish classes of buildings. In order to makevthe Seismic Intensity
Distribution maps developed for this earthquake planning scenario as useful as
possible, CDMG will publish a Modified Mercalli scale intensity map of the

same area in the near future. Both scales are described and compared in the

Appendix of t is report.

Evernden and others (1981) have published a series of intensity maps for

specific earthquakes, including the M 8.3 event on the southern San Andreas
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that is addressed in this scenario. The geologic substrate information used
in the Evernden analysis was based upon 1:250,000 scale maps from the CDMG
"Geologic Atlas of California.” CDMG has modified this intensity map based on

more detailed, additional geological information that was not included in

Evernden's analysis.

The methodology of the Evernden model does not characterize the
conseqﬁences of groﬁnd failure. In order to add this dimension to the CDMG
intensity maps, information om local geology and ground water conditions were
evalﬁated-in order to identify areas of potential ground failure. Such
locations are indicated on CDMG's Seismic Intensity Distfibution maps with a
sepafate map unit. Thus the CDMG intensity map possesses intensity based upon

the synthesis of both shaking and ground-failure effects.

Areas of high water table (within 10 meters of the surface) were
delineated wherever possible and the prediction for intensity was increased by
one R-F intensity unit in these areas as suggested by the U.S. Geological
Survey (1981). Areas already at intensity 9 (R-F) were not increased because
~we regard intensity 10 (R-F) principally as an indicator of ground failure
rather than shaking. As mentioned, the potential for ground failure has ;o be

assessed indepéndently of the algorithm used to predict shaking intensity.

The principal sources of groundwater information used in the CDMG analysis

are:

Orange County: The areas of high liquefaction potential are units IV and V of

Cole (in press), based on both subsurface data and reports of numerous sand
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boils during the 1933 Long Beach earthquake, as evidence for liquefaction.
The 10 meter water table isobath was taken from Greenwood (1980) and

represeﬁts‘the historical high water.

Los Angeles County: The high water table area was taken from Gulliver and
Sonnenfeld (1980). Irvine and others (1974, p. 98) suggested that high water
areas in the County be considered potential liquefaction zones. This was done
for the Los Angeles Basin, but for the San Fermnando Vélley, units M and H from

the liquefaction study of Youd and others were used (1978, p. 272).

San Bernardino County: Liquefaction features, such as sand boils, are présent
in the sediments of the Colton—San Bernardino area (Fife and others, 1976, p.
23). The high water table area for the City of San Bernardino is from the San
Bernardino Municipal Water Department (1981, Plate 2), updated slightly (as of
January 1982, Shervihgton, 1982). The water table fluctuates greatly, and
since it has been rising during recent years, the area affected by
liquefaction during a future earthquake may be even more extensive than shown
on the map. For the remainder of the County, the areas of high water table
shown in Gulliver and Sonnenfeld (1980) was used. Lacking detailed
liquefaction studies, all these areas were considered to be of high
liquefaction potential in view of the evidence elsewhere in the Santa Ana

drainage system.

Ventura County: The areas of potential ground failure are the areas of high
water table transferred from Gulliver and Sonnenfeld (1980). According to
Husbands and others (1974, Plate V), the high water areas in the County also

have high and moderate liquefaction potential.
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The Evernden model is one of several that can be used in forecasting
intensity. This model is satisfactory for the purposes of this scenario
development, because it includes a relatively low attenuation rate which makes
it an appropriate, moderately conservative assessment tool. Since intensity
models in general do not address the spectral characteristics of the vibratory
motions, users should keep this.limitation in mind when they interpret CDMG's
Intensity maps. The spectral character of ground motions in coherent bedrock
such as granite as contrasted with unconsolidated surficial materials such as
sand and gravel is likely to be quite different even in areas having the same
R-F intensity levels. These spectral differences can account for notable
divergences in their effects on certain classes of buildings even though the

forecast Rossi-Forel values are similar.

32




GENERAL FEATURES OF THE SEISMIC INTENSITY DISTRIBUTION MAP

To include all the major population centers in the planning area, this
compilation has been developed in two map sheets with a common area of
overlap. The southernmost (25-S) of the two map sheets comprehends the Los
Angeles Basin and adjacent areas to the east, including the San
Bernardino-Riverside area. The northern map sheet (2N-S) includes the
northwestern portion of the Los Angeles urban area extending west to
Ventura-Oxnard. Although the convention is to use Roman numerals for
intensity, in this report we have employed arabic characters on the map and

thus have also adopted them in the text.

The isoseismal areas displayed on the map‘encompass locales within which
the anticipated intensities levels are considered to be comparable. The
general characteristics of the different levels of the Rossi~Forel intensity
scale are presented in the Appendix. These zones parallel the San Andreas

fault in an approximate fashion.

To the north of the fault, a broad area of intenmsity 9 (R-F) is underlain
principally by alluvial fan materials eroded from the San Gabriel Mountains to
the south. By contrast, to the south of the fault, the bedrock area
comprising the mountains will experience only intensity 7 (R-F) or less, due

to greater coherency of the substrate.

~ Much of the San Bernardino and Riverside areas are subjected to intensity
8 shaking because of the alluvial substrate. In the event that fault rupture
extends further to the southeast than assumed in this scenario, the San

Bernardino area can be expected to experience shaking of intemsity 9 (R-F).



Even in this scenario, which anticipates a rupture similar to that of 1857,

the presence of high groundwater and granular materials in the vicinity of San

Bernardino and along the Santa Ana River will be subjected to intensity 9
(R-F) shaking, as shown on the map. The plausibility of fault rupture .
extending further to the southeast is also considered in the lifeline®

analyses. Ground.faiiure is also- plausible in these- areas and. others, as {

designated by the stippled areas on the map.
The San Fernando Valley is generally intensity 8 (R~F), based upon , ll
distance from the fault and the nature of the underlying unconsolidated

materials. ( l

Regionally, the isoseismal values diminish to intemnsity 7 or less (R-F)

southward and westward across the Los Angeles basin toward the coast at
successively greater distances from the fault. In the Long Beach and

Huntington Beach areas, the Santa Clara Valley, and Ventura-Oxnard areas

further 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

affects upon lifelines that service the greater Los Angeles area and adjacent

communities. The discussions which follow highlight the anticipated regional

consequences on these lifelines which are identified in the accompanying maps.
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EARTHQUAKE PLANNING SCENARIOS

FOR LIFELINES

IN THE GREATER 10S ANGELES AREA

The capacity for structures to withstand the effects of earthquake
shaking, liquefaction, and related ground failure depends upon the soundness
of each structure in relation to its geologic environment. Generally,
structures within areas of less than intensity 8 (R-F) that are unaffected by
ground failure are considered unlikely to sustain significant damage.
"Significant damage” is defined here as damage that would render a structure
unusable for 3 to 72 hours after the earthquake——the period most important for

emergency response operatioms.

The following earthquake planning scenarios foi lifelines in the greater
Los Angeles area are based upon an evaluation of the earthquake—engineering
literature, comments by numerous engineers and other public agency officials,
énd judgments by the authors. These damage scenarios will hopefully stimulate
those concerned with particular lifelines to offer additional insights that
will serve to enhance earthquake preparedness efforts in the area. For
example, critical corridors in transportation routes and other lifelines
became apparent when such routes and lifeliﬁes were considered in light of the
geologic inmput. At such critical locations, more extensive evaluations of the

geologic hazards and potentiél damage to lifelines are in order.
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- EARTHQUAKE PLANNING SCENARIO: HIGHWAYS

Maps 2N-HA and 2S-HA

" General Pattern

The accompanying maps display the regional effecfs of the scenario
eafthquake upon the highway ‘network. Iﬁ‘the southe}n portion of the planning
area, the highway system will not be sigﬂificantly impéired'b§ the scenario
event except locally in areas of intemnsity 8 (R~F) or higher and areas of
ground failure. The ndrth-south routes through the mountains will be
significantly impaired and access to and from the high deseft areas of
Palmdale and Victorville will be difficult, at beét. Interstate 5 from the

San Joaquin Valley and Interstate 15 through Cajon Pass will be closed,

leaving U.S. 101 along the coast as the only major viable route open from the

northe. Highway connections with San Diego will remain open. QMany highways
within the Basin and environs will have significant damage and obstructions

with consequent detours and delays.

Description

The greatest impact of the earthquake on the various transportation

systems will be the effect on the highway network. In urban areas within Los
Angeles, Orange, Riverside, and Ventura counties, damage to the extensive
freeway system will be moderate to locally extensive. In the San Bernardimno

area there will be considerable impact on the highway system.
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Though relatively few major structural failures will occur, some are

grouna.  Consequently, some segments of the freeway network wiil be closed for

inevitable, pari:icularly where structures are located in areas of poor , '
extended periods.. Urban segments of'Interstate 5, 10, 15, and 210, for

example, will be closed, necessitating routing of traffic onto major surface

+

B

streets and resulting in congestion and lengthy delays. Lesser damage that
can be more rapidly repaired will result from the failure of minor structural
or, facilities within or crossing the roadway, minor settlement of bridge

approachés and other fills, slides on .cut slopes, rockfalls, etc.

£

Avay from the mountain front, the severity of damage Will diminish
southerly across the urban area, with most routes open, subject only to

occasional detours.

‘The major‘damage tolbqth‘;ﬁe'free&éy‘anqzlocal highway network will oécur
along tbose féutes léaéing northufrom the'Loé A#ggles—SaﬁvBernardino urban
aréasvto the high_dese{ﬁ,ana‘San J?aﬁﬁin Vélley, Interstétg 5 will be closed

| to all traffic between Tejon Pass aﬁd Newha%% for at»leést 72 hours. There
will.be major damage to the roadway and freéway overpasses near the San

"Andreas fault bgfween'iebec and the Route 138 tu:noff southeast of_Gorméh.
Other freeway structures to the south aléng Inferstate 5 will be seriously
damaged and numergus slides and settlgmént of'la;gé highwé§ fills will occur.
Sections of tﬁis‘rouéekwill be isolated and ﬁény;traVelefs will be stranded
regardleés ofvtpe"time'of day. S;iﬁes and rockféllé onto Interstéte 5 in
Géapevige.Caﬁyon'wiil impéde rescue efforts directed toﬁard-residents of the
Lébec~Frazier Park\apgg?’but this route nbrth of Fejon Pass should be cleared -

- for emergency vehicles within a few hours.
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To the east, Route 14 will be closed'by-failure of one or more overpasses,

rockfalls, and fault rupture south of Palmdale.

In San Bernardino County, Interstate 15 will be closed By settlement of
major fills and'rockfalls in Cajon Canyone.. cher freewa& damage along
Interstate 15E to fhé south, inclddihg1major damége to the intérstate 15E/10
interchange will Tresult in closure of this route'southvto Riverside and

Interstate 10 to the east.

All of the secondary mountain roads between the ﬁrban areas and the high

desert will be closed until cleared of rockfalls and slides.

The community of Wrightwood will be affected by both fault fupture and
intense shaking. Once cleared of rocks on the roadway, State Highways 18 and

138 between San Bernardino and the Hesperia—-Cajon Summit area will enable

© emergency vehicles to circumvent the damaged segment‘bf Interstate 15 in Cajon

Canyon.

To the west, coastal route U.S. 101 will be 6pen to the north subject to
delays and detours caused by damaged freeway structures in the Ventura area.
Route 33 between Ventura and Bakersfield will be.¢i§sed-temporarily by
rockfalls north of Ventura and disrupted pavement at the faﬁlt crossing near

Maricopa, but will be open to traffic within a few hours.
‘The occurrence of this earthquake during a wet winter season would

probably result in a significant increase in the number of landslides,

particularly if the ground is highly saturated. These ground failures could
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have a significant impact on residential streets in the many extemsive
hillside developments throughout the region, and create even more Serious
problems on the hajor trans-mountain roads.

The_primary contribution reéarding the integrity of the major highways was
provided by the California Department of Tranﬁportation (CDOT, 1981) with the
caveat that "this scenario is presented for planning purposes only and may be
overly pessimistic in its overall impact.” Thus, where numerous bridges,
highways, and othe; facilities are located in areas where failures could
occur, CALTRANS has noted the route as closed; even though itlis unlikely that
the entire route would bi_impassable for the time periods speéified. The
.;lternative is to ignore some possibilities in an arbitrary way. It is
important in emérgency plannihg for this éarthquake to have contingency plans
to deal with all plausible possibilities whicﬁ may significantly impair ground
transportation during the important 72-hour feriod following this catastrophic
event. We,think the CALTRANS.approach éo emergencf planning is wise. CDMG
worked with ;he CALTRANS staff éo'felate the geologic conditions and seismic

intensity to highway effects.

Planning Insights

Emergency planners need to«identify'major emergehcy foutes that can be
most readily opened immediately following the earthquake. In contrast to some
segments of the_freeway system which are above or below grade With nany
vstructures subject t§ damage, alternative emergency rbutes should be selected

which are at grade, wide, not flanked by buildings which are likely to be
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damaged; and not likely to be obstructed by fallen powe&lines or other
obstructions. Selection of emergency routes 1is ésﬁecially important in the
urban areas of San Bernardino-Riverside where significant damage is a distinct
possibility. Several corridors should be established so that flexibility to
the few major routes available is achieved. Secondary routes generally
paralléling Roufe 14 between the Newhall area and Palmdale should also be
examined for their possible utilization as alternatives toqall or segments of

Route 14,

Highway emergency response plans should be integrated with air, rail, and
marine transport scenarios in order to optimize plans for interrelated

transportation capability. Access to the area with supplies and personnel

from San Diego should be feasible. Distribution of people and material within

the basin itself may be more difficult than access from the outside.

Recommended Further Work: Assessment of highway performance and

identification of alternative emergency routes ié,especially important in all

areas where major damage is a reasonable expectation.
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NO.

H1l

H2

H3

H5

HIGHWAYS SCENARIO

MAP NOTATIONS

ROUTE | | COUNTY
Route 2 - Glendale to Montrose Los Angeles

Closed for over 72 hours.

Closed between Interstate 210 and Route 134 by damage to Route 2/Route
134 and/or Route 2/Interstate 210 interchanges. Alternate route
available via Verdugo Road - Canada Blvd.

Interstate 5 ~— Tejon Pass Area Los Angeles and Kern

Closed for over 72 hours.

Closed from Grapevine to 5 miles south of Hungry Valley Road (includes

Pyramid lLake area). Major roadway damage due to surface fault rupture at

_the crossing of the San Andreas fault zone in the Gorman - Tejon Pass

area. The segment between Grapevine and the Frazier Park Rd. should be
open for emergency vehicles within a few hours.

Interstate 5 — Route 126 Junction Los Angeles

Closed for over 72 hours.

Closed from 1 mile north to 2 miles south of the junction with Route 126

due to bridge and road damage in this area of high ground water and
intense shaking.

Interstate 5 - Sylmar Area Los Angeles

Closed for over 72 hours.

Closed between Interstate 210- and 405 (includes Interstate 5/210 and
Interstate 5/405 interchanges) as a result of damage to freeway
structures. Altgrnate routes available.

Interstate 10/15E Interchange - San Bernardino

Closed for over 72 hours.

Closed from Cedar Avenue to at least 2 miles east of Interstate 15E.
Major damage to the interchange resulting from ground failure and intense
shaking along the Santa Ana River channel.
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H6

H7

H8

HO

H10

H1ll

H12

Interstate 15 - Cajon Canyon San Bernardino

Closed for over 72 hours.
Closed from 1 mile.north of Route 66 to the junction with U.S. 395 by

settlement of major fills, rockfalls, and other obstructions. Alternate

route for emergency vehicles available via Routes 138 and 18 (See note
H64) .

Interstate 15E San Bernardino

Closed for over 72 hours

Closed from junction of Interstate 15 and 15E to Route 60 by damage to
overpasses in San Bernardino and damage to Interstate 15E/10 interchange.

Route 14 - Los Angeles

Closed for over 72 hdurs.

Closed from Lancaster to Sierra Highway by damage to several overpass
structures, rockfalls, and fault rupture near Aveé. S south of Palmdale.
Alternate routes available within the Antelope Valley.

Sierra Highway & Pearblossom Hwy. " -Los. Angeles

Closed for over 72 hours.

Sierra Highway closed between Pearblossom Highway and Avenue S and
Pearblossom Highway closed between Sierra Highway and Route 138 due to
major damage resulting from fault rupture.

Mt. Emma Road los Angeles

Closed for less than 36 hours.

Mt. Emma Road closed temporarily between Route 138 and Angeles Forest
Highway (Route N3), by minor slides and fill settlement.

(not used)

Route 71 -~ South of Chino ’ San Bernardino

" Closed for over 72 hours.

Closed from junction with Route 142 to 2 miles south of Route 142 by
damage to the roadway in this area of high ground water and intense
shaking. Alternate routes available.
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H13

H14

H15

H16

H17

H18

H19

Route 126 -~ West of Castaic Jct. Los Angeles and Ventura

Closed for over 72 hours.

Closed from Interstate 5 to 3 miles east of Route 23 by localized
failures of the roadway along the Santa Clara River.

~ Router 138 Los Angeles

Closed for over 72 hours.

Closed from Interstate 5 to the East Branch of the California Aqueduct by
major damage to the roadway at the crossing of the San Andreas fault.

.Rbute 138 - Antelope Valley | Los Angeles

Closed for over 72 hours.

Closed from 1 mile east of Littlerock to the Los Angeles/San Bernardino
County line by damage to the roadway and obstructlons. Alternate routes
available.

Interstate 210 - BigvTujunga Wash : Los Angeles

Closed for over 72 hours.

Closed from Osborne Street to 0.5 miles south of Wheatland Avenue as a
result of damage to the roadway. Alternate routes available.

Interstate 210/Route 30 Interchange Los Angeles

. Closed for over 72 hours.

Closed in the Interstate 210/Route 30 interchange area as a result of

structural damage. Alternate routes available.

Route 2 - Wrightwood ' San Bernardino

Closed for less than 36 hourse.

"

Route 2 closed temporarily from junction with Route 138 to Wrightwood by
roadway damage and minor slides resulting from intense shaking.

County Route N3 - Angeles Forest Highway : Los Angeles

Closed for less than 36 hours.

Ll

Temporarily closed from Mt. Gleason Road to Route 14 by minor slides and
rocks on the roadway.
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H20

H21

H22

H23

H24

H25

Route 138 _ San Bernardino

Closed for over 72 hours.

Closed from Los Angeles/Sdn Bernardino County line to Interstate 15.

Access to Wrightwood area from U.S. 395 (Victorville-Barstow) via Phelan.

Interstate 5 Los Angeles

Closed for ovei 72 hours.

Closed at Branford Street southbound Interstate 5 on-ramp overcrossing
[ southbound Route 170 (Hollywood Freeway) transition from Interstate 5
closed] by bridge damage. .

Interstate 10 - E1 Monte ' Los Angeles

Closed for over 72 hours.

Closed at Santa Anita Blvd. undercrossing due to structural damage.

Route 14 - Santa Clara River Bridge . Los Angeles

Closed for over 72 hours.

Closed at Santa Clara River due to damage to bridge/approaches;

Route 72 - San Gabriel River Bridge Los Angeles

Closed for over 72 hours.

Closed at San Gabriel River bridge due to structural damage.

U.S. 101 - San Fernando Valley . Los Angeles

Closed for less than 36 hours.

Spot closures from Los Virgenes to Route 101/134 (Ventura/Hollywood
Freeways) interchange due to structural damage. Repairs or detours
available within 36 hours. Alternate routes available.

H2 6-40 (Not used)

H41

Interstate 5 - Vicinity of Castaic: Los Angeles

Closed for over 72 hourse.

Southbound lanes closed from 1 mile to 3.5 miles north df‘junction with

Lake Hughes Road due to fill failure. Southbound traffic may be routed
onto northbound lanes.
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H42

H43

Hb 4

H4S

H46 .

H47 -

Lake Hughes Road (Elizabeth Lake Canyon) Los Angeles

Closed for over 72 hours.

Blocked by rockfalls, slides, and fill failure from junction with
Elizabeth Lake Forest Station Road to junction with County Route N2. At
least 15 feet of fault offset will occur in frequently saturated alluvium
just south of the junction with County Route N2.

County Route N2 - Pine Canyon-Elizabeth Lake Road Los Angeles

Closed for over 72 hours.

Road closed from Junctidn with Route 138 (near Quail Lake) to 1l.5 miles
west of Three Points by fault rupture (average 15 feet offset) (Kahle,
1979).

County Route N2 - Pine Canyon—-Elizabeth Lake Road Los Angeles

Closed for over 72 hours.

Closed by fault rupture (about 15 feet of offset) and rockfalls from 2.0
miles east of Three Points to about 2 miles west of junction of Lake
Hughes Road and County Route N2. (Kahle and Barrows, 1980; Beeby, 1979).
County Route N2 - Elizabeth Lake-Ieona Valley Road - Los Angeles

Closed for less than 12 hours.

+

‘Road offset about 15 feet by fault rupture ﬁhere San Andreas fault

crosses County Route N2 between the junction with Johnson Summit Road and
junction with San Francisquito Canyon Road. (Beeby, 1979; Kahle, Smith
and Beeby, 1975).

Frazier Mountain Park Road v Kern.

Closed for over 72 hours.

Cldsed_by bridge damage and rockfalls from Interstate 5 to Lake of the
Woods. Access to Frazier Park from Interstate 5 from the north available
in less than 36 hours. Lake of the Woods is accessible via Lockwood
Valley.

San Francisquito Canyon Road Los Angeles

Closed for over 72 hours.

Closed by rockfalls and bridge damage. Access to Los Angeles Aqueduct

-facilities could be delayed from 2 miles south of Green Valley Road

junction to 0.5 miles south of San Francisquito Power Plant #2,
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H48

H49

H50

‘H51

County Route N2 - Leona Valley Road ' Los Angeles

Closed for over 72 hours.

vy

Closed from 0.5 miles west of junction with Bouquet Canyon Road to 3.5

miles east of junction by both fault rupture and erosion from ruptured
major waterline. Fault crosses road at three locations in this area and

. crosses waterline (which parallels road) at one location. (Kahle, Smith,

and Beeby, 1975).

Route'2 - Angeles Crest'Highway "Los Angeles

Cloéed‘fbr over 72 hours.

Rockfalls and.minor slideé close this route.

"Route 3934 Cr§s£a1'Lake Road’ Los Angeles

Closed for.over'72 hours. -~

Closed from Sierra Madre Avenue to Route 2 by rockfalls and landslides.

County Route N3 - Vic1n1ty of Sunland : - Los Angeles

Closed for over 72 hours.'

g-Closed from Los Angeles c1ty—county line to 2 miles north by rockfalls

H52

H53

.and fill fallure.;,

County Route N3'- Big Tujunga Cényon Road ' :Loé Angeles

Closed for less than‘36 houfs.

Temporarlly closed between Mt. Gleason Road (descrlbed in note H51) by
rockfalls and landslides, but cleared for one-~lane traffic within 36
hours. S

Route 2 Los Angeles and San Bernardino

Closed for ovér 72 hours.

Closed along the San Andreas fault zone between Big Pines and Wrightwood
by major disruption to the roadway.
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H54

H55

H57

H58

H59

H60

H61

County Route N4 _ Los Angeles

Closed for over 72 hours.

Damaged by fault rupture in at least eleven locations (Ross, 1969).
Of fset averages 10-12 feet and rockfalls and fill failurés are common.

Shoemaker Canyor Road Los Angeles

Closed for over 72 hours.

Closed by fault rupture at five 1ocat10ns (Ross, 1969) and by rockfalls
and fill failures. .

Bouquet Canyon Road _ . - Los Angeles

Open in less than 12 hours (East of Bouquét Canyon Dam)
Some minor rockfalls and foad damage. The area downstream from BouQuet

Reservoir will be evacuated and the road closed as a result of damage to
Bouquet Canyon Dam (see note on Map No. 2N—W)

Route 138 - West of Route 14 : Los Angeles

' Closed for less than 36 hours.

Closed from crossing of the East Branch of the Callfornla Aqueduct to
Route 14 by severe roadbed. damage and power lines on the roadway.
Alternatlve routes available.

Route 138 — East of Route 14 ’ , Los Angeles

Closed for less than 36 hours.

Closed from Route 14 to about 1- mlle east of Littlerock by pavement
damage and obstructlons on the roadway.“ Alternative routes available.

U.S. 101 - Santa Clara River Bridge ‘ Ventura

Closed for over 72 hours.

Bridge and approaches damaged due to ground failure (Wood, 1955).

,Cuddy Valley Road ' B ' " Rern ‘ -

Closed for over 72 hourse.

Closed by fault rupture and lurch cracks along Pine Valley Road from Lake

of the Woods to about 7 miles west of Lake of the Woods.
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H62

H63

H64

H65

H66

*

Route 1 - Malibu Coast - : S Los Angeles

Closed for less than 36 hours.

Temporarily closed for cleanup of slides between Pacific Palisades and
Malibu.

Route 60 Riverside

Closed for over 72 hours.

Closed at Santa Ana River crossing by damage to the roadway.

Routes 18 and 138 - Crestline San Bernmardino

Closed for less than 12 hours.

Routes 18 and 138 closed temporarily for removal of -minor slides and
rockfalls. Routes provide an alternative to damaged and obstructed
Interstate 15 between San Bernardino and the high desert.

Route 330 San Bernardino

Closed for less than 12 hours.

Route 330 closed temporarily (less than 12 hours) between Highland Avenue

(Route 30) and Running Springs (Route 18) for removal of minor slides and
rockfalls. '

Route 138 - Cajon Junction San Bernardino

Closed for over 72 hours.

Route 138 closed between Interstate 15 (Cajon Junction) and Summit Valley
by minor slides and obstructions on Interstate 15 at Cajon Junction.
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EARTHQUAKE PLANNING SCENARIO: AIRPORTS

Maps 2N-HA and 2S-HA

General Pattern

Essentially_all major air facilities within the pianning area are expected
to have runways sufficientiy intact to be capable of landing military C-130
and C~141 cargo aircraft. It is less certain that all--of these airports will
have operatidnal towers with communications, fuel-handling facilities, and

electrical power.

Description ‘

Numerous major airports in the planning areé are capable'of providing the -
5,000 feet of undamaged runway necessary for thé ianding'of5c-130 and C-141
aircraft providing massive logistics to the response effort. Norton Air Force
Baée near San Bernardino could experience some shakingiof an intensity high
enough to damage runwayé through the secondary effects of ground failure.

Some damage could also occur to runways at Los Alamitos Armed Forces Reserve
Ceﬁter, but this may not be great endugh to disrupt emergency operations. fhe
other major airports are located in areas whére predicted shaking will produce
minimal damage to runways. In general, then, virtually ail of the numerous
major airports are capable of handling emergency response operations.
Performance of the lifeline systemsvnecessafy.fof éirport operations will be
critical. The success of air operations will be more dependent upon
électrical power, fuel handling, and survival of critical buildings than upon

the direct effects of the earthquake.
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- Planning Insights

Air tranéport will play a vital role in moving people and material toband
from the stricken areas and in search and rescue. damage assessment, and other
immediate response efforts. Integrating delivery systems within the damaged-

area, howeyer, will be Chéllénging. Selection of air cargo delivery sites
will influence the manner iﬁ which,off—ioaded’personnel and supplies will be .
distributed by helicopters, highway, rail or marine transport. Preferred
airporté need t6 be identified. | |

s

Recommended Further Work

Availabie airports ‘for major logistics need to be evaluated in terms of
auxiliary eiectrical poﬁer SUpply,'ihteérity of aiprrt buildings, andv
vulnerability]of;aécéss routes in order to finalize transportation plans. . .The
vulnerability. of runwéys-at_Norton‘A.F.B;_néar San Befnardigq,gnd Los Alamitos
in Orange Cbunty shouldfbé reappraiséd using recently deveiopgdﬂsubéqrface

"data. The scenario analysis indiqaées-thag runwayé_at these two airports

could be damaged by ground failure (liquefaction),valthough{the'available i

information is not sufficiently complete to warrant a-definitive:conclusion at ,

this time.
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. MAP NOTATIONS =~
(see Maps 2N-HA and 2S5-HA)

NO. AIRPORT

Al

A3

A4

AS

A6

No known liguefaction potential.

Los Angeles Thternatiohal Airport

f

Opeii

Predicted Shaking Intensity, 7 (R-F).

Hollywood=-Buf bank Airport

Open

No known liguefaction potential.
Predieted Shaking Iatensity, 8 (R-F).
Van Nuys Airport.

Open

No known 1iquefactioﬁ potential.
Predicted Shaking Intensity, 8 (R-F).
Ontarie Intefnational Airport

Open

No known liquefaction pofential.
Predicted Shaking Intensity, 8 (R-F).
Mareh AFB

Open

No known liguefaction potential.

Predicted Shaking Intensity, 7 (R-F).

George AFB

Open

"No known liquefaction potential.

Predicted Shaking Intensity, 8 (R-F).
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A7

- Predicted Shaking Intensity, 8 (R-F).

A8

A9

Los Alamitos Armed Forces Reserve Center ' Orange

. Open

Possible high water table and liquefaction hazard present'(Gullivér,'aﬁa'
Sonnenfeld, 1980). Ground failure is not considered a significant hazard

here because "materials to a depth of 450 féet are mostly clay, which is

not’ subject to liquefaction. The historically shallowest ground water in
the area is about 20 feet below the ground surface" (Gray, 1980). Gray
(1980) recommended that "for the San Andreas type event, the Los Alamitos
location may be satlsfactory for an Emergency Operatlons Center.

El Toro ‘Air Station (U.S.M.C.) : Orange
Open . S
No known liquefaction potential.

Predicted Shaking Intensity, 7 (R-F).

Norton AFB , ' . San’'Bernardino

Open for limited use.

Predicted Shaking Intensity, 8-9 (R-F).

‘No known liquefaction potential. However, this'facility's proximity to

- the Santa Ana River and an extensive area of high ground water suggests

that the rumnways at this facility could be subject to major damage.
Consequently, in the absence of site-specific data to'the contrary, this

base may be unavailable for major emergency response purposes.

U.S.A.f. Plant 42 : _ o " . Los'Angeles-
QBEE _

No known 1idﬁéfaction potential.

Predlcted Shaking Inten31ty, 9 (R-F).

Though ma jor damage to alrport buildings can be expected in this area of

- high intensity shaking (9 R-F), the runways capable of’ handling the

g ALl

1argest aircraft ‘are assumed to remaln operatlonal.

-

Airports - — Ventura County Ventura
There are three airports in Ventura County, i.e., Oxnard, Camarillo, and

Point Mugu Naval Air Station. These facilities were not evaluated for- -
this scenario. However, Point Mugu is constructed in a swampy area, and
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recent excavations for a county arterial highway project (Victoria
Avenue) near the runway of the Ventura County Airport in Oxnard disclosed
large areas of saturated, unstable soil which required special lime
treatment for highway construction. These facts suggest that these
facilities may be subject to ground failure during a major earthquake and
should not be relied upon for emergency response purposes.
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EARTHQUAKE PLANNING SCENARIO: RATIROADS

Maps 2N-RM and 25-RM

General Pattern

>

Rail service into the southern California metropolitan area from the north
via the Palmdale and Cajon Pass rail corridors»WillvbeNserigusly;affected by

fault rupture and ground shaking. Rail trar;sp’o-rtayi:on into the gﬁr@a from the .

north may also be impai;ed in the Ventura area. Some damage to rail

facilities will be experienced in the vicinity of the marine terminals in the

: Lbng Beach harbor areas. Rail service within much of the Los Angeies Basin;b

should still be feasible and access to the area from San Diego should be
unimpaired. Slgniflcant damage to rail fac111t1es in the San -Bernardino area,

including yards and shops, should be antlcipated.

Description

The most extensive damage to railroads in the- plannlng area will occur at
those locations directly affected by surface fault rupture along the San
Andreas fault, landslides and rockfalls in-mountaipopslperraiq, and in areas
of poor ground where the roadbed can be serioasiy;disrupted by ground
movement. In addition, failure of other structures, notably, highway
overcrossings and many other seeondary spans, can seriously impair the

railroad's ability to function.

57



Accofding to Algermissen and others”(l973),_failway-bridges generally do
not suffef serious damageleXCepc in areas snbject to ground failurevor by:
surface fanlt rnpcureg' Significant settlement of approach fills require
repaif before bridge structufes can be used. Railroad tunnels experience

severe damage in areas affected by permanent ground movements due to

_ landslides or surface fault rupture, but rarely suffer internal damage from -,

ground shaking.

For planning purposes, four mainline railroad corridors serv1ng theé
southern Callfornia metropolltan areas will be serlously damaged with rail’
service 1nterrupted for periods in excess of 72 hours._ These are (a) ‘the
coastal route from the north yia Ventura, closed for at least 5 days by an
overpass:collapse and landslides,-(b) the San.Joaqnin Valley route from the
north, closed by fault'rupEurévand overpass collapse near Palmdale, (c) the
Ca jon Canyon corridor from-the east, closed by landslides, rockfalls and-

_'structure failure, and (d) through San Gorgonlo Pass from the east, closed:

near Colton.by an overpass collapse and damage to the roadbed.

In addition, numerous_otner rail facilities within the planning areas will
Be damaged By localized ground failures and/of incense shaking. Areas
particulaily vulnerable include (a)“the Los.Angeles-Long'Beach harbor area
where avconcentrationfof'rail:facilitiesiservice;thesé two major ports im an

area of poor ground conditions, (b). routes 1eading to and across - the Oxnard

Plain, (c)vin'the Antelope Valley, and’(d))ip_theﬁcolton¥san Bernardino area.
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Planning Insights

Surviving, rail service into the damaged area from the outside.is assumed
to be limited to service from San Diego. It is concéivable that emergency

supplies could_be transported by rail from military installations in that area.

Integrated ?lanning needs to be undertaken for air, highway, rail and

marine transport. : S s

Recommended Further Work

The vulnerability of railroad facilities in the Ventura and San Bernardino
areas should be investigated in order to evaluafe their, probable utility

immediately following a'major earthquake.

MAP NOTATIONS

NO. RAIL LINE LOCATIONS : T COUNTY

R1 San Andreas Fault Crossing near Palmdalé : ' - Los Angeles

Closed for éver 72 houfé.

Southern Pacific main line (San Joaquin Valley route) between Los ,
Angeles and-San Francisco will suffer major disruption of the roadbed at
the crossing of the San Andreas fault 2 miles south of Palmdale.

Leakage from ad jacent Palmdale Reservoir may create a condition
prolonging the time required for repairs.

R2  Santa Clara River o -v’ Los Angeles and Ventura

Closéd for over 72 hours.

Southern Pacific tracks along the Santa Clara River Setwéen Saugus and
Ventura will be disrupted due to local ground failures resulting from
liquefaction,
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‘R3

. R4

R5

RO

R7

Sinili Valley . . Ventura - i

Closed for less than 72 hours.

Southern Pacific main line tracks will be disrupted in the Simi
Vallebeoorpark area due to intense shaklng in an area of high ground
water. - v

.-CaJon'Passs e ' ' R + - San ‘Bernardino

Closed for over 72 hours.

All major railroads traversing Cajon Canyon—Cajon Summit will be out of
service. Landslides, fill settlement, and‘structural failures, coupled

with relatively difficult access, will result in this route being closed’

for an extended period. Algermissen and others (1973) concluded that,
for planning purposes, the rail lines through Cajon Pass should be
considered out of service for one .month.

~Colton-San Bernardino San Bernardino

Closed for-over,72'houfs.

Rail facilities including yards and shops of each of the three major
railroads located in the Colton-San Bernardino area will sustain
significant damage and disruption of tracks caused by-intense shaking
(R-F-8-9) and local ground failures. Major damage to the Interstate
15E/10 interchange, immediately east of the Southern Pac1f1c yards, will
force closure of the Southern Pacific route east through ‘San Gorgonio
Pass.

Oxnard Plain =~ : _ o Ventura

Closedffdrbover‘72 hours.
Co - ' : o o A R
Southern Pacific's main line (Coastal Route) north to San Francisco will

be disrupted in the Oxmard Plain by localized ground failures due to.:
liquefaction. Algermissen and others (1973) suggest that "a 5 day
blockage of the Ventura line due to highway overpass failure and
landslides is reasonable, especially during the.rainy season.”
Western San Fernando Valley E S Los Angeles

¥

v
~

Closed for less than 72 hours.

Southern Pacific tracks in the southern and western San Fernando Valley

‘will be disrupted locally by roadbed failure caused by sévere shaklng in

an area of hlgh ground water.
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R8

R9

R10

R11

R12

R13

Soledad Pass Area -+ Los Angeles

Closed for over 72 hours.

Southern Pacific main line tracks will be disrupted by 1ntense ‘ground

shaklng (9 R-F) between Acton and Lancaster.
Y

South Coast-Harbor Areas - Los Angeles and Orange
The rail system in the Wilmington-Long Beach-Seal Beach harbor areas

will sustain considerable damage due to localized occurrences of ground
failure, particulary in areas of filled ground near the port

- facilities. Algermissen and others (1973) note that the railroad bridge

from the mainland to Terminal Island has been closed frequently due to
subsidence induced ground movements and concludes that this structure
would be unusable after a major earthquake.

Santa Ana Canyon Orange

Closed for less than 72 hours.

The A.T. & S.F. railroad from Placentia to the Riverside County line,
following the Santa Ana River through Santa Ana -Canyon, will be
subjected to localized ground failures causing temporary disruption of
rail traffic via this route.

Santa Ana River Crossing - Riverside

Closed for less than 72 hours.

Union Pacific tracks will be disrupted by high inténsity shaking at the
crossing of the Santa Ana River west of Riverside.

Antelope Valley  Los Angéles and San Bernardino

Closed for over 72 hours.

Southern Pacific line between Palmdale and Interstate 15 will be closed
due to track disruption and settlement of bridge-approach fills.

Ventura River . Ventura

Closed for more than 72 hours.

Southern Pacific spur between Ventura and Ojai will be closed due to
local ground failures along the Ventura River.
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R14

Diamond Bar - Whittier » Los Angeles

- Closed for less than 72 hours.

Union Pacific and Southern Pacific lines along San Jose Creek south and

west from Diamond Bar to the West Whittier area will be subjected to
localized track outages due to intense shaking in areas of high ground
water. ' ' '
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-EARTHQUAKE PLANNING SCENARIO: MARINE TRANSPORT

Maps 2N-RM and 2S-RM

General Pattern

Marine facilities will survive the scenario earthquake with only minor

impact. Connecting rail facilities serving the major ports in the Long Beach

~area may, however, sustain damage that will curtail port operations.

Descrigtion

The principal marine facilities within the planﬁing area are concentrated
in the Los Angeles - Long Beach harbor areas. Other marine facilities include
a deep water port at Port Hueneme in Ventura County and several harbors for

pleasure craft scattered along the coast.

For both the Los Angeles — Long Beach and Port Hueneme areas, a shaking
intensity of 8 (R-F) is forecast. Both areas have high ground-water levels
and are therefore susceptible to ground failure due to liquefaction and
differential settlements. According to Algermissen and others (1973), most of
the piers in the Los Angeles - Long Beach area are pile supported, although
many of the main bulkhead walls from which the piers project are quay walls
and rock fills. Most of the pile suppbrted docks in the area will probably

not be greatly affected. Quay walls probabiy will suffer serious damage due

,hhefaction~of retained sofls. In addition, shaking and resulting
differential ground movements will cause damage to various structures

throughout the harbor area.



In some parts of the harbor area access to facilities may pose the
greatest problem. Rail traffic, in particular, is likely to be disrupted by
local ground failures, becoming more common near the port facilities. Some
damage to roadways within the harbor area is also pfobable, but there will be
no major closures and repairs shouid be accomplished within a relatively short

period of time.

Another potential problem in the harbor areas is the contamination of
waters by ruptured sewer linmes and, of potentially greater importance,
ruptured petroleum product and natural gas pipelines, which pose the threat of

fire.

Planning Insights

The importance of marine shipping into the area to satisfy the needs of
the first 72 hours after the scenario earthquake needs to be evaluated. This
should be a part of the correlation and integration of regional transportation

- systemse.

Recommended Further Work

If marine transport is considered important in emergency planning, a
detailed engineering and geologic evaluation of the marine terminals should be

undertaken in order to confirm that they will survive.
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NO.

M-1

MAP NOTATION

(see Maps 2N-RM and 2S-RM)

HAR BOR . COUNTY
Los Angeles - Long Beach Harbor | Los Angeles County

The Los Angeles - Long Beach harbor area will sustain light to moderate
damage, a result of localized failures due to liquefaction and .
differential settlements. Algermissen and others (1973) conclude that
"For planning purposes, approximately 20% of the access routes and
facilities should be considered unusable for 14 days.”
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EARTHQUAKE. PLANNING SCENARIO: ~COMMUNICATIONS
Maps 2N-C and 25-C ..
The following discussion of communication systems was prepared by the
Communications Advisory Committee of the Governor s Emergency Task Force on

Earthquake Preparedness. James Cotter is principally responsible for

development of this analysis.

General Pattern

~Telephone communications will be‘adversely:affected.due'to well-known
overloading effects resulting from post earthquake calls within the area and
from the outside. This situation will be further complicated by physical
damage to some of the equipment due to ground shakingland perhaps some loss of
service due to local loss of electrical power and plausihle subsequent failure

of some auxiliary sources..

Not all of the systems in the greater Los‘Angeles region are set up to

process emergency calls automatically on previOuSly;eStablished priority

L3

~ bases. Thus, overloading of equipment still injservice could be very

significant.

Telecommunications systems are composed of many subsystems, each

interconmnected and interdependent. A radio network, for example, may use a

67



combination of telephone lines, microwave circuits, §atel;ite interfaces,
underground and overhead cables, and secondary radio paths. The failure of
one 1link in this electronic "chain" éan effectively disable a large pbrtion of
.the system. CDMG has treated the post-earthquake communications scenario as a
matrix of e;ents.that would reduce the effectiveness of systems rather than
completely déstroy-them.' It is also assumed that portions of many systems
could be repaired to a limited extent by resourceful operators. Criteria such
as geographical coverage, the number of system elements, and functional

- integration were,cénsidered in estimating the post—earthquake effectiveness of

a particular system. With the maximum capacity of any system represented as

100%, most systems operate at approximately 85% because of ongoing

maintenance. The effects of the scenario earthquake event must be applied to -

this ratio to determine the degree to which the overall effectivemness is

[

reduced. ' "Effectiveness” is defined as the abiliﬁy of a system to perform to

its design limits and provide the intended service.

Description
The communications scénario 1s described in subsections, each of which
treats one of the following generic systems: telephone, radio, microwave,

satellite, data, and commercial broadcast.

v

Telephone Systemsv—HMép;No. 2N-C aﬁd 25-C

¥+

Telephone systéms are mutually dependent because of a vast, complex

interconnected network, yet they are also self-supporting on a local basis.
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 One service provided by the telephone companies is intraéxchange traffic,

i.e., calls between telephones within the area served by a single central
office or "exchange.” Another is interexchange'éervice where calls are
switched between two central offices within a region. There is third service,
similar to interexchange, where calls are routed to a long-distance facility.

Each of these services can be provided by a variety of system'configurations.

The telephone companies have installation standards that minimize
earthquake damage. They also have emergency mobilization plans and “have
exe;cised these plans effectively. Nonetheless, there has not been a disaster
in moderﬁ times of the magnitudg here addressed. it is‘therefore quite
difficult to forecast the detailed effects of a major earthquake on the
telephone systems. There are, hoﬁever, a number of outcomes that can be
anticipated: hardware damage such as underground cable failure in areas of
liquefaction, damage to surface cable carriers, system;call saturation during

post-earthquake recovery, and repair-access problems.

Our evaluation of system performance takes into accounf the likelihood of
any or all of these events occurring and subjectively appliés this evaluation
to an effectiveness scale, as shown on Maps 2N-C and 2S5-C. The effectiveness
scale éssentially is an attempt to quantify'the gbility of public safety
agencies to conduct recovery efforts by using the telephone system. It is not
difectly épplicable to the general performances of the system nor to the

public's ability to use the system.

The éeffectiveness scale has then been applied to a three-day time frame.
From pattenns:of effectivenss-over—-time were distinguished and used as the
basis for zoning the study area (Zones A, B, C, and D on Maps 2N-C and 2S-C).
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Zone A will fair best and Zone D the worst. The definitions of these zones
aré based upon a number of factors: past telephone perforﬁance in disaster
situations, casualty projections, population density and demogtaphy,
post—earthquake transpbrtation,evaluations, the probable performance of
commercial power facilities, and any known site-specific technical
consideratiéns. Nélattempt has been méde to separately evaluate each of

several hundred telephone facilities.

Some basic assumptions have been made: (1) the shaking intensities used -
in this scenario were projected by the CDMG; (2) areas suffering a shaking
intensity of Rossi—Forei 8 or better will have significant hardware damage -
although such damage would be fairly localized and not on a large regional
scale; (3) some underground cables will be daméged by ground failure, but not
in sufficient number to preclude switching alternatives; (4) most
~ predesignated public safety circuits will receive priority restoration; (5)
most telephone company backup power-provisions will be functional; (6) the
long distance network, although difficult to access, will remain generically
stable; (7) intefexchange facilities will be difficult to 'access, but would
remain essentially intact; (8) shortly after the event, numerous relatively
simple failures will occur that, coupled with intensevcall saturation, will
vgffectively disable the telephoﬁe networks for approximately 6 hours; and (9)

for planning purposes, the event will be considered to occur after normal

business: hours.
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These graphs represent assessments of relative telephone systems performance in

- .ovarious parts of the planning area during the intial 72 hours following the earthquake =

(See Map No.'s 2N-C and 2S-C), The assessments are based on a matrix of anticipated
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Specific Vulnerabilities

v'. The most vulnerable aspects of telephOne systems are the computers used to
- switch message traffic. All are envirommentally sensitive and maybbe mounted
on false'floors.. The performance of these computers is not easily assoc1ated
withvaltime frame because ofvthe lOng-term effect of environmental control
lfailure. Call saturation, resulting in local station and- all—trunks busy, is
the most obvious system ‘access problem that can be predicted. Most telephone ‘
systems presently are working at or near capacity for normal trafficg then
syStems'Will be saturated easilyrby-the‘sudden activity‘followingian
earthquake. Most egchanges. however,-have the capability through the
switching computers to control System load byvlimiting access to only
predesignated~circuits.v Another potential'problem.is emergency power. While
.the telephone systems work mostly on " battery power w1th propane ‘or gasoline
backup generators to provide charging, the - generators depend upon batteries
for startlng and fuel lines-and tanks for continued operation. If emergency
power_does fail, system performance on.batteries will degrade at a significant

rate.

_Assuming the earthquake will'occur:outside normal buSiness hours, a number |

of stafflng dimensions must be considered when evaluating telephone system
performance in the scenario. The first concern of telephone company employees
w1ll be assessment of their own immediate condition* second they will be
concerned about their families and friends. A small percentage of staff will
leaVe'their,jobs td-amelioratefthe effects;of the disaster in their personal
liyes. Somevof tne employees'willisuffer}casualtiesvandgwill be confronted.

v with mobility‘problems;on’streets and highways. " The repairvvehicle fleets

-~ will probably be generally inaccessible to staff for'seyeral hours and, in
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some cases, will probably be immobilized by facility failure. In systems that
must revert to operator intercept, where all dialed calls go to an'operator,
fatigﬁe would curtail effectiveness.. The saﬁe'fatigue will apply to central
office persomnel. Further, the telephone companies will probably be without
upper—échelon_managementrand supervisofy personnel during the first hours
following aﬁ earthquake; the transportation situation may be magnified because
these persons often live further from their office than journeymen. Another

portion of staff will be unavailable because of normal vacation and illness.

It.is likely that telephone company mobilization plans will be difficult
to implement because of the éxercise of other priorities by local and State
government as well as limited transportation. The thousands of repair parts

and materials needed for recovery may also be difficult to obtain.

In summary, the effects of a major earthquake-on teiéphone systems will be
dynamic and dependent upon a multitude of events rather than upon any single
factor. The overall evaluation, thus, is highly subjective and must be

considered only as a public safety planning document.

Post Earthquake Telephone Systems Effectiveness

A number of telephone exchanges in the.greater Los Angeles area currently
work at capacity and do not have line access contro}. Unlike San Francisco,
-the area is replete with switching options. Primary long distance facilities
should be relatively undamaged by low or moderate shaking intensities. The
repair staff is well distributed, and most of the area should have fair

transportation facilities.
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After an earthquake, this heavily.populated region can be e#ﬁected to
saturate telephone systems. For the most part, special public safety circuits .
would remain intact. In the San Fernando Valley, however, there is recent
earﬁhquake experience, and the area is rated Zone D (lewest posf—earthquake
effectiveness of the four zones). The same is true for the Newhall aéea,
which has additional‘access problems. The San Bernardino- Riverside area is
rated Zone D not only because of the high shaking intensities that are

predicted, but also because of anticipated transportation difficulties;

further, most of this region does not have line access control.

Radio Systems

Radio systems will generally operate at 40% effectiveness for the fifst 12
hours after a major earthquake, increase to 50% for the second 12 hours, then
begin a slow decline to approximately 40% within 36 hours. The long-term.
implications are that individual systems gradually will become less useful to
the overall recovery effort when supplanted by systems relocated from outside
the disaster area. It is unlikely that'public;safety radio systems would
become saturated with irresponsible communications from mobile units; it is
clear, however, that radio traffic densities would inerease;-particularly when
remote base station and repeafer failures would ;end td'limit the number'of
redundant channels available. Nonetheless, after lé hours, et which time the
number of operable units will have declined (With-exheestion of-emergency
power fuel) and recovery efforts wiil have restored somé order, the radio

traffic density problem will ease.
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For each of the various components of a radio system, we anticipate
specific effects under the scenario. These effects are described in the

following component discussions:

Radio Control Consoles

Radio control comsoles generally fall into three categories:
self-contained tabletop base stations, tabletop control consoles for remote
base stations, and full-size consoles using electronic circuitry (often very
sophisticated) to contr§1 remote base stations. Both.tablétop models are
vulnerable to earthquake damage because they are farely secured. While the
self-contained station is more likely to remain functional than other types
(since it doesn't rely on remote equipment), it is often not supplied with
emergency backup'power. System designs using control Stations normally have
such backup power provisions. Control consoles rely either upon telephone or
microwave circuits to access remote equipment. We do not anticipate continued
microwave operation'and cannot recommend telephone lines as an alternative,
though such dedicated control circuits are more likely to remain functional
than conventional telephone service. Sophisticated coﬁsoles are better
protected against physical damage and normally have emergency power available, .
but they rely upon telephone and microwave circuits and have an added problem
of repair complexity. If a ke§ component of a 1arge consolé fails, many radio
subsystems_would be fragmented, placing the burdénlof communications on
outlying stations more vulnerable to earthquake damage. Further,
software—based»ponsoles would probably face additiomal complications within

12 hours. We estimate that self-contained tabletop base stations would be 40%
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effective, tabletop control consoles 55% effective, and large consoles 50%

effective.

Base Stations

ﬁédio base stations are often 1qcatedlon the roof of the samé building
housing the control console.” In“sﬁch c;ses,vthe condition 6f-the building
would determine pbst—eértﬁquake performance. Even if cébling‘betweén the two
'units was to fai;, bése‘étatiohs can be OperaFed.on—site fia a microphone
proviééd witﬁin théveduiément cabinef.' Dispatchers, however, are not normally
aware of this and even more rarely have the key needed to gain access fo the
ﬁicrophone;‘ Remote ‘base stationms, located iﬁ a different building or in a
ﬁountain—foﬁ radio vaﬁlt are subject to potential structural_damage.' Stations
‘étop buildings are probably less vﬁlnérable_td wiring and cOmpoﬁeﬁt
mélfunctiOns than'other ihstal1ations’but share. the thfeat of teléphéne
circuitlinterruption. We' estimate tﬁat effe¢£iveﬁesé will be 70% ‘for local
base stationvinéfallations'and'55%ffor remote stations, declining after 12.

hours as emergenéy—power fuél-supplies become éxhausted.

.Repéatérs (mobile relays)
Repeaters are'not'dependent-upon control’ circuits and are normally
provided with backup emergency power. Located atop mountains, they are

~ vulnérable to structural, electric, and other internal damage from heat

buildup. Depending upon the proximitj of the fault source, they are more
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likely to experiénce technical problems than base stations. ‘We estimate that
repeaters will be 60% effective, declining as emergency power supplies are
exhausted and technical problems develop, becoming 40% effective after 24

hours.

Antennas

We do not believe that antemnas will fail on a large scale. Antennas and

related structures should remain 70% effective.

Hand-held and Portable Two-way Radios

It is probable that hand-held ra&ios will be valuasle-to field units
during the first 12 hours aftér a major earthquake, pdfticularly in a system
that does not use reﬁeaters. In any case; there are problems with charging
and distributing batteries. We do not cohsidef'this kind of portable.
equipment to be of any significant benefit to the overall recovery effort
after 12 hours per battery. that is available to each unit; that is, a unit
equipped with one fully—charged backup battéry would be operational for 24

hours total.

Mobile (Vehicular) Radios

Assuming that gasoline supplies will be scarce and that transportation

systems would be disrupted, the value of mobile radios would coincide with
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their distribption at the time of the disaster. We estimate that,
functionally; higher—powgred mobile radios would be 75% effective for-tﬁe
first 12 houré, declining thereafter because of fuel and battery problems. At
the same time, the mobile radio system as a whole would doubtlessly be
compromised because of the diétribution of the units. It is more realistic to
consider mobile radios appréximately 60% effective initially, declining
thereafter. This estimate is for pq£iic agencies; should an earthquake occur

after working hours, the effect on commercial systems will be more severe.

HAM and Other Amateur Radio

Amafeur radio stations are subject to the hazards outlined earlier. A
particularly vulnerable point is emergency power; mosflhdme base stations do
not have backup facilities. Nonetheiess;bthere is an. extensive vehicular
radio and repeater system in the amateur radio service. Much of the first
post—disaster intelligence would come from this private sector resource and,
in some cases, radio amateurs may be the only means of reaching the outside
world. The amateuf radio service shéuld remain more thén 50% effective

because of pre-organization and the long distance capabilities of the

equipment.

. Citizens' Band Radio

We do not believe that CB radios will have an appreciable effectiveness in
the public agency recovery effort, although there would be some post~disaster

intelligence value. The units are too lOW‘pOWéred and are susceptible to
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frequency saturation. It is possible that CB "zones," each zone using a

predesignated channel, cduid be established»wifhin peighborhoods for the
self—help'effort. Being the most accessible two-way communications resource
for the general public¢, Citizens' Band &ould be a significant element in the

smaller recovery "cells" if users receive prior educétion and orientation.

Radio.Common Carrier (RCC)

Radio common carriers will be subject to the events noted earlier for

public agencies.

Aircraft and Marine Radio Communication

Either radio service will be at least 80% efféctiVe provided that
airfields are nominally éccessible‘and there are ﬁoﬂsevere conditions that
would significantly disrupt»ﬁodréd maritime’resqurcéé; While there are many
potentials within either service for prsviding_gopdquality emergency
communications, existing land—based systéms are cdmpletely incompatible. The
overall effectiveness of mafiﬁe radio must be equated to prior frequency
coordination for mérine transport systems. The relative importance of these

radio services would increase as recovery efforts commence.
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Microwave Systems

Microwave systems have all the vulnerability of other radio systems plus
additional problems related to narfow‘fréquency tolerances, software—
controlled switching systems, and sensitive gain:(directionability) .
'tolérances. Additionally, many systems are not point-to-point but are linked
through severai points. The likelihood of failure in any one link is fairly

great; therefore, we feel that microwave systems, with the possible exception
of telephone microwave systems, will not extend beyond the affected disaster

regions. Some circuits may remain operable on a point-to-point basis. It is

estimated that most microwave systems would be 30% effective or less.

Satellite Communications

Remote satellite terminals relying up&n telephone or microwave circuits
will be 40% to 50% effective, similar to radio base stations. Station-
proximate terminals will have a greater likelihood of.survival approximating
70%. Because the satellites themselves are impervious to earthquake damage,
they are one of the most significant resources for supplanted communications

systems.

Data Communications

Communications systems used to support computers will be 40% effective.
When facilities are not physically damaged, air conditioning and environmental

control systems failures may gradually reduce effectiveness.
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Commercial Broadcasters

Some commercial stations generally will be able to provide emergency

public information to the stricken area.

Medical Services Radio Systems

The VHF medical services radio frequencies are crowded and poorly
coordinated. UHF repeater systems, while less éatufated, are more vulnerable
to damage and failure. There are insufficient chénnels dedicated to
telemet:y; a large number of casualties could cause saturation of the channels
and make them virtually useless. Further, the hospital-to-hospital s&stems
are expected to fail.” We do not anticipate the continued function of medical

radio services to an appreciable level of effectiveness.

General Comments on the Communications Scenario

Emergency power has been the primary cause of communications failure in
past disasters. Poor installation practices and inadequate preventative

maintenance of backup power equipment contribute to a high failure rate. The

. presumed scarcity of propane and gasoline after a major earthquake will

strictly limit the viability of surviving communications sites.

The availability of repair parts and ability to transport them are other

factors when considering both short- and long-range implications. We believe
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that suppianted coﬁmunications systems will be needed as local systems suffer :
eérthquake~caused:and_ﬁormal equipmeﬁt malf@nctions;for whichvthere afe no
frepair parts.

The éufrent state of fechnology is such that communications technicians .
have.specialiged areas of e#pertise; Most radio technicians, fop exaﬁpie; are .
unablebto repair microwave equipment, military staff are unébledto répair:some
types of public fadio equipment, and.microwavebspecialistsrare-unable to.

 assist telephone\staff;-'This problem is-furthef'cpmpounded by the unique
charaéteristics of ﬁany:s§stemé otherwise genéricaliy reiéted. :Debending on
'thevtime thé'séénario eafthquéke occurs, the ﬁﬁmber of technical staff |

available for répair‘serﬁibes'could'range betweén 20% andHSOziof the total for

the first 24 hours; If it occurs between 1600 and 0600 hours, approximately -
Zd% ma& be available:in‘thé first 24'ﬁours;_40%’in.48 hou;s; énd'fOZvih 72

- hours. If fhe disaster oécufé betweeh70600 hou£s and 1600 hoﬁrs, a.poftion of
,pérsoqnel would be disabied,‘isolated,vor occupiéd with vefifying the status

- of their'faﬁilies: 50% ﬁill be avéiléble'for the first,24 hours, 60% in 48

~ hours, and 70% in 72 hours. The effectiveness ofnteéhnical personnél is
severely‘affected.ﬁy the_availability df_trénqurtation. In many caSeé, for
exampié, hélicéétérs Woﬁid be needed for access to‘rémoté éites. Technical
Staffzwould only be able to suppport thé Continued»operafion of systems at a
level ‘of poét—disaétgr effectiveness. fAftér apprqximatély‘ohe“ﬁeek, system

. performance woﬁiﬂ.begin improving.

The regulation of communications haé‘necessarily separated users to avoid
mutual interference. One result of this separation is mutual exclusions
" Except in rare circumstancés; two adjacent communications systems are

physically dr functionally incompatible. Thé greatest danger to a
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post—earthquake recovery effort is the absence of adequate interface between

systems. This applies equally to local systems and systems drawn from outside

the disaster area.

Planning Insights

A general communication plan should be developed for use by appropriate
agencies and personnel following the scenario earthquake. This should

anticipate the needs of the most vital parties.

Reliance on emergency telephone communications should be kept at a
minimum. A strategy should be developed for communication to the general

public which relies upon the capabilities of surviving commercial radio and

television stations.

Recommended Additional Work

An inventory of commercial and amateur broadcasting capabilities should be
undertaken and the resulting information employed in developing the regional

emergency communications plan.
A survey of existing critical communications facilities should be
undertaken by structural engineers leading to development of improved

equipment installation standards.

There is need for a technicai examination of alternative means of

communication.
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* EARTHQUAKE PLANNING SCENARIO: WATER SUPPLY AND WASTE DISPOSAL

Maps 2N-W and ZS—W*v«,f 

General Pattern

Two of thé three méjof.aqueduct,9§stems that import water to southern
Califbrnia will be ruptured.by disﬁlacemenf'dh the San Andreas fault , and
supply will not be réstored for a three- to six-month pgridd. Water consumers
in the Los Angeles Baéin’will'ﬁeed‘to'rely‘to a gféat'extént-upoﬁ existing
reservoir storage and suﬁplies fromithe CéloradO'Rivér AqUeducf. Impairments
to reservoir intake and outlet structures and to various:diétribution
facilities will locally affect water pressure and'avéilébility; For purposes
of planning, it has been assumed that one‘important:ieSefﬁdir will sustain
serious damage hécéSsitating emergen¢y evacuation pfocedureé. Water treatment’
facilities will be damaged and many will be ﬁi;hout'eleétrical power. Waste

water treatment will be impaired by loss of power ‘and damage to some treatment

plants. Collection lines will_a186 be1impaired cauéing’significant

contamination problems to the water supply in some areas.

Description

Most of southern California's water supply is'imported'via three major

aqueduct systems: the Los Angeles Aqueduct from the eastern Sierra Nevada

.(City of Los Angeles, Department of Water and Power), the California Aqueduct

.. from northern California (California Department of Water Resources), and the
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Colofado Rivef4Aquedu¢; (Metropolitan Water Distric; of Sodthern‘Cg}ifornia).
vThe'earthquaké will céuse majorvdamage to;both the Los Angeles and.California
' Aquedﬁcts, eliminating these th primary . sources of supply for a period of 3
to 6 months. fhe Los Angeies Aqﬁeducf crosses’the San Andreas.faulé (Map
’iS—W) in a tunnel some 250 feet below}thévsurface and repairs will be both
difficult and extrémely.hazardous with.a;continuing threat of major | |

’aftérshocks._ ThéhCalifornia Aqueduct, Eésg,Branch, is highly vulnerable to

’widespread.damage,bécauserig closely parallels the San Andreas fault for over .,

100 kilometérs‘and crosses the fault at twobiocatiqns near Palmdale (Map

"+ 2N-W). The West Branch will also sustéin_significant damage tqcits.fégilities
inqluding majorrdémage ét the fault cfossing near Quail Lake. The Qolofadb.
River Aqueduct_also cposées the San Andreas fault, butﬁwe%¥'beyond the
southerﬁ limit'of surface féult rupture consideréd ih this;scenarid. _Only
very minor damage will,occﬁr to;fhe Cblorado River Aqueduct.east of the
terminal reservoir at Lake Mathews. -For.an estiﬁated,minimum period of three
'mbnthg,.then, the metropolitan argasvwill be dependent upon the Colorado River
'Aquedu;t;:availab%g storage in reservoirs generally‘south of the surface

rupture, and local supplies.

' The major reservoirs storing imported water include Bouquet Canyon,

Castaic, Pyramid, Perris, Lake Silverwood, and Lake Mathews. Four of these

;eservoirsv(Bquﬁet Canyon, Castaic, Pyramid, and Lake Silverwood) are 1ocgped_

such that delivery'bf water into the regional water distribution systems could
be impaired‘ﬁor;a;considerfblg_period ofbtime by damage to downsfream.
fransmiésiqnhﬁacilitiesvofito appurtenant works such as the reéefvoir intake
andvouplet structuregrand related control facilities. Water deiivg;ies_from
'Perris Reser&bir aﬁd Lake Mathews yill not .be seriquly impacted by the

earthquake. . Storage in Lake Silverwood will be available.to San Bernardino,
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. Devil Canyon facilities.

providing there is-no.unexpected:major damage to the San Bernardino Tunnel or

B

Local storage capacity in the Los Angeles-Orange Counties area south of

'Ti the San Andreas fault is about 1,000;000 acrtheeth‘In a*worst possible
situation availabie'storage of 235,000 acre?feet’WOuid result from a
"combinationvof drought_conditions'and three'ofbtheumajorlreservoirs being
binoperative. uAverage daiiy use for the studyiarea~is:about 5,000 acre-feet.

In response to a major public information_campaignifollowing:aimajor-event, it

is expected that the urban population would implementoextraOrdinary

*

o conservatlon measures, and daily usage would be reduced by approximately 50

percent. As noted above however, much of this water could be unavailable-due  ~
to damage to distribution systems. In heavily damaged areas, supplies can be
transported using tank trucks unt11 normal distributlon 11nes*can be

repaired. Additionally, water will be needed for f1re flghting which can
frustrate attempts ‘to conserve water unless alternatlve sources for fire

control are considered in planning.:

Catastrophic failure of a major dam as a resilt offthe scenario - earthquake
is considered unlikely. Current design and constructionvpractices’and
on—going programs of'review,vmodification, and reconstruction of some existing
dams are intended to ensure that all dams are capable‘ofvwithstanding the

maximum credible earthquake (MCE) for the site.

For purposes of emergency planning, however, we have assumed that one

ma jor dam in the planning area will sustain damage affecting its integrity.

~ For this scenario, Bouquet Canyon Dam has arbitrarily been assumed to develop
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significant'1eakagefnecessitating rapid reservoir drawdown and evacuation of;

the downstream pgpuiatibn. As a consequence, water storage in Bouquet

‘Reservoir (36,505£aére—feet) would not be available.

Beyond the major terminal reservoirs, major transmission pipelines convey
water to treatment facilities, distribution reservoirs, and, the local

distribution systems. Widespread major damage to these primary transmission

lines is not anticipated, although some pipe failures.will occur, particularly

where thesé 1lines cross areas of poor ground and stream channels where

differential movements .are likely to occur.

The Waste and Water Committee of the Governor's Taskforce has considered-
the "impact of the scenario. event on distributionv(Finlayson, 1982). The
discussion which follows is based upon the work of this committee. Moderate
damage to distribution reservoirs is expecfed. Underground excavated type
reservoirs, with éolumn—sufport rbofs,vcould suffer extensive roof collapse;
for ténk-type reservoirs of concrete construction, pipeline connections ana

surface damage to the'shell are expected; distribution reservoirs of welded or

bolted steel construction will suffer little damage, but pipe conmnections will -

in some cases be severed. -The damage to distribution storage, especially
tanks without flexible couplingé; will be significan;,»piimarily-at.
‘vcoﬁnectioﬁs, and will likely lead to early loss of storage.

Water distribution pipelines vary frém 2 inches to 54 inches or more in
diameter. Pipe materiais»vary,from cast iron to welded steel-and-asbestos
cement tb a variety of pia#tic materials. The damage to distribution

pipelines is expected to vary with pipe material, soil type, slide conditionm,
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degree of corrosion, design and instaliation practices, and joint type. It is:
anticipated that for the scenario earthquake, all water systems within the
region will suffer some damage. In local distribution lines of under twelve
inches in diameter, there will be hundreds of breaks and'thousands of leaks.

Breaks in house service connections will be common.

- Pumping plants are generally more compact structures and, with the
exception of related electrical equipment and transformers, will probably not
suffer as great damage as distribution reservoirs. Large pumping plants will
suffer damage closely related to horizontal acceleration and to the soils in
which théy were construéted. Damage is anticipatéd to be primarily related to

pipeline rupture and transformer damage.

Water and Waste Treatment Facilities - Treatment plant facilities are

expected to suffer damage, primarily where large pipelines connect with
concrete structures and where pre-1960 concrete construction does not involve
adequate concrete column ties to the floor and roof. The damage sustained is
expected to depend upon the periodicity of the earthquake and differences in
oscillations caused in concrete structures compared to.pipeline and valve

structures and result in difficult-to-repair situations.

For planning purposes, treatment plants were categorically assumed to be
damaged and shutdown if located.in an area of intensity 8 (R-F) or greater, as
indicated on the Seismic Intensity Distribution maps} The assumption was made
that plants subjected to this degree of shaking would experience sufficient
damage to necessitate shutdown for any one or a combination of reasons. These

include physical damage to the various components of the plant, rupture of
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auxiliary pipelines, loss of power, or other damage that would 1nterrupt the

continuity of operations for a minimum of 72 hours.

"g Finlayson (1982) .states that treatment plants close to the fault or those:
fbuilt in liquefiable soils, will experience differentlal settlement and
'treatment unit dislocation which will require shutdown of the plants, probable
'c1vil engineering damage assessment and 31gnif1cant repalr.p Rupture of
“.chlorine tanks due to collapsing buildings and improperly anchored containers

i

' will pose a health hazard to the surrounding area.

.: In waste»water‘treatment plants,_there is a limited volumefof'storage»-

7 availahle.) 1f theftreatment train cannot_be restored beforevstorage.is
"exceeded,'thevwaste water‘will require discharge'with emergencyvchlorination
to reduce healthﬂha?ards‘ Disruption of'thelSewerage system.will resultvinf.

sewerage flowing in some  streets and channelsiwhere human contact can result.

‘Overflow of_sewerage,through_manholes and from ponds can be_expected due
to hreaks in.mainsjand loss of power. As a result, there will be danger of -
~excessive collection of explosive gas in sewer mains and flow of untreated
- sewerage in some street gutters. Many house connection sewers willibreak'and
plug causing them to become inoperative.

The spillage of raw sewage can.beiexpected to pollute'most waterways,

" rivers, harbors,'and:beaches. The public health:haiard created by.thisv
pollution Will.heilarge.
: Although extensive.damage will be caused,to,the sewage collectionfsystem

affected, the damage will not be sufficient in most_areas to signigicantly
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impair the system's ability to convey wastewater. This is"because most of the
system is by gravity. There are several small important éystems that must
pump. In addition, some old mains and mains in poor soils will break and leak.
t
Spillage from the sewage collection systems in theé study area is not
anticipated to exceed 25-35% as a result of structural failures of underground

conduits and structures.

Aftershocks which will occur during the 72?Hour'peffbd may ‘cause
significant damage to weakened buildings and facilitieéfb Loss Of'depeﬁdable
power supplies, damage fo transportation facilities, andvtegporary supply
problems are expected to seriously affect recovéry?of‘ﬁéfer“éﬁd waste disposal

systems during the 72-hour period (Finlayson, 1982).

Planning Insights

Water supply agencies should develop public education programs to acquaint
water users with the possibility of contamination and loss of water supply.
Plans for fire fighting should be coordinéted Qith water supply agenciés, and
alternative sources of water for fire fighting‘planned'for in areas where this
is deemed critical. Arrangements should be made to cope with lack of function

of domestic waste-removal capabilities. Plans to cope with sewer gases should

be considered,
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" Recomiiended Further Work .

Coordinate local estimates of water supply impairment with fire fighting
,Awater requirements. Water supply agencies should review their distribution
_ systems and identify areas which are. likely to be most severely affected by

’.distribution line breakage.
Feasibility of emergency dlstributlon of water using ground transportation
needs to be evaluated in areas which are 1dentif1ed as having significant e

::possibility.ofnimpaired‘water availability._

Feasibility of providing additional interconnections between various

transmi331on and distribution systems should be considered in order .to prov1de,

@alternative supply routes.

9‘2'“



NO.

WATER SUPPLY AND WASTE DISPOSAL FAPILITIES

Maps 2N-W.and" 28 W

MAP NOTATIONS

FACILITY : o COUNTY

w1l

w2

W3

Wi

WS-

California Aqueduct o Kern-Los Angeles

Most of the facllitles of the California Aqueduct within the planning
area and four major pumping plants and ‘appurtenant works located along
the southern margin of the San Joaquin Valley will be subjected to high
intensity shaking and ground failures. ‘Though all of the Aqueduct
facilities are designed to resist the effects of a great earthquake
comparable to the scenario event, widespread damage to these facilities
will inevitably occur. For plannlng purposes, a‘minimum of three months
will be required to accomplish those repairs. necessary to restore water
deliveries to southern California (Finlayson, 1982)

California Aqueddct~West Branch s Los Angeles

The West Branch of the California Aqueduct w1li bé.subJected to intensity
9 (R-F) shaking throughout most of its 1ength with resulting damage to.

various aqueduct facilities.

San Andreas Fault Crossing-Quail Lake ' o Los Angeles

The West Branch Aqueduct will be heavily daﬁagéd by fault rupture and
intense shaking where it crosses the San Andreas fault near Quail Lake.

Los Angeles Aqueduct : ‘ ’ B Kern-Los Angeles

The Los Angeles Aqueduct will be subjected to intense shaking (9 R-F) and
some damage where it crosses the western Antelope Valley. The
controlling element in the resumption of water deliveries to Los Angeles
from the Owens Valley, however, will be repair of the Elizabeth Tunnel
which crosses the San Andreas fault some 250 feet below the surface.

‘Repairs will require more than 90 days (Algermissen and others, 1973) a

difficult and hazardous task under a continuing threat of major
aftershocks.,

California Aqueduct-East Branch Los Angeles

The East Branch of the California Aqueduct, closely paralleling the San
Andreas fault for 100 kilometers from the South Portal of the Tehachapi

93



W6

W7

W8

w9

W10

Wil

Tinnels to beyond the Los Angeles - San Bernardino County line, will be
subjected to intense shaking (9 R-F). The canal and various apputrtenant
structures along this extended reach of aqueduct will be damaged due to
shaking and local ground failures.

’

San Andreas Fault'Crossing—Anaverdthalley . Los Angeles

The Leona Siphon; near the crossing of the San Andreas fault, will be
damaged by shaking and the canal just south of the siphon severely

. damaged -by .fault rupture with some consequent water loss into Amargosa .

Creek.

Palmda]e Reservoir ' Los Angeles

The éfbankment of Palmdale Reservoir will be heavily damaged by fault
ruptiure and very intense shaking. This very shallow reservoirquses no
great threat; but leakage may impede efforts to accomplish timely repairs
to both the adjacent main line of the Southern Pacific Railroad and
Sierra Highway.'

]

San Andreas Fault Crossing-Barrel Sptings Los Angeles

The East Branch Aqueduct will be severely damaged by fault rupture with
resulting water discharge at the crossing of the San Andreas fault near
Barrel Springs.

California Aqueduct—Deﬁil Canyon - ‘ San Be;nat&inq

" No major damage to aqueduct facilities between Lake Silverwood and the

power plant and penstocks at Devil Canyon is expected. The pipeline
crossing the San Andreas fault will also be intact ‘provided that surface
fault rupture does, indeed, terminate some 25 km to the northwest (as
assumed in this scenario) o

.

California Aqueduct=Santa Ana Crossing - San Bernardino

This large-diameter pipeline between Devil Canyon and Perris Reservoir

‘will be subject to intense shaking and possible ground fallures in areas

of high ground water near Colton and.at the crossing of the Santa Ana
River. The pipeline at this location is under high pressure and rupture
could result in discharge of a significant volume of water until control
facilities at Devil Canyon are activated. Though no sympathetic movement
on other faults is considered in this planning scenario, ‘this pipeline is
particularly vulnerable to movement along the major San Jacinto fault

which it crosses in this samé area.

Colorado River Aqueduct . - Riverside

There will be no significant damage to facilities of the Colorado River
Aqueduct. The aqueduct crosses the San Andreas fault far beyond the

LY
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southern limit of fault rupture and the highest predicted intensity east
of the terminal reservoir at Lake Matthews is 7 (R-F).
MWD Upper Feeder » : ' o Riverside

Water deliveries through the MWD Upper Feeder will be temporarlly
interrupted by pipe rupture where.this majo» transmission line crosses
the Santa Ana River.

West of Diamond<Bar—Sewage pipe line ' Los Angeles
This major trunk sewer line will be damaged at several locations by
differential movements resulting from high intensity shaking between
Diamond Bar and La Puente.

Whittier Narrows Area-Sewage facilities . ~ Los Angeles
Two sewage treatment facilities and segments of adjacent major trunk

sewer  lines will sustain major damage due to high intensity shaking in
this area of high ground water. :
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EARTHQUAKE PLANNING SCENARIO: ELECTRICAL POWER

Map Nos. 2N-E and 2S~E

General Pattern

Approximately one~third of the power consumed in the greater Los Angeles
region is imported via transmission facilities that will be subjected to
intense shaking by the scenario earthquake. Immediately following the
earthquake it is very probable that transmission of a significant portion of
this power will be interrupted. Additionally, power generated at the five
hydroelectric power plants north of Castaic and the Devil Canyon power plant
near San Bernardino will be lost as a result of interrupted water supplies
from the California and Los Angeles Aqueducts. These losses, coupled with
some impairment of power generation capacity at Etiwanda and other major
plants in the South Coastal and Oxnard areas could cause an additional
temporary loss of about 25% of the geﬁerating capacity within the Basin. With
the loss of most imported power supplies a temporary reduction in total power
availability of 50% is conceivable. Major substations near the fault may also

sustain significant damage.

Descrigtion

The major providers of electrical power within the planning area are the

Southern California Edison Company and the City of Los Angeles, Department of
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Water and Power. The latter serves the City of Los Angeles, and Edison Co. to
the remainder of the area, except for the cities of Glendale, Burbank, and

Pasadena, which have their own generating capability.

A major portion of the electrical power needs of the planning area are met
b§ power generated within the area. These power plaﬁis, most of which. are
located in the séuthern.coastal area (Map 2S-E), are not expected to sustain
ma jor damage that would seriously impair their gemerating capability. Most of
the damage to electrical power systems will be in the areas of high intensity
shaking nearer the zone of surface rupture (Maps 2S-E and 2N-E) and will have
the greaﬁest effect upon the imported power supplies entering the planning
area from the north and northeast. Damage to major substations and
transmission lines in this area will result in reliance upon the locally

generated power sources until repairs to these import facilities can be

accomplished.

Duke (1981) points out that "Since about 1933, most California electrical
utilities have used earthquake design criteria for their critical facilities
which are in excess of those required by local building codes. Some changes
in criteria for new electrical equipment have been made since 1971 and
considerable research is presently underway. Some existing equipment has been
upgraded. Present design criteria for critical equipment are generally based
on spectra representing a 50 percent of gravity horizontal ground acceleration
combined with a vertical acceleration. System redundancy is recognized as

effective in minimizing earthquake effects.”

Relative to power generation in the planning area, Algermissen and others

. (1973) have stated that all but one or two of the thermal electrical
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generating plants in Los Angeles and Orange couﬁties have been designed for
lateral forces approximately twice that required by local building codes for
ordinary buildings. These increased design loads are applied to the
buildings, piping, bollers, generators, and equipment. The behavior of the
Valley Steam Plant (LADWP) in the February 9, 1971 San Fernando earthquake was
excellent and damage was negligible although the estimated ground motion at
this plant was Intensity VIII Modified Mercalli (MM). Experience indicates
that well-designed electrical generating plants should suffer minimum (less
than 5%) damage in Intensity VIII (MM) zones and only slight (less than 10%)
damage in Intensity IX (MM) zones. Ordinarily, the plants will not shut down
automatically when subjected to earthquake motions unless some malfunction of
the control equipment occurs or the surveillance system detects a condition

outside of acceptable limits.

For magnitude 8.3 scenario earthquake on the San Andreas fault,
Algermissen and others (1973) estimated that generating stations within the
Los Angeles-Orange County study area would have a functional impairment on the
order of only 5 percent. Impairment of the Etiwanda Plant in western San

Bernardino County was estimated to be 10 percent. Plants in Ventura County

were not considered.

Davis (1980) noted that "Further consideration must also be given to
generating plants located in areas of high ground water and/or poor soil
conditions which make these plants susceptible to liquefactlon.” Several of
the major plants in the Long Beach-Huntington Beach and Ventura coastal areas
are located in areas of potential ground failure but site-specific studies are

required to ascertain the actual potential at the plant sites. For the three
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Edison Company plants in the Long Beach—Huntington Beach area, Davis (1980)
estimated that "damage for the combined plants could be in the order of 25
percent...Based on the assumption that damage to generating stations would be
in the order of 10% - 25%, it is very probable that a majority of the

reduction in capacity would be restored within four to five days."

The several hydroelectric-power plants located on the California and Los
Angeles Aqueducts in northwestern Los Angeles County and the Devil Canyon
Power Plant near San Bernmardino will be out of service for an extended period
of time due to major damage to both of these aqueduct systems. The combined
capacity of these several hydroelectric plants, however, is only the
equivalent of one of the smaller fossil fuel plants located in the Los Angeles

Basin.

For planning purposes, we have indicated extensive damage at several major
substations. These particular facilities were designated on the basis of
their location relative to areas of predicted intensity 9 (R~F) shaking, as
shown on the Seismic Intensity bistribution maps for this planning area (Map
2N-S and 25-S). Thus, extensive damage is indicated at all of the major
substafions located within a few kilometers of the surface rupture. Several
other stations located within or in proximity to areas having high ground
water conditions with potential for ground failure and intensity 9 (R-F)
shaking aré also indicated as sustaining extensive damage. These were
categorical selections for planning purposes with no site-specific analysis of

particular facilities.

100



Relative to substations, Davis (1980) noted that "the Vincent substation
received some damage during the San Fernando earthquake at an estimated
shaking intensity of 7 (R~-F). The seismic resistance of equipment at this
station has‘since been improved and modified designs applied to other
facilities.” Davis also points out that "Substation facilities have extreme
flexibility with regard to routing power flow through the bus structure and,
therefore, temporary rearrangements should be available. However, large
breakers used in the 500KV system are not readily available and, therefore,

repair of facilities to their original condition may take extended periods of

time."

The CDMG analysis concurs with Algermissen and others (1973), who in
commenting on power transmission facilities, indicated that "Transmission
towers are designed for heavy lateral forces due to wind and broken conductor
conditions so that they are inherently very earthquake resistant. However,
they are susceptlble to damage due to landslides and movements of supporting
soils. Most of the transmission lines entering the Los Angeles Basin traverse
mountainous terrain which is subject to extensive earthquake induced
landsliding, particularly during thé wet season. Additionally, transmission
lines can be put out of service for Qery short periods of time (seconds) due
to conductors swinging together and shorting or for longer periods of time by

lines being broken due to tension caused by surface fault movements.”

Major transmission routes into the metropolitan area cross the surface
rupture and areas of intense shaking (9 R-F) at three general locations: near
Tejon Pass, Portal Ridge west of Palmdale, and near Littlerock. Numerous

damaged or collapsed towers are a reasonable expectation at each of these
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1ocatiohs; A fourth transmission corridor is through Cajon Pass, just beyond
the assumed southern limit of surface rupture, but still vulnerable to damage
by intense shaking and ground failures in stgep, mountainous terrain. With
regard to repairs, Davis (1980) indicatés that "temporary structures can be
installed in 1 to 2 days in order to restore the capability to import power.
However, the amoiint of earth movemént and the number of structurés damaged
could affect this restoration time. It is very probable that within 5 to 7
days at least one ma jor tr;nsmission line could be restored to service for a

case of severe and widespread damage to transmission facilities.”

Davis (1980) considered three plausible outcomes affecting the Edison

system following the scenario earthquake:

1. That all transmission lines that terminate at Vincent Substation and
the joint SCE-LADWP 500 VK DC line are inoperative due to towers

down, broken conductors, or switchyard damage.

2. That all transmission lines that terminate at Lugo Substation are

also inoperative for the same reasons.

3. There is a 10% reduction in generating capacity from Etiwanda and San
Bernardino generating stations and, further, that there is a 25%
reduction in generating capacity at Long Beach, Alamitos, and

Huntington Beach generating stations.

Davis concludes that if all these cases occurred simultaneously, a severe

deficiency of electrical energy would exist. "For this situation, emergency
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operating procedures and contingency plans would bé put into effect. 1In
general, these procedures and plans would require the curtailment of load om a
rotating basis, for one hour periods, throughout the Edison service area.”

The predicted intensities developed in this scenario suggest that it is
prudent, for planning purposes, to consider that these three cases do, indeed,

occur simultaneously.

Damage to the distribution system will be widespread and will require a
major repair effort. Underground distribution systéms will be damaged by
various ground failures. Surface distribution lines and poles will be broken
by f£ire and by failures of adjacent structures. Many transformers will fall.
Wires in contact will cause short circuits and fires. Davis (1980) indicates
that "Although the distribution systems can be expected to receive widespread
damage, it is anticipated tﬁat a majority of the affected area will be ready
to have service restored within 1 to 2 days. For those situations requiring
new temporary service, it is expected that a 2 to 3 day time period will be
required. It cam also be.expected that areas of underground distribution will
require a longer time to restore service, probably on the order of 5 to 7 days

for a majority of the underground distribution systems.”

Algermissen and others (1973) also notes that "Damage to oil storage tanks
and connecting piping has been common in Intensity VIII and IX zones (MM);
this damage could seriously affect the operations of generating plants which

depend on oil for fuel due to curtailment of natural gas.”
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Planning Insights

Possible temporary loss of electrical power amounting to as much as 50
percent. Plamning should work with this assumption. Local lack of power

should be considered in all emergency planning.

Recommended Further Work.

Further analysis should be undertakem to confirm the tentative comclusion
that up to 50 percent of the total power supply could be lost by this or a
similar scenario earthquake and evaluate utility capabilities necessary to

accomplish timely repairs to various damaged facilities.
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ELECTRICAL POWER
Maps 2N-E and 2S5-E

MAP NOTATIONS

NO. FACILITY COUNTY
El Substation-Gorman Los Angeles

E3

E4

ES

This substation, located very near the San Andreas fault, will be
subjected to intense shaking with resulting major damage.

Substation-Saugus and Sylmar Los Angeles

These two substations, located in proximity to areas of high ground water
subject to intense shaking, will sustain major damage.

Power Plants-Burbank/Glendale Area Los Angeles

Predicted shaking in the vicinity of the Valley Steam Plant and the other
plants in the area operated by the cities of Burbank, Glendale, and
Pasadena is intensity 8 (R-F) (See Map No. 25-S) for this scenmario.
Expected damage to these plants is minimal, in concurrence with
Algermigsen and others’ (1973) estimate of a functional impairment of 5%
for these facilities. Algermissen and others (1973) point out that "The
behavior of the Valley Steam Plant (LADWP) in the February 9, 1971, San
Fernando earthquake was excellent and damage was negligible although the
estimated ground motion at this plant was Intensity VIII (MM). Experience
indicates that well designed electrical generating plants should suffer
minimum (less than 5%) damage in Intensity VIII (MM) zones."” (Intensity
VIII-IX [MM] corresponds roughly to Intensity 8.75 - 9.5 [R-Fl).

Power Plants-Oxnard Plain Ventura

For reasons outlined in note E-=3 above, only minor damage will occur to
these two generating plants as a result of shaking. These plants are

located in areas of potential ground failure, however, that could result
in loss of some appurtenant facilities and/or gemerating capacity. For

planning purposes, it 1s assumed that the combined plant output is
diminished by 15 per cent.

Substation=-Vincent Los Angeles

This substation, located 7 km from the rupture zome, will sustain major
damage as a result of very intense shaking. Many transmission lines

routad to this station will be out of service due to damaged and collapsed
towers.
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Transmission Lines=Littlerock Area Los Angeles

Multiple high-voltage transmigssion tower lines crossing the San Andreas
fault near Littlerock Creek will be out of service due to numerous towers
damaged or collapsed by intense shaking and failures on steep slopes east
of Vincent substation.

Transmission Lines-Tejon Pass Area Kern-Ventura—
Los Angeles’

Ma jor power transmission lines routed through the Tejon Pass corridor are
out of service due to damaged and collapsed towers resulting from intemse
shaking (9 R-F) and ground failures in an area of steep mountainous
terraine.

Transmission Lines-Portal Ridge Area Los Angeles

Ma jor power transmission limes crossing the San Andreas fault near Portal
Ridge, including the joint SCE-LADWP high voltage DC transmission line,.
will be out of service due to numerous damaged towers both north and south
of. the rupture zone.

Hydroelectric Power Plants-North of Castaic Los Angeles

Power generation at the five hydroelectic plants in this area will be
essentially terminated for a minimum of three months until aqueduct
repairs (both the California and Los Angeles Aqueducts) are completed and
water deliveries resumed.

Transmission Lines=Cajon Pass Area San Bernardino

Numerous high voltage transmission towers located on steep slopes in the
Cajon Canyon corridor will be damaged or collapse as a result of shaking
and failures of steep slopes. Restoration of damaged lines in this area
will be difficult due to the steep mountainous terrain and limited access.

Lugo Substation San Bernardino

Adhering strictly to the predicted intensities shown on Map No. 25-S, Lugo
substation will receive only intensity 8 (R~F) shaking and consequent
minor damage. However, if surface rupture extended only slightly further
to the southeast than assumed in this scenario, the predicted intemsity at
this facility would be intensity 9 (R-F). For planning purposes,

therefore, it has been assumed that the Lugu substation will incur major
damage.
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Substation—-San Bernardino . A San Bernardino

This substation is located in the immediate vicinity of the historically
active San Jacinto fault. Though no sympathetic movement along this or
other faults 1s considered in this scenario, that eventuality could
inflict major damage to this facility. Ground water levels east of the
fault, though currently rising, appear to be deeper than 10m at this
location (Shervington, 1982). Site-specific studies will be required to
adequately assess conditions at this site. For planning purposes, this
facility is assumed to be seriously damaged and non-operational.

Substations~La Puente Area Los Angeles
Two major substations located along the San Jose Creek drainage will
sustain moderate damage resulting from Intemsity 9 (R-F) shaking.

Power Plants~Long Beach/Huntington Beach Area Los Angeles
Five major power plants located in the Long Beach-~Huntington Beach area

will sustain some damage. Algermissen.and others (1973) conclude, for
reasons stated im hote E-3, that functional impairment of any one of these

"stations will be on the order of only 5%Z. Noting that generating plants

located in areas of high ground water and/or poor soil conditions may be
subject to ground- failure due to liquefaction, Davis (1981), in discussing
the three Edison plants located in this area, concludes that “"damage for
the combined plants could be in the order of 25%.”

107



EARTHQUAKE PLANNING SCENARIO: NATURAL GAS

Map Nos. 2N-G and 2S~G

General Pattern

Major pipelines importing natural gas into the greater Los Angeles region
will be ruptured near Tejon Pass, south of Palmdale! and Cajon Pass. These
lines will be shut off automatically. Damage to pumping statioms may also
affect gas transmission. In general, these effects will be moderate to minor.
Underground storage facilities within the planning area will provide gas for

users in many parts of the Basin during the post-earthquake period.

Description

Natural Gas is supplied to the fegion through facilities of the Southern
California Gas Company (S.C.G.) and its affiliated utility, Pacific Lighting
Service (P.L.S.). Analysis of the matural gas supply system can be considered
in two phases, the bulk supply lines from out of state and the San Joaquin
Valley and the local distribution network, including underground storage and

pumping stations.

For planning purposes, we conclude that fault rupture will sever the
imported supplies from the San Joaquin Valley that cross the fault near Tejon
Pass (Map 2N-G), and the 30-inch diameter import line that crosses the fault
south of Palmdale. In addition, we have assumed that the two major lines

routed through the Cajon Canyon corridor (Map 2S-G) will be ruptured by
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_seiSmically—triggeged landslides or conceivably by fault rupture if
displacement along fhe San Andreas extends further east than during the 1857
earthquake. The two imported supply lines routed through San Gorgonio Pass
cross the San Andreas fault well beyondvthe southeastern limit of surface
rupture. One of these two lines is assumed, however, to be ruptured as a

result of ground failure west of Riverside.

The CDMG concurs with Algermissen and others (1973) that the line breaks
can- be isolated with the automatié pressure-actuated shut-off valves and
repairs should be relatively easy. Damage to these transmission lines will
necessitate temporary dependence upon underground storage. No significant
damage to the underground storage facilitles is foreseem, though the adjacent

compressor station could experience damage necessitating temporary shutdown.

For a similar scenario, Algermissen and others (1973) estimated a total of

1510 breaks in gas mains and service comnections in ios Angeles and Orange

Counties, affecting some 68,000 customers. The implications of this conditions

include local fire vulnerability and losses of gas pressure.

Planning Insights

Utilities should collaborate in a continuing public education campaign
which explains the most likely types of utility impairments. Plans should be
developed to ensure gas availability for those users who have priority

emergency responsibilities.
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Recommended Further Work

Locatlons where gas availability would be mbst severely impacted should

be identified. Emergenmcy users of natural gas should be identified.

Exploration of the likelihood of fire vulnerability due to breaks in local gas

mains should also be explored.

MAP NOTATIONS

NO. FACILITY COUNTY

Gl  San Andreas Fault Crossing-Quail Lake Los Angeles
P.L.S. 34-inch diameter pipeline from the San Joaquin Valley will be
severed by fault rupture where it crosses the San Andreas fault near
Quail Lake.

G2 San Andreas Fault Crossing-Palmdale Los Angeles
P.L.S. 30-inch diameter pipeline will be severed by fault rupture where
it crosses the San ‘Andreas fault south of Palmdale.

G3 San Andreas Fault Crossing-Tejon Pass _ ‘ Los Angeles
P.L.S. 26-inch diameter pipeline will be severed by fault rupture where
it crosses the San Andreas fault at Tejon Pass.

G4 San Andreas Fault Crossing-Tejon Pass Los Angeles
S.C.G. 22-inch diameter pipeline will be severed by fault rupture where
it crosses the San Andreas fault at Tejon Pass.

G5 Cajon Canyon San Bernardino

Two major gas supply lines (S.C.G.) will be ruptured by seismically

triggered landslides or rockfalls in the Cajon Pass corridor and possibly

by fault rupture.
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Riverside-Rosemead Riverside

Several lengthy sections of 30-inch diameter pipeline $.C.G. between
Riverside and Rosemead are exposed to Intensity 9 (R-F) shaking in areas
with high probability of ground failure. Although these larger diameter
transmission pipelines (30-inch diameter and larger) are capable of

.withstanding significant deformation, we assume, for planning purposes,

that this line will be ruptured as a result of ground failures at one or
more unspecified locations along this route.

Castaic Creek-Santa Clara River ' Los Angeles
The 22-inch diameter (S.C.G.) and 26-inch diameter (P.L.S.) pipelines,
severed by fault rupture near Tejon Pass, will be further damaged by

ground failures and intense shaking where they cross Castaic Creek and
the Santa Clara River.
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EARTHQUARE PLANNING SCENARIO: PETROLEUM FUELS

Maps 2N-P and 2S5-P

General Pattern

Imports of crude oil from the San Joaquin Valley will be disrupted in
lines routed through Tejon Pass. Petroleum product pipelines exporting from
refineries in the Los Angeles Basin may also be damaged. No major widespread
damage to oil handling and refinery facilities is foreseen except, possibly,
in the Long Beach and adjacent harbor areas where many older petroleum
pipelines are located in areas of poor ground. Resulting possibilities of
fire exist in all of these areas. In genéral, effects on petroleum pipelines
regionally will not be extemnsive, except in the immediate wvicinity of the

fault and local areas of ground failure.

Description

The planning area includes a major concenﬁration.of petroleum related
facilities, including many producing oil fields,'major refineries, and
extensive related oil handling facilities. Most are located in the central
and southern Los Angeles basin, becoming particularly dense within and
adjacent to the Los Angeles-Long Beach harbor area (Map 25-P). The various
oil fields and related facilities are interconmnected by a dense network of

petroleum pipelines.

Other petroleum producing areas within the planning area include the
Orange County coastline, the greater Whittier area of southeast Los Angeles

and Orange Counties, and the area parallelling the Santa Clara River between
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Newhall4Saugus and Ventura-Oxmard. In addition to these production facilities
within the area, séveral major pipelines import crude oil to the local

refineries and export of petroleum ﬁroducts-to Nevada, Arizona, and San Diego.

Most of the refineries and related storage facilities are located in
areas with predicted shaking of intemsity 7 and 8‘(R~F). Facilities near the
harbor and ‘coastal-areas are subject to ground failures. While some damage to
these facilities will occur, total impact on the industry‘shéﬁld be relatively

minor.

The newer pipelines are equipped with pressure-sensitive automatic
shut-off valves. Algermissen and others (1973) indicate that perhaps 50% of
the lines in‘thg-Los Angeles and Harbor areas have such valves:; automatic
vaives are also used on most lines going out of Los Angeles and to the east

through Cajon Pass.

Ma jor damage to petroleum pipelines as envisioned in this scemario
include: (a) rupture of pipelines (crude) from the San Joaquin Valley near
Tejon Pass (Map 2N-P), (b) damage to major export product iine in Cajon
Canyon; and (c¢) numerous breaks of older lines in the Los Angeles-Long Beach

harbor areas.

Algermissen and others (1973) pointed out that such breaks will
constitute a gire threat, particularly in thé hot, dry season. Should the
petroleum igﬁite during the rainy season,‘water will transport the fire. The
same E@reat exists in the harbor area where leaking product lines could be

ignited and petroleum on water can burn as it did in the 1964 Alaskan

earthquake.
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Planning Insights

Plans for fire control should be develbped for areas where these
pipelines cross the San Andreas fault. Plans should also exist to ensure
distribution of fuel supplies to airports selected for emergency activity and
to other locations where fuel supplies for emergeﬁcy«reSponse activities will

be needed.

~Recommended Further Work

The effects on pipelines at specific locations where ground failure is
plausible should be evaluated. The locations and adequacy of shutoff valves
should be confirmed at all crossings of the San Andreas fault and in other

areas where ground failure is plausible.

PETROLEUM FUELS
Maps 2N-P and 2S-P

MAP NOTATIONS

NO. FACILITY COUNTY
P1 Pumping Stations-Tejon Pass Area | Kern

Petroleum pumping stations in the vicinity of Fort Tejom, pumping crude
0oil from the San Joaquin Valley to Los Angeles arsa refineries, will
suffer major damage. Agnew and Sieh (1978) estimate Intensity VIII - IX
(MM) in this area during the 1857 earthquake, corresponding to
Rossi-Forel intensity 9. "At Ft. Tejon, 7 km. from the fault, none of
the buildings were totally destroyed; of seven that had been completed,
two were so badly damaged as to be unsafe, and half of the six under
construction were seriously damaged...These buildings had timber framed

roofs and adobe bearing walls. The reports indicate Intensity VIII (MM)
for this location.”

P2  Pipelines-Tejon Pass Area Los Angeles
Three major petroleum pipelines transporting crude oil south will be

severed by fault rupture in the Tejon Pass - Gorman area.
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P3

P4

P5

P6

P7

Pumping Station-0ak Flats _ Los Angeles

Petroleum pumping station near Oak Flats will suffer major damage due to
intense shaking (9 R-F).

Petroleum facilities near Castaic Junction Los Angeles

Ground failure resulting from liquefaction of sediments in Castaic Creek
and/or the Santa Clara River is assumed to cause further damage to ore or
more of the three crude oil pipelines from the San Joaquin Valley.

(These same lines are severed by fault rupture near Tejon Pass——see Note
P2). In the Newhall-Saugus area, pumping stations and other petroleum
production and handling facilities, including pipelines, will sustain
light to moderate damage.

Southern Los Angeles Basin-Harbor Area Los Angeles

Many petroleum pipelines in the southern Los Angeles Basin will be

-ruptured, particularly near the harbor areas where poor ground coanditions

are more prevalent. Older lines will experience the most damage and in
the absence of automatic shut-off valves on many of these lines some
parts of the harbors may be contaminated by leaking petroleum products.
Damage to refineries and related oil handiing and storage facilities will
be relatively light, though facilities located om poor ground near the
harbors will experience localized damage due to ground failures.

Petroleum Pipelines-Diamond Bar Los Angeles

This important 20-inch diameter export petroleum product pipeline,
exposed to high intensity shaking for several miles along the San Jose
Creek drainage, will rupture by ground failure near Diamond Bar.

Petroleum Pipelines-Cajon Canyon _ San Bernardinmo

CAL NEV pipeline, exporting petroleum products to Nevada, crosses the San
Andreas fault southeast of the southern limit of the San Andreas fault
rupture (Lone Pine Canyon) assumed in this scenario. Even so, this
important lifeline will be severed in Cajon Canyon by a major
seismically~triggered landslide or possible extension of fault rupture
along the San Andreas beyond the limits of the 1857 earthquake.
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GLOSSARY

(Definitions adapted from Glossary of Geology, American Geological

Institute, 1981, and American Heritage Dictionary, 1981).

ALLUVIUM

BEDROCK

DEFORMATION

EARTHQUAKE

EARTHQUAKE INTENSITY

EARTHQUAKE MAGNITUDE

FAULT

GROUND FAILURE

GROUND RUPTURE
ISOSEISMAL AREA

LIFELINES

LIQUEFACTION

Surficial sediments consisting of poorly
consolidated gravels, sands, silts, and clays
deposited by flowing water.

A general term for coheremt, usually solid rock,
that underlies soil or other-unconsolidated
surficial material. '

A general term for the process of folding,
faulting, shearing, compression, or extemsion of
rocks.

Vibratory motion propogating within earth or along
its surface caused by the abrupt release of strain
(elastically deformed rock) by displacement
movement along a fault surface.

A measure of the effects of an earthquake at a

particular place. Intensity depends upon the

earthquake magnitude, distance from epicenter, and
upon the local geology.

A measure of the size of an earthquake, as
determined by measurements from seismographic
records.

A fracture (rupture) or a zone of fractures along
which there has been displacement of adjacent
earth material.

Permanent ground displacement produced by fault

rupture, differential settlement, liquefaction, or
slope failure.

Displacement of the earth's surface as a result of
fault movement assoclated with an earthquake.

An area composed of points of equal earthquake
intensity on the earth's surface.

Facilities such as highways, bridges, tunnels,
ma jor airports, electrical power lines, fuel
pipelines, communication lines, water supply
lines, marine terminals and railroads.

The transitory transformation of sandy
water-saturated alluvium with properties of a
solid into a state possessing properties of a
liquid as a result of earthquake shaking.
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MAGNITUDE

MODIFIED MERCALLI
SCALE

REINFORCED MASONRY
RICHTER -SCALE
ROSSI-FOREL SCALE

SEISMIC HAZARD

THRUST FAULT

WATER TABLE

See Earthquake Magnitude.

See Appendix.

Masonry construction with steel reinforcement.
See Appendix.

See Appendix.

A condition of risk or potential damage due to an

earthquake.

A fault with a dip of 450 or less over much of
its extent, on which the hanging wall appears to
have moved upward relative to the footwall.
Horizontal compression rather than vertical
displacement is its characteristic feature.

The upper surface of ground water saturation of

pores and fractures in rock or surficial earth
materials.
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APPENDIX

Rossi-Forel Scale,
Modified Mercalli Scale,'

and Richter Scale
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EARTHQUAKE-MEASURING SCALES

ROSSI-FOREL INTENSITY SCALE

The first  scale to reflect earthquake intensities was developed in the
1880s by de Rossi of Italy and Forel of Switzerland. This scale, with
values from 1 to 10, was used for about two decades. ‘The most commonly
used form of the Rossi-Forel (R-F) scale reads as follows:

1* Microseismic shock. Recorded by a single seismograph or by

seismographs of the same model, but not by several seismographs of
different kinds: the shock felt by an experienced. observer.

Extremely feeble shock. Recorded by several seismographs of

different kinds; felt by a small number of persouns. at rest.

Very feeble shock. Felt by several persons at rest; strong enough

for the direction or duratiom to be appreciable.

Feeble shock. Felt by persons in motion; disturbance of movable
objects, doors, windows, cracking of ceilings. )

Shock of moderate intensity. Felt generally by everyone;
disturbance of furniture, beds, etc., ringing of some bells.

Fairly strong shock. General awakening of those asleep; general
ringing of bells; oscillation of chandeliers; stopping of clocks;
visible agitation of trees and shrubs; some startled persons
leaving their dwellings.

Strong shock. Overthrow of movable objects; fall of plaster;
ringing of church bells; general panic, without damage to buildings.

Very strong shock. Fall of chimneys; cracks in the walls of
buildings.

Extremely strong shock. Partial or total destruction of some
buildings.

Shock of extreme intensity. Great disaster; ruins; disturbance of
the strata, fissures in the ground, rock falls from mountains.

* Although the convention is to use Roman numerals for ihtensity,
in this report we have employed arabic characters on the map and
thus have adopted them in the text.
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MODIFIED MERCALLI INTENSITY SCALE

A need for a more refined scale increased with the advancement of the
science of seismology, and in 1902 the Italian seismologist, Mercalli,.

" devised a

new scale on a I to XII range. The Mercalli scale was modified

in 1931 by American seismologists Harry O. Wood and Frank Neumann to take
into account modern structural features. The Modified Mercalli (MM) scale
reads as follows:

I

II

III

v

VI .

VII

VIII

IX

Not felt except by a very few under especially favorable
circumstances.- R

Felt only by a few persons at rest, especially on upper floors
of buildings. Delicately suspended objects may swing.

Felt quite noticeably indoors, especially on upper floors of

buildings, but many people do not recognize it as an earthquake.

Standing motor cars may rock slightly.  Vibration like passing
of truck. Duration estimated.

During the day felt indoors by many, outdoors by few. At night,
some awakened. Dishes, windows, doors disturbed; walls make
cracking sound. Sensation like heavy truck striking building.
Standing motor cars rocked noticeably.

Felt by nearly everyone, many awakened. Some dishes, windows,
etc., broken; a few instances of cracked plaster; unstable

objects overturned. Disturbances of trees, poles and other tall '

objects sometimes noticed. Pendulum clocks may stop.

Felt by all, many frightened and run outdoors. Some heavy
furniture moved; a few instances of fallen plaster or damaged
chimneys. Damage slight.

Everybody runs outdoors. Damage negligible in building of good
design and construction; slight to moderate in well-built
ordinary structures; considerable in poorly built or badly
designed structures; some chimneys broken. Noticed by persons
driving motor cars.

Damage sllght in specially designed structures; considerable in
ordinary substantial buildings, with partial collapse; great in
poorly built structures. Panel walls thrown out of frame
structures. Fall of chimneys, factory stacks, columns,
monuments, walls. Heavy furniture overturned. Sand and mud
ejected in small amounts. Changes in well water. Persons
driving motor cars disturbed. :

Damage considerable in specially designed structures; well-
designed frame structures thrown out of plumb; great in
substantial buildings, with partial collapse. Buildings shifted
off foundations. Ground cracked comspicuously. Underground
pipes broken.
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X Some well-built wooden structures destroyed; most masonry and
frame structures destroyed with foundations; ground badly cracked.
Rails bent. Landslides considerable from river banks ‘and steep
slopes. Shifted sand and mud. Water splashed (slopped) over
banks. .

XI ' Few, if any, (masonry) structures remain standing. Bridges
destroyed. Broad fissures in-ground. Underground pipelines
completely out of service. Earth slumps and land slips: in soft
ground. Rails bent greatly.

XIT Damage total. Practically all works of construction are
damaged greatly or destroyed. Waves seen on ground surface.
Lines of sight and level are distorted. Objects are thrown
upward into the air.

The Modified Mercalli intensity scale measures the intensity of an
earthquake's effects in a given locality, and is perhaps much more
meaningful to the layman because it is based on . actual observations of
earthquake effects at specific places. It should be’noted that because
the data used for assigning intensities can be obtained only from direct
firsthand reports, considerable time--weeks or months--is sometimes needed
before an intensity map can be assembled for a particular earthquake. On
the Modified Mercalli intensity scale, values range from I to XII.  The
most commonly used adaptation covers the range of ‘intensity from the
conditions of "I--not felt except by very few, favorably situated," to
"XII--damage - total, lines of sight disturbed, objects thrown into the
air." While an earthquake has only one magnitude, it can have many
intensities, which decrease with distance from the -epicenter.

CORRELATION OF MODIFIED MERCALLI AND ROSSI-FOREL
SEISMIC INIENSIIY SCALES

To convert from R-F to MM, the following table may be useful:

R-F 1 3 5 7.75 8.75 9.5 10

MM I III Iv-v VII VIII IX X-XII
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RICHTER MAGNITUDE SCALE

The Richter magnitude scale, named after Dr. Charles F. Richter,
Professor Emeritus of the California Institute of Technology, is the
scale most commonly used, but often misunderstood. On this scale, the
earthquake's magnitude is expressed in whole numbers and decimals.
However, Richter magnitudes can be confusing and misleading unless thé
mathematical basis for the scale is understood. It is important to
recognize that magnitude varies logarithmically with the wave amplitude
of the quake recorded by the seismograph. Each whole number step of
magnitude on the scale represents an increase of 10 times in the measured
wave amplitude of an earthquake. Thus, the amplitude of an 8.3 magnitude
earthquake is not twice as large as a shock of magnitude 4.3, but 10,000
times as large.

Richter magnitude can also provide an estimate of the amount of
energy released during the quake. For every unit increase in magnitude,
there is a 31~fold increase in energy. For the previous example, a
magnitude 8.3 earthquake releases almost one million times more energy
than one of magnitude 4.3.

A quake of magnitude 2 on the Richter scale is the smallest quake

normally felt by humans. Earthquakes with a Richter magnitude of 7
or more are commonly considered to be major. The Richter magnitude

scale has no fixed maximum or minimum; observations have placed the
 largest recorded earthquakes in the world at about 8.9, and the smallest
at <3. Earthquakes with magnitudes smaller than 2 are called "micro-
. earthquakes.” Richter magnitudes are not used to estimate damage. An
earthquake in a densely populated area, which results in many deaths and
considerable damage, may have the same magnitude as an earthquake that’
occurs in a barren, remote area, that may do nothing more than frighten
the wildlife. '

128



	

