
< 

, '. 

1-
s,~ fRo\NCISCC 'l) ~ 

I\N'iAn) I 

r ) 

of. 
- / ' 

FOR A MAGNITUDE 7.5 EARTHQUAKE 

ON THE AAYWARD FAULT IN THE 

SAN FRANCISCO BAY AREA 

CALIFORNIA DEPARTMENT 
OF CONSERVATION 

DIVISION OF MINES 
AND GEOLOGY 

SPECIAL PUBLICATION 78 
1987 

THE RESOURCES AGENCY ,. 
GORDON K. VAN VLEGK 

SECRETARY FOR RESOURCES 

" 

SCALE 1:500,000 

STATE OF CALIFORNIA 
GEORGE DEUKMEJIAN 

GOVERNOR 



DIVISION OF MINES AND GEOLOGY 

BRIAN E. TUCKER 

ACTING STATE GEOLOGIST 



SPECIAL PUBLICATION 78 

EARTHQ UAKE PLANNING SCENARIO 

FOR A MAGNITUDE 7.5 EARTHQ UAKE 

ON THE HAYWARD FAULT IN THE SAN FRANCISCO BAY AREA 

By 

Karl V. Steinbrugge, John H. Bennett, Henry J. Lagorio, 

James F. Davis, Glenn Borchardt, and Tousson R. Toppozada 

Consultants 

Henry J. Degenkolb, Gordon l. Laverty, and James E. McCarty 

1987 

CALIFORNIA DEPARTMENT OF CONSERVATION 
DIVISION OF MINES AND GEOLOGY 
1416 Nin th Street, Room 1341 
Sacramento, California 95814 



Courthouse at San Leandro after the Hayward earthquake of October 21, 1868. 



FOREWORD 

• DUring the past 130 years, California has been struck by five major 
earthquakes--in northern California, the 1868 Hayward and 1906 San 
Francisco earthquakes; in southern California, the 1857 Ft. Tejon, 1872 
Owens Valley, and 1952 Kern County earthquakes. Most of these occurred 
while California was still sparsely populated. 

• More than 500 potentially damaging earthquake s have occurred in 
California or near its borders since 1900. These earthquakes have been 
responsible for the deaths of thousands of people and $2 billion in prop­
erty damage. 

• Scientists agree that during the next 50 years California can ex pect at 
least one great earthquake (magnitude..A-'8) and several smaller de struc­
tive earthquakes. 

• The Hayward fault was the source of the destructive 1868 e arthquak e (mag­
nitude ........... 7) and the probable source of an equivalent event in 1836. 
Earthquakes of comparable and possibly larger magnitudes are certain to 
recur on the Hayward fault and could do so at any time. 

• A major earthquake on the Hayward fault within the highly urban San 
Francisco Bay area poses one of the greatest hazards to lives and prop­
erty in the nation. 

• This earthquake planning sce nario portrays many of the credible cons e ­
quences of such an e arthquake. Hopefully, increased awareness of the 
threat will provide impetus for coordinated regional planning programs to 
cope with this eventuality. 
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Figure 1. Landsat image of the San Francisco Bay area . The magnitude 7.5 
scenario earthquake is the result of rupture of the entir e lO O-kilometer (62-
mile) length of the Hayward fault. Prolonged strong shaking sufficient to 
cause significant structural damage (Modified Mercalli intensity VIII and 
greater) would occur throughout the area outlined. Note that downtown San 
Francisco is about equidistant from the Hayward and San Andreas faults and, 
therefore, vulnerable to a major earthquake originating on either fault. 
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EXECUTIVE SUMMARY 

THE EARTHQUAKE THREAT 

The Hayward fault is a seismically active major element of the San 

Andreas fault system. The Hayward earthquake of October 21, 1868 of Richter 

Magnitude about 7 (M7) is one of the largest earthquakes to occur in 

California, causing widespread damage throughout the then sparsely populated 

Bay area. In 1868 the fault ruptured from Oakland to Fremont (50 kilometers), 

and the maximum reported displacement was 3 feet. An event of similar 

destructive magnitude in 1836 also occurred on the Hayward fault. Future 

earthquakes of comparable magnitude are a reasonable expectation and could 

occur at any time. 

A large earthquake on either the Hayward or the San Andreas fault poses a 

major threat to the entire Bay area. While the effects of these earthquakes 

may differ from place to place, a major earthquake on the Hayward fault is not 

an exclusive East Bay concern and a san Andreas event is not an exclusive San 

Fr ancisco concern. The threat to San Francisco from the Hayward fault was 

recognized by Lawson (1908, p. 447): RThe foot of Market street, san 

Francisco, is about midway between the San Andreas Rift and the fault scarp 

upon which movement occurred in 1868 . The city has, therefore, to reckon with 

the latter as well as the former in its future career, and, consequently, 

should be doubly prudent in the location and structure of its important build-

ingsR. 

1 
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THE SCENARIO EARTHQUAKE 

Description 

This planning scenario is based on the maximum credible earthquake that 

could occur on the Hayward fault. The assumed characteristics of this earth­

quake are: a Richter magnitude of 7.5 (M7.5) that results from rupture of the 

entire 100 kilometer (62 mile) length of the fault from San Pablo Bay to east 

of San Jose: surface faulting that produces horizontal offsets averaging 5 

feet (maximum 10 feet): potentially damaging shaking that continues for 25-35 

seconds within 20-25 miles of the fault: frequent aftershocks that continue 

for many weeks, including events of M6 or larger. The likelihood of 

occurrence of the M7.5 scenario earthquake is much lower than that of a M 

about 7 event such as occurred in 1868. 

While this planning scenario is based upon a maximum credible event for 

the Hayward fault, damage patterns would in many respects be similar for an 

event of smaller magnitude. A magnitude about 7 event (similar to the 1868 

earthquake), for example, would result from rupture along only one half the 

length of the fault (50 kilometers) and would produce about 3 feet of surface 

offset . The resulting damage to lifelines, critical facilities, local utility 

distribution systems, etc., while not as severe, would affect most of the same 

facilities along the ruptured segment of the fault. Shaking near the rupture 

zone would be as severe, but presumably, not as prolonged. Gro'und failures 

would occur in the same general areas. 
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Predicted Effects 

Faul t Rupture 

Horizontal fault offset averaging 5 feet along the 62 mile length of the 

fault would cause major damage to structures located on active fault traces. 

Throughout most of its length the fault traverses residential and commercial 

areas, posing the threat of widespread damage to buildings, utility lifelines 

and distribution systems, and transportation routes. 

Shaking Intensity 

The area subject to shaking of Modified Mercalli intensity VIII (strong 

enough to cause considerable damage in ordinary substantial buildi ngs; great 

damage in poorly built structures) extends from nea r Petaluma and Napa in the 

north say to south of san Jose. The area encompasses most of the populated 

areas of eastern Contra costa county and Livermore Valley on the east, most of 

the heavily populated greater san Jose area, the communities north along the 

Peninsula to and including much of San Francisco, and the low-lying urban 

areas of bayside Marin county. 

Predicted shaking of Modified Mercalli intensity IX (strong enough to 

cause considerable damage in specially designed structures; great damage in 

substantial buildings wi th part ial collapse; buildings shifted off founda­

tions) encompasses an area of some 5 miles in width lying generally west of 

the Hayward fault, an area that includes virtually all the developed urban 
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area of the East Bay from San Pablo southeast to and including the eastern 

half of San Jose. 

Intensities greater than IX will most commonly occur along the zone of 

surface rupture and in those areas having a high potential for ground failure, 

notably around the Bay margins. 

Ground Failures 

Secondary ground failures, notably differential settlements and shifting 

of the land surface due to liquefaction will be common, particularly on filled 

ground around the Bay marg ins. These movements will damage various major 

structures and lifeline facilities, notably highways, railroads, airport run­

ways, port facilities, and some utility pipelines. Seismically induced land­

slides pose an additional threat, particularly in the East Bay hills, with the 

probability of failure being highest in the rainy season. 
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THE EARTHQUAKE IMPACT 

oeaths and Injuries 

Deaths resulting from this scenario earthquake are estimated to range 

from 1,500-4,500 depending upon the time and day of occurrence. Hospitalized 

casualties are estimated to be 3 t i mes the number of deaths; significant non­

hospitalized casualties are estimated at 30 times the number of deaths. 

Hospitals near the Fault 

Eight of the 26 general acute care hospitals (99 beds or more) in Alameda 

and contra costa counties are located within one mile of the Hayward fault. 

This represents a bed capacity of 2,300 of a total of 6,200 available in these 

major facilities (about 35 percent). Almost all buildings at these 8 sites 

were constructed prior to adoption of more stringent hospital building re­

quirements in 1972. Direct damage, restricted access, prolonged loss of pub­

lic utility services and reduced public confidence in structures near the 

fault, will necessitate closure of some of these facilities. 

more hospitals could become an added post-earthquake burden. 

public Schools 

Thus, one or 

Earthquake resistant public school buildings are generally well distri­

buted throughout populated areas and are normally in a safe condition follow­

ing earthquakes. These structures provide a major resource for mass shelter 

and feeding. Some substantial damage to several schools can be anticipated, 
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however, because of close proximity to the fault. Also, schools located in 

the hills east of the fault will be functionally impaired due to disrupted 

utility services. The Hayward fault traverses the University of California 

campus where about 20 percent of the floor space is in buildings classified as 

seismically poor or very poor, some of which can be expected to partially or 

totally collapse. 

Transportation Lifelines 

Trans-say Bridges 

The trans-Bay bridges will be temporarily closed due to ground and struc-

tural failures at the bridge approaches. Roadway clearance, emergency re-

pairs, detours, and bridge inspections will preclude or severely restrict use 

of these structures during the initial post-earthquake hours. The oakland say 

Bridge wi l l be effectively closed due to major damage at the east approach in­

terchange and northward along Interstate 80/Route 17; the Richmond-San Rafael, 

San Mateo, and Dumbarton crossings should be available to limited emergency 

traffic in less than 36 hours. The Golden Gate Bridge will remain open, but 

traffic will be severely limited by damage at the southerly bridge approaches. 

Major Freeway Routes 

All of the major freeway routes to the East Bay from the east and south 

either cross the fault or are otherwise vulnerable to damage by strong shaking 

and ground fail ures. Major routes subject to surface fault offset average 5 

feet) include Interstate 80 at San Pablo, Interstate 580 in East oakland, 
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Interstate 08U at Fremont and south to Milpitas, Route 24 west of the 

Caldecott Tunnel and most of Route 13 (Warren Freeway). Ground failures due 

to liquefaction and strong ground shaking cause major damage along Route 17 

from Richmond to San Jose. 

Virtually all older freeway bridges in the area have been retrofited to 

increase their resistance to shaking. Nevertheless, damage to and collapse of 

some of these structures is to be expected. Access to and travel within the 

East Bay will be difficult and limited to emergency traffic. Most principal 

routes on the San Francisco and Marin Peninsulas and western portion of the 

greater San Jose area will be open subject to major delays and detours. 

Airports 

Runways at the major Bay area airports are generally constructed of fill 

placed over Bay mud of varying depths. Their performance when subjected to 

prolonged shaking is questionable, and liquefaction and differential settle­

ment may render all or portions of many runways unusable by larger aircraft. 

For planning purposes, San Jose Municipal Airport is assumed to be available 

for larger transport aircraft. San Francisco and Oakland International, 

Hayward Municipal, and other secondary Bay area airports should be available 

for limited use by small aircraft and helicopters. Alameda Naval Air Station 

will be closed. 
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BART 

BART will be shut down due to the lack of electrical power and need to 

assess and repair damage. Principal damag~ will be to the Berkeley Hills tun­

nels which will be closed indefinitely as a result of fault rupture. Damage 

to a few elevated spans is postulated in the East Bay. The trans-Bay tube and 

the subway systems survive with no major damage. 

Railroads 

Rail service to the Bay area from the east and south will be curtailed 

due to fault rupture, ground failures at various locations around the Bay pe-

rimeter, and structural damage to numerous bridges. Rail service via the 

coast route from southern California to San Francisco will be restored rapidly 

but all other lines to and from the Bay area will be blocked for at least the 

initial 72-hour post-earthquake period. 

Port Facilities 

Most of the docks in the Bay area are pile supported and are not expected 

to be greatly affected. Port facilities at San Francisco are, therefore, ex­

pected to generally remain functional, though initially the loss of power and 

impaired access to the area will curtail operations. 

In the East Bay, the major Port of Oakland and other smaller commercial 

port facilities at Richmond and in the Carquinez Straits will generally be 

nonfunctional as a result of prolonged power loss and damage to truck and rail 
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access rou~es. within the port areas filled land will settle disrupting both 

rail s and streets. Damage to oil pipeline and storage facilities at the 

Richmond and Carquinez facilities poses a threat of contamination and fire. 

Utility Lifelines 

Communication s 

Telephon e communications will be overloaded by post-earthquake calls 

within the area and from the outside . This situation will be further compli­

cated by physical damage to equipment due to ground shaking and loss of eJec-

trical power. Moreover, no~ all of the systems in the region are set up to 

process emergency calls automatically on previously established priority 

bases. Thus, overloading of equipment still in service could be very signifi-

cant. 

The East Bay and San Jose areas have a substantia 1 number of tel ephone 

facilities located in areas subject to severe shaking and high probability of 

ground failure. A~ cess for repairs will be a major problem . 

The lack of emergency power has been the primary cause of radio and mi­

crowave communications failure in past dlsasters. Poor installation practices 

and inadequate preventative maintenance of backup power equipment contribute 

to a high failure rate . 
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Electrical Power 

During some portion of the first 72-hour period following the earthquake, 

all portions of the planning area will experience some loss of power. It is 

reasonable to consider about one-third of the service connections in the area 

to be without power for 24 hours. In the urban sections of Oakland and other 

East Bay cities, the power outage should be considered at 100% for the first 

24 hours and 75% for an additional 24 hours. This means that 75% of customer s 

have no power and not that all customers are limited to 25% of demand. The 

power outage for San Francisco should be considered at 50% for the initial 24 

hours and at 25% for an additional 24 hours. 

Electrical power facilities in the East Hay are particularly vulnerable 

to damage from the scenario earthquake, and the time required to restore full 

power will be prolonged. While the resources may be available to rapidly deal 

with repairs to the system, the general confusion and damage to other life­

lines such as communications and highways will complicate restoration ef­

forts. Realistically, power is unlikely to be restored to many areas for sev-

eral days or longer. Those concerned with emergency planning for power-

dependent systems such as communications, water supply, fire fighting, and 

waste treatment should be cognizant of this likelihood. 

Water Supply 

Water supply systems in the East Bay will be severely crippled in this 

scenario earthquake. Displacement along the Hayward fault will heavily damage 

all major tunnels, aqueducts and the many distribution systems that cross the 
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fau1t. The flow of water crossing the fault will be reduced to 10-30% for the 

first 24 hours. The public will need to conserve available supplies (e.g., 

water in hot water heaters) and to take safety measures against contamination. 

Restoration of water service to all areas east of the fault in the East 

Bay hills will be greatly delayed. Where water systems are heavily damaged 

along the fault zone, temporary pipe similar to that provided to many resi­

dences after the 1971 San Fernando earthquake may be used. Restoration of 

full service could take months. 

Within the past 10 years, the East Bay Municipal Utility District (EBMUD) 

has rebuilt the older, weaker dams in their system to improved seismic stan­

dards. Consequently, a major dam failure is not considered a credible element 

in this scenario. 

waste water 

Waste water pipelines from the hillside areas that cross the Hayward 

fault will be sheared and unable to carry sewage. Open trenches may be neces-

sary to car ry sewage for short distances. Alternatively, planners will have 

to provide for emergency housing or temporary sanitary facilities. 

Treatment plants will shut down due to lack of power. EBMUD'S electric 

power system which uses methane gas from its treatment plant will be unable to 

support full plant function. It may be necessary for emergency treated raw 

sewage to be discharged into the Bay for up to one month. 
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Natural Gas 

Horizontal displacement averaging about 5 feet across the fault zone will 

cause thousands of breaks in mains, valves, and service connections. 

Secondary ground failures resulting from high intensity shaking will result in 

many additional breaks in the system in the proximity of the fault zone. Some 

fires will occur in streets due to broken gas mains; structural fires will 

occur as a result of broken service connections. 

Fault rupture will also cause damage to the larger diameter transmission 

pipelines where they cross the fault at San Pablo and Fremont. As a result of 

damage to these tr ansmission facili ties, natural gas will be unavai lable to 

all of the East say from san Pablo on the north to Milpitas on the south. 

While gas supplies to most areas of the East Bay will be restored rapid­

ly, some areas in the hills immediately east of the fault could be without gas 

for several weeks. 

Damage to facilities serving the south Bay and San Francisco Peninsula 

should be minimal. Where poor ground conditions result in substantial damage 

to distribution systems, restoration of service will be prolonged. Throughout 

the north say, only minimal damage to isolated segments of the distribution 

system is anticipated. 
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Petroleum Refineries and Products 

The six major Bay area refineries are located along or near the margins 

of San Pablo and Suisun Bays, all are subject to damage by shaking, and all 

have facilities that are subject to damage by ground failure. Refineries may 

also suffer damage by fire and operations will be curtailed by loss of utility 

services. Pipelines and storage facilities located on poor ground along the 

Bay margin are vulnerable to damage, particularly those at marine terminals. 

All major pipelines transporting petroleum fuels to the Bay area cross the 

Hayward fault either at San Pablo or Fremont and all are vulnerable to damage 

by surface fault rupture. 

Lifeline Corridors 

The major transportation corridors that serve the East Bay area, such as 

at San Pablo and Fremont, are commonly shared by various other lifeline facil­

ities, all of which are vulnerable to major damage where they cross the 

fault. Simultaneous failure of several maJor lifelines within these restrict­

ed corridors could vastly complicate emergency response efforts. These corri­

dors warrant special attention by emergency planners. 
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INTRODUCTION 

Following the devastating eruption of Mount St. Helens in 1980, President 

carter requested the National Security Council to consider the implications of 

the occurrence of a large damaging earthquake in California. The results of 

this analysis were presented by the Federal Emergency Management Agency (FEMA) 

in 1981. One of the major conclusions of that analysis was that although 

there is a general capability to respond to moderate-size earthquakes, it is 

unlikely that the collective emergency response capabilities of all levels of 

government and the private secto r would be adequate to cope with the conse­

quences of a major destructive earthquake near a metropolitan area. 

In response, the Governor's Emergency Task Force on Earthquake 

Preparedness was established in February 1981. Some 30 committees were formed 

to deal with improvement of the many emergency response functions that would 

be needed in such an emergency; e.g., communications, search and rescue, fire 

services, medical services, air transport, etc. A Threat Assessment Committee 

was also created to characterize the consequences of credible great earth­

quakes as a basis for these emergency response planning efforts. Working with 

the Task Force, the Department of Conservation's Division of Mines and Geology 

developed two earthquake planning scenarios (Davis et ~., 1982 a and b). 

These scenarios were based upon a repeat of the 1906 San Francisco earthquake 

(M~ 8) on the northern San Andreas fault and a repeat of the 1857 Ft. Tejon 

earthquake (M-v 8) on t he southern San Andreas fault. These analyses extended 

and updated much of the information compiled in two earlier reports covering 

earthquake losses in northern and southern California (NOAA, 1972 and 1973). 
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While these two planning scenarios for great earthquakes on the northern 

and southern San Andreas fault are basic for emergency planning efforts, it 

was apparent that similar analyses were needed for other faults in metropoli-

tan areas that are capable of producing earthquakes of equivalent or even 

greater destruction. Paramount among these were consideration of a M7.0 

earthquake on the Newport-Inglewood fault in southern California and a M7. 5 

earthquake on the Hayward fault. 

Funded in part by the Earthquake Hazards Reduction Program of the U.S. 

Geological Survey, the Division of Mines and Geology, in collaboration with 

structural eng ineer Ka r 1 V. Steinbrugge and other s, undertook development of 

this planning scenario for the Hayward fault. A similar scenario for a M7.0 

earthquake on the Newport-Inglewood fault is in progress. 

While no scenario will prove accurate in detail, a general effort such as 

this provides planners with a regional pat t ern of the magnitude and types of 

problems that will confront emergency response personnel. As more detailed 

engineering and geologic data become available, these scenarios can be period-

ically updated. Other scenarios could be developed for earthquakes on other 

faults, or for different earthquakes on the same fault. As these scenarios 

are developed, a more complete understanding of earthquake hazards and our 

ability to cope with them will evolve. 

It is intended, and it is our hope, that this planning scenario will con-

tribute to the efforts of the following users: 

• Local, State, and federal officials with emergency planning responsibil­
ities. 
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• Elec t ed officials who must be able to visualize the threat in order to 
commit themselves to the leadership roles needed to cope with the earth­
quake. 

• Pr i vate-sector managers and planners who must under s t and the hazard in 
order to prepare for it. 

• Educators, journalists, and other public opinion makers who must appreci­
ate the threat and communicate its character in order to motivate ci t izen 
commitment to preparedness. 

• The citizens of northern Ca lifornia who must support public mitigation 
efforts and develop persona l strategies for themselves a nd their families 
in order t o minimize the effects of the eart hquake on t heir lives. 
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THE EARTHQUAKE PLANNING SCENARIO 

Th e Planning Area 

The planning area for this study is centered on the Hayward fault and ex­

tends some 112 miles from santa Rosa on the north to Morgan Hill on the 

south. The area is approximately 32 miles wide and is bounded by the San 

Andreas fault on the west and by the cities of Livermore, Concord, and Napa on 

the east. The area encompasses the vast majority of the 5.5 million people 

who populate the nine counties that constitute the greater San Francisco met­

ropolitan area. It encompasses virtually all of the area likely to experience 

Modified Mercalli intensities of VIII or greater resulting from this scenario 

earthquake and, thus, all areas within which significant structural damage can 

be expected. 

The planning area for th i s study is designated "Planning Area 3". 

Planning Areas 1 and 2 designated the areas encompassed in previous scenarios 

based upon M8.3 earthquakes on the San Andreas fault in northern and southern 

California (Division of Mines a nd Geology Special publications 61 and 60, 

respectively) • 

Earthquake Planning Scenario Maps 

'!WeI ve EARTHQUAKE PLANNING SCENARIO maps are included in this report. 

These maps show the locations of one or more major types of facilities dis­

cussed in the text, i.e., the ma jor transportation and utility lifelines and 
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principal medical care and educational (potential mass care) facilities. One 

map (Map 3-S) summarizes the regional geologic and seismological input that 

constitutes the basis for development of the damage assessments. This basic 

geotechnical information includes the location of the Hayward fault (surface 

rupture), the predicted seismic intensity distribution (earthquake shaking), 

the areas with high potential for ground failure (notably settlement and liq­

uefaction), and areas subject to seismically induced landslides. The informa­

tion presented separately on Map 3-5 is also included on each of the 

EARTHQUAKE PLANNING SCENARIO maps, enabling the reader to visualize the extent 

to which particular facilities are exposed to ground failure hazards and to 

the predicted shaking intensities. 

The EARTHQUAKE PLANNING SCENARIO maps 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, their 

distance from the fault, and the character of the earthquake generated wave 

forms to which they are subjected. 

Except for areas of fault rupture, the ground surface in areas of compe­

tent bedrock is not likely to suffer permanent deformation (ground failure). 

Consequently, structural damage will be less. On the other hand, structures 

on compressible deposits, particularly where the water table is high, are sub­

jected not only to the effects of relatively low frequency, high amplitude vi­

brations, but possibly also to disruption caused by differential settlement, 

lateral spreading or liquefaction. structural damage in these areas will be 

greater. In general, these effects dimin i sh with distance from the causative 

fault. These considerations are reflected in the damage assessments. 
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Damage Assessments 

For planning purposes, damage assessments have been hypothesized for var-

ious individual facilities. These damage assessments are based largely upon 

the predicted intensity distribution and areas of potential ground failure as 

shown on the EARTHQUAKE PLANNING SCENARIO maps. These assessments derive from 

evaluations of the earthquake engineering literature, comments by various eng­

ineers and other public agency officials, and judgments by the authors. It is 

important that all users of these data recognize that the statements concern­

ing the performance of individual facilities are hypothetical and that these 

assessments are not the result of site-specific evaluations. They are intend­

ed to portray, for planning purposes, some of the types of earthquake effects 

that are likely to occur, thereby providing emergency planners and other users 

with a reasonable perspective on the impact of this scenario earthquake. 

Use of the Earthquake Planning Scenario Maps and Damage Assessments 

The approach in formulating damage assessments was, first, to evaluate 

the regional pattern of ground shaking and ground failure and, second, to in-

terpret the resulting performance of various major facilities. In this way, 

conclusions were reached which constitute the regional post-earthquake damage 

pattern for each of the lifelines. It is totally impractical to determine the 

effects of the scenario earthquake on each individual bridge, power plant, or 

other lifeline structure. It is, therefore, improper to use the earthquake 

scenario conclusions to forecast the effects of the scenario earthquake for 

any other purpose than emergency response and preparedness planning. For ex-
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ample, decisions on whether or not to replace or retrofit certain lifeline 

components should definitely be based upon ~ntensive and rigorous investiga­

tions of those components and their geologic setting. This scenario can, how­

ever, help identify particular high-risk areas where such detailed evaluations 

should be given priority. 

Some damage predictions, such as those resulting from surface rupture, 

have a relatively high likelihood of occur ring (g i ven this scenario earth-

quake). Others are much more speculative. The damage assessments also vary 

in completenes s. The information developed for the few major airports, for 

example, is substantial and all major airports were considered. Gathering in­

formation for an equivalent assessment of all major water or electrical power 

facilities, on the other hand, would be a formidable task beyond the scope of 

this type of report. 

The damage assessments for specific transportation and utility lifeline 

facilities (except Highways and Communications) include a "Map No.". This 

number refers to that facility shown on the appropriate EARTHQUAKE PLANNING 

SCENARIO map. Recognizing that many users of this report may have occasion to 

refer to Special Publication 61 (SP 61), "Earthquake Planning Scenario for a 

Magni tude 8.3 Earthquake on the San Andreas Fault in the San Francisco Bay 

Area", the map numbers assigned to specific facilities are identical in these 

two reports; e.g., in each report the damage assessment for Oakland Interna-

tional Airport is identified by "Map No." A-2. In some instances, a damage 

assessment for a facility that was included in SP 61 is not included in this 

scenario. In these instances, the particular "Map No." was not used in this 
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report. Similiarly, additional numbers have been assigned to facilities that 

were considered in this report but not in SP 61. 

Limitations 

The EARTHQUAKE PLANNING SCENARIO maps and related damage assessments il­

lustrate a regional damage pattern that is likely to result from this specific 

scenario earthquake, i.e., a M7.S earthquake resulting from rupture of the en­

tire 62-mile length of the Hayward fault. An earthquake of significantly dif­

ferent magnitude on this fault or an event on anyone of many other faults in 

the planning area would result in a markedly different intensity pattern and 

consequent damage. 

The predicted seismic intensity distribution upon which the damage as­

sessments are highly dependent is based upon a particular model. There is no 

general agreement as to the most realistic model to be used for predicting in­

tensity distribution and a different model would yield a different intensity 

pattern. In addition, the quality of available information upon which the 

seismic intensity distribution map is based varies throughout the planning 

area. Only general geologic information is available concerning ground con-

ditions associated with most lifeline elements. Modeling of ground shaking on 

a regional basis using this generalized geologic information can produce 

plausible damage conclusions appropriate only for emergency planning. Con-

c lusions regard ing specif ic structures, such as the desirabil i ty of upgrading 

seismi c resistance, requ ire detai led , site-specific geologic inf ormation as 

well as engineering analysis. 
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GEOLOGIC SETTING 

The Hayward fault is the southern segment of an extensive fracture zone 

consisting of the Hayward, Rodgers Creek, Healdsburg, and Maacama fault seg-

ments. The zone extends northwest to Mendocino County (Slemmons and Chung, 

1982), a total distance of 280 km (175 miles). The lUO km long Hayward seg­

ment extends from San Pablo Bay to an obscure convergence with the Calaveras 

fault near Mt. Misery east of San Jose (Figure 2). 

The Hayward fault is one of several northwest-trending strike-slip faults 

associated with right-lateral tectonic movement (facing the fault, the side of 

the fault opposite the observer is displaced to his right) between the North 

American and the Pacific plates. Basement rocks underlying the area are those 

of the Franciscan Assemblage (5U to 200 million years old) and the Great 

Valley Sequence (65 to ISO million years old) overlain mostly by rocks of 

Miocene age deposited at the continental marg in duri ng the past 15 million 

years. Most of the rocks in the Bay area were folded and faulted as a result 

of the early convergence of the North American and the Pacific plates (Graham 

et ~., 1984). A v i vid display of the resulting compressional forces can be 

seen in the deformed rocks at the east portal of the Caldecott Tunnel. Here, 

formerly flatlying marine and nonmarine sediments of Miocene age stand almost 

vertical in the roadcut along Route 24. 
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About 10 million years ago, the tectonic regime in the San Francisco Bay 

area changed from convergent to transform, that is, instead of colliding, the 

North American and the Pacific plates began to slip past each other. In the 

Bay area, this relative movement is about 32 mm/yr, being distributed among 

the various faults of the San Andreas system (Page, 1982). Over geologic 

time, the San Andreas fault accommodates about 12 mm/yr of this movement, 

while the Hayward fault accommodates about 5 mm/yr at Fremont (Prowell, 1974). 

In general, the Hayward fault is the boundary between two distinctly dif-

ferent geologic and physiographic provinces. The hi lls on the east side of 

the fault may be 10 million years o ld, but the flatlands on the west side are 

barely 10,000 years old. San Fr a nc isc o Bay lies in a structural trough that 

was formed through subsidence during th e !,.!uaternary (last 2 million years) 

(Atwater et al., 1977). Du r ing the last major glaciation more than 15,000 

years ago, sea level was 100 meters (330 feet) lower than it is today. The 

Bay contained no standing water, and the streams draining the hills emptied 

directly into the Sacramento-San Joa~uin River which entered the Pacific Ocean 

near the Farallon Islands. As the ice from the great continental glaciers be-

gan to melt, sea level began to rise. The sea entered the Bay about 10,000 

years ago, reaching its present level about 6,000 years ago. 

Sediments formerly carried far into the Pacific Ocean were then deposited 

in and around the margins of the Bay. These flat-lying deposits have provided 

convenient building sites for most of the development in the East Bay. Being 

geologically very young, however, these alluvial sediments are not as well 
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Figure 2. Major act i ve faults in the San Francisco Bay area. 
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consolidated as the rocks in the hilly areas. During earthquake shaking, bay 

mud deposits may settle and fine-sand layers in the water-saturated sediments 

along the margins of the Bay may liquefy and move laterally. Shaking intensi-

ties in the flatlands are generally much greater than in the hills. 

Former flatlying sediments stand almost vertical in this roadcut along 
Route 24 east of the Caldecott Tunnel. This deformation evidences the 
compressive forces that once prevailed along the boundary between the 
North American and Pacific plates. 
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FAULT CHARACTERISTICS 

Several segments of the Hayward fault are presently undergoing fault 

creep, a very gradual horizontal di splacement that occurs both episodically 

and continuously. While fault creep has been documented along many segments 

of the Hayward fault between San pablo and Fremont, it has not been observed 

along all segments throughout the fault's length. Creep rates vary consider-

ably from place to place and wi th time. The long-term slip rate since the 

1920's is 8 to 11 mm/yr at Fremont and 5 to 6 mm/yr at Hayward (Galehouse and 

Brown, 1982; Harsh and Burford, 1982; Burford and Sharp, 1982). Since 1968, a 

slip rate of 5 mm/yr has been measured at San Pablo (Harsh and Burford, 1982) 

and 6 to 8 mm/yr at the BART tunnel in Berkeley (Brekke and Brown, 1982). 

Most other creep localities show less than 6 mm/yr. 

The width of the zone of surface fault rupture is generally less than a 

few meters wide along individual fault traces. Related horizontal and verti­

cal deformation, however, is known to occur over much wider zones. 

Because the Hayward fault has had repeated and systematic displacements 

in the recent geologic past, it is possible to characteriZe future displace-

ments in several ways. The sense of displacement is almost purely right-

lateral although small segments have a vertical component of displacement. 

Seismic rupture is known to have occurred in 1868 from east Oakland to Fremont 

(Warm Spri ngs), with a maximum reported displacement of about 3 feet. How-

ever, the fault rupture was not carefully mapped nor measured, so the amount 

of displacement for most locations along the fault is uncertain. Evidence of 

afterslip (a form of rapid creep that follows seismic rupture) also Ivas re-



30 DIVISION OF MINES AND GEOLOGY SP78 

ported in Hayward, amounting to "several inches" within a "couple of weeks" 

after the 1868 earthquake (Lawson, 1908). This phenomenon is common on other 

strike-slip faults after earthquakes. 

In several areas the surface traces of the Hayward fault are extensively 

obscured by massive landslides. The largest landslide complexes are in the 

Berkeley-Kensington and northeast San Jose areas. Because of the thickness of 

these large landslides, fault movement may not appear as discrete surface rup-

ture during a major earthquake. However, significant reactivation of the 

landslides accompanied by ground failure may occur. 

Fault creep totaling about 0.5 teet has occurred at this location on the 
Hayward fault in San Pablo since the sidewalk was constructed. Rig ht-lateral 
movement is exemplified with the opposite side of the fault moving to the ob­
server's right. 
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THE ALQUIST-PRIOLO SPECIAL STUDIES ZONE 

The Alquist-Priolo Special Studies Zones Act was enacted in 1972 in order 

to mitigate the hazard of surface fault rupture along the Hayward and other 

active faults in California. The purpose of this Act is to avoid locating 

structures for human occupancy across traces of active faults. Responsibili­

ties for carrying out the provisions of the law are shared by State and local 

government. Specifically, the State Geologist (California Department of 

Conservation's Division of Mines and Geology) is required to establish regula­

tory zones--known as Specia 1 Studies Zones {SSZ' s )--for those fau Its consi­

dered to be "sufficient ly active and well-defined as t o consti tute a potential 

hazard to structures from surface faulting or fault creep." Cities and coun­

ties must regulate most building projects within the SSZ's by requiring geo­

logic investigations prior to issuing development permits. 

SSZ maps were first issued for the Hayward and other faults of the San 

Andreas fault system in 1974. The SSZ' s for the Hayward fault were subse-

quently revised in 1982 as part of DMG's long-range Fault Evaluation and 

Zoning Program (Hart, 1985; Hart et ~., 1981). A representative segment of 

the SSZ map for the Hayward fault is shown in Figure 3. Reduced size copies 

of the SSZ maps for the entire Hayward fault are included in Appendix C. 

Al though the Hayward fault is one of the most studied and best known 

faults in the world, active traces are not well located for some segments of 

the fault. In general, the 1982 SSZ maps distinguish those traces of the 

faul t that are well defined from those that are no t . Traces identif ied by 

well defined, youthful, fault-produced t opography {e.g., linear scarps and 
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Figure 3. A typ ieal sect ion CJf an Alqu ist-Pr~olo (A-P) Spec ial Stud Leti Zone 
Map (scale 1:24,000). The photo in the lower left typifies the lack of consi­
deration for fault hazards that existed prior to enactment of A-P legislation 
in 1972. Photo.in upper right is an example of post A-P development with 
structures set back from recognized active fault traces. 

sP78 
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benches, offset drainage, sag ponds) or historic fault creep are shown on the 

maps as solid lines. Traces that are approximately located, based on more ob­

scure topographic or other evidence, are shown by long dashed lines. Inferred 

traces are indicated by short dashed lines and by queries. Localities where 

fault creep has been documented are identified by the letter "C" on the maps. 

The effectiveness of the Alquist-Priolo Act varies from place to place, 

depending largely on how well the Hayward fault is defined. Even so, t he law 

only applies to new real estate development and structures for human occupan­

cy. Many older structures (including some important ones) sit astride active 

traces of the fault. Many of these structures are being progressively damaged 

or weakened by fault creep; others will be damaged by future seismic rupture. 

The extent of damage produced by this scenario event will be partly dependent 

on the amount of displacement that occurs locally on the fault and on the mea­

sures taken to mitigate the hazard. 
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CONTEMPORARY SEISMICITY 

Earthquakes in the San Francisco Bay area during the past 15 years are 

concentrated near the juncture of the San Andreas and Calaveras faults, and in 

the East Bay (Figure 4). Seismicity a long the San Andreas fault on the San 

Francisco Peninsula is relatively low compared to the Calaveras-Hayward-Rodgers 

Creek fault zone. The April 1984 Morgan Hill earthquake occurred on the 

Calaveras fault near the southern end of the Hayward fault. This is the larg-

est epicenter shown in Figure 4, and also appears in Figure 5 . Othe r seismic 

trends east of San Francisco Bay are a l ong the Concord fault and the 

Greenville fault. The latter is the easternmost trend shown in Figure 4 and 

was active in the January 1<:180 ea r t hquak e s that caused damage in Livermore 

Valley. 

On the Hayward fault, sw ~ ll earthquakes are common throughout most of the 

faul t leng th from San Pabl o sou theast to Fremont. south of Fremont, the 

Hayward fault is seismically quiet. The seismicity, however, continues along 

a zone trending more southeasterly, denoting an active connection with the 

Calaveras fault near Calaveras Reservoir. On the Cala veras fault north of 

this juncture there is no obvious correlation betwee n seismicity and the 

mapped trace of the Calaveras fault. Thus, the high leve l of seismic activity 

present along the Calaveras fault south of Calaveras Reservoir transfers to 

the Hayward fault near Fremont. Ellswo r th e tal. (1982) pointed out that the 

seismic activity along this trend generally coincides with the Mission fault, 

though geologic evidence of recent movement on the Mission fault is lacking 

(Herd, 1982 and Hart, E.W., personal communication). 
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Recent studies by Ellsworth et~. (1982) indicate that shallow earth­

quakes are distinctly absent along the Hayward fault northwest of San Leandro, 

with most events occurring at depths of 5-10 kilometers. Southeast of San 

Leandro, earthquakes occur throughout the fault plane from the surface to 10-

kilometer depths. This contrasting seismicity pattern reflects a distinct 

difference in fault behavior north and south of San Leandro, that may be r e ­

lated to San Leandro being near the northern end of the 1868 surface rupture. 
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EARTHQUAKE HISTORY 

Earthquakes of magnitude greater than 6 have occurred within 3 0 kilo-

meters of the Hayward fault in 1836, 1838, 1858, 1864, 1865, 1868, 1898, 1906, 

1911, and 1984. Only the 1868 event, and possibly the 1836 event, are related 

to surface rupture of the Hayward fault. Figure 5 shows the approximate epi-

centers of these events. This figure indicates that historical l y, mor e earth-

quakes greater than M6 have occurred on the Calaveras-Hayward-Rodgers Creek 

zone than on the adjacent segment of the San Andreas fault zone. 

A brief description of the pre-l900 earthquakes follows (from Toppozada 

et al., 1981). Roman numerals are shaking intensities on the Modified 

Mercalli (MM) or Rossi-Forel (RF) scales. These descriptive intensity scales 

are included in Appendix A. Magni tudes of these historic events were esti-

mated from the areal extent of reported damage (Toppozada, 1975). 

10 June 1836 M6.8 

This earthquake appears to be comparable to the 1868 earthquake and, corl­
sequently, the same magnitude was assumed. The oakland Daily News (10 
November 1868) carried the following: "An Earthquake Reminiscence. --We are 
informed that in June 1836, there was an earthquake in what is now the oakland 
Valley, the effects of which were felt along the foothills from San Pablo to 
Mission San Jose. There were large fissures in the earth, and the shocks must 
have been much heavier than those we have lately experienced . After the first 
and most violent shock, there were innumerable lesser ones, and for a month 
afterward, there were continuous tremors of the earth, uniformly decreasing in 
violence. Since the earthquake of the 21st ult . (Oct . 1868) , there have been 
numerous shocks, diminishing in violence, and the phenomena appear to have 
been a repetition of those observed in 1836 , and noted by persons then resid­
ing in the valley. n Louderback (1947) interprets the 1836 effects from San 
Pablo to Mission San Jose as indicating an origin on the Hayward fault, and 
that the fissures probably included "fault-trace phenomena ." Louderback was 
able to document that the 1836 earthquake caused " ••• havoc in Monterey and 
Santa Clara, and arous i ng great fear among the people . Intensity was appar­
ently at least VII(RF) at Monterey and Mission carmel." These effects are 
similar to those of the 1868 earthquake which damaged brick walls and chimneys 
in Santa Clara and was described as very heavy and of long duration in 
Monterey. 



38 DIVISION OF MINES AND GEOLOGY SP78 

Rosa 

Stockton 

M 8.3 

San Jose.:f+.1 

I 
8 Oct. 1865 r.;:.. 

24 April 1984 
M 6.2 

c 
C\ 

M 6.3 \!I 
@ I July 1911 

M 6.6 
26 Feb. 1864 

M5.9@ 

370~-----+-----------------------~ ----~~-----+------~'"----~ 

7 
0c==========2cI5========~~o ~ 

Kilometers 
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through 1984. Pre-1900 epicenters and magnitudes are estimated from 
intensity d ata by Toppozada ~ al. (1981). 
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June 1838 M7.0 

Probable rupture on the San Andreas fault was reported from near Santa 
Clara to San Francisco, about 60 km. This suggests a magnitude of about 7, 
which is a minimum estimate because no reports were available north of San 
Francisco or south of Santa Clara, except at Monterey. Walls were cracked at 
Mission Dolores (San Francisco) in the 1838 earthquake, which is comparable to 
the effects of the 1906 earthquake. In Monterey, crockery and glassware were 
broken and some adobe walls were reportedly cracked in 1838, compared to 1906 
when the only damage reported was of some glassware and some furniture moved. 
Louderback (1947) states that "The fault rupture may have occurred throughout 
all or most of the line active in 1906, but north and south beyond the limits 
indicated ••• it lay under water or in wild country uninhabited by whites (ex­
cept at Fort Ross, from which we have no report). The evidence of greater in­
tensity at Monterey than in 1906 may mean that the fault rupture extended far­
ther south in 1938 than in 1906." 

26 November 1858 M6.1 

At San Jose, an adobe building and the corner of a new building were 
thrown down (VIII MM). A cornice was thrown down in San Francisco and part of 
a chimney was thrown down in Mountain View (VII MM). The earthquake was felt 
to Downieville on the north, Mariposa on the east, and Monterey on the south. 
No reports of aftershocks have been found. 

26 February 1864 M5.9 

Adobe walls were cracked (VI MM) in Monterey and the earthquake was felt 
as far as Napa to the north and San Luis Obispo to the south. In watsonville, 
small articles and light furniture were tipped over and moved around. 

8 October 1865 M6.3 

Several houses were thrown down (IX MM) at New Almaden. In Santa Cruz, 
brick walls were cracked and many chimneys were thrown down (VII-VIII MM). 
Brick walls were thrown down in San Jose (VIII MM). The earthquake was damag­
ing from San Juan Bautista on the south to Napa on the north. Ground cracking 
was reported at Mountain Charlie's near the San Andreas fault; this cracking 
might be fault rupture or secondary failure due to shaking. 



40 DIVISION OF MINES AND GEOLOGY SP78 

21 October 1868 M6.8* 

This was one of the most destructive earthquakes in California because of 
its location in a populated area. Much of the second floor of the Court House 
at San Leandro collapsed (IX MM). Extensive damage was done to other towns in 
the San Francisco Bay area. This quake was accompanied by sli p on the Hayward 
fault in the East Bay area (Lawson, 1908). The area shaken at intensity VIII 
MM or greater was about 2300 km2 • 

31 March 1898 M6.2 

Several buildings partially or totally collapsed at Mare Island Naval 
Yard and at Tubbs Island. Houses were knocked from their found a tions at 
Schellville, on the Greenwood Estate, and along Petaluma Creek, Sonoma 
County. Extensive ground cracks were reported at Mare Island Naval Yard, 
Schellville, and Greenwood Estate. The area shaken at intensity VIII MM or 
greater was 530 km2 • 

18 April 1906 M8.3 

The great 1906 San Francisco earthquake, described in detail by Lawson 
(1908) • 

1 July 1911 M6.6 and 24 April 1984 M6.2 

The 1911 and 1984 earthquakes were described and compared by Toppozada 
(1984). The 1984 earthquake occurred on the Calaveras fault, 5 km east of the 
Hayward fault. The 1911 earthquake, which was shown in the above reference to 
have been more damaging in Santa Clara and San Jose than the 1984 earthquake, 
could have been either on the Hayward or Calaveras faults. 

* Though of somewhat smaller magnitude than the earthquake postulated in this 
planning scenario, historic accounts of this earlier major earthquake provide 
a perspective on some of the effects to be anticipated in a future event on 
the Hayward fault. Accordingly, the 1868 earthquake is the subject of more 
detailed discussion in the following section. 
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Speculation on the Cause of the 1868 Hayward Earthquake 

(from an article in the Santa Clara Argus, October 31, 1868) 

•••• "In all probability , there is a vast mineral vein underlying San 

Francisco and stretching to the Sierras, which serves as a prime conductor for 

the negative currents of this region . By reason of the recent dry wea ther, 

and by reason of other causes for renewed electrical energy in the earth, this 

great prime conductor had become overcharged with negative fluid, and when the 

recent moist fogs floated into the dry, vaporless atmosphere, a means of con­

duction and equalization was formed between the negative currents of the earth 

and the positive current above the insulating atmosphere, producing the local 

disturbance which lately occurred." 
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House at Hayward after the earthquake of 21 October 1868. Photo 
courtesy of the Bancroft Library, University of California, Berkeley. 

SP78 
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THE HAYWARD EARTHQUAKE OF OCTOBER 21, 1868 

The effects of the 1868 Hayward earthquake were described in newspaper 

accounts and in the subsequent investigation by the California Earthquake 

Commission (Lawson, 1908). Reported effects at various locations throughout 

the Bay area are shown on Figure 8. Descriptions of the earthquake effects 

near Hayward and in San Francisco are relatively detailed and are included in 

the text below. 

It is important to recognize that the magnitude of the 1868 earthquake 

was approximately 7, while the scenario earthquake is based upon a postu-

lated magnitude of 7.5. The areal extent and duration of shaking resulting 

from the scenario event would be significantly greater. Faulting in the sce-

nario earthquake extends for 62 miles (100 km) with a maximum offset of up to 

10 feet, (average 5 feet). In 1868 the faulting extended only some 30 miles 

and the maximum reported offset was 3 feet. 

The following descriptions of the subject earthquake and its effects are 

reproduced from the Report of the California Earthquake Commission, (Lawson, 

1908) : 

The earthquake of October 21, 1868, was most severely felt in 
the region about san Francisco Bay, particularly on the east 
side in the vicinity of Haywards. The time of its occurrence 
is variously stated from 7h 47m to 7h 54m A.M. It gave 
rise to disasters in the city of San Francisco, and some people 
recalling the event vividly are of the opinion that the shock 
was as severe as that of April 18, 1906. Early in the investi­
gation of the latter earthquake, it became apparent that the 
relationship of the two earthquakes would be an essential part 
of the inquiry. Shortly after the earthquake of 1868 a commit­
tee of scientific men undertook the collection of data concern­
ing the effects of the shock, but their report was never pub­
lished nor can any trace of it be found, altho some of the mem-



44 DIVISION OF MINES AND GEOLOGY 

bers of the committee are still living. It is stated that the 
report was supprest by the authorities, thru the fear that its 
publication would damage the reputation of the city. Our know­
ledge of that earthquake is therefore not very full, and is 
contained chiefly in the newspaper reports of that day •••••• 

With the object of supplementing the facts regarding the earth­
quake of 1868 •••••• an inquiry was started and intrusted to Mr. 
A.A. Bullock. This gentleman has reviewed the periodicals of 
the time, and has interviewed many people who experienced the 
s hock. He has also examined the region of maximum intensity, 
and has had, on several of his trips, the guidance of old resi­
dents. In response to a request by the Commission, several 
people have written an account of their experiences at the time 
of the earthquake of 1868. In this way a considerable body of 
valuable information has been gotten together, which supple­
ments to an important degree the extant accounts of that earth­
quake. 

THE FAULT-'I'RACE 

It appears from Mr. Bullock's inquiries that the earthquake of 
1868 was due to an earth-movement along the base of the hills 
which overlook San Francisco Bay on the east, and which are of­
ten referred to, particularly farther north, as the Berkeley 
Hills. These hills present a remarkably even, straight front, 
and without doubt represent a degraded fault-scarp. Along the 
base of this scarp a crack opened on the morning of October 21, 
1868. This crack is regarded as the trace of the fault which 
caused the earthquake. Its position has been determined at in­
tervals along a nearly straight line from the vicinity of Mills 
College, east of Oakland, to the vicinity of Warm Springs near 
the Santa Clara County line; but the evidence of its existence 
to the northward of San Leandro is not very satisfactory. The 
county was then unsettled, and the i nformation consisted of re­
ports of cow-boys riding the range. From San Leandro south­
eastward, however, the evidence is full and conclusive. The 
general trend of the fault is northwest-southeast; o r , to be 
more exact, N. 370 W., a bearing almost the same as that of 
t h e fault-trace of 1906 along the San Andreas Rift.... While 
in genera l it lies along the base of the old degraded scarp, it 
is still, for the most part, within the hill-slopes and not in 
the alluvium which extends from the base of the hills. In some 
places where it crost the lower ground, the crack showed faul t ­
ing or displacement of 8 or 10 inches, but from the account s 
given it is not clear in what direction the faulting took 
place. The statements indicate a slight downthrow on the 
southwest side. In other places a displacement of 3 feet is 
said to have been observed. In places the crack along the 
fault-trace opened to a very considerable depth with a width of 
10 or 12 inches, and remained open until filled with falling 
earth. On the higher ground of the hillslopes no open crack 
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was observed; there was merely the trace of the rupture in the 
sod. This fault-trace could be followed at intervals for 20 
miles southeast from San Leandro, and it had a straight course 
without regard to the contour of the hills. In some places it 
was quite at the bottom of a hillside, while at other places it 
was high on the slope; and on at least one low hill it past 
near the top thru a saddle-like depression. Springs are common 
along the base of the hills, and the fault-trace was above the 
springs. According to the testimony of old residents the flow 
was not affected by the earth-movement. In the hills to the 
northeast of the fault-trace, however, new springs were started 
and old ones revived, altho some few ceased flowing. 

That the crack extended down into the bedrock is testified to 
by many who observed closely. Three men reported that they 
tried to sound the bottom of the crack, but were unable to do 
so. In the vicinity of Haywards it is reported that there were 
two branch cracks from the main one, trending off into the 
hills. water and sand were ejected from the crack in one place. 

Between Decoto and Niles the crack left the base of the hill 
front, and deviating slightly from its general trend thus far, 
crost the plain of the alluvial fan of Alameda Creek at the 
mouth of Niles Canyon to the foot-hills at the town of 
Irvington. For the greater part of this distance, it appeared 
as an open crack. It past thru a lagoon about 0.5 mile in 
length, following closely the longer axis of the depression, 
and . the water of the lagoon was drained out, apparently into 
the crack. At Irvington the crack became coincident with the 
very straight and even ancient fault-scarp of the foot-hills 
southeast of that town. This ancient scarp has a strike of N. 
380 W. Beyond this, it was not observed farther than Aqua 
caliente Cree k. 

The greatest intensity of the earthquake was along the crack 
and in its vicinity. On the projection of this line southward 
into Santa Clara County, the intensity diminisht steadily as 
far as Morgan Hill, where it again rose. At Gilroy, Hollister, 
and San Juan, according to reports, the intensity was suffici­
ent to throw down a few chimneys and to crack some brick and 
adobe buildings. 

The greatest damage was done at Haywards, where nearly every 
house was thrown off its foundations; while at San Leandro the 
shock was less severe. A house near old Blair Park, in the 
present Piedmont district of Oakland, was badly damaged. The 
only other town of that date in close proximity to the fault­
trace was Mission San Jose, which lies in the hills a few hun­
dred yards west of it. In this town were several adobe build­
ings, one of which, a church, was wrecked. Many chimneys were 
thrown, but the general effect was much less severe than at 
Haywards. 

45 
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A. Flour mill, Haywards. Wreoked by earthquake of 1868. B. Edmouson's warehouse, Haywards. Wrecked by earthquake of 1868. 

C. Flour mill and warehouse, Haywards. Wreoked by earthquake of 1868. D. Pierce's honse, Haywards . Earthquake of 1868. 

E. Ha.ywa.rds. Wreok ofbuildingll b1 ea.rthqua.ke of 1868. F. Court-house, Ban Leandro. Wrecked by earthquake of 1868. 

From photogra.phs pre8ernd b1 )(r. H. Bendel. 

Figure 6. Earthquake damage near Hayward resulting from the 1868 Hayward 
Earthquake. (Reproduction of Plate 144 from Lawson, 1908). 
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Effects of the earthquke of 1868 in 8al1 Freolloo, From photographl prelerved by IIr , H, Bendel. 

Figure 7 . Earthquake damage in San Francisco resulting from the 1868 
Hayward earthquake (Reproduction of Plate 145 from Lawson, 1908). 
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In general, the direction of throw of objects was north or 
south. From several tanks the water slopt north and south. 
Near ly all the chimneys reported were thrown ei ther north or 
south. Several frame houses were thrown south. One of these, 
0.5 mile south of the line of the fault, was thrown 4 feet and 
another on the line was violently thrown 6 feet. 

Several people report that rumblings preceded the shock, coming 
apparently from the south or southwest. Others saw a wave-like 
motion set up in the surface of the ground approaching from the 
south or southwest. 

EFFECTS OF THE EARTHQUAKE NEAR HAYWARDS 

The crack past out diagonally up the Haywards Hill and crost 3 
feet from the south corner of the old hotel; past Just east of 
the Odd Fellows' Building, through the Castro lot, tearing off 
a corner of the adobe house which stood where the jail now is, 
on through Walpert' s Hill toward Decoto. By the hotel the 
crack first opened 18 to 20 inches, but soon closed to ~ or 6. 
It was of unknown depth; several balls of twine, tied together, 
with an iron sinker, failed to find bottom. There was no water 
in the fissure, for the iron came up dry. From the corner of B 
and First Streets another crack past nearly eastward toward the 
hills, and faded out by the sulfur spring about 1.5 miles dis­
tant. In a general way, the crack from Haywards to beyond 
Decoto past from 100 to 300 feet above the base of t he hills. 
Practically not a house was left on its foundations in 
Haywards. At one place south of town the fault showed a throw 
of some 3 feet. (W.H. Weilbye) 

"On going down the county road toward Oakland, we came to Mr. 
A. L. Rockwood's house, which had been thrown from its founda­
tion and one end thrown into the cellar. The house was badly 
wrecked. In the south part of the town there was a flour mill 
on a foundation about 4 feet high. This building was thrown to 
the ground and wrecked. On the ground which is now the plaza 
stood a new brick warehouse filled with grain from the season's 
crop. the building was completely torn to pieces; grain was 
spilt from the sacks, and everything was in a mess. The build­
ing was 300 feet long by about 60 feet wide. A wooden ware­
house about the same size shared the same fate as the brick. 
On B Street the ground opened about 2 inches, and water and 
sand were forced from the opening. Some springs were closed, 
while other s were opened or made to flow more freely. Many 
wells were affected in the same manner. Mr. Charles Herman, 
who was in the baking business, was driving back to Haywards 
after delivering bread. Looking up the road, he saw the ground 
coming toward him in waves, and when the motion struck his 
horse, she went down on her knees. Mr. Herman thought the 
world had come to an end. As he neared the San Lorenzo Creek, 
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he noticed that the water had been thrown out of the bed of the 
creek on to the road. 

-At San Leandro the earthquake destroyed the brick court house, 
which was then located there. A Mr. Joslyn was killed in at­
tempting to escape from the building. Many buildings were much 
damaged in that town as well as in Haywards. The earthquake 
was the direct cause of the death of 2 persons in Haywards.­
(George A. Goodell) 

The crack past thru a gravel quarry practically on the summit 
of the first range of hills. (0. Hill) 

The crack below Haywards Hotel was 12 inches wide. It ejected 
water and white sand. A fence which traversed a hill from 
north to south was crost by the crack, and had the ends of the 
boards loosened from the posts. Gradually these boards lapt 
over one another, until within a couple of weeks they overlapt 
several inches, the progress of the overlapping being noted 
from time to time by a pencil mark. The' cap' board of the 
fence was also archt up in consequence of this movement. Large 
waves were set up in the soil. The house was moved southward, 
while a neighbor's was tipt northward. (D.S. Malley) 

The shock was from southwest to northeast. The ground opened 
from 6 inches to 2 feet, and water with sand was ejected to a 
height of from 1 to 3 feet. North of the village a ridge of 
ground 3 feet wide was raised 2 feet. By the time the shock 
was over, nearly the whole place was in ruins. Near Hayward's 
Hotel the hill shifted a good deal, and a crack opened for sev­
eral hundred feet. On the hills there were several new 
springs. In the first 12 hours after the main shock there were 
36 aftershocks. Between Haywards and Mission San Jose there 
were numerous cracks, so that it was difficult to drive a stage 
between the two towns. (Alta California, Oct. 22-25, 186H.) 

THE EFFECTS OF THE EARTHQUAKE IN SAN FRANCISCO 

At San Francisco and nearby points the earthquake lasted for 
about 42 seconds. It was in general north and south. A second 
shock followed t he first at gh 23m A.M., and lasted for 5 
seconds, with the same direction as the first. Until about 
12h 15m P.M., light shocks continued to be felt about every 
30 minutes; and inside of the 24 hours immediately following 
the initial shock, 12 minor shocks were felt. The first indi­
cation of the approach of the earthquake was a slight rumbling 
sound, coming apparently from the direction of the ocean. The 
sound was heard very distinctly in the lower part of the city, 
but the residents on the hills do not appear to have heard it. 
(San Francisco Times, Oct. 21.) The shock commenced in the 
form of slow, horizontal movements. The oscillations continued 
from 10 to 15 seconds growing more rapid and more violent for 6 
to 7 seconds, then partially ceasing for 3 or 4 seconds, then 
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increasing in force and rapidity for 4 or 5 seconds, then sud­
denly ceasing. (Alta California, Oct. 22, 1868.) •••••• 

The portion of the city which suffered most was that part of 
the business district, embracing about 200 acres, built on 
"made ground"; that is, the ground made by filling in the cove 
of Yerba Buena. The bottom of this cove was a soft mud varying 
from 10 to 80 feet in depth, and the material used to fill it 
was largely "dump" refuse, much of which is organic and hence 
perishable. Many of the buildings of that period were built 
flat on this filled mud, without piling, and before the land 
had had time to become firm. On this made land there was a 
very evident belt of maximum damage several hundred feet wide 
and running about northwest and southeast, commencing near the 
custom-house and ending at the Folsom Street wharf. One ac­
count of this belt goes so far as to trace 8 or 10 distinct 
lines of maximum disturbance, practically every building on 
these lines being more or less damaged, while none outside of 
these lines was seriously injured. 

In many places the made land settled. At the junction of 
Market and Front Streets, the ground sank for a foot or two, 
and there was evidence that the tide had risen in the adjoining 
lot at the same time, for a pond of water collected and re­
mained until low tide. On Pine Street, near Battery, the cob­
bles on the south side of the street sank away from the curb­
stones to the depth of 1 foot in some places; and the asphalt 
sidewalk on the north side was twisted and torn out of all 
shape, and its connection with the curb-stone severed. (Alta 
Cal i fornia, Oct. 22, 1~b8.) 

At the corner of First and Market Streets, the ground opened in 
a fissure several inches wide. At other places the ground 
ope ned and water was forced above the surface. (San Francisco 
Bulletin, Oct. 21, 1868.) At Fremont and Mission Streets the 
ground opened in many places. (Alta California, Oct. 22, 
1868.) The general course of damage in the city was along the 
irregular line of the "made land,· or low alluvial soil, where 
it met the hard or rocky base beneath it. Along the line of 
the old shore of Yerba Buena Cove, we found the damage to brick 
buildings much the largest. The custom-house, at the corner of 
Sansome and Clay Streets, was hurled south, by what seemed to 
be an undulating motion, and plaster fell ••• 

A 3-story brick structure on the corner of Market and Battery 
Streets, in an unfinished condition, was completely thrown 
down. Several different reports state, however, that it was 
very poorly constructed. In the Union Foundry, on First 
Street at the corner of Market Street, most of the machinery 
was displaced. (San Francisco Bulletin, Oct. 22, 1868.) 
The floor of the Pacific foundry was raised about 2 feet in 
places. The center of Mission Street (opposite Fremont Street) 
exposed an opening from 8 to 10 inches wide; and openings of 
the ground were also plainly to be seen on Fremont Street, in 
the same vicinity. (San Francisco Bulletin, Oct. 21, 1868.) 

SP78 
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outside of the immediate district described above, damage to 
the rest of the city was very meager •••••• the region of great­
est agitation was confined to the low portions of the city, or 
the vicinity of some old creek bed or swamp ••••• 

From the meagerness of reports it is certain that no great loss 
was occasioned by the parting of water mains. The Bulletin for 
October 21 reports that the water at the Mission was shut off 
by the pipe being disconnected. In several parts of the city 
the water pipes broke underground and caused some loss of wa­
ter, but the water company soon had all repairs made. No fires 
are reported in the upper Mission district during the 24 hours 
following the earthquake. At Laguna Honda (a natural reservoir 
and the chief source of water supply, 2.5 miles west of 
Valencia and Market Streets) the water was violently agitated 
and the waves met in the center, throwing up a large jet sever­
al feet into the air. (Alta California, Oct. 22, 1868.) ••••• 

There was no tidal wave accompanying the earthquake. The pas­
sengers on a ferry steamer (off Angel Island) felt the shock 
and supposed for the time that they were aground. Many other 
boats reported the same experience. TWo boatmen in a Whitehall 
boat off Fort point report a heavy rumbling sound coming froIn 
the water. Their boat was shaken and whirled rapidly around 
(before the rollers reached them) and shortly they met 3 heavy 
rollers coming from the northwest on a calm sea. (Alta 
california, Oct. 22, 2868.) The shock of the earthquake was 
distinctly felt at sea near San Francisco. Captain Tobey, of 
the ship pactolus, reported being at anchor in deep water about 
15 miles west of the Heads when the shock took place. At first 
it seemed as if the vessel were passing over a coral shoal and 
striking quite heavily. The noise and motion made it seem as 
if the ship were dragging, with her chains also slipping out. 
(San Francisco Bulletin, Oct. 22, 1868.) The ship Cesarewitz 
felt the shock nearly out at the Farallones; the brig Orient, 
bound in, 8 miles out, experienced the shock heavily. pilot 
Murphy, on a transport bound out, reported that the bark seemed 
to have struck bottom, her progress being impeded, and the 
ship, especially the yards and masts, trembled violently. (San 
Francisco Times, Oct. 22, 1868.) 

The total list of casualties due directly to the earthquake 
numbered 5, and about 25 more occurred from secondary causes. 
The total loss of property was variously stated from $300,000 
to $5,000,000. However, a careful estimate of damages made a 
day or two after the disaster, placed it at about $350,000. 
(San Francisco Bulletin, Oct. 23, 1868.) 
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Apparently, the effects in the hills were minor, as stated in the Daily 

Evening Bulletin (San Francisco) Oct. 21, 1868, p. 3, which is not quoted in 

Lawson: 

Upon Russian and Telegraph Hills the shock does not appear to 
have been so severely felt as in other parts of the city. In 
some houses ornaments were not displaced from the mantel-piece, 
and the inmates did not come to the door. In others, books and 
ornaments fell down, and marble mantels were started from their 
places. The oscillations on Russian Hill were more sensibly 
felt. There was a pretty general stopping of clocks , some 
cracking of plastering and throwing down of light articles. 
Houses upon the flat between Howard stree t and Mission Bay were 
more severely shaken, but the damage save to chimneys and plas­
ter i ng is slight. 



Section 3. 

THE SCENARIO 
EARTHQUAKE 
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CHARACTERISTICS OF THE SCENARIO EARTHQUAKE 

The scenario earthquake, Richter magnitude 7.5, is based upon the postu­

lated rupture of the entire 100 kilometer length (about 62 miles) of the 

Hayward fault, extending from San Pablo Bay to near Mount Misery east of San 

Jose. 

Potentially damaging shaking continues for 25-35 seconds in the area 

within 20-25 miles of the fault. Surface rupture occurs throughout the fault 

length with the zone of faulting varying in width from a few meters to 100 me-

ters (330 feet). 'Ibtal right-lateral horizontal offset reaches a maximum of 

3.5 meters or about 10 feet. The average displacement over most of the fault 

length is about half the maximum displacement. This offset is generally dis­

tributed over more than one shear plane, in a fault zone 10 to 20 feet wide. 

Vertical movements are minor and of limited extent. 

The earthquake occurs during the Spring when saturated ground conditions 

increase the propensity for ground failures, notably seismically induced 

landslides. 

Frequent aftershocks continue during the weeks following the main shock, 

with several events reaching magnitude 6.0 or larger. 
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LIKELIHOOD OF THE EVENT 

While a planning scenario provides information on the regional impact of 

a catas trophic ea rthquak e for emergency response and preparedness planning 

purposes, it providps no insight to the likelihood of such an event. A com­

plete description of an earthquake threat requires knowlpdge of both impact 

and imminpnce. Imminence, usually expressed in terms of probability, is im-

portant because it provides a means of selecting appropriate l evels of mitiga­

tion. 

Recent findings from worldwide studies of major plate boundaries have 

been applied to the assessment of hazards along the San Andreas fau l t system. 

This permits estimating the long-tHm probability of major earthquakes along 

the Hayward fault, an important element of the San Andreas system. This sec­

tion summarizes the results of these assessments and their implications on thp 

likelihood of the hypothetical event upon which this scenario i s based. 

Studies of major fault zones have shown that th~ behavior of a fault can 

vary markedly along its extent. Slip occurs along some fault segments wi th 

little resistancp or associated seismicity whilp the rocks along othpr seg-

ments strongly resist movement, allowing strain to accumulate. As a conse-

quence, size and repeat times of large earthquakes can vary greatly from one 

fault segment to another. Within a particular segment, however, the frequency 

and sizp of large earthquakes appears relatively constant. Use of these con­

cepts to estimate the probability of future earthquakes requires 1) the abili­

ty to divide a fault into segments based on available seismic and geologic in­

for;nation, 2) knowledge of the time required to accumulate enough strain to 
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cause failure of a segment, and 3) knowledge of the current status of the seg­

ment in relation to the cycle of strain accumulation. 

Using this approach, Coppersmith (1982) estimated the probability of 

major earthquakes along the Hayward fault. A probability of 14% and 26% was 

computed for a M7 event to occur within the next 50 years, assuming strain ac­

cumulation (slip) rates of 3 mm/yr and 6 mm/yr. Similarly, Lindh (1983) cal­

culated a probability of 20% for a M6.5 to M7.0 earthquake to occur in the 

next 30 years. These calculations are based on the 114-year interval dating 

from the 1868 earthquake to 1982. 

Recent observations of geodetic strain and fault creep indicate that the 

current rate of strain accumulation along the Hayward fault is probably less 

than 4 mm/yr (Prescott and Lisowski, 1982). Whether this rate is representa­

tive of the entire fault zone for the entire 114-year interval and of future 

fault behavior is unknown. 

The probability of occurrence of the M7.5 scenario earthquake will be 

smaller than these probabilities because the earthquake is larger. Neverthe­

l e ss, this scenario is a credible worst case situation for emergency planning 

purposes. 
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PREDICTED SEISMIC INTENSITY DISTRIBUTION 

Introduction 

To develop an earthquake planning scenario, it is necessary first to es­

timate t h e regional patterns of ground shaking and ground failure. This pro­

cedure i s aided by assuming that the effects of the scenario earthquake can be 

deduced from previous earthquakes about which there is some knowledge. In 

this ins t ance the scenario earthquake has been assumed to be similar to, but 

considerably larger than the M about 7 earthquake of October 21, 1868. The 

effects of that earthquake were peripherally addressed by the classic "Report 

of the State Earthquake Commission" ( Lawson, 1908), pertinent po r t ions of 

which were reproduced in the preceding section. The effects observed in 1868 

provide a means of check ing the general validity of the r egional seismic 

intensity map developed for this scenario earthquake. 

"Se i smic intensity" is the effect of an earthquake at a particular 

place. A single numerical value attempts to convey the various effects of 

earthquake shaking on humans and the i r cultural paraphernalia at a given 

place. The measurement of seismic intensity, therefore, is unavoidably sub-

jective. Over 44 different intensity scales have appeared during the last 

century ( Barosh, 1969, p.6). The Modified Mercalli and Rossi-Forel intensity 

scales are in Appendix A. 
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Regional Seismic Intensity Investigations, in General 

The degree of ground shaking at a specified location resulting from the 

scenario earthquake will be dependent on several factors. Among the most im­

portant is the distance from the causative fault. Generally, the amplitude of 

vibratory motion diminishes away from the source of excitation. The vibra-

t ions associated wi th earthquakes are complex. Characteri zing their antici-

pated effects at specific locations is further complicated by variations in 

the geologic materi als through whi ch they pass. Well consolidated bedrock, 

for example, transmits most frequencies while unconsolidated sand and gra vel 

or water-saturated mud preferentially transmit low frequencies. 

The development of seismic intensity maps also requires consideration of 

the consequences of ground breakage. In contrast to vibratory shaking, ground 

breakage is a permanent displacement of earth materials resulting from fault 

rupture, 1 iquefaction, differential settlement, or slope failure. Lifeline 

damage due to fault rupture will be confined to a narrow zone within about 100 

meters (330 feet) of the fault (Bonilla, 1967; Legg ~ al., 1982, p. 2-5). 

The potential for liquefaction (Borchardt and Kennedy, 1979) is governed by 

the presence of susceptible substrate materials such as water-saturated mud or 

sand. Differential settlement is primarily a site-specific engineering prob­

lem occurring where structures are built on materials of varying density and 

degree of consolidation. seismically induced landslides occur primarily on 

slopes greater than 3 in 10 (or 30%) in areas containing landslide deposits. 

Both liquefaction and seismically induced landslides have been observed as far 

as 500 km from an earthquake source (Keefer, 1984, 

p. 411). 
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Development of the Seismic Intensity Distribution Map 

Shaking Intensity 

In preparing a regional intensity map to be employed in the assessment of 

lifeline damage, we developed an algorithm based on the Evernden model 

(Evernden et ~., 1973, 1981; Evernden, 1975). This computer model calculates 

the ground shaking acceleration on a grid of reference points throughout a re­

gion employing equations that account for the influence of distance from fault 

source, attenuation, and the geology of the substratum. The intensities are 

calculated by using an empirical relationship between acceleration and the in­

tensity scale. The Modified Mercalli (MM) intensity scale (see Appendix A), 

which was developed in 1931, is extensively used today and provides a classi­

fication of earthquake effects related to types of construction. 

Development of the seismic intensity distribution map begins wi t h attenu­

ation versus distance calculations plotted as concentric ellipses centered on 

the Hayward fault. With distance from the fault, each successive ellipse be-

comes 0.1 intensity unit less than the previous one. Thus, on well-

consolidated bedrock within a distance of 8 km of the fault the ellipses de­

note Modified Mercalli intensities of VII or greater; within 35 km they are VI 

or greater; within 80 km they are V or greater. In areas of less consolidated 

ground, seismic intensities due to shaking are expected to be up to 2 units 

higher. Therefore, within 8 km of the fault, the softest ground--Quaternary 

sedimentary deposits--would have predicted intensities of IX. In the same 

area, bedrock of intermediate consolidation would have predicted intensities 
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of VIII. Following Evernden, Kohler, and Clow (1981, p. 9), we prepared a 

table of the geologic units common to the Bay area and assigned relative in­

tensity values to each (Wble 1). Thus, for any particular location in the 

Bay area, the predicted seismic intensity is increased by this factor to in-

clude the effect of ground condition. Our table is similar to Evernden, 

Kohler, and Clow (1981, tables 1 and 2), with the following differences: be­

cause our algorithm gives intensity for bedrock instead of for alluvium, geo­

logic factors are positive instead of negative. We simply added +3 to the 

relative intensity values in their table 2. Also, we have slightly different 

classifications for some geologic units. For instance, we consider "Plio-

Pleistocene" sedimentary (+1. 8) to be slightly more consolidated than 

Quaternary sedimentary deposits (+2.0). This is supported by the shear wave 

velocity measurements of FUmal and Tinsley (1985), that show plio-pleistocene 

deposits to have higher values than Holocene deposits. 

Each geologic map unit was placed into one of the ground-condition cate­

gories. The intensity values for the various ground conditions were added to 

the computer~enerated intensity values for well-consolidated bedrock. These 

values were rounded to the nearest whole unit and the boundaries of the 

resulting "geo-seismo units" were drawn. The resulting map was then super-

posed with the areas having potential for liquefaction and the areas having 

potential for seismically induced landslides. 

We predict no intensities higher than IX, because intensities X through 

XII are attributed to the secondary effects of ground breakage. The potential 

for ground breakage is estimated independently. 
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TABLE 1 

Geologic units and Relative Intensity Factors 

Geologic Map Units 
Relative Intensity 

Addi tion Factor 

Classification for the san Francisco (Jennings and Burnett, 
1961) and san Jose (Rogers, 1966) Sheets 

Plutonic and metamorphic rocks 
(Ti, Kjfv, gr, bi, ub) 

Volcanic rocks 
(Pv, Mv, Tv) 

Jurassic and Cretaceous sedimentary rocks 
(Jk, Kjf) 

Cretaceous through Eocene sedimentary rocks 
(E, Ep, K, Ku, Kl, [Kjf El Cerrito area]) 

Oligocene through middle Pliocene sedimentary rocks 
(Pmlc, Pml, Mu, Mm, Ml, ¢) 

Plio-Pleistocene sedimentary rocks 
(Qc, QP, Pc, Pu) 

Quaternary sedimentary deposits 
(Qs, Qal, Qf, Qb, Qt, Qm) 

Class i fication for the Santa Rosa Sheet (Wagner and Bortugno, 1982) 

o 

0.3 

0.8 

1.2 

1.5 

1.8 

2.0 

Plutonic and metamorphic rocks 0 
(Kgr, PzMz[ls]) 

Volcanic rocks 0.3 
(Psv, Mpt, Mbm, Mpp) 

Jurassic and Cretaceous rocks 0.8 
(KJf, urn) 

Jurassic through Eocene sedimentary and mafic rocks 1.2 
(Emk, En, Ed, EC, Pmz, Tkf, KU, Kfo, Kg, Kf, KS, Ky, KV, Kl, KJu) 

Tertiary sedimentary rocks 1.5 
(Pwg, Pp, MO, Mdb, Msp, Mmy, Ml) 

Plio-Pleistocene sedimentary rocks 1.8 
(Qmi, QT, Pt, Ppt) 

Quaternary sedimentary deposits 2.0 
(Q, Qa, Ql s, Qs, Qi, Qo, Qt) 
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Our model differs from that of Evernden et~. (1981) in the following 

ways: 1) we predict intensities for bedrock sites within 5 km of the fault 

and at distances greater than 40 km on unsaturated alluvium that are approxi-

mately one unit higher than theirs; 2) we predict no difference in seismic in-

tensity as a result of depth to water table. Our model was guided by the 

areal extent of Intensity VII and VIII shaking for the Hayward earthquake of 

1868 and by earthquakes of similar size on other California faults. The 

methodology of the Evernden model does not predict ground failure. In order 

to add this dimension to the intensity maps, we evaluated information on local 

geology in order to identify areas of potential ground failure. These areas 

are identified on the seismic Intensity Distribution map (Map 3-S). 

The U.S. Geological Survey (1981) has published a series of intensity 

maps for specific earthquakes us i ng Evernden's method, including a M 7.4 event 

on the Hayward fault. The geologic information used in the USGS analysis was 

based primarily on 1: 250,000 scale maps from the DMG -Geologic Atlas of 

California.- Our model differs from Evernden's, and for the area north of 38 

degrees latitude, we utilized the newer santa Rosa geologic quadrangle map of 

wagner and Bortugno (1982). 
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Ground Breakage 

Three types of ground breakage will occur as a result of the scenar io 

event on the Hayward fault: 

1) fault rupture, 

2) l iquefaction, 

3) l andslides. 

1) Fault Rupture 

In this scenario we postulate that the entire 100 km length of the 

Hayward fault extending southward from San Pablo ruptures in a single event. 

About half of this 100-km fault segment ruptured in the 1868 earthquake 

(Lawson, 1908; Bonilla, 1967). In the 1836 earthquake also, there were re-

ports of · large fissures· in this fault segment. 

The most recent data (Bonilla et al., 1984; Slemmons, 1982) are used to 

derive the earthquake magnitude and the fault displacemen t from the postulated 

100-km rupture length. 

We derive the earthquake magnitude using the relation f or strike-slip 

faults (Bonilla et al., 1984), 

MS 6.24 + 0.619 log L 

substituting L 100km gives 

Ms 7.48. 
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The same rupture length gives a lower magnitude using the relation of 

Slemmons (1982), 

MS 1.404 + 1.169 log (100,000 meters) 

M 7.25 
s 

For planning purposes, the maximum value M 7.5 is assumed. 

We derive the maximum fault displacement using the relation for 

strike-slip faults (Bonilla et al., 1984), 

log d -1.28 + .914 log L 

substituting L 100 km gives a maximum displacement 

d 3.5 meters (about 10 feet). 

The maximum displacement can occur at one or more locations in the 

surface rupture. The average displacement is about half the maximum, or about 

2 feet, and will be more prevalent throughout the rupture length. In the 1868 

event 3 feet of ground displacement was observed (Lawson, 1908). Total 

displacement can be distributed across more than one fault trace. This 

scenario predicts that ground breakage will occur along the active traces 

delineated on the Alquist-Pr iolo Special Studies Zone maps. These maps are 

included in Appendix C. About 60 km (37 miles) of faulting occurs in Alameda 

County, 25 km (16 miles) in Santa Clara County, and 15 km (9 miles) in Contra 

Costa County. 
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2) Liquefaction 

The area designated as having high potential for ground failure includes 

all Bay mud deposits (Nichols and Wright, 1971), all areas considered of high 

1 iquefaction potential by numerous authors, and most areas in which ground 

failure was noted in the 1906 earthquake (Youd and Hoose, 1978; Nason, 1980a, 

1980b, 1982). These data were checked against detailed work in the literature 

and modified as indicated below for the nine Bay area counties: 

Alameda county 

The data of Helley et ~., (1972) was the prime reference. Younger fluv­

ial deposits (Qyfo) north of Newark had historic liquefaction in the 1906 

earthquake (Youd and Hoose, 1978). These deposits are considered subject to 

potential failure along with the underlying deposits (Qb) in the area extend­

ing east of Coyote Hills and south to the county line. Some parts of the old­

er Bay mud (Qom) are included because there is historical evidence for failure 

near Alameda Creek (Youd and Hoose, 1978). Interfluvial basin deposits (unit 

Qb) are considered unlikely to fail in the region near the Oakland Coliseum. 

Units la and Ib of Legg et al. (l982) are considered subject to liquefaction 

during the scenario event. Al though the water table in unit 2a of Legg et 

al., (l982) is within 3m of the surface, we considered this unit not subject 

to liquefaction. This unit, for example, comprises the central portion of 

Alameda Island, an area in which there was little evidence for liquefaction in 

the San Francisco earthquake of 1906 (Youd and Hoose, 1978). 
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Contra Costa County 

The Richmond area is generalized, with zones I, II, and IV of Bishop et 

al., (1973) considered susceptible to ground failure. To the east of Richmond 

we used unit III of the Contra Costa County Planning Department (1974), as 

modified north of Rodeo by using the data of Helley et ~., (1979). 

Marin County 

Rice (1973; 1975), Rice e t ale, (1976), and Blake et ale, (1974) were 

used to delineate the areas of Bay mud likely to sustain ground failure. 

Napa County 

Sims et ~., (1973) was used to delineate the areas of Bay mud. 

San Francisco County 

We used the data of Jacobs (1974), but excluded some dune sand at higher 

elevations southwest of Lake Merced. 

San Mateo County 

In addition to the areas delineated "moderate to locally high" in lique­

faction potential by Woolfe et al., (1975), the younger basin (Qb) and beach 

deposits (Qs) of Lajoie et ~., (1974) were included. The alluvial fan depos­

its (Qy and Qyo) in the northeast corner of the County and in east Palo Alto 

are considered unlikely to fail (Lajoie et ale, 1974) and were removed from 

consideration. 

Santa Clara County 

The historical data of Youd and Hoose (1978) was used to outline the area 

susceptible to liquefaction along Coyote Creek. In 1906, liquefaction was re­

ported to the east of the Guadalupe River, but not to the west. Thus, the 

Guadalupe River was chosen as the western boundary of the area influenced by 

liquefiable sands deposited by the Coyote Creek drainage. The potential for 
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liquefaction is considered minimal in the rest of the county (James Berkland 

and Ben Patterson, geologists, Santa Clara County, oral communication, 1981). 

Solano County 

The data of Sedway/Cooke (1977) was used to define areas of potential 

ground failure due to liquefaction. 

Sonoma County 

Blake et ~., (1974) was used to outline the areas of Bay mud. 

3) Seismically Induced Landslides 

According to Keefer (1984, p. 410, p. 414), a magnitude 7.5 earthquake 

can produce landslides as well as liquefaction over an area of 3,000 to 25,000 

square kilometers. In this scenario, most of these effects would be confined 

to an area within 25 km of the Hayward fault. Landslides will occur mainly on 

unstable hillsides in areas experiencing shaking intensities of at least V 

(MM) and having slopes of 15 degrees or greater. Unstable hillsides having 

slopes less than 15 degrees are unlikely to fail in earthquakes (Keefer, 1984). 

Little detailed information exists on the areas susceptible to seismic-

ally induced landslides in the Bay area. The areas so designated on the 

Seismic Intensity Distribution map were determined as follows: First, an 

overlay of areas with slopes greater than 30% (17 degrees) was prepared from 

the 1:125,000 scale slope map of the San Francisco Bay region (U.S. Geological 

Survey, 1972). This was enlarged to l:lOO,OOU scale and superimposed on the 

1:100,000 base map. Next, various maps showing landslide deposits and areas 

of high potential for landsliding were reduced or enlarged to fit the 

1:100,000 scale base map. These were superimposed on the base, and a mylar 

overlay was drawn showing the landslide-prone areas with slopes of 30% (3 in 
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10) or more. Most of the landslide data were obtained from wright and 

Ni Isen' s (1974) • Isopleth map of landslide deposits, southern San Francisco 

Bay region, California." Information for the area north of 370 52' 30· was 

compiled from the sources indicated below: 

Alameda County 

Wright and Nilsen (1974) was the only reference. 

COntra COsta COunty 

Nilsen and Turner (1975) was the only reference. 

Ma ri n county 

Wri ght and Ni Isen o (1974) was used for the area south of 37 52' 30". 

For the Novato area, we used stability areas 3 and 4 of Rice et al (1976). 

The landslide areas for the remainder of Mari n County were delineated from 

wentworth and Frizzell (1975). 

Napa County 

Frizzell et ~., (1974) was used for the southern part of the county and 

the data of DWyer et al., (1976) were consulted for the remainder. 

San Francisco County 

wright and Nilsen (1974) was the only reference. 

san Mateo county 

Wright and Nilsen (1974) was the only reference. 

Santa Clara COunty 

Wright and Nilsen (1974) was the only reference. 

SOlano COunty 

Frizzell et ~., (1974) was used for the southern part of the County and 

the data of Dwyer et ~., (1976) were consulted for the remainder. 
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SOnoma County 

The data of Huffman and Armstrong (1980) were used. In the southeastern 

part of the County these data were combined with the data of Frizzell et al., 

(1974) to produce the most conservative map. 

Except for oceanside cliffs undergoing coastal erosion and excavations 

along transportation routes, it is highly unlikely that seismically induced 

landslides will occur outside the areas so designated. As recently initiated 

detailed landslide studies are completed, some of the areas we have designated 

as susceptible to seismically induced slope failure may be shown to be stable. 

Characteristics of the Seismic Intensity Distribution Map 

The area encompassed in this earthquake planning scenario, withi n some 30 

km of the Hayward fault, includes most of the heavily populated areas of the 

san Francisco Bay region. This scenario earthquake would also cause some dam­

age in communities beyond the limits of the planning area that are within 50 

kilometers or so of the surface rupture. 

Predicted intensities resulting from this earthquake are shown on Map 

3-S. The areas of predicted intensity IX (MM) include virtually all of the 

developed lowlands within 8 km (5 miles) of the fault in the East Bay. This 

area of intense shaking (strong enough to shake unbolted wood frame houses off 

their foundations and to cause some collapse of unreinforced masonry build­

ings) extends through the cities of Pinole, san Pablo, Richmond, El Cerrito, 

Albany, Berkeley, Emeryville, Alameda, Oakland, San Leandro, Castro Valley, 

san Lorenzo, Hayward, Union City, Newark, Fremont, Milpitas, and the eastern 

portion of san Jose. 
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Intensity VIII (MM) shaking (strong enough to destroy most of the unrein­

forced brick chimneys in the area and to cause some walls to fall) will occur 

predominantly on soft sediments within about 30 km (18 miles) of the fault. 

This includes much of san Francisco and the other cities south along the 

Peninsula, the low-lying areas around san pablo say, as well as the concord, 

Walnut creek, and Livermore areas. 

Intensity VII (MM) shaking (strong enough to destroy a few unreinforced 

bri ck chimneys and to crack wall s) will occur as far away as santa Rosa and 

Hollister. 

Throughout the entire planning area, low-lying ground with high potential 

for liquefaction will be subject to failure. unstable hilly areas having 

slopes greater than 30% or 3 in 10 will have numerous scattered landslides and 

rockfalls, especially in roadcuts and other over-steepened excavations east of 

the fault. 

These regional patterns associated with the scenario event, and the 

average fault di splacement of 5 feet, are the basis for the evaluation of 

general effects on lifelines and certain critical structures in the greater 

san Francisco Bay area. The discussions and maps included in subsequent 

sections highlight these anticipated regional effects. 
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Comparison with a Repeat of the 1906 San Francisco Earthquake 

Earthquake Characteristics 

Before comparing the scenario earthquake (M7.5) with a M...-v'8 event on the 

northern San Andreas fault, one needs to bear in mind that the scenario event 

is the maximum credible earthquake that is likely to occur on the Hayward 

fault • Historically, no earthquake of this magnitude has occur red on this 

fault. We know, however, that even during this State's brief history, earth­

quakes of destructive magnitude have originated on the Hayward fault, as evi­

denced by the 1868 earthquake (M..A-'7) and a presumably comparable event in 

1836. There is little doubt, therefore, that destructive earthquakes of at 

least M"v 7 will recur and that a larger magnitude event is plausible. The 

1906 experience is testimony to the fact that future great earthquakes (M.,...v-8) 

on the northern San Andreas fault are a totally credible expectation. 

The 1906 San Francisco earthquake resulted from rupture of approximately 

400 kilometers (240 miles) of the San Andreas fault from near San Juan 

Bautista to near Cape Mendocino and produced surface fault displacements of up 

to 20 feet. The Hayward scenario earthquake is based on the assumed rupture 

of the entire length of the Hayward fault, approximately 100 kilometers (62 

miles) from San Pablo Bay to east of San Jose. A rupture length of this ex­

tent is, from observation of other earthquakes, likely to produce an event of 

about M7.5 and surface fault offsets of 5 to 10 feet. The duration of strong 
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shaking could be somewhat greater for the larger event, but in both cases 

probably in the range of 25-35 seconds. 

Areal Extent of Damage 

The area of potential structural damage (I > VIII) resulting from a San 

Andreas event would extend up to about 30 to 40 miles from the fault through­

out the rupture length, causing damage from Salinas to Eureka and east to the 

western margin of the Great Valley. Damage (I ~ VIII) resulting from a M7.5 

Hayward event would be generally confined to the greater San Francisco Bay 

area within approximately 20 to 25 miles of the fault. While the total area 

impacted by a San Andreas event is much greater, it is important to note that, 

in both cases, the vast majority of the affected population is located within 

the urban Bay area where both events have great impact. Of primary signifi­

cance is the fact that virtually the entire 62-mile surface rupture associated 

with a M7.5 Hayward event occurs within the highly developed and heavily popu­

lated communities of the East Bay, whereas the San Andreas rupture occurs in 

generally rural areas and offshore. 

Effect on Lifelines 

Many of the major transportation and utility lifelines that serve the Bay 

area, including San Francisco and the peninsula, cross the Hayward fault and 

are vulnerable to major damage resulting from surface faulting. These life­

lines include the major freeway routes, water supply aqueducts, electrical 

power lines, natural gas and petroleum product pipelines, and railroads. In 

addition, innumerable elements of the local utility distribution systems are 
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also vulnerable. Therefore, planning for the necessary emergency response and 

subsequent repair efforts to return these facilities to operation is especial-

ly important along the Hayward fault. Surface rupture on the San Andreas 

fault, on the other hand, poses a relatively minimal direct threat to life-

lines since the fault is generally in remote areas or offshore. Lifeline 

damage due to shaking will be significant in both events with facilities lo­

cated on potentially unstable ground around the Bay margin being particularly 

vulnerable. 

Earthquake Shaking in Downtown San Francisco 

Downtown San Francisco is situated about 10 miles east of the San Andreas 

fault and 10 miles west of the Hayward fault (Figure 1). consequently, ground 

shaking in the downtown area resulting from a M7.5 event on the Hayward fault 

would be essent i ally the same as the shaking from a M'- 8 event on the San 

Andreas fault. This is because most of the strong ground motion at any given 

location is contributed by the 100-km length (approximately) of the causative 

fault that is nearest to that location (in this case, downtown San 

Francisco). In a M ~8 San Andreas earthquake, faulting that occurs along the 

coast of Sonoma and Mendocino Counties north of the Bay area would generate 

destructive strong ground motion at Santa Rosa and Ukiah, but its contribution 

at San Francisco would be only to the long-period shaking affecting structures 

higher than about 10 stories. Communities further south on the San Francisco 

Peninsula are closer to the San Andreas fault and would, therefore, be more 

strongly affected by a large earthquake originating on that fault than by one 

originating on the Hayward fault. 
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casualties 

Estimation of the relative number of casualties is extremely difficult, 

involving many variables, notably time of day and day of the week. 

Steinbrugge ~ ale (1981) estimated the number of deaths from a M8. 3 San 

Andreas event in the range of 3-12,000. The lower figure is an estimate for 

2:30 a.m., while the greater number relates to an event occurring on a weekday 

afternoon. Deaths resulting from the Hayward scenario event are estimated at 

roughly one-third to one-half of those for a Sao Andreas event, i.e., 1500-

4400 (See Table 2). 

number of deaths. 

Summa ry 

Hospitalized injuries are estimated at three times the 

According to a Federal Emergency Management Agency report (1980), the im­

pacts of either of these events "would surpass those of any natural disaster 

thus far experienced by the Nation." A repeat of the M~8 1906 earthquake on 

the San Andreas fault would be damaging from Humboldt County in the north to 

San Benito County in the south. Throughout much of the highly populated San 

Francisco Bay area, the damage from shaking caused by a San Andreas event 

would be generally comparable to that produced by a M7.5 earthquake on the 

Hayward fault. Fault rupture produced on the Hayward fault, because of its 

location within the urban East Bay area, would have a more direct impact on a 

much greater population than fault rupture on the San Andreas fault. More­

over, many more lifelines that are vital to the entire Bay area, including San 

Francisco, cross the Hayward fault. Consequently, the disruption of lifelines 

serving the Bay Area would be significantly greater in a M7.5 Hayward event 

than in a larger san Andreas event. 



Section 4. 

DEATHS AND 
INJURIES 
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CASUALTY ESTIMATES 

Parameters 

Estimating the number of potential casual ties in a rna jor earthquake is 

difficult because of the many variables and uncertainties involved. The esti­

mates are greatly influenced by the location of the populace at the time of 

the earthquake, such as being at home, at the workplace, shopping, on the 

highways, at school, and the 1 ike. These estimates are also greatly influ-

enced by the time of day that the earthquake occurs. At 2:30 in the morning 

most of the population will be in wood frame dwellings--the safest kind of 

structures. During the workday many of these same people will be in much more 

hazardous buildings such as unreinforced brick masonry and poorly designed 

·tilt-up· buildings. During the school year most children will be in rela-

tively safe structures. Shopping areas may be busier on Saturdays than on 

Monday through Friday, but office buildings will be mostly empty. 

The collapse of a single high-rise structure during business hours could 

cause 1,000 deaths with relatively few persons escaping with injuries. In 

contrast, the more common partial collapse of unit masonry buildings will re­

sult in many more injuries than deaths. 

The failure of a dam can have catastrophic downstream results. The near 

failure of Lower San Fernando Darn in 1971 is a vivid example of the potential 

problem. However, in recent years, all major darns vulnerable to damage resul­

ting from a major earthquake on the Hayward fault have been strengthened in­

cluding, notably, those of the East Bay Municipal Utility District. For the 
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purposes of this scenario, none of the principal dams affecting Bay area ci­

ties is expected to fail. 

Injuries requiring hospitalization are more difficult to estimate than 

deaths. Many people who, under normal circumstances, would have gone to hos­

pitals may receive emergency treatment and return to their homes. Hospitals 

may not welcome additional patients in view of their potential l y crowded con-

ditions as well as their own difficulties in remaining functional. Keeping 

these limitations in mind, hospitalized casualties are often estimated to be 3 

or 4 times the number of deaths, while non-hospitalized casualties may be 30 

times the number of deaths. The difference between hospitalized and non-

hospitalized injur i es has not been adequately defined. 

Methods 

Calculations necessary to estimate casualties require data on the popula­

tion at risk by class of building construction, by building location, and by 

local seismic intensity. In wood-frame buildings such as houses, 2 to 4 

deaths per 10,000 occupants is typical in the highest intensity areas, and, of 

course, fewer elsewhere. On the other hand, unreinforced brick or masonry 

structures, which are not earthquake resistive, may have a ratio as high as 

4,000 deaths per 10,000 occupants in the same high intensity areas. Develop­

ment of current inventories of population at risk by building construction 

class, seismic intensity, time of day, and day of year is a major undertaking 
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beyond the scope of this study. For the purposes of this scenario, casualty 

estimates have been extrapolated from: 

National Oceanic and Atmospheric Administration (NOAA), 1972. -A study of 
earthquake losses in the San Francisco Bay area.- A report prepared for 
the Office of Emergency Preparedness. See, particularly, pages 108 
through 125. 

Federal Emergency Management Agency (FEMA), 1980, An assessment of the 
consequences and preparations for a catastrophic California earthquake: 
findings and actions taken: Report prepared by FEMA from analysis car­
ried out by the National Security Council, Ad hoc Committee on Assessment 
of Consequences and Preparation for a Major California Earthquake. 

Steinbrugge, K.V., Algermissen, S .T. 
monetary losses and casualties 
aster response planning: in 
Earthquake Engineering, vol. 7, 

and Lagorio, H.J., 1984, Determining 
for use in earthquake mitigation and dis­
proceedings, Eighth World Conference on 
pp. 615-62 2. 

The casualty estimates summarized in Table 2 were based on changes in 

population and their geographic distribu t ion as obtained from updated census 

figures, with consideration of construction practices throughout the area. 

The geographic distribu t ion of the population at risk is tha t of a normal 

weekday, not during the Holiday season. The computational method developed 

conservative (i.e., high-side) es t imat es of casualties which are not likely to 

be exceeded. The times of day used in this scenario are 2:30 a.m. (when most 

of the populat ion is in safe wood-frame buildings), 2:00 p.m. (middle of the 

work and shopping day), and 4:30 p.m. (start of the evening commute period). 

Current population estimates for each of the nine Bay area counties in-

cluding those of all incorporated cities are included in Appendix B. These 

estimates include data concerning populat ion distribution among various cate-

gories of housing units in each city and county. 
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TABLE 2 

ESTIMATED CASUALTIES IN THE NINE BAY AREA COUNTIES 

2:30 a.m. 2:30 p.m. 4:30 p.m. 

DEATHS 1 ,500 4,400 3,200 

HOSPITALIZED INJURED 4,500 13,200 9,600 
(Estimated at 3 times the number of deaths) 

SIGNIFICANT NON-HOSPITALIZED INJURED 45,000 132,000 96,000 
(Estimated at 30 times the number of deaths) 



Section 5. 

BUILDINGS 
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Strong motion accelerographs installed in various types of buildings, 
lifeline structures and on different geologic forma tions are proJiding 
structural engineers and seismologists with valuable new data con­
cerning ground and st~uctural response to earthquake shaking. The 
processed record shown indicates the characteristics of motion recorded 
on the roof of the Santa Clara County Administration Building during 
the 1984 Morgan Hill earthquake (M6 .2). 
(Record and photo by California StY'ong Ivlotion Instrumentation Program) 
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GENERAL SEISMIC CONSIDERATIONS 

In troduct ion 

Scenarios describing damage and damage patterns are not precise predic­

tions of what will occur. A statement that a building will survive or col­

lapse can be given only in probabilistic terms. In a parallel situation, one 

cannot predict that a person who is driving under the influence of alcohol 

will certainly have an accident, but one can state that the probabilities are 

significantly higher than if he were not. Knowing building construction types 

and past earthquake performance of structures with given characteristics, rea­

listic scenarios of probable damage can be developed for use in disaster re­

sponse planning. 

The numerical values associated with each response planning topic 

represent reasonable maximum expected conditions. In other words, these 

values are credible; they have past data or experienced judgment behind them. 

The quality of the numbers vary depending upon the extrapolation of past data, 

the reliability of the assumptions supporting the calculations, and the 

quality of the judgment behind the decisions. 

In addition to the possible variations in seismological parameters, the 

response of buildings and structures to earthquake ground motions is not well 

understood. surprises and lessons learned have resulted from every damaging 

American earthquake, and these are included in reports of such recent 

earthquakes as 1983 Coalinga, 1979 Imperial valley, and 1971 San Fernando. 
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Summing the loss totals for various situations must be done with under­

standing and judgment. For example, maximum building damage from landslides 

occurs in the wet season while the maximum fire hazard exists during the sum­

mer seaso n. For a second example, the population density shifts to dwellings 

and apartment houses during the night hours while a different distribution ex­

ists during the working and shopping day; therefore, the failure of a dam 

causing maximum casualties in dwellings (night hours) should not be added to 

the maximum casualties in shopping areas (day hours). 

Ground Motions and Bui l ding Damage 

The seismic motions at the source of destructive earthquakes are gener­

ally rapid and irregular oscillatory motions having large amplitudes. Of con­

siderable significance is the fact that earthquake waves change in character 

as they travel away from their energy source. Human observations as well as 

seismographic records show that the very rapid and violent ground oscillations 

(short-period motion) in the epicentral reg ion are quickly damped and dis­

persed, leaving principally slower long-period motion at greater distances 

from the earthquake source. The greater the distance, the slower the observed 

predominant oscillations. The predominant oscillations at large distances 

from the earthquake can be so gentle that they may not be felt by all persons, 

and yet be strong enough to cause water in reservoirs to oscillate with some­

times destructive effects. 
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Buildings respond differently to different kinds of ground motion. Each 

building has its own specific vibrational characteristics based on its stiff­

ness. Each building will therefore respond to the particular ground motion at 

the site in a specific manner. One of these vibrational characteristics is 

termed the structure's natural period of vibration. In general, the taller 

the building, the longer is its natural period of vibration. If the build-

ing's natural period of vibration roughly coincides with a few cycles of the 

principal motions of an earthquake, quasi-resonance or a condition similar to 

near-resonance will occur. As a result of this quasi-resonance, the vibratory 

motions of the building may dramatically increase, along with damage. Damage 

from quasi-resonance is generally observed in taller buildings from distant 

earthquakes. 

Based on the changes in ground motions as a function of increasing dis­

tance, observed damage patterns tend to reverse with distance. Damage to low, 

rigid (short-period) buildings predominates over high-rise (long-period) dam-

age in the epicentral and energy-source regions nearer the fault. At dis-

tances over 100 miles, for example, high-rise building damage may predominate 

over that of even poorly built one-story structures. This was dramatically 

evidenced in Mexico City during the September 1985 earthquake. 

Short-Period Motion Effects 

The historical damage patterns are associated with short-period motions 

(Le., rapid back-and-forth motions). 

period effects. 

Isoseismal maps are based on short-
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In general, light mass structures perform much better than do heavier 

mass structures. Conceptually, this is due to the fact that the ground moves 

away from the structure during an earthquake, and the structure must follow 

these movements. The heavier the mass of the structure, the greater will be 

the inertial (resisting motion) force on the structure. There f ore, a "heavy 

substantial" building which is not designed to be earthquake resistant is more 

likely to fai 1 than a "flimsy" wood-frame s t ruc t ure. 

this exist throughout the historic record. 

Long-Period Motion Effects 

Countless examples of 

Long-period motion principally affects h i gh-rise buildings. An excellent 

example of long-period effects is demonstrated by the 1952 Kern County, 

California, earthquake. Th i s earthquake resulted in numerous instances of 

non-structural damage to multi-story steel or concrete frame buildings in Los 

Angeles and Long Beach, but essentially no damage to one- and two-story build­

ings of any kind in the same area. These cities are located 70 to 90 miles 

from the epicenter. Generally, the affected buildings were 10 to 12 stories 

high and had a measured natural period of vibration of 1 to 2 seconds, but 

buildings as low as 6 stories were also damaged. 

structures of over 20 stories did not exist then.) 

(The many modern h i gh-rise 

In Anchorage, which was 75 miles from the epicenter, the 1964 Alaskan 

earthquake caused extensive damage to multi-story buildings; low rigid build­

ings did not suffer comparable damage; even a snowman survived! 
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Occurrence of the scenario earthquake could cause damage to tall build­

ings in Sacramento, with little effect on one-story structures. 

Earthquake Resistive Design 

Codes and Damage Control 

After the 1906 San Francisco earthquake, new buildings in San Francisco 

were designed to resist heavy wind forces (30 pounds per square-foot) since 

earthquake resistive design methods were unknown. In time, those standards 

were reduced since ·San Francisco has no heavy winds·. 

In the years following the 1925 Santa Barbara earthquake, a few moderate­

size communities in california adopted codes which required buildings to have 

earthquake bracing. After the 1933 Long Beach earthquake, a number of south­

ern california communities adopted these codes, with their usage spreading 

generally to northern California by 1950. Concurrently, improvement in re-

search and design practices also led to substantially improved earthquake re-

sistive construction. Recent earthquakes have clearly shown that earthquake 

resistive design methods are highly effective, and many case histories exist 

in the literature showing that most major structures can and do perform well. 

The intent of earthquake resistive design required by building codes is 

to protect life, and is only partially directed toward damage control. There 

are certain exceptions, such as the code provisions adopted in 1972 for new 

hospitals in California, that are discussed later in this section. 
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The basic philosophy behind the seismic provisions of most American 

building codes states that the code intends buildings to -resist major earth­

quakes of the intensity or severity of the strongest experienced in 

California, without collapse, but with some structural as well as nonstruc­

tural damage.- It goes on to state, -In most structures, it is expected that 

structural damage, even in a major earthquake, could be limited to repairable 

damage.- By using certain types of flexible , but -safe- construction systems 

in certain occupancies, such as hotels, it is quite possible for a structure 

to suffer 50 percent property loss without serious structural damage. Design 

for damage control usually includes life safety, but design for life safety, 

i.e., minimum code standards, does not necessarily include damage control. 

In most cases, the earthquake provisions of a building code plus the de­

sign engineer's judgment determine the seismic damage characteristics of any 

particular building or structure. Expert advice may be obtained from engi-

neering geologists, seismologists, soils engineers, and others, but the design 

engineer must evaluate all reports and synthesize them into a judgment deci­

sion in the context of a good architectural design. The design is too often 

influenced by the minimum earthquake standards of the building code. Unfortu­

nately, barely meeting the minimum standards of a building code places a 

building on the verge of being legally unsafe. 

Exceptions to earthquake bracing are common in major computer installa­

tions in all occupancies. In far too many cases, the bracing of false floors, 

the air-conditioning vi tal for continued operation, backup power, and other 

equipment is deficient. Unless the response planner has specific information 

to the contrary, the system should be held suspect. 
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Special California Earthquake Legislation 

The Field Act, adopted shortly after the 1933 Long Beach earthquake, as-

signed to a state agency regulatory powers over public school design and con-

struction. The resulting high standards, particularly noticeable in substan-

tially improved construction standards, proved to be very successful as evi-

denced by the 1952 Kern County and 1983 Coalinga earthquakes. The original 

Field Act applied only to new public schools; the remaining older public 

schools and private schools continued to exist as major threats. In 1969, the 

Garrison Act was passed by the California Legislature to deal with the diffi-

cult task of abating the hazard posed by the older public schools. The legis-

lation was subsequently amended, and non-Field Act public schools are now es-

sentially gone. Some private schools continue to exist as major threats. 

California's Hospital Act of 1972, which resulted from the 1971 San 

Fernando earthquake experience, has significant implications in that attempts 

at damage control became mandatory when the State preempted new hospital con-

struction from local control. This legislation followed the precepts of the 

Field Act for public schools with the addition of the following significant 

statement: 

Section 2. It is the in t ent of the Legislature that hospitals, which 
house patients having less than the capacity of normally healthy persons 
to protect themselves, and which must be completely functional to perform 
all necessary services to the public after a disaster, shall be designed 
and constructed to resist, insofar as practicable, the forces generated 
by earthquakes, gravity, and winds ••• 

The intent of the legislation does not state that the hospital must remain 

Rundamaged,R but that it must remain "functional" in order to perform all ne-

cessary ~ervices. 
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Planning Considerations 

Most of the larger governmental agencies and private corporations have 

disaster response plans that include priority arrangements for the use of tem-

porarily leased equipment (e.g., earth mov i ng equipment). In each case, the 

agency or corporation has stated that it expects the contractor to supply the 

required equipment on demand following an earthquake. Response planners 

should verify that their suppliers do not have similar contracts with several 

agencies or corporations which, in effect, "overbooks" their equipment. 

High-rise office building 
at California State University, 
Hayward. 
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HOSPITALS AND THE HAYWARD FAULT 

Emphasis 

The principal concerns addressed in this planning scenario relate to the 

earthquake vulnerability of the major transportation and utility lifelines. 

However, disaster response planners, when engaged in allocating priori ties, 

must give highest attention to saving lives. Hospital buildings are absolute­

ly vi tal in this regard as are their staff personnel and other medical re­

sources including medical supplies and equipment both on-site and in ware­

houses, bloodbank structures and their contents, clinical laboratories at hos­

pitals and elsewhere, ambulance services, and nursing homes. 

The principal document containing a review of earthquake effects on these 

medical resources is - A Study of Earthquake Losses in the San Francisco Bay 

Area-, by the National Oceanic and Atmospheric Administration (NOAA), a report 

prepared for the Office of Emergency Preparedness (1972). In general, the 

findings in that report are applicable today for most of the Richmond -

Berkeley Oakland - San Leandro - Hayward areas, since the major population 

changes in the Bay area have occurred elsewhere. Newer medical care proced-

ures, the number of beds, and similar changes do not appear to have signifi­

cantly revised the general findings of this earlier report. 

A general acute-care hospital is defined as a facility having a patient 

capacity of 99 beds or more. While there are more than 120 general hospitals 

located in the nine Bay area counties, this study is limited to the 37 major 
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facilities (including a military hospital) located in Alameda, Contra Costa, 

and Santa Clara Counties. Although smaller hospitals with less than a 99-bed 

capacity were not reviewed, the problems faced by them are similar to those of 

larger facilities. (For a complete regional inventory of all types of medical 

facilities located in the Bay area, refer to "Health Facilities, Directory, 

January 1981", volumes I and 2, by the California Department of Health 

Services, Licensing and Certification Division.) 

A summary inventory of general, acute-care hospitals with 99 beds or more 

in Alameda, Contra Costa, and Santa Clara Counties is given in Table 3. These 

totals are in constant change as obsolete facilities are closed and remodel­

ling or new construction of other hospitals is completed. A large percentage 

of the new hospitals constructed under the Hospital Act of 1972 have some type 

of structural steel framing and many are limited to four or five stories in 

height. 

Seismic Considerations 

As previously discussed under the section heading, "Special California 

Earthquake Legislation", new hospitals are receiving special earthquake atten­

tion. For emphasis, this discussion is restated here. California's Hospital 

Act of 1972, a consequence of the 1971 San Fernando earthquake, has signifi­

cant implications in that attempts at damage control became mandatory when the 

State preempted new hospital construction from local control. This legisla-
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tion followed the precepts of the Field Act for public schools with the 

addition of the following significant statement: 

Section 2. It is the intent of the Legislature that hospitals, which 
house patients having less than the capacity of normally healthy persons 
to protect themselves, and which must be completely functional to perform 
all necessary services to the public after a disaster, shall be designed 
and constructed to resist, insofar as practicable, the forces generated 
by earthquakes, gravity, and winds ••• 

The intent of the legislation does not state that the hospital must remain 

-undamaged,- but that it must remain -functional- in order to perform all ne-

cessary services. 

There are eight hospitals located within one mile of the Alquist-Priolo 

zone on the Hayward fault. One of these hospitals is within the zone and an-

other is near the boundary. Almost all buildings at these sites were con-

structed before the enactment of the 1972 legislation. Table 4 summarizes the 

number and bed capacity of hospitals located within a mile of the Alquist-

Priolo zone. 

Alameda County's Fairmont Hospital in San Leandro is clearly identified 

as being in the Alquist-Priolo special stUdies zone with some buildings on ac-

tive traces of the Hayward fault. As a consequence of previous studies at 

this facility, the County has closed some buildings. The results of several 

detailed stUdies of this hospital site may be found in Hart et al., (1982). 

The San Fernando earthquake of 1971, in which four major hospital build-

ings were severely damaged and mostly evacuated, indicates that it is highly 

conceivable that many hospital facilities constructed prior to the passage of 
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the Hospital Act are subject to severe damage during a major earthquake. It 

is not unrealistic to consider that a major hospital may become an added bur­

den rather than an asset in the post-earthquake period. 

Another important consideration is access to and from hospital sites. 

Even though the buildings may survive, the facility may be of limited value if 

access is cut off or restricted due to a landslide, a collapsed freeway struc­

ture, or building debris on nearby streets. 

Hospitals are also dependent on off site public utilities for long term 

continuous operations. Hospitals do maintain emergency electric generators, 

but such systems can only meet demands on a limited basis for a limited period 

of time. Routinely scheduled maintenance and testing of all emergency equip­

ment is essential to ensure that the equipment will be operational when needed. 

Modern hospitals contain a variety of highly complex electronic monitor­

ing and test equipment and laboratory supplies. These items commonly rest on 

tables or racks and are highly vulnerable to damage by strong shaking. Con­

sequently, even though hospital buildings may escape structural damage, effec­

tiveness of the facility can be greatly reduced by damage to the contents. 

Planning Considerations 

While for the purposes of this scenario we state that hospital structures 

in and near the Alquist-Priolo zone will be evacuated, there exists ample ex­

perience to show that these structures can survive quite well even when loca-
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ted adjacent to surface fault rupt ure. Appropriate studies and resulting ac-

tions such as those taken at the Fairmont Hospital could be undertaken for 

other hospitals (and the results made public). Mitigating the hazards at a 

particular site should include methods to maintain utility services and con-

sideration of alternative access routes. 

Another effective way of examining the potential loss of facilities is 

to estimate the loss of hospital beds rather than to consider only potential 

building damage. A slightly damaged building evacuated for psychological or 

liability reasons results in a cr i tical loss of hospital beds just as effec-

tively as severe structural damage. 

Planners should review operational capabilities of hospital facilities 

from at least these viewpoints: 

1. Loss of life and injuries to staff personnel and patients. 

2. Physical damage. 

3. Loss of medical supplies and equipment. 

4. Loss of hospital function due to disrupted utility services or access 
problems. 

5. Evacuation of hospitals adjacent to major surface faulting due to public 
loss of confidence for whatever reasons. 
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county 

Alameda 

contra 
Costa 

santa 
Clara 

TOTALS 
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TABLE 3 

NUMBER AND BED CAPACITY OF GENERAL ACUTE-CARE HOSPITALS 
IN ALAMEDA, CONTRA COSTA, AND SANTA CLARA COUNTIES 

CAPACITY OF 99 BEDS OR MORE 

Number of 
County Hospi tal s Bed capacity 

Alameda 19 4,501 

Contr a costa 7 1,667 

Santa Clara I I 4,1 JJ 

TOTAL J7 10,279 

Source: Department of Health Services, Licensing and 
Certification Division: Directory (January, 1981), 
plus update to April 3, 1984. 

'TABLE 4 

HOSPITALS WITHIN ONE MILE 
OF THE 

AL~UIST-PRIOLO SPECIAL STUDIES ZONE 

SP78 

Number of 
Hospitals Bed Capacity 

Locations 
Relative to Alquist-Priolo 

Special Studies Zone 

7 2,057 

1 246 

o o 

8 2,303 

1 within zone; 1 near 
zone boundary 

~ within 1 mile of zone 

1 within 1 mile of zone 
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Planning Scenario 

For planning purposes, all hospital buildings on a trace of the Hayward 

fault are considered seriously damaged. 

Of the eight hospitals in or within one mile of the Alquist-Priolo zone, 

three have access problems, principally due to damage to freeway structures. 

Access is severely limited for t hose hospitals located east or north of 1-580. 

Surface faulting cuts off most public utility services to the major hos­

pitals located east of the Hayward fault and in the east Oakland - San Leandro 

area. Due to loss of public u t ilities, reduced public confidence in struc­

tures in and near the surface rupture, and to access problems, all hospitals 

in or within one mile east of the fault zone are closed and patients trans­

ferred elsewhere. 
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PUBLIC SCHOOLS 

General Characteristics 

Public school buildings are reasonably well distributed throughout popu­

lated areas and are normally in a safe condition after an earthquake. As a 

result, these structures can provide a major resource for mass shelter and 

feeding whenever homes are destroyed or otherwise rendered uninhabitable. 

While this discussion is directed towards public schools, the general re­

marks and scenario are generally applicable to private schools. Seismic safe­

ty requirements for new private schools built since 1933 were, in most cases, 

those used by public schools. This most likely would not be true for older or 

leased buildings, and probably not true for churches used as schools. 

Maps 3-J and 3-U show the locations of intermediate schools, high 

schools, community colleges, and universities in the three East Bay counties. 

Elementary schools are too numerous to plot on maps of this scale. 

Seismic Considerations 

As has been discussed in a previous section, public schools have been 

given special legislative attention with respect to earthquake safety since 

the 1933 Long Beach earthquake. This legislation, commonly known as the Field 

Act, has been successfully implemented through strictly enforced design and 

construction practices. 



Section 6. 

TRANSPORTATION 
LIFELINES 



The Bay Bridge east approach interchange (1-80/580, S.R. 17), main 
line railroads, and EBMUD's Special District Number 1 waste water 
treatment plant. 
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HIGHWAYS 

General Characteristics 

In California about 37% of the 175,000 miles of maintained highways are 

located in urban areas and only about 9% of these are State highways. In the 

San Francisco Bay area, the State highway system includes almost all of the 

heavy-duty traffic arteries and carries over 65% of the traffic volume. The 

San Franc isco Bay area is served by the CALTRANS District 4 off ice in San 

Francisco, which covers most of the area, and by the District 10 office in 

Stockton, which serves the Vallejo, Benicia, and Fairfield areas. 

The major corridors for highway traffic in the East San Francisco Bay are: 

• Three major north-south routes: Interstate 580, Route 17, and Route 238. 

• One major access route on the north and east: Interstate 80. 

• Five major routes to the wes t from the East Bay: Route 17 (Richmond­

San Rafael Bridge), Interstate 80 (Bay Bridge), Route 92 (San Mateo 

Bridge), Route 24 (Dumbarton Bridge), and Route 37 in the north Bay. 

• Two major routes to the east from the East Bay: Route 24 (Caldecott 

Tunnel) and Interstate 580. 

• Interstate 680 provides an additional route to the east from southern 

Alameda County and Santa Clara County via Mission Pass. 

There are alternat i ve surface streets which can be used to bypass most major 

freeways, but primary access to the west and east from the urban East Bay is 
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limited to the San Francisco Bay crossings, the two routes through the East 

Bay hills to the east, and Interstate 80. 

Seismic Considerations 

Based on the seismic intensity distribution predicted f or this scenario 

earthquake, over 500 miles of State highways and over 1,200 State bridges in 

the San Francisco Bay area will experience an intensity of VIII or greater. A 

recent federal highway study (Vulnerability of Transportation Systems to 

Earthquakes u.S., FHWA/RD-81 / 128, October, 1982) considers intensity 

VIII-IX to be the threshold of crit i cal damage to highways. 

As a result of the 1971 San Fernando earthquake, the Department of 

Transportation implemented design criteria and details for bridges which re­

sults in significantly higher seismic resistance. This dramatic change in de­

sign means that bridges built before 1971 have considerably less seismic re­

sistance than post-1971 bridges, and that most future damage due to shaking 

will be to these older structures. 

A statewide program to strengthen and retrofit bridges, costing over $50 

million, is essentially complete. Many of the retrofit bridges are located in 

the high-intensity areas postulated in this scenario. 

Although it is expected that the retrofit structures will have a higher 

threshold of damage, the retrofit does not guarantee against damage or col-

lapse. It is expected that the damage suffered to retrofit bridges will be 

more readily repairable as a result of the retrofit program. It must be em-
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phasized that a retrofit bridge which is heavily damaged, though not col­

lapsed, may still be unusable for many days after the earthquake until neces­

sary reinforcement or other repair can be accomplished. 

The magnitude of movements and settlements due to liquefaction and soil 

failures is difficult to predict, but based on experience with previous 

events, much of the anticipated damage is expected to be in the form of set­

tlement of high fills and soils near stream channels and bodies of water. 

Many lengthy sections of freeway near the Bay margins are subject to damage 

resulting from ground failure. 

Planning Considerations 

Emergency planners need to i dentify major emergency corridors 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 many struc­

tures subject to damage, alternative emergency routes should be selected which 

are at grade, wide, not likely to be significantly affected by fallen power­

lines or other obstructions, and not flanked by larger buildings that are 

likely to be damaged. Selection of emergency corridors is especially impor­

tant throughout the urban East Bay and in eastern Santa Clara County, where 

significant damage is expected. Wherever possible, alternate corridors should 

be established so that flexibility is achieved. 

The utilities and local government agencies should identify all installa­

tions and facilities that they will need to rapidly inspect, repair, operate, 

or otherwise have access to in this emergency. Emergency planners then need 
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to examine available routes to these and other critical facilities, assess the 

potential for damage, and identify t he most probable access routes. critical 

facilities include communication centers, hospitals, airports, heliports, 

staging areas, fuel storage sites, a nd other locations essential to emergency 

response operations. 

Emergency response plans for h i ghways should be coordinated with those 

developed for air, rail, and marine t ransport in order to optimize plans for 

integrated transportation capability. Access to and travel within the stric­

ken area will be difficult and will be limited to the highest emergency prior-

i ties. 

Plann i ng Scenario 

This scenario is intended for planning purposes only and is generally 

pessimistic in its overall effect. In the East Bay, Route 17 from Richmond to 

San Jose suffers the worst damage and is blocked by a few damaged bridges and 

severe pavement distortion. Hundreds of vehicles are trapped and abandoned 

along Route 17 and the other major freeway routes in the East Bay. Gigantic 

traffic jams result on Highway 101 and Route 17 south from San Jose, on Route 

101 in Marin county and on Interstates 580 and 80 east of the Bay area. The 

tunnels under the estuary to Alameda are closed to traffic due to water leak-

ing into the tunnel sections. The San Francisco-Oakland and Richmond-San 

Rafael Bridges are both closed at their east ends due to settlement and dis-

tortion of the approach highway sections. The Bay bridges crossing at San 

Mateo and Dumbarton are also closed t o traffic due to approach fill distortion 

and settlements at both ends. The Golden Gate Bridge is open to limited traf-
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fic due to damage to the approach structures in the Presidio area. Surface 

streets in the East Bay are considerably restricted because of fires, block­

ades, and rubble. All non-essential in-bound traffic to the Bay Area is re-

tarded at checkpoints and is redirected around the area. 

moves with delays and detours on the limited open arteries. 

Outbound traffic 

Toll plaza area at the east approach to the San Francisco-Oak l and Bay Bridge. 
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Damage Assessments 

Damage assessments have been p ostulated for certain major highway facili-

ties as set forth be l ow. The statements regarding th e performance of facili-

ties are hypothetical and intended f or planning purpos e s on l y. They are not 

to be construed as site-specific engineering evaluations. Locations of facil-

ities are shown on Map No. 3-HA. Routes not discussed may be assumed to be 

open with delays due to heavy traff ic and obstructions. 

ROUTE - COUNTY 

Interstate 80 - San Francisco Co. 

Blocked at the Bay Bridge east approach interchange (Interstates 80/ 580 and 
Route 17) due to severe soil and structure failures. It is not expected to be 
able to open the Bay Bridge within 72 hours; however, an all-out effort could 
possibly open the Bridge to limited traffic in about 36 hours. The Bridge is 
available to emergency traffic between San Francisco and Yerba Buena. 

-Alameda Co. 

Generally impassable from the Bay Br idge to Albany due to soil failures and 
bridge damage. Limited light emergency traffic with some detours may be re­
stored in 24 to 36 hours. The Bay Bridge east approach interchange (Inter­
states 80/580 and Route 17) is close d due to severe soil and structure fail­
ures. It is not expected to be able to open the Bay Bridge within 72 hours; 
however, an all-out effort could possibly open t he Bridge to limited traff i c 
in about 36 hours. 

-Contra Costa Co. 

Restricted by pavement rupture in t he Richmond area, but t raffic is moving 
slowly through the area. several bridges along Route 80 between El Cerrito 
and Pinole are damaged and restrict i ng traffic; however, detours are available 
via interchange ramps and surface streets. Traffic will be limited to one 
lane through this area for 24 to 36 hours. 
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Interstate 280 - San Francisco Co. 

Partially blocked by a slide at Potrero Hill. Traffic through the area is li­
mited to a single lane. Normal traffic through the area can be restored in 24 
to 36 hours. Traffic is also blocked at the I-280/Route 101 interchange by 
heavy bridge damage. A single lane of traffic can be restored through the in­
terchange area in 12 to 18 hours. Surface street detours with significant de­
lays are available through the area. 

Interstate 480 (Embarcadero) - San Francisco Co. 

Closed due to structural damage. This bridge structure is opened to light 
emergency traffic in 12 to 18 hours. 

Interstate 580 - Alameda Co. 

Closed from the Bay Bridge to Castro Valley due to major bridge damage. De­
tours and/or clearing can be expected to permit limited emergency traffic in 
12 to 18 hours. Route 580 from Castro Valley to Dublin is open with several 
surface street detours around heavily damaged bridges. Traffic is restricted 
to one lane in several sections. This situation is not likely to improve in 
less than 72 hours. Route 580 from Dublin eastward is generally open with 
many delays and several detours. 

Interstate 680 - Contra Costa Co. 

Closed immediately south of the Benicia-Martinez Bridge due to severe pavement 
settlement. The route is only passable to hi gh-clearance, four-wheel-dri ve 
vehicles. Single-lane, light, emergency traffic is established through this 
area in less than 8 hours. 

-Al ameda Co. 

Closed from the Alameda-Santa Clara County line north to the washington 
Boulevard overcrossing in Fremont due to extensive pavement disruption caused 
by surface rupture. Significant damage in the Mission Boulevard interchange 
area restricts use of Mission Boulevard. Other surface street detours are 
a vai lable. 

Route 1 - San Francisco Co. 

Open wi th delays at the south approach to the Golden Gate Bri dge. The ap­
proach structures to the Bddge have been damaged and traffic is limited to 
one lane through thi s area. Improved traff i c capaci ty can be establ i shed in 
about 18 hours. 
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-San Mateo Co. 

Closed at the Devils' Slide due to a major slip-out. The highway through this 
area will not be reopened in less than 72 hours. 

Route 4 - Contra Costa Co. 

Closed between 1-80 and 1-680 due t o several small landsli des and damage at 
the Alhambra Avenue undercrossi ng. Si ngle-lane traffi c wi th detours can be 
established through the area in 12 hours. 

Route 13 - Alameda Co. 

Closed from Route 24 to 1-580 due to major bridge damage and pavement disr up­
ti on resulting from surface faulting . Li mi ted single-lane emergency traffi c 
with detours may be restored in 24 to 36 hours. 

Route 17 - Contra Costa Co. 

Closed at the Richmond-San Rafael Bridge due to severe settlement and distor­
tion of east approaches. It is not expected that the Bridge will be reopened 
to general traffic in less than 72 hours; however, the Bridge is expected to 
be available for limited emergency t raffic in 36 hours. 

- Al ameda Co. 

Closed from Albany to Milpitas due t o damage to several bridges and considera­
ble pavement damage, including several sections which have settled more than 2 
feet. Limited emergency traffic with some detours may be restored in 24 to 36 
hours. Improved airport access at Hegenberger and Davis Streets can be ob­
tained in about 4 hours via surface streets. Many bridges along Route 17 are 
hea vily damaged but sti 11 standi ng. Some of the damaged bri dges can car ry 
light traffic (no trucks); a few select bridges could be strengthened (or by­
passed) to permit limited truck traff i c in about 36 to 48 hours. 

-Santa Clara Co. 

Closed from Milpitas to Route 101 due to damage to several bridges and consid­
erable pavement damage including several sections which have settled more than 
2 feet. Limited emergency traffic with some detours may be r estored in 24 to 
36 hours. Many bridges along Route 17 are heavily damaged but still stand­
ing. Some of the damaged bridges can carry light traffic (no trucks); a few 
select bri dges could be strengthened (or bypassed) to permi t 1 i mi ted truck 
traffic in 36 to 48 hours. 
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Route 24 - Contra Costa Co. 

Restricted to a single lane east of the Caldecott Tunnel due to slides. Im­
proved detours through the area can be made available in 24 to 36 hours. 

-Alameda Co. 

Open through the Caldecott Tunnel, but access through the heavily damaged 
Route 13/24 interchange is restricted to one intermittent lane. Improved de­
tours through the area can be made available in 24 to 36 hours. 

Route 37 - Solano Co. 

Closed between Sears Point and Vallejo due to extensive settlement and shift­
ing of the roadway. Some portions of the highway are under water. The route 
is only passable to high-clearance, four-wheel drive vehicles. Single-lane, 
light, emergency traffic is established through the damaged area in 24 to 36 
hours. 

-Sonoma Co. 

One lane open to emergency traffic between Black Point and Sears Point due to 
moderate settlement and shifting of the roadway. Single-lane traffic is es­
tablished through the area in less than 24 hours. 

Route 61 (posey TUbe) and Webster street Tube - Alameda Co. 

Closed to traffic due to damage and water in the tubes. Repairs will take 
over 72 hours. Access to Alameda is still possible via bridge although two of 
the lift bridges serving Alameda are damaged and cannot be opened. This will 
restrict ship movement in the channel area for over 72 hours. 

Route 82 (El Camino Real) - San Mateo Co. 

Open with delays and several detours to avoid damaged structures and debris. 

Route 84 (Dumbarton Bridge) - Alameda Co. 

Closed to traffic due to moderate soil failures at the east and west ap­
proaches. Limited one-lane access for emergency vehicles may be possible in 
18 to 24 hours. The Niles canyon road (Niles to Sunol) is closed due to ex-
tensive slides and bridge failures. 
hours. 

This route cannot be opened within 72 
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-San Mateo Co. 

Closed at the east and west approaches to the Dumbarton Bridge due to settle­
ment and di storti on of the approach pavement. Limi ted one-lane access for 
emergency vehicles may be possible in 18 to 24 hours. 

Route 92 (San Mateo Bridge) - San Mateo Co. 

Closed at the east and west approaches to the Bridge due to severe settlement 
of the approach pavement. Limited one-lane access for emergency vehicles may 
be possible in 18 to 24 hours. 

Ro ute 1 01 - Ma ri n Co. 

Open to traffic with a few detour s around minor slides and bridge damage in 
the San Rafael area. 

-San Francisco Co. 

Blocked at the I-280/Route 101 int erchange by major bridge damage. A single 
lane of traffic can be restored th r ough the interchange area in less than 18 
hours. Surface street detours with s i gnificant delays are available. 

-San Mateo Co . 

Closed due to minor pavement settl ement north of San Francisco Airport and in 
the Foster City area. Access to t he Ai rport is possi ble vi a Route 82 (El 
Camino Real). Route 101 north and south from the Airport can be opened in 12 
to 18 hours to single-lane traffic wi th some detours on surface streets. 

-Santa Clara Co. 

Closed from Palo Alto to Route 17 due to minor pavement settlement and bridge 
damage. This segment can be opened in less than 12 hours to single-lane traf­
fic with some detours on surface s t reets. Route 101 south from Route 17 is 
open with delays due to detours and heavy traffic. 

Route 237 - Santa Clara Co. 

Closed between Mountai n Vi ew and Mi Ipi tas due to pavement settlement. Por­
tions of the highway are under water in the Alviso area. This route will not 
be reopened in less than 72 hours. 

San Pablo Dam Road - Contra Costa Co. 

Closed indefinitely due to a major landslide along the west shore of San Pablo 
Reservoi r five mi les east of Interstate 80. 
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AIRPORTS 

General Characterjstjcs 

The major commercial airports in the San Francjsco Bay area are: 

San Francisco International 
Metropoljtan Oakland Internatjonal 
San Jose Munjcjpal 

109 

Oakland Aj rport j s actually two ai rports ••• the larger j nternati onal fa-

ciljty and the older North Field. The latter js capable of some jet traffjc. 

The major mjljtary fjelds are: 

Alameda Naval Ajr Stat jon 
Moffett Naval Ajr Station 
Travis Ajr Force Base (near Fairfjeld, 

outsjde the major damage area) 

Other close-jn secondary airports that could have a support role jn a ma-

jor earthquake response effort include facjlities at Hayward, Livermore, 

Concord, Napa, Palo Alto, San Jose, and Santa Rosa. Locations of all aj rport 

faciljties in the study area are shown on Map 3-HA. 

The Oakland and San Jose airports, the two major commercial airports clo-

sest to the Hayward fault, account for about 20% of the total passenger traf-

fi c in the San Franci sco Bay area. In 1981, Oakland International's conuner-

cjal ajr passenger traffjc totaled 2.54 mjlljon and San Jose Munjcjpal's was 

2.82 mjlljon. By comparison, San Francisco InternaUonal totaled 20.92 mil-

1 ion. Clearly, the support faci Ii tj es and operati ng personnel for handlj ng 

air traffic at San Francisco International are dominant and, therefore, this 

airport must be carefully examjned as a potential resource despite any poten-

tjal damage that mjght occur there. 
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Small commercial airports, such as Hayward Municjpal, could play an im-

port ant role in the event of the postulated earthquake, but addj t i onal man-

power and equipment support would have to be brought in. 

All airports are dependent on electri c power for continued full opera-

tion, including the supply of fuel for aircraft. However, PG&E power js not 

mandatory for landing and takeoff under emergency condjtions. 

Sejsmic Consideratjons 

Earthquake problems related to airports may be placed jnto one of three 

general categorjes: 

1. Ground access and egress to the airport (including all utilities). 

2. Damage to buildings (including control towers) and to facilities 
other than runways (including off-site flight control centers). 

3. Damage to runways and taxiways. 

Access to the Airports: 

Even if an airport remains completely functjonal after a shock, jt would 

be virtually useless as a resource if it was not accessible. Most major air-

port fad Ij ties, for ease of ground transportation, are located adjacent to 

major freeways. Ground transportati on access and egress from the fad 1 i ty 

normally involves freeway overpasses, underpasses, interchanges, and other 

bridge type structures. Damage to, or collapse of, these types of structures 

would serjously jmpair airport accessibjljty. 
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Damage to Structures: 

Ample exped ence ex] sts showi ng that ai rports can remai n functi onal to 

some degree even if control towers collapse, or equipment within them becomes 

nonfunctional--provided the runways remain intact. However, even if the con­

trol tower is earthquake resistive and the equipment remains functional, bro­

ken wi ndows may let the elements in. Among broken glass and shi fted and fal­

len equipment, and wi th the prospect of aftershocks, controllers often lose 

confidence in the safety of the tower. 

Control towers inspected for this report are earthquake resistive and are 

expected to remai n safe despite glass breakage. Much equipment is not an-

chored, probably will topple or fail, and some will become inoperable. 

Earthquake-braced standby power exists and is expected to remain functional, 

and runway lights will be able to perform wherever the runways remain intact. 

Even if the control towers and other bui Idi ngs become nonfuncti onal, it is 

possible for aircraft to continue to land and take off under these handicapped 

conditions. 

The 1964 Alaskan earthquake provides an example of airports continuing to 

operate even after a magnitude 8.3 event. A total of 13 airports were found 

to have had runway or taxiway damage out of 64 airports which were inspected 

after the Alaskan shock. Virtually all airports were operational within hours 

after the shock despite runway damage and building damage. Some resourceful­

ness was requi red in order to accomplish thi s; for example, the collapse of 

the control tower at Anchorage International Airport required the use of 

radios in a grounded plane for air traffic control. 
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The 1971 San Fernando earthqua ke did not destroy the operational capabil­

ities of nearby airports, which are in areas not subject to ground failure. 

Runway Damage: 

Runway damage can render an a irport i noperable for sUbstant ial periods of 

time. Runway damage is a direct f unctj on of the strength character i st i cs of 

the under lyi ng soi Is. In this context, all major airfields (commercial and 

military) around the Bay are under lai n by soft soils and Bay mud. Major dif­

ferential settlements are a distinct probabil i ty that could result in inoper­

able runways. 

Planning Considerations 

Airborne transport will playa vi tal role in the transport of people and 

materiel to and from the stricken areas and in search and rescue, damage as­

sessment, and many other emergency re sponse efforts. Pre-selection of one or 

more air cargo delivery facilities wil l influence planning for distribut i on of 

materiel by helicopter, highway, r a i l, and mar i ne transport. Integrati ng 

these various delivery systems to accomplish this mission will be challeng­

ing. Use of helicopters within the heavily damaged areas is seen as an ex­

tremely important functj on requi ri ng appropri ate planning. 

Secondary airports for distributi on of supplies and equipment need to be 

evaluated in terms of auxiliary electrical power supply, integrity of airport 

buildings, and vulnerability of acces s routes in order to f i nalize transporta-

tion plans. A plan of action, wi th establi shed equi pment and suppl i es and 
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listed tangible resources for a sustajned effort, should be prepared. Facili­

ties sujtable for heljcopter operatjons wjthin the stricken area should be se­

lected, particularly jn Alameda and Contra Costa Counties. A means for iden­

tjfjcatjon and clearance of personnel who are essentjal to the emergency re­

sponse efforts at ajrports should be establjshed. Such a system should assure 

that these personnel can secure officjal assistance jn gettjng to their areas 

of responsjbjljty when access is restricted due to traffic jams or other 

blockages. Developing such a system j s of the hj ghest pri ori ty because the 

experti se of these personnel j s cruci al to the planned emergency response. 

Planners should also consider segments of certain strategically located free­

ways that might be available and of optimum use for small ajrcraft and heli­

copters engaged in response and recovery operati ons (!lan Elson-Schwab, per­

sonal communication, 1985). 

Planning Scenario 

Emergency air transport into the stricken region is vjtal to response ac­

tivities during the first 72 hours following the earthquake. Because of ex­

pected damage to major airport facilities, notably the runways and land access 

routes, San Francisco Internati onal and Metropoli tan Oakland Internati onal 

Ajrports, as well as Alameda Naval Ajr Station, will be unavajlable for major 

airborne relief operations (C-141 aircraft and massive logistics). San Jose 

Municjpal and, possibly, Moffett Field will be the only major close-in facili­

ti es able to accept j mmedi ate large-scale emergency ai d from outsi de the 

area. Travis Ajr Force Base near Fairfjeld is the logjcal choice as a backup 

ai rport in the event that these two ai rports are more severely damaged than 
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predicted in thi s scenario. Buchana n Fi eld (near Concord), Lj vermore Ai rport, 

and Hayward Aj rport are small fac iljties that wjll be avajlable with 

limitatlons. 

San Francj sco Internatl onal Aj rport, Oakland Internatl onal Ai rport, and 

Alameda Naval Ajr station are bull t upon flll overlyjng soft Bay mud. The 

scenarjo event wjll damage the runways at these ajrports and make them jnoper­

able for large ajrcraft operations. 

Only San Jose Municjpal, Moffett Fjeld, and Buchanan Field near Concord 

have a good chance of surviving the e arthquake without serious djsruption of 

runways. For planning purposes, one of the runways at Oakland International 

Airport (North Field) is assumed to be available for small aircraft and hel i ­

copter operations. Buchanan Field wil l be subjected to less shaking t han t he 

others but, similar to Hayward Mu nicipal Airport, it can support only the 

smaller C-130 aircraft used in emergency operations. C-130's require at least 

5,000 ft. of runway and pavement strength to wj thstand 130,000 lb. wheel 

wejghts (dual tandem). Only San Jose Munjcipal Ajrport rema i ns as a close-in 

aj rport that j s large enough for C-141 aj rcraft. C-141's require at least 

5,000 feet of runway and sufficient pa vement strength to withstand 250,000 lb. 

wheel weights (dual). Detai led engi need ng-geologi c studi es of these three 

ajrports, particularly San Jose Mun i cipal Airport, may suggest warranted im­

provements in emergency handling faci lities. Outlying airports such as Travis 

Air Force Base, and the Sacramento a nd Stockton Airports, wjll be available, 

but the response effort would be de layed because of the necessity to transport 

cargo over land a greater distance to t he stricken area. 
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Damage Assessments 

Damage assessments have been postulated for certain airport facilities as 

set forth below. The statements regardi ng the performance of faci 1 i tj es are 

hypothetical and are intended for planning purposes only. They are not to be 

construed as si te-specl fi c engi need ng eva1uati ons. Locations of facllities 

are shown on Map No. 3-HA. 

MAP 
NO. AIRPORT - COUNTY 

Al San Francisco International Airport (SFO) - San Mateo Co. 

Limited use. 

SFO is bullt entirely on fill (Nichols and Wright, 1971), and the water 
table is within 5 feet of the surface (Webster, 1973). The SFO area was 
filled by using construction procedures designed to displace the Bay mud 
(R.D. Borcherdt, personal communication, 1981), but its effectiveness in 
prevent] ng runway damage dud ng large earthquakes remains to be estab­
lished. The NOAA report (1972, p. 169) predicted that SFO would be 
closed for several weeks after a magnitude 8.3 earthquake on the San 
Andreas fault. Al though the shaking i ntensi ty in the scenario event on 
the Hayward fault will be about one intensity unit less, ground failure 
effects due to liquefaction will be about the same. Runway damage will 
take at least 72 hours to repair. Practical land access to San Francisco 
Airport due to freeway and other highway damage could temporarily isolate 
the airport and nearby facllities. Fuel supplies to SFO via trans-Bay 
pipeline wlll be interrupted due to pipeline damage. Ground transport 
between this facility and the East Bay would be difficult given the pro­
jected damage to the trans-Bay bridge approaches. In summary, principal 
restraint on use of this facility will be damage to runways. Most cargo 
handli ng faclli t] es should remai n funct] onal. Li mi ted use by smaller 
aircraft and cargo helicopt ers is seen as viable. 

A2 Metropolitan Oakland Internati ona 1 Ai rport (OAK) - Alameda Co. 

Limited Use. 

OAK is bullt entirely on Bay fill (Nichols and Wright, 1971), and the 
water table is within 5 feet of the surface (Webster, 1973). It is not 
Ii kely to be useable for large transport cargo aircraft. Accordi ng to 
the NOAA report (1972, p. 169), a M8.3 event on the San Andreas fault 
would close OAK for up to a week. A smaller event on the closer Hayward 
faul t would produce si mi lar ground failure effects due to Ii quefacti on. 
Runway damage will take at least 72 hours to repair. 
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At the Oakland Internati onal Ai rport, three fuel depots exi st wi th fuel 
provided by pi pelines from refi neri es in Contra Costa County. These 
lines generally follow the Southern Pacjfic Railroad right-of-way to the 
Ai rport, and then contj nue across the Bay to San Francj sco Ai rport. 
Pumpi ng of fuel depends on electrj c power. The Aj rport has four emer­
gency electric power generators. In an emergency, one generator is to be 
used to operate the runway Ii ghts, a second for the bui Idj ngs, a thi rd 
for parking areas and roadways, and a fourth for use by the Federal 
Avj at ion Admj ni straU on (FAA). All generators are located together in 
one bujlding at the ajrport. 

prj nc j pal access to OAK is by way of the Nj mj tz Freeway (State Route 
17) • There are four pri ncj pal routes whj ch cross over or under thj s 
freeway to gajn access to the Ajrport: Hegenberger Road, 66th Avenue, 
98th Avenue, and Da vi s Street. Between the Ni mj tz Freeway and the 
Ajrport these four routes jojn and cross over poor ground. Access is al­
so possible vi a the Bay Farm Island Bri dge from Alameda, but only Ii mi ted 
access to Alameda from Oakland is probable. Overpass faj lures and soi 1 
fai lures are potential sources of short-term aj rport access problems. 

Runways at the older Oakland Airport facjlity (North Field) involved less 
fill material and consequently, these runways may have a better prospect 
of retaini ng thej r structural i ntegri ty than those of the newer fad 1-
j ty. Accordi ngly, one of the several runways at OAK j s assumed to be 
avai lable for 1 j mj ted use by small aj rcraft. Consequently, OAK is re­
garded as being available for a close-in staging area for helicopter 
transport of emergency needs throughout the damaged area. Both North 
field and the newer faciljtjes have the same ground access problems. 

A3 Alameda Naval Air Station (NAS) - Alameda Co. 

Closed. 

Alameda NAS is built entirely on Bay fjll (Nichols and Wright, 1971), and 
the water table j s wi thi n S feet of the surface (Webster, 1973). It is 
unlikely to be useable for large transport cargo aircraft. According to 
the NOAA report (1972, p. 169), a M8.3 event on the San Andreas fault 
would close Alameda NAS for up to a week. A smaller event on the closer 
Hayward fault would produce similar ground failure effects due to lique­
faction. Runway damage will take at least 72 hours to repair. The like­
lihood of damage to the limited number of ground access routes to Alameda 
is a further constraint on the operaUonal capabjlity of this facility 
for emergency response purposes. 

AS San Jose Municipal Ajrport - Santa Clara Co. 

Open. 

To estimate the conditions of the runways following the scenario earth­
quake with any confidence would requi re more analysi s. Webster (1973) 
states that the water table at this location is mostly at depths greater 
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than 20 feet, but Lajrd at a1., (1979, p. 42) jndjcate the water table js 
wj thin 10 feet of the s;;face. Accordj ng to Troup (1981) -water table 
depths vary throughout the Aj rport. A soj Is j nvestj gati on by Woodward­
Clyde Consultants on May 1, 1981, located water table depths in the 15-
to 16-foot range wjth one test hole showing a depth Of onJ-y 13 feet.­
Perkjns and others (1981) state that thjs js not an area of hjgh lique­
faction potentjal, but accordjng to the County of Santp Clara Plannjng 
Department (1976, p. 53) jt is in an area of possible Ijquefaction. 
Wjthin the first 4-12 feet, only one of 150 borjngs had Ijquefjable un­
consolidated mated al at or near the runway (Troup, 1971). Accordj ng to 
Troup (1981), test borjngs do not jndjcate great Ijquefactipn potentjal. 
However, the existence of compressj ble materj als underlyj ng the runways 
and the varyjng structural sectjons due to stage construction of the run­
ways suggest a potentjal problem of djfferentjal settlement. Therefore, 
jt js possjble that the runways would not be open or aVqilgple for emer­
gency purposes. The Ajrport termjnal bujldjng was desjgned to support a 
second story that was never buj 1 t. However, an analysj s based on new 
earthquake standards to determjne the adequacy of the structure was not 
done (Troup, 1981). There js a generator for jndoor IjghUng, etc., but 
none for fuel pumps (Verne B. Troup, Deputy Djrector Ajrport Plannjng and 
Development, oral communjcation, 1981). Runway length js 8,900 feet, 
whj ch j s sufficj ent for large-scale rescue operatj ons. Accordj ng to the 
NOAA report (1972, p. 169), a M8.3 event on the San Andreas fault would 
not close the runways a t San Jose Munj cipal f or more than a few hour s. A 
smaller event on the closer Hayward fault would produce sjmjlar shakjng 
jntensjties and mjnor damage to earthquake resjstant Ajrport facjljties. 

A6 Moffett Fjeld Naval Ajr Stat jon - Santa Clara Co. 

The water table js wjthjn 5 to 10 feet of the surface (Webster, 1973). 
Only the northern tj p of the runway j s bull t upon Bay fjll (Nj chols and 
Wright, 1971), but liquefaction may be Ijkely at the sjte (Perkins and 
others, 1981). The longest runway js 9,000 ft. and maxjmum allowable 
wheel wejght is 257,000 lb. gross load wejght (dual tandem wheel load ca­
pacity) whjch is suffjcjent for C-141 ajrcraft. It js constructed of 
asphalt/concrete. Its locatjon on Bay mud jn an area of high water table 
make the runways susceptable to damage. There should be only mjnor dam­
age to earthquake-resjstant Ajrport facjljtjes. 

A7 Hayward Municipal Aj rport - Alameda Co. 

Ljmjted Use. (Heljcopter) 

The water table here is at depths of 5 to 20 feet (Webster, 1973), the 
Airport is not bujlt on Bay mud (Njchols and Wright, 1971), and the 
liquefaction potentjal js not high (Perkins and others, 1981). The 
length js suffjcjent (5,156 ft), and the -dual tandem wheel load capacjty 
j s 300,000 Ibs. gross load wejght, more than suffjcjent for the C-130" 
(Castenada, 1981), but the dual wheel capacjty (190,000 Ibs.) js jnsuffj­
cjent for C-14l ajrcraft. Both ajrcraft require 5,000 feet of runway for 
operation. Castenada (1981) antj cj pates that large f j re suppressj on 
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apparatus would need to be moved from Oakland Ai rport, for example, to 
accommodate the emergency activities at Hayward involving large 
aircraft. Lanferman and Danehy, (1981) stated, "Your office inquired 
about 1 i quefacti on at the Hayward Ai rport and your assessment appears 
correct. However, [we) have since become aware that the enclosed channel 
of Sulphur Creek extends under the main runways (roughly east-west across 
the north-westerly end of the runways) and any failure of that structure 
may cause isolation of the complete southwest-northeast runway". Steve 
Krone, Operations Manager, (personal communication, 1986) suggests, 
however, that" Even if the enc losed channel of Sulpher Creek fa i led, use 
of the acceleration taxi way would yi eld approxi mately 5,400 feet of 
useful runway. Whi Ie thi s configuration may not be appropri ate for 
normal day-to-day operations, it might be deemed adequate for an 
emergency s i tuati on. It is anti ci pated that any damage to the condui t 
could be repaired on an emergency basis without unreasonable delay, re­
turning the full length available to 6,047 feet (acceleration taxiway in­
c luded) • " 

Consi ded ng the vari ous uncertai nti es and its proxi mj ty to the faul t, 
prudent planning suggests that Hayward Muni ci pal Ai rport should not be 
relied upon for incoming air cargo. Thjs facility could, however, be a 
valuable staging area for helicopter operations. Fuel and emergency sup­
plies could be trucked to this staging area through the nearby 1-580 cor­
ridor from the east. 

A8 Buchanan Field - Contra Costa Co. 

Limited Use (C-130 ai rcraft or smaller). 

The facility is not built upon Bay fill (Nichols and Wright, 1971). Liq­
uefaction potential is not high (Perkins and others, 1981). Buchanan 
Field is 23 ft. above sea level and the water table is at a depth of 6 
ft. There is an emergency generator for the tower, but none for ni ght 
operati on of runway 1 i ghts or for fuel pumps (Vance Roskelley, Ai rport 
Operations Supervisor, oral communication, 1981). Buchanan Field's long­
est runway is 5,000 ft. with a maximum weight allowed of 90,000 lb. 
(dual) and 140,000 lb. (dual tandem). It can handle DC-9 and C-130 air­
craft, but not the C-141 aircraft necessary for large-sca l e emergency op­
erati ons. It is estimated that the field could comfortably handle si x 
(6) C-131 size aircraft at a time, parking them on the inactive major 
runway and possibly as many as twelve (12) in a cramped situation, or the 
same number of large turbi ne heli copters wi th simi lar parki ng arrange­
ments. 

Air Navigational Aides: The F.A.A. dictates that, in an emergency situa­
tion, Field Sector Maintenance Personnel are first to make certain the 
microwave link repeater stations (off the airport) are functioning prop­
erly before attending to communications at Buchanan. The tower does have 
a backup communications system ready should the active system fail. 

Ai rcraft Fuel: No need to fuel the large aircraft isanti ci pated because 
they could fuel at the airports on the other end of their flight. Heli­
copters have a shorter range and would need fueli ng servi ces. About 
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3,000 to 12,000 gallons of jet fuel should be on hand to fuel helicop­
ters , although the Martinez Shell Oi 1 Refinery (7 miles away) usually 
stores some jet fuel and, if need be, the helicopters could r~fuel at the 
refinery. 

Airport Lighting: The control tower has an auxiliary generator for com­
munications only (Walford and Kermit, 1981). An auxiliary 200 kw power 
generator is needed for runway and taxiway lighting (44 kw) and to power 
the terminal building (156 kw), to enable its use as a coordination and 
relief center. Also needed are smaller portable generators with lighting 
to illuminate the aircraft loading and unloading areas. 

Roadway Access to Field: At the beginning of a 3 or 4 day weekend, ve­
hicular traffic on Interstate 680 is bumper to bumper, stop and go. For 
that reason, I personally do not believe that ground traffic to and from 
this Airport will be possible for several hours. The main access to the 
Airport is John Glenn Drive off Concord Avenue on the south side of the 
Airport which has moderately heavy traffic except at commute times when 
it is stop and go. Access will be available from Highway 4 to Solano Way 
to Highway 4 frontage road to Marsh Drive to the west side of the 
Airport. There is also an off-ramp southbound from Interstate 680 at 
Pacheco to Contra Costa Boulevard to Center Street onto the west side of 
the Airport (Walford and Kermit, 1981). 

According to the NOAA report (1972, p. 169), a M8.3 event on the San 
Andreas fault would not close the runways at Buchanan Field for more than 
a few hours. A smaller event on the much closer Hayward fault would pro­
duce similar shaking intensities and minor damage to earthquake-resistant 
airport facilities. 

A9 Travis Air Force Base - Solano Co. 

Open. 

The facility is not built upon material with high liquefaction potent ial 
(Perkins and others, 1981). The area is not underlain by Bay mud and it 
is not subject to liquefaction (Sedway/Cook, 1977, p. 4a). The chances 
for Travis AFB surviving the earthquake in a fully operational condition 
are excellent. 
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Typical Bay area airport runway constructed on fill overlying 
potentially unstable s oils, including Bay mud. 

SP7b 
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BAY AREA RAPID TRANSIT (BART) 

General Characteristics 

The San Franc]sco Bay Area Rapid Transi.t (BART) Distdct is a public 

agency created by CalHornia State legislation in 1957. BART opened in 1972 

with Umited service, and by 1974 was in full service over its present day, 

71.5-mile system. The system reaches from the cities of Concord in the east 

to Daly City in the west, and in the East Bay from Richmond to Fremont. The 

major part of the system is located in the East Bay counties of Contra Costa 

and Alameda and, consequently, much of it is near the Hayward fault. 

BART is a heavy-rai 1 transi t system that operates on electri c power. 

Power for all operati ons of the system, i ncludi ng the runni ng of trai ns, j s 

provided by the Pacific Gas and Electdc Company (PG&E). The system depends 

on electric power from this utility and cannot operate trains without it. 

Of the entire 71.5-mile system, about 23 miles are elevated track sup­

ported on reinforced concrete columns and beams. Other portions of the system 

consist of underground track in the downtown areas of OakJand, Berkeley, and 

San Francisco, the trans-Bay tube beneath San Francisco Bay and one major tun­

nel, a twin-bore through the Berkeley Hills that carries passengers to commun­

i ti es in the eastern valleys of Contra Costa County. There are a total of 34 

BART stations, all of which were completed dudng the 1970s of modern, rein­

forced concrete or steel-frame construction. Map 3-T shows these various ele­

ments of the system. 
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The admini strative center of BART j s located j n two buj ldj ngs j n down­

town Oakland. One bui ldj ng conta i ns the mai n operating center and computer 

systems in addition to headquarters administrative offices. This facility has 

an emergency power generator. Othe r emergency generators for various purposes 

are located elsewhere. 

According to BART's 1984/ 85 (fiscal year) Annual Report, trains on 

week-day runs carried out about 212,000 week-day passenger trips. Total 

passenger servi ce amounted t o about 60,800,000 passenger tri ps on an annual 

basis. 

Seismi c Considerations 

There are cert ain key charac te r i st i cs of th e system which are of special 

interest relative t o jts performance during earthquakes: (a) the two tunnels 

consjsUng of the trans-Bay tUbe a nd t he Berkeley Hjlls twin tunnels, (b) the 

elevated t rack portions of the s ys tem, and (c) portjons of the system routed 

beneath overpasses or major j ntercha nges such as 1-580 and State Route 24 in 

Oakland. The sei smi c hazards to the BART sys t em have been well studi ed and 

steps were taken to minimize these haz ards both at the time of design and con­

struction and subsequent thereto. 

Special research was conducted on the seismic stability of the Bay muds 

before the trans-Bay tUbe was cons t ructed, including the monitoring of all 

seismic events for their effects on Bay muds. However, there was no opportun­

ity to record site-specific strong mo tion on Bay mud from any nearby damaging 
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earthquakes nor has there been significant site related experience since con-

struction. 

Many miles of elevated track are laid upon precast concrete beams sup­

ported by poured-in-place reinforced concrete columns. Considering structural 

similarities and proximity to the earthquake source, the performance of these 

elevated rapid transit structures could approximate that of freeway structures 

in the San Fernando shock, some of which were heavily damaged. 

ble, however, that the BART structures will perform better. 

It is proba-

BART rail lines intersect the Hayward fault inside the Berkeley Hills 

tunnels. At the fault crossing, the tunnel lining was strengthened, instru­

mented, and other steps taken to minimize the effects of recognized fault 

creep. These precautions were not intended, however, to eliminate the effects 

of fault offset of 5 to 10 feet that would accompany a major earthquake as 

postulated in this scenario. 

The BART system is designed to withstand the anticipated shaking effects 

of a 1906-type earthquake. It has other built-in features that are helpful in 

reducing damage from an earthquake, such as a very heavy car base, and wide­

gauge track (5'6- vs. 4'8 1/2- for common rail carriers). 

Planning Considerations 

Although the BART system as a whole will survive well, service will be 

greatly impaired. Even after service is restored, trans-Bay and underground 

patronage may be significantly reduced due to psychological reasons. Continu-
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ing aftershocks, some of which will further damage already battered struc­

tures, may heighten fears. 

Service to eastern Contra Costa County will be discontinued for an ex­

tended period due to fault rupture in the Berkeley Hills tunnels. 

Planning Scenario 

The scenario event will immediately trip at least 4 of BART's strong mo-

tion recorders located in their stations near the Hayward fault. Alarms at 

these stations will alert the on-duty agents (as, no doubt, will the shaking 

from the event!). 

Electric power from PG&E is expected to be out throughout the East Bay, 

thereby eliminating power for the trains. Passengers in a disabled train on 

an elevated section of track will have to walk to the next section if other 

rescue is not provided. People stranded in subways, tunnels, and the trans-

Bay tube can leave on foot. The trans-Bay tube can be cleared of trains with 

the use of diesel-powered locomotives, thus opening a walkway between San 

Francisco and the East Bay. 

The very large majority of the elevated spans will survive with no dam­

age. For scenario purposes, four spans are projected to fail or have signifi­

cant structural damage, eliminating service until temporary repairs are made. 
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A horizontal displacement averaging 5 feet on the Hayward fault will 

close the tunnel through the Berkeley Hills for an indefinite period of time. 

The chance of a train being in the tunnel at the time of the earthquake and 

striking the blockage at the fault rupture can be computed, and casualties es­

timated. 

The system would be shut down while damage is assessed and repairs 

made. In the interim, portions of the system could be available. However, it 

would be of limited use for transport of emergency needs such as food and med­

ical supplies because BART's structures and clearances are not adequate for 

heavy or bulky equipment. 

Back-up electric power generators for support facilities will remain in 

service since they are appropriately earthquake braced. The ir fuel supplies 

are adequate for several days, depending on demands made on the generation 

system. Six independent BART communications systems exist, and most are 

expected to function after the earthquake. 

For planning purposes, BART will be shut down in San Francisco for a 

minimum of 3 days before local, limited service will be restored. Local and 

limited restoration of service in the East Bay will be influenced by the pri­

orities given to power restoration, temporary repairs, and restoration of ri­

der confidence. 
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Damage Assessments 

Damage assessments have been postulated for certain BART facilities as 

set forth below. The statements regardi ng the performance of fad 1 i ties are 

hypothetical and are intended for planning purposes only. They are not to be 

construed as site-specific engineering evaluations. Locations of faciliUes 

are shown on Map No. 3-T. 

MAP 
NO. FACILITY - COUNTY 

Tl BART Trans-Bay Tube - San Francisco/Alameda Co. 

Al though the tube is not ruptured, the system is wi thout power. Both 
ends of the tube have flexi ble joi nts for copi ng wi th some di fferenti al 
movement. Passengers will be able to walk out of the tube on foot. 
Diesel locomotives at the BART Oakland shop are available to pull the 
trains out the east end if not blocked by obstructions between the shop 
and the tube. After the trains are cleared, the Hi Rail vehicles will be 
able to traverse the Bay via the tube, but these vehicles do not have 
substant i al load capaci ty, ei ther for passengers or suppl i es. Soi 1 con­
ditions near the east end of the trans-Bay tube are similar to those at 
the east approach to the Bay Br i dge, whi ch is expected to experi ence 
failures (CDOT, 1985). 

T2 BART Subway/San Francisco - San Francisco Co. 

The subway is not damaged extensively, but the system wi ll be shut down 
for a minimum of 72 hours as a result of lack of electrical power and 
time required for damage assessment and necessary repairs . 

T3 BART Subways/Oakland and Berkeley - Alameda Co. 

The subways are not seriously damaged, but the system is out of service 
until damage assessment and necessary repairs allow limited operations in 
the East Bay. 

T4 BART El evated Sections - Alameda/ Contra Costa Co. 

The elevated secti ons are desi gned to wi thstand the anti d pated shaki ng 
effects of a M8.3 earthquake on the San Andreas fa u lt west of San 
Francisco. It is highly probable, however, that throughout the system at 
least a few elevated spans fail and result in closure. 



1987 HAYWARD FAULT EARTHQUAKE SCENARIO 127 

T5 BART Berkeley Hills TUnnel - Alameda/Contra costa 

Between Rockridge and Orinda stations , the twin BART tunnels pass through 
the Berkeley Hills, crossing the Hayward fault approximately 1,000 feet 
from the west portal. The tunnels are approximately 3 miles long, 17.5 
feet in diameter, and are separated by a distance of about 100 feet. 
Sudden displacement of the Hayward fault of the amount postulated to ac­
company this scenario earthquake (5 to 10 feet) would effectively block 
the tunnels. Continuing aftershocks would impede efforts to restore this 
facility for several weeks. 

For planning considerations, the possibility of a train approaching or 
crossing the fault zone at the time of an earthquake capable of causing 
substantial fault offset needs to be considered. Obviously, such a dis­
astrous ci rcumstance would result in derailment and conceivably many 
deaths and injuries depending on passenger load. 

BART Stat jon at Fremont 



128 DIVISION OF MINES AND GEOLOGY SP78 

RAILROADS 

General Characteristics 

Railroad access to the San Francisco Bay area from outside the affected 

area is important for vital emergency freight haulage. The railroad network 

for the San Francisco Bay area is shown on Map 3-RM. Most of the principal 

railroad routes have not materially changed since originally constructed in 

the 1800's. 

All the major rail lines serving the Bay area fr.om the east cross the 

Hayward fault. Only the Southern Pacific coast route from Los Angeles and the 

low-capacity lines in Napa, Sonoma, and Marin Counties do not. Since the 1906 

San Francisco earthquake, bridges have been improved or replaced, many grade 

separations constructed, and fills consolidated over time. 

seismic Considerations 

Damage to be expected is similar to that experienced in the 1906 San 

Francisco earthquake. The following is extracted from the "Transactions of 

the American Society of civil Engineers" (1907), specifically, the Report of 

the Committee on the Effect of the Earthquake on Railway Structures: 

"Embankments. Embankments across marshes, or with soft strata 
underlying them, settled more or less. In some cases, the settle­
ment was vertical; in other cases, there was considerable horizontal 
with the vertical movement. 
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At one poi nt on the marsh between 
Southern Paci fi c, the settlement was 
ft. These were nearly vertical. 

Beni cj a 
11 ft.; 

129 

and Suisun, on the 
a t another poi nt, 5 

Between Ni les and San Jose, on the Southern Pacific, there was at 
one point a displacement of 3 ft. horizontal, but the vertical dis­
placement was only 6 in. (po 258). 

Trestles. The damage to trestles was small, except on the North 
Shore Rai lroad (ed. note: thi s Ii ne no longer exi sts), where a 
trestle of framed bent s on piles, 600 ft. long and 70 ft. high, was 
thrown down, and port i ons of another trestle were thrown ent i rely 
off the pi les, the pi l e s themselves bei ng moved downstream. These 
trestles were across soft ground, and near the fault line 
(po 214-215). 

Draw-Bridges. Draw-bridges across the little creeks and i nlets 
around San Franci sco Bay, bei ng generally on soft ground, were af­
fected by a slight move ment of t heir piers, in many cases, resulting 
in the bridge binding so that it could not be opened until some re­
pairs were made. 

The draw-bridge at Black Point, over Petaluma Creek, on the Sonoma 
Branch of the CalHorn i a Northwestern, was open at the time of the 
earthquake, and was thrown off its center 2 ft. to the east and 1 
ft. to the north. This is a steel structure, 22 0 ft. long, on four 
iron caissons, filled with concrete, on pile foundations (po 259): 

Fixed Bridges. With a few exceptions, fixed bridges were not af­
fected seri ously. The bri dges over the Russi an Ri ver, a t 
Healdsburg, and at Bohemi a, on the Cali forni a Northwestern, were 
both shifted slightly on the piers at one end. 

The bridge across the Pajaro 
PacHic, was badly damaged. 
San Andreas surface rupture) 
(p.259). 

River, near Chittenden, on the Southern 
The "line of fault" {ed. note: 1906 
crosses thi s bri dge near the west end 

Tunnels. In general, tunnels seem to have been affected only by the 
di splacement or loosenj ng of the materi al in the si des and roof, 
caused by the shaki ng of the ground. The effect of thi s was to 
crush the Umbers." (po 261). 

Many of the roadbeds in "poor ground areas" have been compacted by the 

many years of usage si nce 1906 and, for a lesser magni tude earthquake, may 

perform substantially better than they did previously. Railway bridges gener-

ally do not suffer serious damag e except i n areas subject to ground failure or 

surface fault rupture. Bridge damage, when it does occur, however, generally 
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involves a lengthy repair time. Signi ficant s e t t lement of approach f i lls re­

quire repair before bddg e structu res can be used. RaDroad tunnels exped­

ence severe damage in areas affected by permanent ground movements due to 

landslides or surface fault ruptur e , but rarely suffer internal damage from 

ground shaki ng. 

Rail facilities are also highly vulnerabl e to closure by collapse or ma­

jor damage to the many freeway overcrossings and other grade separation struc­

tures that have been cons t ructed du ring recent years. 

Planni.ng Considerations 

Railroad companies possess SUbstantial in-house repair capab i lities, plus 

extensive experJence with outside contractors from all parts of the nation. 

Ma jor washouts, landsli des, and derai I ments are not uncommon. It is reason-

able to assume that the railroads will be a ble to solve most of their recon-

struction problems without undue at te ntion from those concerned with disaster 

response. However, complete restorati on of rai I servi ce throughout the area 

wi ll take time and this, in turn, wi ll impact many others dependent on rail 

service. Fa]lures that involve bo th the railroad and other transportation 

facjUties and/ or utilities may re sul t in problems of judsdiction and work 

pri ori ti es. 

The main rail lines and rail t erminals in the East Bay are generally lo­

cated in poor ground areas where so il failures are to be expected. Rail fa­

cilities extend to and within the many major port facilities, industr i al 

plants, and military installations i n t he area, most of which are also in poor 



1987 HAYWARD FAULT EARTHQUAKE SCENARIO J3l 

ground areas. Priorjties given to rail repairs in these areas should be con­

sidered in the context of the users' needs and ability to avajl themselves of 

prompt rail restoration. 

Emergency plannj ng for raj 1 transport of reI j ef equ i pment and suppl i es 

will involve the sitjng of sujtable temporary terminals just beyond locations 

where the major rail lines are likely to be jnterrupted. To the extent possj­

ble these termjnals should be located near a major hjghway route or airport 

facjUty. The raDheads of Benjcja and Vallejo should be examjned to deter­

mjne thejr adequacy for transport of heavy equjpment from rajl to barge. 

Plannjng Scenarjo 

The rajl lines leading to the urban Bay area from the east jncludjng the 

varjous structures that cross or encroach upon these ljnes are subject to ma­

jor damage. For plannjng purposes, therefore, all rajl transport between the 

Bay area and the Sacramento and San Joaquin Valleys wjll be unavaj]able for 

the jnjtial 72-hour post-earthquake perjod. After that, routes wjll be opened 

on a ljmjted basis to the Port Chjcago and Ljvermore areas. Servjce from Los 

Angeles to San Jose wjll be available jn 12 hours and wjll be extended to San 

Francisco on a limited basis withjn 72 hours. 

From the south, rail access wjll be terminated at the Coyote Creek over­

crossing south of San Jose State University and at the Mountajn Vjew railroad 

overhead on the Peni nsul a. From the San Joaqui n Valley, the two major rai 1 

corddors will be closed in Njles Canyon east of Fremont and jn northern 

Contra Costa County east of Martinez. The remainjng major rajl corrjdor from 
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the north and east will be tempora ril y closed by ground failure in th e croSS­

ing of Suisun Marsh southwest of Fairfield. The assumed rapid repair of this 

main line will allow for transport o f heavy equipment and supplies by rail to 

suitable docking facilities at Be nic ia where barges can be loaded for trans­

port to areas of need around the Bay. Marine facilities at Vallejo wi1.1 also 

b e acc essible to th e railroad via the rail line from Fairfield through Jame son 

canyon to ValleJO. 

The rail closure near Port Chicago suggests that the Naval Weapons 

Station might be considered as a convenient terminal for some rail transported 

material. Simi larly, the closure in Ni les Canyon suggests the same possible 

use for Ca mp Pa r k s • 

Rail facilities serving the u rba n areas around the Bay are also highly 

vulnerable to damage. While some segments of these lines may be operational, 

their probable overall utility will be minimal and localized. 

Because track alignments must be precise and the track clear of debri s, 

it is expected that those routes e xperiencing ground failure would no t be op­

erable within the first 72 hours after the earthquake. 

Movable-span rai lroad bridges are subject to misalignment due to earth­

quakes, and extended closures will be required for repairs. For planning pur­

poses, all movable-span bridges located westward of and including the 

MartineZ-Benicia Bridge will be close d for 24 hours for inspections. It is 

also assumed that all movable-span r ai lroad bridges in the communities between 

Richmond and Fremont in the East Bay will remain closed for a minimum of I 
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week for repairs. The possibility exists that the Martinez-Benicia lift-span 

could be jammed in its down position for an extended period with a resulting 

impact on delta shipping. 

Since the scenario fault displacement is 5 to 10 feet in a horizontal di-

rection (strike-slip), grade repairs at the fault rupture will be comparative-

ly easy to accomplish since minimal cuts and fills are required. 

Deformation of railroad track at the crossing of the 
Hayward fault in Fremont. 
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Damage Assessments 

Damage assessments have been postulated for certaj n raj lroad fad Ij U es 

as set forth below. The statements regardj ng the performance of fad Ij ti es 

are hypothetical and are jntended for plannjng purposes only . They are not to 

be construed as sj te-sped fj c engj neerj ng evaluatj ons. Locatj ons of facj 1 j-

ties are shown on Map 3-RM. 

MAP 
NO. FACILITY - COUNTY 

R6 Southern Pacific/Suisun Marsh - Solano Co. 

Closed for up to 36 hours. 

The tracks were disrupted here during the 1906 event due to liquefactjon 
and ground settlement of up to 11 feet (Youd and Hoose, 1978). 

R7 Termjnal Areas/West Oakland - Alameda Co. 

Termj nal yards of the major raj lroads, j ncludj ng raj 1 fad 1 j U es at the 
Oakland Army Termj nal and Naval Supply Center suffer damage resulU ng 
from ground fai lures. Structural fai lures at the I-80/580/Route 17 i n­
terchange blocks the maj nlj ne tracks at thj s locatj on. Access to the 
area js jmpajred. 

R9 SP South Bay Crossjng between Fremont and 
Redwood City - Alameda/San Mateo Co. 

Closed. 

RIO SP Commuter Stat jon - San Frandsco Co. 

Closed. 

R)) SP Commuter Ljne - San Mateo/San Francjsco Co. 

Closed. Reopened on a limited basjs jn 12 hours. 
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R12 western Pacjfjc and Southern Pacjfjc/Niles canyon - Alameda Co. 

Closed for more than 72 hours. 

Sunol j s the westernmost access to the Bay area along thi s route. The 
tracks are closed due to slides and bridge fajlure sjmjlar to those in­
volving the highway through Niles Canyon (CDOT, 1985) . 

R13 SP and A T & SF East of Martinez - Contra Costa Co. 

Closed for up to 36 hours. 

The westernmost rail access to the Bay area is djsrupted along both main 
lines east of Martinez. 

Rl5 WP Vicinity of San Jose State University - Santa Clara Co. 

Northernmost rail access to the East Bay is disrupted by ground failures 
near the Coyote Creek overcrossing south of San Jose State University. 

R16 Mountain View RR Overhead - Santa Clara Co. 

Northernmost rail access to San Francisco on the Peninsula is disrupted 
by the failure of the Mountain View railroad overhead which is Wsubstan­
dard" (Eggleston, 1980). Route cleared through this area within 12 hours. 

Rl7 Northwestern Pacific at Petaluma River - Sonoma Co. 

Southernmost access to the Bay area cut off by track di srupti on due to 
liquefaction fajlures along the Petaluma Rjver. 

Rl8 San Francisco Municipal Railway - San Francjsco Co. 

Temporarily shut-down by lack of electrical power wjth subsequent limited 
operaU ons. 

R19 Northwestern Pacifjc at Schellvjlle - Sonoma Co. 

Closed by rail disruption due to liquefaction between Schellville and San 
Rafael. 

R20 SP at Napa River Crossing - Napa/Sonoma Co. 

Closed between Napa Junction and Schellvjlle due to bridge damage at the 
crossjng of the Napa River. 

R21 SP to Vallejo via Jameson canyon - Solano/Napa Co. 

Open. 

In wet weather, landslides may cause minor disruption of tracks in 
Jameson canyon between Cordeli a and Napa Valley, but otherwise the routf~ 

to Mare Island Strajt will be accessible. 
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R22 SP spur to Camp Parks (near Pleasanton) - Alameda Co. 

Open. 

Possjble westernmost termjnal on this Ijne. 

R24 Naval Weapons Station Termi nal - Contra Costa Co. 

Open. 

Possible westernmost terminal on this line. 

R25 Port Chicago Termj nal - Contra Costa Co. 

Closed due to ground failures and djsruption of rajls. 

R26 SP and WP between Fremont and oakland - Alameda Co. 

Closed due to damage to bridges. 

R27 SP between San Jose and San Leandro - Alameda Co. 

Closed due to ground failures and track disruption. 

R28 Mare Island Brjdge - Napa Co. 

Closed due to brjdge damage. 

R29 Mare Island Straj t Terminal - Solano Co. 

Southernmost access to the Bay area along thjs Ijne. Open and usable for 
marjne transport, although access depends on assumed mjnor problems along 
route through Jameson Canyon (R21). 

R30 SP and A T & SF at San Pablo - Contra Costa Co. 

Both maj n Ij ne routes are dj srupted by surface offset along the Hayward 
fault • 

R3l SP and WP-Niles/Irvington Area - Alameda Co. 

Fault dj splacement disrupts the tracks at mulUple crossings of the 
Hayward fault in thjs area. For the 1868 earthquake Lawson (1908,p. 443) 
reported the damage from fault rupture to the Southern Pacific tracks at 
Irvj ngton, as follows: RThru the north sj de of town a crack spl i t the 
hi Ilsj de, openj ng 7 or 8 inches and showj ng a faul t of 8 or 10 j nches. 
It crost (sjc) the county road 500 feet north of the Southern Pacifjc 
Railway Depot. The railroad tracks north of the station were badly 
twjsted for several hundred yards." 
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MARINE FACILITIES (PORTS) 

General Characteristics 

The two major nonmilitary port facilities in the East Bay are located at 

oakland and Richmond. Other commercial port facilities are located on san 

Pablo Bay and in the Carquinez Straits. Across the Bay, the principal port 

facilities are those of the Port of san Francisco. 

The Port of Oakland is the largest container port on the Pacific Coast, 

and the second largest in the United States. The Port receives and dispatches 

about 11 million revenue tons of cargo annually. Along its 19 miles of water­

front are 475 acres of container terminal facilities and support services. 

These include 28 berths of which 17 serve container, combination con­

tainer/breakbulk, and roll-on/roll-off ships. There ar.e 21 container cranes, 

and an additional 75 acres for cargo uses. The Port is served by three trans­

continental railroads (Map 3-RM). southern Pacific and western Pacific rail­

r.oad terminals are located in the Oakland Port area. The Santa Fe terminal is 

in Emeryville and connected to the Port via belt line. 

The Port of Richmond is much smaller in size than the Oakland facility. 

The large majority of its shipments and of the other facilities on San pablo 

Bay and in the Carquinez Straits are oil related. Container handling facili­

ties are available at Richmond. 
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Figure 9. Major transportation lifelines located on artificial fill in west Oakland. 
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seismic Considerations 

Experience from the 1906 San Francisco earthquake provides a basis for 

estimating the probable damage to Bay area port facilities. Damage patterns 

to equipment such as rail mounted cranes can be judged from the 1964 Alaskan 

earthquake experience. 

In 1906, the earthquake performance of the pile supported docks along San 

Francisco's waterfront was excellent, although the soil in some of the nearby 

fills settled several feet. pile supported structures have generally per-

formed well in earthquakes, with the major exceptions being due to submarine 

landslides such as those observed at Seward, Alaska, in 1964. However, major 

submarine landslides are not expected in san Francisco Bay. 

Quay wall structures have often failed in the past. Quay walls are docks 

which consist of waterfront masonry walls with earthen fills behind them; 

these earthen fills provide dock space. Most of the previous quay wall fail­

ures can be attributed to what is now understood to be soils that liquefy dur-

ing earthquakes. The design and construction of recent earthen fills at the 

Port of Oakland have included provisions to reduce the potential of soil fail-

ures. 

Most of the docks in the Bay area are pil~ supported and, overall, marine 

facilities are not expected to be greatly affected insofar as the pile sup-

ported docks are concerned. pipelines from storage tanks to docks will be 

ruptured where they cross areas of structurally poor ground in the vicinity of 
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the docks. Restricted access to docks due to damage to freeways and nearby 

surface streets will be more common than significant damage to the pi Ie 

supported docks. In general, docks and crane operating areas are pile 

sUpported while storage and access areas are on more vulnerable filled land. 

Bayside port facilities at San Francisco, oakland, Richardson Bay, 

Richmond, and Carquinez Straits will be generally accessible to tug and barge 

traffic. Marine facilities south of Hunters point on the peninsula and san 

Leandro in the East Bay will, however, be inaccessible to both tug and barge 

movement. 

It is expected that damage to most dry cargo port facilities and marinas 

should be less than in previous severe quakes due to modern building tech­

niques and facility spacing. However, the failure of quay walls and lateral 

displacement at container terminals could be expected to be severe so that 

operations could be drastically curtailed. Inasmuch as these facilities are 

constructed on filled land, cranes could be derailed, tracks could become mis­

aligned, and automatic shore-side container storage and distribution cells 

could be warped. 

Rail mounted cranes, such as those used for containers, are often dis­

lodged from their rails during an earthquake, but they do not turn over unless 

the supporting dock fails. These derailed cranes can be remounted on their 

rails by the use of jacks and other means, but skilled labor and time are in­

volved. 
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Generally $p~aking, dry bulk cargo and container operations could be ex­

pected to corne to a halt due to access problems ang ~h.ifts in landfill areas. 

Over a short period, or even a moderately long period, t.his shutdown would 

have no significant effect on lifeline functions in an. eartnguake impac!-ed 

area due to the consumer nature of modern inbound cargo$. Vessels destined 

for an impacted port area would be diverted at sea to alternate port facili­

ties or delayed in arrival to an impacted area. 

Most vessel cargo transfer operations are self-contained so that, except 

for container ships without cranes, cargo operations could be continued after 

a major earthquake to the limit of shoreside support. The controlling factors 

will be restricted road access, pipeline breaks, and filled land failures in 

the vicinity of piers and terminals. 

At liquid handling facilities, no significant damage to either vessels or 

piers is expected. However, shore pipeline failures can be expected, and even 

if no failure occurred, cargo operations will cease until all systems have 

been thoroughly checked. 

Small craft facilities may suffer minor damage through ruptured pipelines 

and slides under piers from adjacent filled land. The most significant im­

pairment would probably be closure of waterways in some areas. In the south 

San Francisco Bay and the southern half of the East Bay areas, dredged chan­

nels could be expected to shift so the small craft in the vicinity of Redwood 

City and south, and craft in the Alameda-san Leandro areas would be confronted 

with blocked channels. The north Bay and nearby Delta areas are expected to 

be accessible by small craft. 
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Planning considerations 

Port facilities in San Francisco are expected to remain 90% operational 

after the postulated earthquake on the Hayward fault, particularly after power 

is restored. The port can be a major resource for receiving emergency sup-

plies and equipment. 

However, there may be problems if long distance shipments are involved. 

Truck traffic to and from the port will have to be routed south of the Bay 

area via undamaged routes. Some rail freight from the east destined for San 

Francisco can be routed via Los Angeles. Land freight from the north of san 

Francisco will be limited by highway capacity and by road damage. 

Marine shipping to and from Stockton and Sacramento would be restricted 

if the railroad bridge over the Carquinez Strait is jammed by the effects of 

earthquake shaking when the bridge is in a closed position. 

The use of tugs and barges to transport heavy equipment and supplies to 

the San Francisco and Marin peninsulas appears to be a viable emergency re-

sponse procedure. Assuming that most of the docks in the heavily damaged 

areas will be usable, availability of emergency power and off-loading capabil­

i ties will be required. Use of barge transport wi 11 necessitate coordinated 

planning for loading of needed materiel at a dockside facility adjacent to a 

marshalling depot or railhead wi th available loading capabi li ties. 
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Transport of emergency personnel and equipment into these same heavily 

damaged areas and evacuation of the injured will be a vital function of the 

numerous Bay ferries. Planning should consider the most feasible terminals on 

both ends in order to complete these missions. Again, coordination with other 

ground transport capabilities will be required for efficient transfers. 

The use of privately owned vessels to augment this supply and evacuation 

ef fort is appropriate. Practical education, planning, and training programs 

to implement this participation should be initiated. 

The various roles that marine transport can assume in the emergency re­

sponse efforts and the extent of marine transport resources should be deter­

mined. Locations with suitable land access and loading capabilities, that are 

most likely to be available for post-earthquake access to marine transport, 

should be selected. Port facilities outside the heavily damaged areas should 

be coordinated with ground transport to identify the most efficient means of 

transporting the injured, materiel, etc. 

Rai l mounte d crane at the Port of Oakland. 
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Planning Scenario 

Damage Assessments 

Damage assessments have been postulatF~d for certain po r t facilities as 

set forth below. The statements regardi ng the performance of faci 1 i U es are 

hypothetical and are intended for planning purposes only. They are not to be 

construed as site-specific engineering evaluations. Lac a t ion s off a c j 1 i tj e s 

are shown on Map 3-RM. 

MAP 
NO. FACILITY - COUNTY 

Ml San Franci sco Vlaterfront - San Franci sco Co. 

Along the San Franci sco waterfront there are numerous fai lures of quay 
walls, disruption of waterfront raj} facilities, derailment of cranes 
and railroad cars, ruptured pipelines, etc. Docks are generally pile 
supported, however, and most are accessible for emergency response opera­
tjons. Access to the waterfront is impaired by debds and damage along 
many approach streets. San Franci sco port facil i tj es remai n 90% func­
ti anal; truck access routes are also 90% functional. Immedi ately after 
the shock, rai I access is severely restri cted for shi pments to and from 
the area. 

M2 Port of Oakland - Alameda Co. 

The Port of Oakland has problems such as soi 1 faj lures beneath streets 
wj thj n the port areas, slumped fj 11 sat some fad 1 j ti es, and deraj led 
cranes. Temporary repairs to roads and equipment are expected to restore 
90% of the Port's funcUonal capabjlities wjthin a week. However, major 
problems ad se from external sources, such as restoration of electd c 
power and repair of access routes. 

Operation of the Port of Oakland js dependent on electrjcity supplied by 
the Pacific Gas and Electric Company (PG&E). Truck access to the Port of 
Oakland is vi a freeways (lengthy porti ons are elevated) or across free­
ways vj a grade separations. Access from the freeways to the port faci li­
ti es . j s by one of three streets, each of whi ch also have grade separa­
tions. Soil conditions are poor in both these access corridors and the 
port areas. Soil failures on these truck access routes are likely. Rail 
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access is also through poor soi 1 areas and fai lures along raj 1 access 
routes are also likely. 

Rail access to the Port of Oakland will be restored on a limjted basis jn 
2 weeks. Repai r war k wi 11 include the removal of debrj s from fallen 
structures on the tracks and realignment of tracks which have been dis­
placed by ground failure. 

Truck access to the Port of Oakland wjll be restored on a limited basis 
in one week by using d ty streets, thereby bypassi ng freeway pavements 
that fail due to liquefiable soils or from collapsed or damaged over­
passes. 

As a consequence, it is jmprobable that the Port of Oakland will remain 
funct ional due to cj rcumstances not wj thin the Port I s control. Sj mj lar 
problems exist for the ports at Rjchmond and Carqujnez. 

M4 Richmond - Contra Costa Co. 

Port facjlities at Rjchmond sustajn localjzed ground fajlures djsruptjng 
raj 1 and street access. Damage to oj 1 pi pelj ne and storage fad)j tj es 
near the harbor poses a threat of contamjnation and fire. Ojl shipments 
wi 11 be a function of the damage to the Chevron Refi nery as well as to 
the pjpeljnes transporting petroleum products. 

M5 Alameda/San Leandro Bay Area - Alameda Co. 

Small craft faciljtjes jn the San Leandro and Alameda areas are closed by 
blocked channels. 

M6 South Bay - San Mateo/Santa Clara Co. 

All marine facj)jties at Redwood Creek, Palo Alto, and Alviso Channel are 
inoperable and jnaccessible due to damage caused by Ijquefaction. 

M7 Petaluma River - Sonoma Co. 

The Petaluma Rjver channe l is blocked. 

M8 Benicj a/Vallejo - Solano Co. 

Damage to marjne faciliti .es and appurtenant rajl connections at Benjcja 
and Vallejo will be minor. After repaj rs to the main line tracks across 
Sujsun Marsh (see note R6) and mjnor repairs due to landsljdes jn Jameson 
Canyon (see note R21) raj 1 service to these two Baysi de fad)j ti es wj 11 
be available in 36 hours. 



Section 7. 

UTILITY LIFELINES 



The Hayward fault crossing of Route 24 in the Route 13 interchange area 
near Lake Temescal and PG & E's Claremont substation. 



1987 HAYWARD FAULT EARTHQUAKE SCENARIO 147 

COMMUNICATIONS 

ThA followjng djscussjon of communjcaUon systAms was prApared by th~ 

DepartmAnt of General servjces, Offjce of TelecommunjcaUons, jn conjunct jon 

with the Communications Sub-CommjttAe of the Direction and Control CommjttAA, 

OES Earthquake Task Force. 

GenAral CharactAristjcs and Seismic Consjderations 

Telephone communjcaUons wHl be adversely affectAd due to overloadj ng 

resulUng from post-earthquakA calls withjn the area and from the outsjde. 

Thjs situatjon wjll be further compljcated by physjcal damage to equjpment due 

to ground shakjng, loss of servjce due to loss of electrjcal power and subse­

quent fajlure of some auxjljary power sources. 

Not all of the systems j n the regi on are set up to process emergency 

calls automatjcally on prevjously establjshed priorjty bases. Thus, overload­

ing of Aqujpment still jn servjce could be very significant. 

Tel ecommunj caU ons systems are composed of many subsystems, each j nter­

connected and jnterdependent. A radjo n~twork, for example, may use a combi­

nation of telephone lines, mjcrowave circuits, satellite interfaces, under-

ground and overhAad cables, and secondary radj 0 paths. The faj lure of one 

ljnk jn this electronjc "chain" can effectively disable a large port jon of the 

system. The post-earthquake communi cat ions scenarj 0 has been treated as a 

matri x of events that would reduce the effecti veness of systems rather than 

compl etel y destroy them. It j s aJ so assumed that porU ons of many systems 
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could be repajred to a limjted extent by resourcefu1 operators . Cdteda such 

as geographjcal coverage, the number of system elements, and functjonal jnte­

grat ion were consi dered in esti mati ng the post-earthquake effecti veness of a 

partj cular system. Wj th the maxj mum capacj ty of any system represented as 

100%, most systems operate at approxj mately 85% because of ongoj ng mai nte­

nance. The effects of the scenario earthquake must be appljed to thj s ratj 0 

to determjne the degree to which the overall effectiveness js reduced. 

"Effectjveness" js defjned as the ability of a system to perform to its design 

Ijmjts and provjde the jntended servjce. 

Thjs communjcations scenarjo js descrjbed jn subsections, each of whjch 

treats one of the followjng generjc systems: telephone, radio, mjcrowave, sat­

elljte, data, and commercjal broadcast. 

Telephone Systems 

Telephone systems are mutually jnterdependent because of a vast, complex, 

j nterconnected networ k, yet they are also self-supportj ng on a local basi s. 

One servi ce provi ded by the telephone compani es is i ntraexchange traffi c, 

i.e., calls between telephones within the area served by a single central of­

fjce or "exchange." Another js interexchange servjce where cal ls are swjtched 

between two central offices within a region. There is a third service, simi­

lar to i nterexchange, where calls are routed to a long-di stance facili ty. 

Each of these servjces can be provided by a varjety of system configurations. 

The telephone companjes have installation standards that minjmize earth­

quake damage. They also have emergency mobiljzatjon plans and have exercised 
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these plans effectively. Nonetheless, there has not been a disaster in modern 

tj mes of the magni tude addressed 

forecast the detai led effects of 

here. It is ther~fore quite djfficult to 

a major earthquake on telephone systems. 

There are, however, a number of outcomes that can be antj ci pated: hardwar e 

damage such as underground cable failure in areas of liquefaction, damage to 

surf ace cable card ers, system-call saturatj on duri ng post-earthquake recov­

ery, and access problems for repairs. 

Our evaluation of system performance takes into account the likelihood of 

any or all of these events occurring and subjectively applies this evaJuation 

to an effectiveness scale, as shown on Map 3-C. The effectiveness scaJe es­

sentially is an attempt to quantify the ability of public safety agencies to 

conduct recovery efforts by usi ng the telephone syst~m. It is not di rectly 

applicable to the general performance of the system nor to the public's abil­

ity to use the system. 

Th~ effectiveness scale has then been applied to a three-day time frame. 

Four patterns of effectj veness over tj me were di sti ngui shed and used as the 

basis for zoning the study area (Zones A, B, C, and D on Map 3-C). 

will fair best and Zone D the worst. 

Zone A 

Some basjc assumptions have been made: (l) the shaki ng i ntensi tj es used 

in this scenario are shown on Map 3-S; (2) areas experiencing intensity VIII 

(MM) or greater will have some signjficant hardware damage although such dam­

age would be fairly localized and not on a large regional scale; (3) some 

underground cables wjll be damaged by ground failure, but not in sufficient 

number to preclude switching alternatives; (4) most predesignated public 
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safety cjrcujts wjJl recejve prjorjty restoration; (5) most telephone company 

backup power provj sj ons wj 11 be functional; (6) the long dj stance network, al­

though dHfj cuI t to access, wjJl remaj n generj cally stable; (7) j nterexchange 

facjljtjes wjJl be dHfjcult to access, but would remajn essentjally intact; 

(8) shortly after the event, numerous relatjvely simple failures will occur, 

for example, "off-hook" condition produced by intense shakjng. Coupled with 

jntense call saturatjon, these wjll effectively disable the telephone networks 

for approximately 6 hours. 

Specific Vulnerabjlities 

The most vulnerable aspects of telephone systems are the computers used 

to swjtch message traffjc. All are envi ronmentally sensj ti ve and may be 

mounted on false floors. The performance of these computers is not easily as­

soci ated wi th a ti me frame because of the long-term effect of envi ronmental 

control fai lure. Call saturation, resulting in local station and all trunks 

being busy, is the most obvious system access problem that can be predicted. 

Most telephone systems presently are worki ng at or near capacj ty for normal 

traffjc; the systems wjll be saturated easjly by the sudden actjvjty followjng 

an earthquake. Most exchanges, however, have the capabiljty through the 

switchjng computers to control system load by limjting access to only predes-

ignated cjrcuits. Another potenti al problem j s emergency power. Whjle the 

telephone systems work mostly on battery power, with propane or gasoljne back­

up generators to provjde chargjng, the generators depend on batteries for 

startjng and fuel Ijnes and tanks for continued operatjon. If emergency power 

does fajl, system performance on batterjes wjll degrade at a s j gnifjcant rate. 
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Assumjng the earthquake wj l l occur outsjde normal busjness hours, a num­

ber of staffjng problems must be consjdered when evaluatjng telephone system 

performance jn the scenarjo. The fjrst concern of telephone company employees 

wjll be assessment of their own immedjate condjtion; second, they wjll be con-

cerned about thej r famj lj es and frj ends. A small percentage of staff wj 11 

leave thejr jobs to ameljorate the effects of the djsaster jn thejr personal 

ljves. Some of the employees wj 11 suffer casual tj es and wj 11 be confronted 

wjth mobility problems on streets and hjghways. The repaj r vehj cle fleets 

wj 11 probably be generally j naccessj ble to staff for severa] hours and, j n 

some cases, wjll probably be jmmobilized by facjljty failure. In systems that 

must revert to operator jntercept, where all djaled calls go to an operator, 

fatjgue would curtajl effectiveness. The same fatjgue wjll apply to central 

offjce personnel. Further, jf the event occurs other than durjng normal work­

jng hours, the telephone companjes will probably be wjthout upper-echelon man­

agement and supervj sory personnel durj ng the j nj tj al post-earthquake hours i 

the transportati on sj tuatj on may be magnjfj ed because these personnel often 

ljve further from thejr offjce than journeymen. Another port jon of staff wjll 

be unavajlable because of normal vacatjon and jllness. 

It js ljkely that telephone company mobjljzatjon plans wjll be djffjcult 

to j mplement because of the exerd se of other prj orj ties by local and State 

government as well as Ijmjted transportatjon. The thousands of repaj r parts 

and materjals needed for recovery may also be djffjcult to obtajn. 

In summary, the effects of a major earthquake on telephone systems wjll 

be dynamic and dependent on a multjtude of events rather than on any sjngle 
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factor. Thjs overall evaluatjon, thus, js hjghly subjectjve and must be con­

sjdered only as a publjc safety plannjng document. 

Post-Earthquake Telephone System Effectjveness 

In the San Francjsco Bay area the volume of calls that would follow the 

scenarjo earthquake would depend on the Ume of day that jt occurred. After 

normal busjness hours, the jmmedjate effect would not be as heavy and paralyz­

jng to the telephone system jn San Francjsco, for example, wjth jts hjgh busj­

ness concentratjon, as jt would be jn more heavjly resjdenUal areas. Al­

though the system jn San Frandsco has IjnA access control, jt js more iso-

lated systemjcally. That j s, un]j ke the Los Angeles metropo]j tan area, for 

example, jt js very dependent on a few telecommunjcatjons arterjes. Key sys­

tem faci lj U es are located near areas that wj 11 experj ence j ntense shakj ng. 

It is Ijkely that the telephone systems jn and to the south of San Francisco 

will have failures not readily compensated by alternative traffic routing. It 

is also probable that the recovery effort will be delayed because many company 

employees 1 j ve outsj de the ci ty 1 i mi ts and important transportaU on routes 

will be impassable. 

The Oakland-East Bay and San Jose areas have a substanU al number of 

telephone facilities located in areas subject to severe shaking and high pro-

bability of ground failure. Access to accompl ish repai rs wi 11 be a major 

problem. TherA are several telephone rouUng opUons with systems in thjs 

region havjng line access control and predesignated publjc safety circujts. 
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There j s a very good system j n San Francj sco for j dentj fyj ng j mportant 

pubU c safety telephone cj rcuj ts. These dedj cated U nes should be mj nj mally 

djsrupted. San Francj sco' s effectj veness ratj ng, however, j s qui te low be-

cause local agencjes wjll presumably requjre a great amount of outsjde assjs-

tance; the abjljty of the telephone system to meet these needs wjll be ljmjted. 

In Mad n County, telephone system vulnerabi Ii ty was revealed dud ng the 

1982 storms. The geography and demography j s such that a1 ternate routj ng j s 

ljmited. Key central offjces are located jn areas expected to suffer jntense 

shakj ng. Many access routes may be j mpassab1 e. Thjs area js parUcularly 

susceptible to underground cable and surface cable carrjer fajlure. Ljne load 

control js avajlab1e but would not alleviate other systemjc problems. 

Because of shakj ng patterns cor respondj ng wj th key fad lj ty locati ons, 

the area js ljkely to expedence complete localjzed telephone faj1ures on a 

block-by-block basjs. 

EDITORIAL NOTE: Scawthorn et ~., (1984) jnvestjgated the fjre related as-

peets of the 1984 Morgan Hjll earthquake (M6.2). Though thej r observatj ons 

relate to an event of much smaller jmpact than the scenarjo earthquake, valu-

able jnsjghts relatjng to communjcatjons are offered, as follows: 

wCommunicatjons were high1jghted as an extremely necessary but vulnerable ljnk 
jn the fjrefjghtjng effort. Reports of fjres are too dependent on the tele­
phone system. San Jose had a pull-box system untjl several years ago, when jt 
was removed, and now reljes solely on the telephone system for fire reports. 
Note that both major fjres jn San Jose were reported by cjtjzens drjvjng to 
fjre statjons. Fortunately, the stations were manned at the tjme. Had the 
unjts been out of the stat jon at an emergency, the delays would have jncreased 
even more, causjng small fjres to become larger. In a larger earthquake, some 
damage to telephone equ j pment should be pJ anned for. Immedj ate1y followj ng 
the earthquake, Padfjc Telephone expedenced an jncrease of 84% over usual 
telephone use. The system j s desi gned to handle thj s over load by causj ng a 



154 DIVISION OF MINES AND GEOLOGY SP78 

slowdown in respons~ (d~lays jn reC@JVlng a djal tone of about 30 s@conds were 
exped enced j n thi s earthquake), whj ch can be percej ved as "the phones are 
out". Th~ publjc and emergency offjcials must be educated to expect less than 
ordjnary telephone response jn a major earthquake, and to be prepared with al­
ternative communjcation methods (e.g., the public should know the locatjon of 
the nearest fjre station; emergency offjcjals should have jn place standjng 
automatic damage reconnaissance plans, jnvolvjng aerjal reconnajssance, block­
by-block "wjndshjeld surveys" or other methods of qujckly assessjng the sjze 
of the problem, jn order to optjmally allocate resources)." 

Radj 0 Systems 

Radjo systems wjll generally operate at 40% effectjveness for the fjrst 

12 hours after the earthquake, j ncrease to 50% for the second l2 hours, then 

begjn a slow decljne to approximately 4U% wjthjn 36 hours. The long-term jm-

plications are that jndjvjdual systems yradually wjll become less useful to 

the overall recovery effort when supplanted by systems relocated from outsjde 

the djsaster area. It js unljkely that publjc safety radjo systems would be-

come saturated wjth non-crjtical communjcatjons from mobile units; jt js 

clear, however, that radj 0 traffj c densj ti es on redundant (non-emergency des-

jgnated) channels would jncrease, particularly when remote base station and 

repeater fajlures would tend to ljmit the number of redundant channels avajl-

able. Nonetheless, after 12 hours, at which tjme the number of operable units 

wjll have decljned (wjth exhaust jon of emergency power fuel) and recovery ef-

forts wj I I have restored some order, the radj 0 traffj c densj ty problem wj II 

ease. 

For each of the varjous components of a radjo system, we antjcjpate spe-

cjfic effects under the scenarjo. These effects are descrjbed jn the follow-

jng component djscussjons: 

Radjo Control Consoles 

Radjo control consoles generally fall into three categories: self-

contaj ned tabletop base statj ons, tabletop control consoles for remote base 
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stations, and full-size consoles usi ng electroni c ci rcui try (often very so­

phisticated) to control remote base stations. Both tabletop models are vul­

nerable to earthquake damage because they are rarely 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 on telephone or mi crowave ci r­

cui ts to access remote equi pment. We do not anti cj pate conti nued mi crowave 

operation and cannot recommend telephone lines as an alternative, though such 

dedicated control circujts are more ljkely to remajn functjonal than conven­

tional telephone service. Sophjstjcated consoles are better protected agajnst 

physjcal damage and normally have emergency power avajlable, but they rely on 

telephone and mjcrowave circuits and have an added problem of repair complex­

i ty. If a key component of a large console faj Is, many rad j 0 sub-systems 

would be fragmented, placing the burden of communications on outlying stations 

that are also vulnerable to earthquake damage. Further, software-based con-

soles would probably face additional complications wjthjn 12 hours. We estj­

mate that self-contained tabletop base stations would be 40% effective, table­

top control consoles 55% effective, and large consoles 50% effective. 

Base Stab ons 

Radio base stations are often located on the roof of the same bujldjng 

housi ng the contro 1 console. In such cases, the condi ti on of the bui ldi ng 

would determi ne post-earthquake pe rformance. Even if cabJi ng between the two 

units was to fail, base stations can be operated on-site via a mjcrophone pro-

vi ded withi n the equi pment cabi net. Di spatchers, however, are not normally 

aware of this and even more rarely have the key needed to gain access to the 

microphone. Remote base stati ons, located ina di fferent bui ldi ng or ina 
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mountaintop radio vault arA subjAct to potAntial structural damagA. Stations 

atop buildings are probably less vulnerable to wjring and component malfunc­

tj ons than othAr j nstallatjons but sharA thA thn~at of tel Aphon€ cj rcuj t j n­

tArruption. We estjmate that effectiveness will be 70% for local basA stat jon 

installatjons and 55% for remotA stations, d€clining after 12 hours as 

emergency-power fuel supplies becomA exhausted. 

Repeaters (mobjle relays) 

Repeaters are not dApendent on control circuits and are normally provided 

wi th backup emergAncy power. GAnerally located atop mountains, they are vul-

nerablA to structural, electrj cal, and othAr j nternal damage. Dependj ng on 

the proximity of the fault source, they are more likely to experience techni­

cal problems than basA statjons. We estjmate that repeaters wjll be bO% ef­

fectj ve, decl i nj n9 as emergAncy power suppl j es are exhausted and technj cal 

problems develop, becoming 40% effectjvA aftAr 24 hours. 

Antennas 

We do not beljeve that antennas wjll fajl on a large scale. AntAnnas and 

related structures should remain 70% effectjve. 

Hand-held and Portable Two-way Radios 

It is probable that hand-held radios will be valuable to fjeld unjts dur­

ing the fjrst 12 hours after a major earthquake, partjcularly in a system that 

does not use repeater s. In any case, there are problems wi th chargi ng and 

djstributing batterjes which have a lifA of about]2 hours. A unit equjpped 

with one fully charged backup battery would be operatjonal for no morA than 24 

hours. Without a large supply of backup batterjes, these un i ts are of limited 

benefit to the overall recovery effort. 
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Mobjle (Vehjcular) Radjos 

Assumjng that gasoUne suppljes wj 11 be scarce and that transportatjon 

systems would be djsrupted, the value of mobile radjos would cojndde wjth 

thejr djstrjbuUon at the Ume of the djsaster. We esUmate that, funcUon­

ally, hjgh-powered mobile radjos would be 75% effective for the first 12 

hours, decljning thereafter because of fuel and battery problems. At the same 

tjme, the mobjle radjo system as a whole would doubtlessly be compromjsed be-

cause of the djstrjbution of the unjts. It is more realjstjc to consjder mo-

bjle radjos approxjmately 60% effectjve jnjtjally, decljnjng thereafter. Thjs 

esU mate j s for publ j c agend es; should an earthquake occur after workj ng 

hours, the effect on commercjal systems wjll be more severe. 

HAM and Other Amateur Rad j o 

Amateur radj 0 statj ons are subject to the hazards out}j ned ear}j er. A 

partjcularly vulnerable pojnt js emergency power; most horne base statjons do 

not have backup facjljtjes. None theless, there js an extensjve vehjcular ra­

djo and repeater system jn the amateur radjo servjce. Much of the first post­

disaster j ntell j gence would corne from thj s prj vate sector resource and, as 

demonstrated j n the 1985 Mexico earthquake, radj 0 amateurs may be the only 

means of reachjng the outsjde world. The amateur radjo servjce should remajn 

more than 50% effectjve because of pre-organjzatjon and the long djstance cap­

abilities of the equipment. 

Citjzens' Band Radio 

We do not beli e ve that CB rad j os will have an apprecjable effectjveness 

in the publjc agency recovery effort, although there would be some post­

disaster jntelligence value. The units are too low-powered and are susceptj­

ble to frequency saturatjon. It i s possjble that CB wzones,w each zone using 

a predesj gnated channel, coul d be establ i shed wj thj n nej ghborhoods for the 
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self-help effort. Bei ng the most accessi ble two-way communi catj ons resource 

available for the general public, Citizens' Band could be a signjficant ele­

ment in the smaller recovery "cells" if users receive prior educatjon and ori­

entatj on. 

Radio Common Carrjer (ReC) 

Radj 0 common carri ers wj 1 1 be subject to the events noted earl j er for 

publjc agencjes. 

Ajrcraft and Marjne Radio Communjcatjon 

These radj 0 servi.ces wj 11 be at least 80% effectj ve provj ded that aj r­

fjelds are nomjnally accessible and there are no severe condjtjons that would 

sj gni fj cantly di.srupt moored marj tj me resources. Whj Ie there j s much poten­

tial wjthjn ejther servjce for provjdjng good quality emergency communjca-

tj ons, exj stj ng land-based systems are completely j ncompatj b l e. The overall 

effectjveness of marjne radjo must be equated to prjor frequency coordjnatjon 

for marjne transport systems. The relatjve importance of these radjo servjces 

would jncrease as recovery efforts get underway. 

Microwave Systems 

Mjcrowave systems have all the vulnerabjljty of other radjo systems plus 

addj ti onal problems related to nar row frequency tol erances, software con­

trolled swjtchjng systems, and sensjtjve gajn (djrectjonabjlity) tolerances. 

Additjonally, many systems are not pojnt-to-pojnt but are Ijnked through sev-

eral poj nts. The likelihood of failure jn anyone ljnk js fajrly great; 

therefore, we feel that mjcrowave systems, with the possjble except jon of 

telephone mjcrowave systems, wjll not extend beyond the affected djsaster re-

gjons. Some circuits may remain operable on a pojnt-to-pojnt basjs. 

estimated that most mjcrowave systems would be 30% effectjve or less. 

It is 
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Satelljte Communjcatjons 

Remote satelUte termjnals relyjng on telephone or mjcrowave cjrcujts 

wjll be 40% to 50% effectjve, sjmjlar to radio base statjons. stat jon proxj­

mate termjnals wjll have a greater UkeUhood of survjval approxjmatjng 70%. 

Because the satellj tes themselves are jmpervj ous to earthquake damage, they 

are one of the most sjgnificant resources for supplanted communjcatjons sys-

terns. 

Data Communjcatjons 

Communj catj ons systems used to support computers wj II be 40% effectj vee 

When facl.ljties are not physjcally damaged, failures jn ajr condjtjoning and 

envjronmental control systems may gradually reduce effectjveness. 

Commercjal Broadcasters 

Some commercjal stations generally wjll be able to provjde emergency pub­

lic information to the strjcken area. 

Medical Servjces Radjo Systems 

The VHF medjcal servjces radjo frequencjes are crowded and poorly coordj-

nated. UHF repeater systems, whj le less saturated, are more vulnerable to 

damage and faj lure. There are jnsuffjcjent channels dedjcated to telemetry; 

these would be saturated and, therefore, vj rtually useless j n any ea rthquake 

jn whjch there js a large number of casualties. The hospjtal-to-hospjtal sys­

tems are also expected to fajl. We do not antjcjpate medjcal radio servjces 

to functjon at an apprecjable level of effectjveness. 
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General Comments on the Communications Scenario 

The lack of emergency power has been the primary cause of radio and mi­

crowave communications failure in pas t disas t ers. Poor installation practices 

and inadequate preventative maintenance of backup power equipment contribute 

to a high failure rate. 

The availability of repair parts and t he ability to t ransport them are 

other factors when considering both short- and long-range implications. We 

believe that supplanted communications systems will be needed as local systems 

suffer earthquake-caused and normal equipmen t malfunctions for which there are 

no repair parts. 

The current state of technology is such that communications technicians 

have specialized areas of expert ise. The t ools, t est equipment, and repair 

parts they use are often suited only for the particular type of equipment a 

particular specialist works wi t h. As a result, one specialist would have dif­

ficulty repairing equipment tha t is ou t side his area of specialization. Most 

radio technicians, for example, are unable to repair microwave equipment, mil­

itary staff are unable to repair some types of public radio equipment, and mi-

crowave specialists are unable to assist telephone staff. This problem is 

further compounded by the unique characteristics of many systems otherwise 

generically related. Depending on the time of day the earthquake occurs, the 

number of technical staff available for repair services cou l d range between 

20% and 50% of the total for the first 24 hours. If it occurs between 1600 

and 0600 hours, approximately 20% may be available in the first 24 hours, 40% 
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jn 48 hours, and 70% jn 72 hours. If the djsaster occurs between 0600 hours 

and 1600 hours, some personnel would be djsabled, jsolated, or occupjed wjth 

veri fyj ng the status of thej r famj lj es: 50% wjll be avajlable for the fjrst 

24 hours, 60% jn 48 hours, and 70% jn 72 hours. The effectjveness of technj­

cal personnel js severely affected by the avajlabjljty of transportatjon. In 

many cases, for example, helj copters would be needed for access to remote 

sjtes. Technjcal staff would only be able to support the contjnued operatjon 

of systems at a level of post-djsaster effectjveness. After approxjmately one 

week, system performance would begjn jmprovjng. 

The regulatjon of communjcatjons has necessarjly separated users to avojd 

mutual j nterf erence. One result of thj s separatj on j s mutua] excl usj on. Ex­

cept jn rare cjrcumstances, two adjacent communjcatjons systems are physjcally 

or functjonally j ncompatj bl e. The greatest danger to a post-earthquake re-

covery effort js the absence of an adequate jnterface between systems. 

appljes equally to local systems and systems drawn from outsjde the djsaster 

area. 

Plannjng Consjderatjons 

A general communicatjon plan should be developed for use, followjng the 

earthquake, by appropr j ate agend es and personnel wj th emergency response 

roles. This plan should antidpate the needs of the most vjtal partjes. 

Reljance on emergency telephone communjcatjons should be kept at a mjnj­

mum. A strategy should be developed for communjcatjon to the general publjc 

that reljes on the capabjljtjes of survjvjng commercjal radio and televjsjon 

statj ons. 
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An invp.ntory of commp.rcjaJ and amatp.ur broadcastjng capabjlitip.s should 

bp. undp.rtakRn and thR rpsulting jnformation p.mploYRd jn dRvelo~ing thR rp.gion­

al p.mRrgp.ncy communjcations plan. 

A survRY of p.xisting critical communications facilities should bR undp.r­

takp.n by structural p.nginRRrs Ip.ading to devRlopmRnt of jmprovRd Rqujpmp.nt in­

stallation standards. 

ThRre is np.p.d for a contjnuing tp.chnical Rxamination and ovp.rvjpw of al­

ternative mRans of communjcation (e.g., satp.llite) wjth the objRct of workjng 

out rp.gional plans for communication bRtwp.p.n pmprgp.ncy workp.rs and thR publjc 

a t I a rge. 

Planning SCRnario 

On Map 3-C, there are no notations for specjfic sites or facilitjp's. As 

p.xplainRd on the map, arp.as arp. zonRd according to thp. levp.I of tp.Jephonp. sys­

tP.In effectiveness expected during thR first thrRe days followjng thR earth­

quake. Four levels of RXpRcted p.ffectivRnRss, ranging from highRst to lowp.st, 

are shown . Zonp. A areas are thOSR expectRd to havR thR highRSt levp.ls of 

post-Rarthquakp. p.ffectjvp.nRss , and Zonp. D arp.as thR ]OWp.st. 
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ELECTRICAL POWER 

General Characteristics 

ThR principal distributor of electrical power throughout the San 

Franci sco Bay area is the Paci fic Gas and Electri c Company (P.G.&E.). Power 

facilities within the planning area include four major power plants (two in 

San Francisco and two in Contra Costa County at Antioch and Pittsburg), sever­

a 1 small power plants, and an extensi ve network of major substati ons and j n­

terconnecting transmi.ssion lines that comprise the regional framework for the 

local djstrjbutjon systems (see Map 3-E). Other major power facjlitjes jn the 

region that contribute signifjcantly to the electrjcal power needs of the Bay 

area are located at Moss Landjng and at The Geysers but these wjll not be sjg­

nificantly impacted by this scenarjo earthquake. 

Sejsmic Consjderatjons 

Power Plant s 

According to the NOAA report (1973, pg. 274), "Experience indjcates that 

well-desi gned electd cal generating plants should suffer mi nimum (less than 

5%) damage jn jntensjty VIII (MM) zones and only sljght (less than 10%) damage 

j n intensjty IX (MM) zones." They note that damage at the Valley Steam Plant 

durjng the 1971 San Fernando earthquake (M6.4) was negljgible though estjmated 

ground moti on at thj s plant was j ntensi ty VII I (MM). Plants, auxiliary 

swi tchyards, and other anci llary faci Ii ti es located in areas of hi gh ground 

water or poor soil conditions (such as Bay mud), however, are susceptible to 

significant damage as a result of ground failure. 
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The capacity of the major power generating facilities affected by this 

earthquake, aggregating about 7000 MW, is principally derived from the Moss 

Landing Power Plant, the four major plants in the Bay area, and those at The 

Geysers. Given the assumptions set forth in the damage assessments that fol­

low, it is possible that only about two-thirds of this local l y generated ca­

pacity may be available for some extended period following the scenario earth­

quake. This conclusion is based on the possibility of damage to transmission 

lines as well as damage to the affected plants and their related facilities. 

While the impact of potential loss of this locally generated capacity is 

significant, the net impact on the heavily damaged metropolitan service area 

can be ameliorated. Because P.G.&E. has access to other sources of power from 

outside the affected area, it will be possible to reroute power to some con-

sumers. Consumption of power will be far less than normal while both power 

generation and consumer facilities are being gradually restored. For planning 

purposes, all emergency operations and support systems necessary for respond­

ing to the scenario earthquake should be reviewed for alternate power sources. 

Substations 

Transmission substations are essential to the routing of locally gener­

ated power and of power available from outside the region affected by the 

earthquake. These major substations, which contain banks of switches, circuit 

breakers, and massive transformers, are particularly vulnerabl e to damage by 

earthquake shaking. In addition to the major transmission substations through 

which high voltage is routed, many small local substations provide the vital 

links in the electrical power distribution network. 
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The conclusjons of thjs jnvesUgaUon regardjng the substaUons are jn 

genera 1 agreement wj th those presented j n the NOAA report. "nespjte thejr 

good anchorages to power poles, to raj 1 s, and the 1 j ke, many hundreds of 

(pole-mounted dj std buU on) transformers wj 11 be knocked out, and some wj 11 

burn as they have j n other earthquak~s. Swjtch-gear damage will result jn 

serious power outages. Fajlure of porcelajn insulators wjll addjUonally re-

suIt jn sjgnjfjcant numbers of power fajlures". It js jmportant to note the 

dj stinctj on between transmj ssj on and di std but ion transformer s. Replacement 

of a large transmjssjon transformer can take several days, wjth resulting jm-

pU caU ons on the extent and duraU on of power outage. The avaj labj 1 j ty of 

replacement hjgh-voltage equjpment js another vjtal plannjng consjderatjon. 

Transmjssjon Unes 

Transmj ssj on towers and 1 j nes are prj nci pal1y subject to damage through 

secondary effects such as landsU des and other ground faj lures. Conductor 

lines swjngjng together (usually djstrjbuUon Unes) could cause many burn­

downs. 

Wjthin the plannjng area, numerous major transmjssjon routes traverse ex-

tensjve areas subject to jntense shakjng or ground fajlure. Major 23U kv 

transmjssjon ljnes servjng the San Francjsco PenjnsuJa are routed across and 

around the ped meter of the south Bay and along the west Bay margj n to San 

Francjsco. Sjmjlar hjgh-voltage ljnes servjng Harjn County traverse southern 

Napa and Sonoma Countjes. Lengthy segments of these facjljtjes are located jn 

Bay mud subject to ground faj lure. Other major transmj ssj on U nes, parti cu-
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larly those located near and across the Hayward faul t j n Contra Costa and 

Alameda Countjes, are vulnerable to surface fault rupture and landsljdjng. 

In view of the fact that numerous major routes are exposed to these haz­

ards over extensi ve distances, it j s a reasonable expectation that some of 

these major lines wjll be out of servjce because of damaged and collapsed tow­

ers. Whj Ie the loss of a few towers would not pose a formj dable si tuaU on, 

damage could be widespread and sjgnjfjcantly compounded by landsljdes durjng a 

wet winter season or by fire caused by fallen lines durjng the dry season. 

Planning Consjderatjons 

The occurrence of the scenarjo earthquake will have a sjgnjfjcant impact 

on many of the major fad U U es that compri se the complex electri cal power 

networ k servi ng thi s major urban area (See Map 3-E.). Damage to power plants 

and thejr ancillary faciljtjes wjthin the plannjng area and jn adjacent areas 

affected by the earthquake can be expected to result in a reduct jon of about a 

thj rd j n the combj ned generating capaci ty. The jmpact of thjs reduction jn 

local output is lessened, however, by the avaj labj U ty of power from other 

sources outside the planning area and by the significant reduct jon in consumer 

demand that wjll occur followjng the scenarjo earthquake. Immedjate concerns 

will focus on repajrs necessary to restore power withjn the damaged areas of 

greatest need. Major restoration problems jnclude repairs necessary to route 

power through the major substaU ons, restoraU on of damaged and collapsed 

transmjssjon Ijne towers, reactjvatjon of equjpment at local substations, and 

replacement of fallen poles, burned transformers, etc. 
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On Map 3-E, numerous substaU ons are located wj thj n areas of pr"!dj cted 

jntensjty IX and jn areas havjng potentjal for ground fajlure. Based on thjs 

intensity pattern, jt js a reasonable "!xpectatjon that each of these stations 

wi 11 sustai n some damage. In the absence of si te-sped fj c engj need ng and 

geologi c evaluaU ons, j tis prudent for emergency planni ng purposes to con­

clude that damage js likely to occur at some sUbstatjons suffjcient to ser­

jously jmpair or curtail thejr performance. It should be noted that the utjl­

ity has considerable flexibjljty with regard to routing power flow and, there­

fore, temporary r eassignments may be possible. 

Recovery time for transmissjon of electrjcal power wjll vary from place 

to place in the Bay area, but Alameda and Contra Costa Counties can be expect­

ed to b"! wjthout power for the most lengthy perjod. Stejnhardt (1978) points 

out that Rjn a great earthquake, a large number of users will be without pow­

er, temporari ly at least, and that... . It is reasonable to expect that the 

rate of service restoration wjll exceed the rate of recovery of customer de­

mand. R On the other hand, the NOAA report (1972, p. 182-183) states that Rthe 

repajr of the very extensive damage will require logistic support which, in 

our opjnion, will require many days to restore even all vital servjces. It 

must be remembered that blocked streets and roads, hjgher priority medjcal re­

quirements, and aftershocks preclude any perfect response effort to the power 

outages to be expected. The unexpected can and does happen as jt did jn the 

power blackouts a few years ago jn the northeastern states . " 

Sod ety has evolved to where j tis hi ghly dependent upon a conU nuous 

supply of electri ca 1 power to meet a myri ad of everyday needs. Indeed, the 

human e nvironment wjthin modern high-rjse structures is entirely controlJed by 
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it. Consequently, all individuals as well as all entities responsible for 

maintenance of lifelines and critical facilities, should examine their ability 

to function in the event of a prolonged absence of electrical power. 

ALL CRITICAL FACILITIES IN THE SAN FRANCISCO BAY AREA SUCH AS HOSPITALS, 

FIR~ AND POLIC~ STATIONS, EMERGENCY COMMUNICATIONS AND OPERATIONS CENTERS, AND 

WATER PUMPING STATIONS WILL REQUIRE STANDBY GENERATING EQUIPMENT AND EfvlERGENCY 

FUEL SUPPLIES. 

At the individual citizen level, the following comments are pertinent. 

Discussing the lack of electdcal power in Santa Cruz County that resulted 

from landsliding during the intense storm of January 4, 1982, Stegner (1982) 

concluded: 

"It may be a long tjme before we need to dig out our old boy scout manuals 
again, but, while we sit around waiting for the killer earthquake that every­
body seems to regard as i nevi tabl e, we mi ':Jht take a lesson from the ki 1 J er 
storm that nobody expected. The difference between misery and comfort, rela­
tively speaking, may be no more than a can of kerosene and a can of gasoline 
in the garage, a can of soup in the larder, and a half dozen flashlight bat­
teries in the kitchen drawer. What was the motto? Be prepared?" 

An intensive public education program to condition people to expect power out-

age after the earthquake is clearly appropriate. 

The critical power corridors and facilities should be examined in light 

of the best geologic data available to assess the vulnerability of specjfic 

elements in the electrical power network. Capabi 1 i ty to respond and accom-

plish timely repairs to a widespread affected area as described in this sce-

nario needs to be evaluated further. Other li fel i nes that are di scussed in 

thi s report, especi ally water supply, waste treatment, and communi cati ons, 

will be affected by interruptions in electrical power. Strategies for repair 
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of facilities must take into account the post-earthquake feas j bjlity of 

ground, mari ne and ai r transportati on. strategi es for rerouti ng powe r j nto 

the area to augment decreased capaci ty wj thin the regj on should also be em­

phasjzed. Publjc education should be undertak~n to prepare people to contend 

with the power outages. 

Planning Scenario 

It is a reasonable judgment that, during some portion of the first 7 2-

hour period following the earthquake, virtually all portions of the plann i ng 

area will have experi.enced some loss of power, at least temporarily. It is 

reasonable, for planning purposes, to consider about a third of the service 

connections jn the plannjng area to be without power for 24 hours. In the ur­

ban sections of Oakland and other East Bay cities, the power outage should be 

considered at 100% for 24 hours, and thereafter at 75% for an additional 24 

hours. Thi s means that 75% of the customers have no power and not tha t all 

customer s are limited to 25% of demand. The power outage for San Franci sco 

should be considered at 50% for 24 hours, and thereafter at 25% for an addi­

tional 24 hours. 

Electrical power facilities in the East Bay are particularly vulnerable 

to damage from the scenario earthquake, and the time that it will take to re­

store full power under the best of conditions could be prolonged. While the 

resources may be available to rapi dly deal wi th repairs to the system, the 

confusi on and damage to such 1 Hel i n~s as communi cab ons and hi ghways wi 11 

create a substantial challenge. Reali sti cally, power is unlikely to be re-

stored to many areas for extended peri ods of ti me. Emergency planni ng for 
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power-dependent systems such as communi cati ons, water suppJ y , fire f i ghti ng, 

and waste treatment should be cognjzant of thjs ljkeljhood . 

E1ements of a major Baysjde power transmission substation 
vulnerable to damage from high jntensity shakjng and poten­
tial ground failure . 
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Damage Assessments 

Damage assessments have been postulated for certain electrjcal power fa-

cjlities as set forth below. The statements regardjng the performance of fa-

ciljties are hypothetjcal and are jntended for planning purposes only. They 

are not to be construed as sjte-specjfjc engjneering evaluatjons. Locatj ons 

of facj 1 j tj es are shown on l1ap 3-E. 

MAP 
NO. FACILITY - COUNTY 

El Moss Landing Power Plant - Monterey Co. 

Moss Landj ng Power Plant j s located on Monterey Bay, some 50 km or 30 
mi les south of the southern lj mj t of surface rupture on the Hayward 
fault, as assumed jn thjs scenario. The 1868 Hayward earthquake produced 
i ntensi ty VII effects j n the 110ss Landj nglSanta Cruz area. The 1836 
earthquake, also attributed to the Hayward fault, caused " ••• havoc jn 
Monterey and santa Clara, and arousjng great fear among the people. In­
tensHy was apparently at least VII (R/F) at 110nterey and Missjon 
Carmel." (Louderback, 1947). Thjs area suffered extensive ground fajlure 
due to 1jquefactjon during the 1906 earthquake (Youd and Hoose, 1978). 
It js consjdered unljkely, however, that damage from this scenario earth­
quake would seriously jmpact plant operatjons. 

E2 Potrero and Hunters Pojnt Power Plants - San Francjsco Co. 

The Potrero and Hunters Poi nt Power Plants, located near the Bay margi n 
and subjected to j ntense shakj ng and ground faj lure, are shut down for 
more than 72 hours. 

E3 pjttsburg and Contra Costa Power Plants - Contra Costa Co. 

Though the prospects of si gni fi cant damage to these plants j s probably 
remote, both the plants and their related facjUties are located on or 
near Bay mUd, which may be subject to ground failure. For planning pur­
poses, therefore, we have assumed that suffjcjent damage will occur to 
plant faciljties to reduce the combined power output of the two plants by 
3U percent. 
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E4 Moraga Transmjssjon Ljne - Contra Costa Co. 

Thj s power transmj ssj on I j n~ to the East Bay crosses a large landsl j d~ 
jmmedjately west of th~ Moraga substatjon, and whjle the sUbstatjon wjll 
survjve both the shaking and a reactjvatjon of the landsljd~, the trans­
mjssjon ljne wjll not. 

E5 'l'he Geysers Geothermal Ar~a - Sonoma/ Lake Co. 

CUrrently, some fjfte~n power plants in The Geysers Geothermal Area have 
a total generatj ng capad ty of about 900 MW. Turbj n~s are drj ven by 
steam pjped to the plants from some 200 wells. Power generatjon at The 
Geysers js not affected by thjs earthquake. 

E6 Rjchmond/Antjoch Fuel Ljne - Contra Costa Co. 

The oj I supply pj pel] n~ between Rj chmond and the pj ttsburg and Contra 
Costa Power Plants crosses areas suscepUble to ground fajlure. A spe­
cjal1y desjgned pjpe crossjng of the Hayward fault jn San Pablo mjnjmjzes 
damage at thjs location. For plannjng purposes, the ljne may be qujckly 
repaj red, but there may be extensj ve delays j n obtai nj ng fuel from thj s 
source (see section on "Petrol~um Products."). The avajlabjljty of elec­
trj cal power for pumpj ng and the j ntegrj ty of pumpj ng equj pment may be 
the most critical consjderatjons. 

E7 Oakland Power Plant - Alameda Co. 

Thjs relatjvely small plant js s usc~ptjble to jntense shakjng and ground 
fajlure. For plannjng purposes, t hjs plant js shutdown for more than 72 
hours. 

E8 Martin Substatjon - San Mateo Co. 

Thjs sUbstatjon js located jn an area of predjcted jntensjty VIII shakjng 
and possjble ground fajlure. Some damage to equjpment at thjs stat jon js 
a reasonable expectatjon. Routjng of power through thjs critjcal facjl­
jty constjtutes a major consjderatjon jn the plannjng for restor at jon of 
power to San Francjsco. Thjs facjljty js deemed to be 90% functjonal af­
ter 24 hours. 

E9 Ignacjo Substatjon - Marjn Co. 

Thjs crjtjcal sUbstatjon handles all power routed south jnto Marjn 
County. Prudent plannj ng should allow that thj s fadlj ty , founded on 
shallow Bay mUd, js serjously damaged by shakjng or ground fajlure. 

EIO Claremont SubstaUon - Alameda Co. 

Thj s facn ity, located withj n the Alquj st-prj 010 sped al studj es zone, 
js heavjly damaged and 100% nonfunctjonal. 
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Ell Fremont Substation - Alameda Co. 

This fadlity, located within the Alquist-Priolo spedal studies zone, 
is heavily damaged and 100% nonfunctional. 

E12 Newark Substation - Alameda Co. 

This major substation, vulnerable to intense shaking and potential ground 
faiJures, is heavily damaged. 

EJ3 Transmission Ljnes/North of San Pablo Bay - Sonoma Co. 

Ground faj lures damage several towers resulti ng j n shutdown of thi s 
transmjssion Ijne. 

E14 Transmjssion Ljnes/East of San Jose - Santa Clara Co. 

Landslj des damage several towers south of Calaveras Reservoj r resul tj ng 
in shutdown of thjs transmjssion ljne . 

E15 Transmission Lines/Foster Cjty Area - San Mateo Co. 

Ground fajlures damage towers south of Foster Cjty resultjng jn shutdown 
of thjs transmjssjon ljne. 

E16 Transmjssjon Ljnes/Fremont - Alameda Co. 

Surface rupture has collapsed two towers, resulting in shutdown of these 
power lines. Fallen ljnes, surface rupture along 1-680, and damage to 
major gas transmjssjon ljnes create a major problem and closure of 1-680 
at thjs locatjon. 

Fremont 
Substati on 
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WATER SUPPLY 

General Characteristics 

The major aqueducts that convey water from distant locations to virtually 

all parts of the planning area, including the cities of San Francisco and 

Oakland, are shown on Map 3-W. Also shown are local storage reservoirs, the 

principal transmission pipelines, and their relationships to the Hayward fault. 

The city of San Francisco and a number of municipal utilities in San 

Mateo, santa Clara, and Alameda Counties receive water imported from the 

Tuolumne River in the western Sierra Nevada via the Hetch Hetchy Aqueduct 

which is operated by the City of San Francisco. The south Bay area and 

Livermore Va lley have received imported water from the South Bay Aqueduct 

since 1965. Santa Clara County will soon receive its first water deliveries 

from the U.S. Bureau of Reclamation's (USBR) San Felipe Project (water from 

San Luis Reservoir via Pacheco Tunnel). Most of the East Bay receives its wa­

ter from the Sierra Nevada v i a the East Bay Municipal utility District's 

(EBMUD) Mokelumne Aqueducts. Contra Costa County imports water via the Contra 

Costa Canal from the Sacramento-san Joaquin delta. 

Southern Sonoma County is dependent on the petaluma and Sonoma Aqueducts 

to deliver water south from the Russian River. Southern Solano County re-

ceives water via USBR's Putah South canal, from which water is also delivered 

to southern Napa County through faci lities of the North Bay Aqueduct. Marin 

County is largely dependent upon locally developed water storage facilities. 
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In addition to imported water supplies, many communities of the Bay area 

are also dependent to various degrees on groundwater. In the Santa Clara 

Valley , for example, more than half of the water supply is from groundwater . 

The county-wide Santa Clara Valley water District manages this major resource 

as well as the imported water supplied to the many water retailers throughout 

the County . 

Ma jar water transmission pipeline at a crossing of the Hayward fault in 
Fremont . This section of the pipeline has been constructed on the surface to 
accommodate fault creep and facilitate repairs necessitated by fault rupture. 
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TABLE 6 

water Retajlers and water Sources jn the East Bay and Santa Clara Valley 

Munjcjpal Agency 

Hayward 
Cupertjno 
Gj} roy 
Mjlpjtas 
Morgan Hj 11 
Mountajn Vjew 
Palo Alto 
San Jose 

Santa Clara 

Sunnyvale 

water Agency 

East Bay Munjcjpal Utjljty Djstrjct 
(servjng East Bay from Crockett 
to North Hayward) 

Alameda County water Djstrjct 
(servjng Unjon cjty, Newark 
and Fremont) 

Caljfornia Water Servjce Company 
(servj ng parts of Los Altos, 
Cupertjno, Sunnyvale, 
Moun t aj n Vj ew) 

campbell Water Company 
(servjng parts of Campbell) 

Great Oaks Water Company 
(servjng South San Jose) 

Pudssjrna Hj lIs County Water 
Djstrjct (servjng parts of 
Los Altos Hj 11 s) 

San Jose Water Works 
(servjng parts of San Jose, 
Campbell, Saratoga, 
C10nte Sereno, Los Gatos 

Moffett Naval Ajr Stat jon 

Stanford Unjversjty 

Source of water 

Hetch Hetchy 
Groundwater, South Bay Aqueduct 
Groundwater 
Hetch Hetchy 
Groundwater 
Groundwater, Hetch Hetchy 
Hetch Hetchy 
Groundwater, South Bay Aqueduct, 

Hetch Hetchy 
Groundwater, South Bay Aqueduct, 

Hetch Hetchy 
Groundwater, South Bay Aqueduct 

Hetch Hetchy 

Source of water 

Mokelumne Aqueducts 

Groundwater, South Bay Aqueduct 
Hetch Hetchy 

Groundwater, South Bay Aqueduct 

Groundwater, South Bay Aqueduct 

Groundwater 

Hetch Hetchy 

Groundwater, Surface rteservojr 
Storage, South Bay Aqueduct 

Hetch Hetchy 

Groundwater, Surface Reservojr 
Storage, Hetch Hetchy 
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Sejsmjc Consjderations 

EBMUD's water system is partj cular ly vulnerabl e to damage resul tj ng from 

a major earthquake on the Hayward fault, especjally to the tunnels that cross 

the fault and where fjlled lands exjst. That port jon of the system west of 

the fault servjng the East Bay communjtjes from San Pablo to Hayward (but not 

jncludjng Hayward) js partjcularly vulnerable. Thjs assessment of earthquake 

hazards and potentjal damage focuses prjncjpal1y on EBMUD, but the statements 

are also appli cable to the other water utj U tj es that serve the communj tj es 

south from Hayward to the San Jose area. 

Creep on the Hayward fault has been noted in EBMUD's Claremont Tunnel 

(Blanchard and Laverty, 1966) where a total of 17 centimeters (cm) of lateral 

movement occurred between 1929 and 1966 (4.5 mm/yr). A simjlar amount of hor­

jzontal creep has been observed where San Francisco's Hetch Hetchy steel pjpe 

aqueducts cross the Hayward fault jn Fremont, but wjthout notjceable damage to 

ejther of these two surface lines. 

Wjthjn the past 10 years, EBMUD has conducted a program jn whjch all of 

the weaker dams in their system were rebuHt to jmproved sej smic standards. 

Thjs program has reduced the potentjal for possible catastrophjc dam fajlure 

to the extent that thj s prospect j s not regarded as a credible part of this 

scenari o. Smaller djstrjbutjon reservojrs, however, may present problems, 

partj cularly those wi thj n the Alquj st-prj 010 special studj es zone j n Berkeley 

and jn the hjlls elsewhere along the zone. 
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Lon<:.)-tprm construction programs to r~dUCA Aarthquak p vu I nArabi Ii ty arp 

cont i nui n<:.). for ",xample, in Oakland a n",w 4tl-inch lin", has bAen built dt somp 

distancp away from thp fault to parall",l and provid", bypass capability for lh'" 

existing SAyuoia Aqueduct. 

Acc",pting th", lik",lihood that a major AarthquakA will ultimatAly disrupt 

onA or morA tunnels that cross thp fault, suppli<=>s npcAssary tor turll1AI rA­

pairs havA b<=><=>n stockpilpd <=>ast of thp fault at Orinda l.'jltpr Plant and ar'" 

clAarly markAd and 10catAd outdoors. 

EI:3MUD's many pumping stations ar<=> d"'p"'ndpnt 011 PG&E for <=>IActric powpr, 

and on-site emergAncy standby pow<=>r cannot r<=>plac<=> this sourCA. OnA of th r<=>~ 

pumping units of the Malonpy Pumping Plant n<=>ar El Sobrantp usps naturdl gas. 

PortablA electri c ,:]enArators provid p Amer':]~ncy powAr for many pumpi ny sta-

tions. 

While San Francisco and th~ ppninsula rec~iv~ wat~r from the Hetch Hptchy 

]inAs that cross the Hayward fault, storagA behind crystal Sprin':]s Dam is mor<=> 

than sufficient for thA west Bay tor th<=> duration ot any aqueduct closures. 

It is <=>xp<=>ctAd that distribution r~s",rvoirs will sutfer mod<=>ratA damag"'. 

Underground reservoirs, with column and beam support roofs, could suffer px-

t~nsiVA roof col laps<=>o Distribution reservoirs of wAlded or bolted stpel cun-

struction will suffAr little damage, but pip~ connections will b~ s~vered in 

som~ cas~s. Hedwood tanks are not ",xp"'ct",d to p",rform w",ll when sub]Pct",d to 

hea vy shaki ng • 
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Pumpj ng plants wj 11 suffer damage closely related to the soj I mated als 

on whjch they were constructed, and damage wjll be primarjly related to pipe­

line rupture and electrjcal control center damage. 

Djstributjon pjpelines vary from 2 inches to ~4 jnches or more jn djam­

eter jn approxjmately 3,4UO miles of pjpe jn the EBMUD system. pjpe materjals 

vary from cast jron to welded steel and asbestos cement to a varjety of plas­

tic materjals. The damage to djstribution pipelines is expected to vary with 

pipe materials, soil type, topography, and design installation practices, as 

well as the shaking jntensity and degree of ground fajlure. For this reason, 

jnstallatjon of automatjc water shut-down equipment should, in most cases, be 

avoided. 

It js antidpated that all water systems within the region will sufter 

some damage. Dependjng on local conditions, the population impact may be 

small, or catastrophjc. In areas of intense shaking and/ or ground failure, jt 

wjll not be unusual to fjnd that there are 2 to 4 main breaks in every resi-

dential block where cast jron or asbestos cement pipe is used. Where such 

general damage to the water djstributjon system occurs, restoratjon of water 

mains begins at the lowest topographjc pojnt, progressjng uphj 11 so that brok­

en sewers jn the same areas do not contaminate still broken water lines. 

The di ffi cuI ty j n determi nj ng the extent of damage to the di strj but ion 

system is that leaks may not be locatable unti 1 water pressure j s restored. 

For this reason, jt wjll take weeks to totally repajr damage in densely popu-

lated areas. Fresh water for domesti c purposes wj 11 have to be suppl j ed by 

tanker trucks to affected neighborhoods. Fj re fj ghti ng efforts wi 11 in some 
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areas be serjously hampered durjng the fjrst 72-hour perjod, and possjbly for 

as long as two weeks. This condjtjon dedves not only due to a lack of water, 

but also because of blocked streets, jnsuffjcjent manpow~r, and possjbly 

structurally damaged fjre statjons. 

As jn 1906, djstrjbution system damag~ and water outages wjll occur jn 

the structurally poor ground areas borded ng the Bay. El sewhere, the water 

distrjbution system js expected to remajn mostly jntact, and sjgnjficant out­

ages wjll be few and controllable, commensurate wjth avajlabjlity of spare 

pipe, fjttings, degree of repajr crew efforts and accessjbjljty. For scenarjo 

purposes, 90% of the water outages in the structuraLly poor ground areas 

should be restored wjthjn 3 weeks by abov~-ground pjpjng sjmjlar to that whjch 

was used jn San Fernando. 

water treatment plants close to the Hayward fault, or those built jn 

structurally poor foundatjon materjal, may experjence djfferentjal settlement 

sjgnjfjcant enough to shut down for damage assessment and repajrs. The abjl­

ity to bypass these plants and to provj de emergency chlorj nati on wj 11 be cruc­

jal durjng the jnjtjal 72 hour post-earthquake perjod. 

Chlorjne facjljty anchorage and chlorjne spjll control programs wjll de­

termjne the degree to whjch chlorjne spjlls threaten populatjon near both wa­

ter and waste treatment plants. 



1987 HAYWARD FAULT EARTHQUAKE SCENARIO 181 

Planning Considerations 

The water supply to the Bay area is provi ded by several systems. The 

vulnerability of each of these systems must be appraised. The individual com­

ponents of each system--the water source, aqueducts, loca 1 storage reservoi rs 

(includi ng dams), pumpi ng stations, transmi ssi on pi peli nes, and di strj buti on 

lines must be viewed in the context of the entire system and its performance. 

Impairment of anyone major element could seriously compromise the performance 

of the enti re system. For emergency p1anni ng purposes, it is important to 

recognize that this effect makes 8ach system's overall performance more vul­

nerabJ e than casual exami nati on of j ndi vi dua 1 components mi ght SUgg8St. 

Disrupti on of water servi ce in the East Bay ci ti es due to earthquakes wi 11 not 

result from poor planning, but rather, from geologic and geographjc conditions. 

It is essential that all water agencies examine their transmission and 

distribution systems in detail to identify areas and facilities most lik81y to 

be impaired. Programs should be establi shed and mai ntai n8d to progressi vely 

upgrade facilities of questionable seismic resistance in areas of high vulner-

ability. 
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Capabj lj tj es to provj de emergency dj stri buU on of water usj ng ground 

transportatjon needs to be planned jn areas jdentifjed as havjng a sjgnifjcant 

possjbjlity of water system damage. 

Whj Ie there should be ample water storage j n the nunll~rous Bay area raw 

water reservojrs to satjsfy all water demands durjng the perjod aqueduct re­

pajrs are jn progress, damage to treatment plants and djstrjbutjon systems may 

prevent deljverjes to all servjce areas. In the short term, the loss of elec­

trjcal power wjll prevent pumpjng water to many areas at hjgher elevations 

and, therefore, only undamaged gravjty systems wjl] be able to provjde a con-

tinuous water supply. 'l'hj s makes earthquake-resj stant storage j mportant j n 

the East Bay hj Us and on the Mari n and San Francj sco Penj nsulas where a sub­

stantjal populatjon resjdes at hjgher elevatjons. 

In the EBMUD servjce area, jt js unljkely that the entjre system would be 

jncapacjtated. Injtjal efforts would be directed to damage assessment and wa-

ter redj stri butj on. EBMUD has sj x water treatment plants, 165 dj strj buU on 

reservojrs, and 120 djstrjbutjon pumpjng plants. Adjustment of valves jn the 

djstrjbutjon system permjts water deliverjes by many djfferent routes. 

As has been noted, a number of publjc utjljtjes provjde water to the var­

jous communjtjes jn the San Francjsco Bay area. Many systems are largely jn-

dependent of the others. The equjvalent of mutual ajd does not exist for 

short-term practjcal sjtuatjons. One problem js that utjljty system pjpes are 

generally smallest at djstrjct boundarjes. Durjng a recent several year 

drought jn whjch southern Marjn county's water supply essentjally ran out, an 

j nterconnecU on from East Bay l"lunj cj pal Uti 1 j ty Dj strj ct to Mad n Munj cj pal 
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Water District was provided by a lengthy temporary pipeline over the Richmond­

San Rafael Bridge. A major earthquake on the Hayward fault at that time would 

have been disastrous for Marin. 

ning and implementation stages . 

Similar connections are in continuous plan-

It is pe rhaps appropriate at this time for federal and state planners to 

examine the possibi li ties of funding adequate-size interconnections between 

water supply utilities. Interconnecting pipe and appropriate valving between 

adjacent aqueducts and major distribution lines lying between the san Andrea s 

and Hayward faults is one possibility . It should be recognized that this 

would be an unbalanced mutual aid plan in some cases. For example, Crystal 

Springs Reservoir will probably be able to supply san Francisco when e ither 

fault ruptures. This is not true for the East Bay cities. This need not pre­

clude an examination based on federal, state, and local viewpoints and higher 

public needs. 

Planning Scenario 

For disaster response planning purposes , the 5 foot average displacement 

along the Hayward fault will heavily damage all major tunnels and aqueducts 

tha t cross the faul t zone. Similar damage will occur to the many treatment 

facilities and distribution water lines that cross the fault. The flow of wa­

ter crossing the fault will be reduced to 10-30% for the first 24 hours. For 

a period of time (1 day minimum, 3 days maximum), some segments of the popula­

tion will be asked to use emergency supplies , boil their water, or take other 

safety measures against contamination. 
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The 54" welded steel pjpeljne from Sobrante Fjlter Plant that crosses the 

faul t at San Pablo wj 11 b~ ruptured. Because j t j s aCCASS i bl e, thj s 1 j ne 

could probably be returned to service wj thj n 48 hours. The EBMUD system west 

of the Hayward fau 1 t could well be dependent on treated watp.r suppl j es vj a 

thj s route for two weeks. untreated water should be avaj lable to the system 

from Upper San Leandro Resp.rvoj r, but damage to treatment and dj strj buU on 

facjljtjes located near and across the fault at thjs locatjon could jnvolve an 

extended perjod for repajrs. 

For purposes of djsastAr response plannjng, Berryman RAservojr jn 

Berkeley js assumed to fajl, and Summjt Reservojr at Kensjngton jn Berkeley js 

assumed to be badly leaking. Both threaten downstream popu lati ons. Other 

reservojr damage wjll occur, but wjll not present sjgnifjcant rjsks to down­

stream populatjons. 

Older rejnforced concrete structures, such as those located at fjltratjon 

plants along the fault, wjll be damaged and some partjal fajlures wjll occur. 

Equjpment repajrs and water bypasses wj ll rendp.r the water supply system func­

tjonal jn several days. 

Due to the publjc's crudal need for water, jt js assumed that hjghest 

prjorjtjes wjll b~ gjven to the restoratjon of electrjc power supplyjng water 

facj lj tj es. It js therefore expected that electrjc power wjll be provjded by 

some means to all major pumpjng statjons. 

Rp.storaU on of water servj ce to a 11 areas east of the fault j n the 

Berkeley/Oakland hjlls wjll be delayed and, when avajlable, js expected to be 
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on a restricted basis. Many lines in and near the Alquist-Priolo zone may be 

in the form of temporary hose or above-ground pipe similar to that provided to 

many residences after the 1971 San Fernando earthquake . 

Water supply systems are expected to oe moderately to severely crippled 

in this major scenario earthquake. Restoration of full service could take 

months. 

(See Page 190 for "Damage Assessments" of water Supply 
and Waste water Facilities) 

The two trans-Bay Hetch Hetchy pipelines at the Hayward 
fault crossing in Fremont. 
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WASTE WATER 

General Characterjstjcs 

Many sewage trp.atment plants, or waste water djsposal facjljtjes, are lo­

cated throughout the study area (Map 3-W). For functjonal reasons, these are 

generally located along the Bay margjns. Some of these systems jnvolve gravj­

ty flow from the service area to the plant wjth discharge jn an outfall ljne 

to the Bay. Others requjre pumpjng for all or part of thejr operatjon. A no­

table example of the latter j s the "Super Sewer· between San Leandro and 

Fremont (and from the Ljvermore Valley). The major treatment facj}jtjes of 

EBMUD's Special Distd ct Number One, located adjacent to the Port of Oakland 

at the eastern end of the Bay Brjdge and jts approaches, are hjghly dependent 

on electrjc power for pumpjng and other uses. 

Waste water treatment plants have only ljmjted storage capacjty. If the 

treatment sequence cannot be reestabljshed before storage capacjty js exceed­

ed, then the waste water wjll be djscharged wjth emergency treatment to reduce 

pollutj on hazards. Damage to system components at fad litjes along the Bay 

margjn and prolonged lack of electdcal power for pumpjng wjll necessjtate 

sewage djscharge djrectly into the Bay at desjgnated bypass locatjons. In the 

Bay area, the general djscharge of raw sewage can be expected to pollute most 

waterways, channels, harbors, and beaches, posing a publjc health rjsk requjr­

ing publjc notjce. 
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Seismic Considerations 

The vast majority of the many wastewater treatment plants are located on 

structurally poor ground that is hi ghly suscepti ble to fai 1 ure. Individual 

massive structures, how~ver, may be well designed and supported by piling or, 

in some instances, by speci ally engi neered fi lls intended to compensate for 

the poor soi 1 condi t ions. In genera 1, the cont i guous trunk sewers and out-

falls are similarly located i n structurally poor ground. 

The impact of the earthquake may be consi dered from three standpoi nts: 

a. Damage to the collection system, b. Damage at the treatment plants, and 

c. Discharge of untreated or poorly treated sewage into the Bay. 

Damage to collection systems will be similar to that experienced by water 

supply systems. Landslides, particularly at the end of a prolonged wet sea-

son, will cause extensive damage to the collection system in the hill areas. 

Soi 1 1 iquefaction in the structurally poor ground areas wi 11 also damag e the 

collection system--see Map 3-W to identify areas where outages are most likely 

to occur. Temporary facilities on every city block, such as the portable san­

itary facilities used on construction sites, will probably have to be provided 

as they were after the 1971 San Fernando earthquake. Alternatively, temporary 

housing must be used or raw sewage may be allowed in open trenches, an obvi­

ously undesirable solution. 

Buildings and other special structures found at treatment plants are usu-

ally earthquake resistive. In poor ground areas, the larger bui Jdi ngs and 

other major structur~s are normally on pilings and should survive without any 
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major structural damage. Internal appurtenant piping and equipment are gener­

ally earthquake braced, and intended for heavy duty. However, equipment can­

not function without electrjc power. BuDding penetrations by pipes or con­

duits will be likely points of damage. 

Damage is J i kely in structures contai ni ng rotati ng equi pment or other 

movi ng devi ces, with the damage bei ng due to the wave acti on of sloshi ng (os-

cillating) Uquids. Di fferenti al settlements are expected where underground 

piping and sewer lines are laid in trenches and then connected to buildings on 

piling. The result of these differential settlements is to break the settling 

pipe (in soil) where it Joins the building (on piling). 

The quantity of waste water to the treatment plants is expected to dimin­

ish immediately after the earthquake due to the closure of industrial plants 

and the reduction in the supply of potable water. 

Planning Considerations 

Massive discharge of raw or poorly treated waste water into the Bay will 

undoubtedly cause public concern. While it may be rational to give low prior­

ity to restodng these facilities, it seems appropriate to review this with 

the environmental agencies at all levels of government. At the least, public 

announcements should be readied for distribution immediately after the earth­

quake. Revi ew of the adequacy of ch lori nation storage, pi pi ng, and machi ne 

tie-down is of utmost concern. Adequate chlorine spill control programs are 

vital for all affected waste water stations. 
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Planning Scenarjo 

For plannjng purposes, the flow capacjty of the collect jon system jn the 

landsli de areas and in the poor ground areas as shown on Map 3-W wj 11 be re­

duced by 50%, and 50% of the area wjll be nonfunctjonal. The majn collectors 

jn these areas will be damaged, but will retajn 75% of thejr capacjty wherever 

gravjty flow js possjble. 

Li nes from the hillside areas that cross the Hayward faul t wj 11 be 

sheared and unable to carry fluids. Open trenches may be used to carry raw 

sewage for short djstances. Alternatjvely, planners wjll have to provjde for 

emergency housjng or temporary sanjtary facilities. 

Treatment plants wj 11 shut down due to lack of power. EBMUD's specj al 

electric power system whjch uses methane gas from its treatment plant will be 

unable to support full plant functi on. Power requirements wjll djmjnjsh as 

the quantity of arrjving waste water djminjshes, but almost concurrently the 

product jon of methane fuel will be sjmjlarly reduced. 

Restoration of power will be a function of priorities. It is probable 

that preference wjll be given to djrect life support operatjons such as water 

systems, hospital s, housing, transportatj on, and others. If so, then emer-

gency treated raw sewage wjll be djscharged jnto the Bay for an extended perj­

od. This condition is expected to exist for up to one month at EBMUD's 

Specjal Distrjct Number One ( located adjacent to the Port of Oakland) as well 

as at other waste water facilities. 
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Damage Assessments 

(Water Supply and Waste Water Facilities) 

Damage assessments have been postulated for certain water supply and 

waste water facilities as set forth below. The statements regarding the per-

formance of facilities are hypothet i cal and are intended for planning purposes 

only. They are not to be construed as site-specific engineering evaluations. 

Locations of facilities are shown on Map 3-W. 

MAP 
NO. FACILITY - COUNTY 

W4 Hetch Hetchy Pipelines (Trans-Bay lines) - Alameda Co. 

The Hetch-Hetchy Aqueduct pipel i nes are severely damaged by fault rupture 
where they cross the fault jus t west of Paseo Padre Parkway in Fremont, 
resulting in substantial water loss at this location until shut-off 
valves are activated. 

ws Hetch Hetchy Pipelines (south Bay route) - Alameda Co. 

These Hetch-Hetchy pipelines are severely damaged by fault rupture where 
they cross the fault at the Interstate 680/Mission Blvd. interchange in 
Fremont. Water loss from these pipelines further complicates matters at 
this major highway interchange, already damaged by fault rupture. 

W6 oakland/Alameda Estuary Crossing - Alameda Co. 

TWo of three cast-iron pipelines that cross the estuary supplying the 
city of Alameda rupture. 

W7 Penitencia Water Treatment Plant - Santa Clara Co. 

This water treatment plant and adjacent South Bay Aqueduct terminal fa­
cility are inoperative for more than 72 hours because of seismically 
triggered landslide displacements. 

W8 South Bay Aqueduct - Alameda/Santa Clara Co. 

This facility of the State water project, conveying water to the santa 
Clara Valley Water District, is damaged at several locations between 
Mission 'San Jose and the terminal facility (see W7 above) as a result of 
fault rupture and seismically triggered landslide displacements. 
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WID Bon Tempe Water Treatment Plant - Marjn Co. 

The Bon Tempe treatment plant will be out of servjce because of landsljde 
damage and electrjcal power fajlure. 

WIl Southern Marin pj pelj ne - Mad nCo. 

Thj s sectj on of the Southern Marj n pj peU ne from Bon Tempe treatment 
plant js ruptured due to slope fajlure. 

W13 North Bay Aqu~duct - Solano/Napa Co. 

Facjljtjes of the Putah South Canal and North Bay Aqueduct are undamaged; 
some damage does occur a t the treatment plant jn Jameson Canyon. 

W14 Petaluma Aqueduct - Sonoma/Marin Co. 

Thjs facjljty js damaged by shakjng and ground failure near Novato. 

WIS Well Field at Fremont - Alameda Co. 

Water suppljes from thjs well fjeld operated by the Alameda County Water 
Dj strict at Fremont are j nterrupted due to loss of power and damage to 
facjlitjes. The earthquake and contjnujng aftershocks produces excessjve 
turbidity for an indefinite perjod, with the loss of some wells. 

W16 Berryman Reservojr - Alameda Co. 

Thj s reservoj r and dam j n the Berkeley Hj lIs j s, for the purposes of 
emergency planning, assumed to fajl as a result of fault rupture. 

W17 Summjt Reservojr - Contra Costa/Alameda Co. 

This reservoir is assumed to be damaged and leaking to the extent that 
the downslope populatjon wjthjn a ljmjted affected area must be evacuated. 

W18 San Pablo TUnnel - Contra Costa Co. 

Thjs raw water supply tunnel js effectjvely closed 
through the fault zone beneath the Berkeley Hjlls 
Reservojr and the west tunnel portal jn EI Cerrjto. 

W19 San Pablo pjpeljne - Contra Costa Co. 

where 
between 

it 
San 

passes 
Pablo 

Thjs major water supply I jne from Sobrante Fjlter Plant to the East Bay 
distrjbutjon system sustajns major damage where jt crosses the fault on 
El Portal Dri ve j n San Pablo. Rapj d repaj rs to thj s 1 j ne wil 1 be re­
qujred to furnjsh water to the system. 



192 DIVISION OF MINES AND GEOLOGY SP78 

W20 Claremont TUnnel - Alameda Co. 

This primary conveyance facility supplying treated water from the Orinda 
treatment plant to the metropolitan area is ruptured where it crosses the 
fault in the Berkeley Hills. Continuing aftershocks and post-earthquake 
movements along the fault zone complicate efforts to accomplish rapid and 
effective repairs. 

W2l 39th Avenue Distribution Reservoir - Alameda Co. 

This open-cut distribution reservoir sustains direct damage due to fault 
displacements but poses no threat of failure. 

W22 Chabot water Treatment Plant - Alameda Co. 

This standby treatment facili.ty and piping for water from Lake Chabot 
sustains major damage resulting from nearby fault rupture and related 
ground deformation. 

W23 Transmission Pipelines/Fremont - Alameda Co. 

Major water transmission pipelines of the Alameda County water District 
are ruptured by fault displace ments at several locations in Fremont. 

W24 Bay Farm Island pipeline - Alameda Co. 

This water pipeline serving Bay Farm Island sustains major damage at the 
crossing of San Leandro Bay from Alameda. 

W25 Upper San Leandro Filter plant Raw water Lines-Alameda Co. 

Surface rupture results in major damage to the two pipelines that supply 
raw water to this plant, putting the plant out of service for at least a 
week. 

W26 EBMUD Special District Number One waste Treatment Plant - Alameda Co. 

Normally providing treatment for up to 17 0 million gallons per day of 
waste water, this major East Bay facility is shut down for a minimum of 
30 days as a result of damage to equipment, structures, and interconnect­
ing pipelines. 

W27 Facilities of East Bay Dischargers Authority - Alameda Co. 

Located largely wi thin the area subjected to high-intensity shaking and 
potential for ground failure, this system is highly vulnerable to dam­
age. Many miles of reinforced concrete pipe (33-96 inch diameter) tra­
verse the mud flats and salt marshes along the East Bay margin; six pump­
ing plants and a dechlorination facility are similarly located. Differ­
ential movements and related ground failure cause damage to both the 
pipeline and the plants at various locations. Effluent pumping through 
Dublin Canyon from Amador-Livermore Valley is temporarily curtailed by 
rupture of the export pipeline at the fault crossing near Mission 
Boulevard and San Lorenzo Creek west of Castro Valley. 
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NATURAL GAS FACILITIES 

General characteristics 

Natural gas is supplied to the San Francisco Bay area by the Pacific Gas 

and Electric company (PG & E). Routes of the major natural gas transmission 

pipelines that serve the Bay area are shown on Map 3-G. 

major regulating stations and storage facilities (holders). 

Seismic considerations 

Also shown are the 

The primary impact on natural gas facilities in the Bay area will be the 

widespread damage to the distribution system resulting from surface rupture 

along the lOO-km length of the fault zone from san pablo to near san Jose. 

Horizontal displacement averagin<] 5 feet across the fault zone will cause 

thousands of breaks in mains, valves , and service connections. Secondary 

ground failures resulting from high intensity shaking will result in many 

additional breaks in the system in the proximity of the fault zone. Fires can 

be expected in streets due to broken gas mains. 

as a result of broken service connections. 

structural fires will occur 

The gas supply to the East Bay will be interrupted where the large diam­

eter transmission pipelines are ruptured by fault offset at san pablo and 

Fremont. In addition to major damage at the fault crossings, other elements 

of the gas transmission system are vulnerable to damage by ground failures, 

temporarily disrupting supplies to other parts of the Bay area. 
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l'1any br~aks and l~aks will also occur in thp distrjlJution syst~m t1lruuyh-

out thR Bay arRa, prRdominanlly in thos~ 10w-1yjng ar~as c10spr to th", Bay 

margins Whp.rR ground tai1urps will occur as a rpsu1t. of 1iyup taction or spt-

t1pmRnt. In th", East Bay, thRS", au'as inc1udp parts of San Pablo and 

Richmond, thosp portions of Oakland and Alampda in proximity to thp Oakland-

A1amRda Estuary, and nRar N",wark (gRn p ra11y wpst of Rout", 17); in th", south 

Bay, in th", Milpitas-Alviso arpa; and on thp San Francisco and Marin PRnin-

sulas . 

Planning Considprations 

Th", major prob1pm arRa will bp in thp East Bay and, in particular, along 

and np.ar th", fault. Fault ruptur", across thp mu1litudp of rpsidpntial strppt!:; 

alld major thoroughfar",s wil 1 pos", a formidab1p situation. 

As a r p su1t of damagR to lransmission taci1itiRs, natural gas will b", un-

avai1ab1R to all of thR East Bay from San Pablo on thR north to Milpitas on 

thp sout.h. R"'pairs to transmission [aci1itiRs can bp accomplishpd rapidly, 

howRv",r, and rpstoration of gas sRrvicp to th", ar",a can thRn b"'gin. Hpstora-

tion within thp distribution syst",m is a gradual procpss, howRvRr, as dR-

scrib",d in th~ following: 

ftUn1ikp ",lp.ctricity, which can usually bR turn~d oft and on at will, thp 
r",storation of gas servicR is an pxppnsivR and time-consuming task. If a 
pip",linp is brok",n , or part of a distribution nptwork 10sps all prpssurp., 
Rvpry customRr bRing supp1iRd from that nRtwork must individually bR shut 
down bRfore rpprRssuri ng can b~yi n. To prRv",nt Rxp1 osi ons, the pnt ire 
systRm of mains, fRed",rs, and sRrvicp 1inRS in the affRcted arpa must be 
purgpd b",forR pilot lights can b", rplightRd and sprvicp rRstorRd. In ad­
dition, pxt~nsiv", gas -l",ak dRtection survRys may bp nReded, using f1amp 
ionization ",yuipment throuyhout lhR affpctRd arpa ft (LNG Task Force , 
1 'Hl U) • ft 
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Thus, whjle gas suppljes to most areas of the East Bay wjll be restored 

rapjdly, some areas near and east of the fault, could be wjthout gas for as 

long as several weeks. 

Damage to fad}j tj es servj ng the south Bay and San Francj sco Penj nsula 

wjll be mjmjmal and necessary repajrs accompljshed rapjdly. Only those ljm­

jted areas where poor ground condjtjons result jn substantjal damage to djs-

trj buU on systems will restoraU on of servj ce be prolonged. Throughout the 

north Bay, only mjnjmal damage to jsolated segments of the djstrjbutjon system 

js antjcjpated, wjth restor at jon of servjce proceedjng rapjdly. 
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Plannjng Scenario 

Damage Assessments 

Damage assessments have been postulated for certaj n natural gas facj Ii-

tjes as set forth below. The statements regardjng the performance of facjlj-

ties are hypothetjcal and are jntended for plannjng purposes only. They are 

not to be construed as sj te-specj fj c engj neeri ng eval uati ons. Locations of 

facjljtjes are shown on Map 3-G. 

MAP 
NU. LOCATION - COUNTY 

Gl pjpeljnes/Rjchmond Area - Contra Costa Co. 

pjpeljne damage occurs Liue to ground fajlures, notably jn the Rjchmond 
harbor area. 

G2 pjpeljnes/Vjcjnjty of SFO - San Mateo Co. 

Rupture of old pjpeljne sectjons occurs due to ground fajlure caused by 
1 j quefacti on. 

G4 Mjlpjtas Termjnal/Vjcjnjty of Coyote Creek - Santa Clara Co. 

Thj s crj tj cal faci U ty and the major gas transmj ssj on pj peU nes routed 
through jt are located jn an area that experjenced sjgnjfjcant and varjed 
ground fajlures durjng the 1906 earthquake (Youd and Hoose, 1978). In­
tense shakjng (predicted jntensjty IX) and ground fajlures result in some 
damage to gas facjljties jn thjs area, wjth pjpe structure connectjons at 
the termjnal facjljty most vulnerable. The jntegrjty of thjs facjljty js 
crucial to the continued supply of gas to the San Francisco Penjnsula. 
Wjth gas suppljes from the East Bay and Ljvermore Valley jnterrupted by 
faul t rupture, the south Bay and San Franci sco Penj nsula wj 11 depend on 
suppljes routed from the south through the Santa Clara Valley. 

G6 Pjpeljnes/East of Fremont - Alameda Co. 

Several hundred feet of one transmjssjon pjpeljne js badly bent and leak­
jng as a result of a sejsmjcally triggered landsljde jn the hjlls east of 
Fremont. 
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G7 Pipeline/oakland to san Jose - Alameda Co. 

The pipeline is damaged along this route due to ground failure caused by 
liquefaction. 

G8 Pipelines/Oakland Waterfront - Alameda Co. 

Pipeline damage occurs due to ground failure caused by liquefaction. 

G9 Distribution system/San Pablo to Milpitas -
Contra Costa/Alameda/santa Clara Co. 

Thousands of broken and leaking mains, valves, and service connections 
occur along and adjacent to the zone of surface rupture from San pablo to 
southeast of Milpitas. 

GIO Pipeline Fault crossings/San Pablo - Contra Costa Co. 

One of two major natural gas transmission pipelines is leaking badly at 
the fault crossing in San Pablo. 

GIl Pipeline ~ult crossings/Fremont - Alameda Co. 

TWo of three natural gas transmission pipelines, crossing the East Bay 
Hills near Mission Pass, are damaged and leaking where they cross the 
fault between Durham Road and Olive Avenue west of Mission San Jose. The 
southerly two of these lines cross the fault and I-680 adjacent to major 
electrical transmission line towers. These damaged gas lines, a col­
lapsed tower, and freeway damage close this route at this location. The 
third pipeline crosses the fault about a mile to the north. 

G12 Gas storage Facilities - Alameda/Contra costa Co. 

The low-pressure gas storage facilities (holders) at Richmond, and 50th 
Avenue (oakland), have lost their water seals and develop temporary 
leaks. The holders are not crucial to the supply system, however, and 
can be by-passed. 
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PETROLEUM REFINERIES AND PRODUCTS 

General Characterjstjcs 

The six major petroleum refineries j n the San Francisco Bay area are lo­

cated near the Carqujnez strajt, at djstances rangjng from 3 to 14 mjles from 

the Hayward fault. All are subject to damage by shakjng from a major earth­

quake on that fault (See Map 3-P). The largest of these refjnerjes js oper­

ated by Chevron, USA, (formerly Standard OJ 1) in Rj chmond. Most of thj s plant 

js located on structurally poor ground 3 to 4 miles from the fault. 

Principal scenario emphasjs js gjven to the Chevron refjnery because it 

js the largest jn the Bay area and the closest to the Hayward fault. Postula­

ted damage patterns described for the Chevron refinery wj 11 be similar, but 

probably ) ess, at the other refj nerj es located near Rodeo, Marti nez, and 

Concord. 

OJ 1 arrjves by ship and by pjpeljne to the refjneries, and the refjned 

products are deli.vered throughout the Bay area, the State, and out of state 

vja pipeljne, truck, and shjp. 

The major oil companj es have very large j nternal financial capabilj tj es, 

manpower, and other resources located throughout the natj on. The companj es 

can call on these resources when needed. Whjle self-sufficient jn thjs sense, 

restoration of functjons vjtal to publjc needs requires liason and coordjna-

tjon with local djsaster response planners. For example, electric power and 
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water are vital for day-to-day refinery operations, but are not under the con­

trol of the oil companies. 

Seismic Considerations 

Earthquake damage to petroleum related facili.ties may be placed into one 

of three categories. First, damage may occur to the incoming oil transporta­

tion faci lities such as pipelines from the oilfi elds or marine terminals. 

Second, the refinery may (a) suffer direct damage such as broken piping, rup­

tured storage tanks, damage to. processing towers, etc., (b) suffer consequen­

tial damage from fire following the earthquake, or (c) become nonfunctional 

due to loss of outside water supplies or electric power. Third, the distribu­

tion system may become nonfunctional due to damaged storage · facilities or 

pipelines, such as those to San Francisco and oakland Airports. 

Major refineries have normally been conservatively designed and construc­

ted to meet the state-of-the-art of earthquake engineeri ng. Older established 

refi neri es have some faci lities that are decades old. Earthquake standards 

have changed considerably since the first refinery construction. It follows 

that older construction wi 11 have some signi ficant defi ciencies by today' s 

standards. Retrofitting is often expensive and not cost-effective, similar to 

the retrofitting of older commerc ial structures in San Franci sco, Oakland, 

Berkeley, and Richmond. Consequently, earthquake damage is to be expected, 

and experience around the world confirms this. 

Refi.neries are extremely complex facilities, and the prediction of their 

behavior during a major earthquake is beyond the scope of this study. Refin-
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ing or storage facilities at each of the major refineries (see Map 3-P) are 

located upon or in proximity to the estuarine Bay mud and marsh deposits that 

are most susceptible to ground motion amplification and liquefaction with pos­

sible ground failure. Site-specific studies will be required to determine the 

vulnerability of each facility's refining and storage capability. Facilities 

utilized for the manufacture, processing, and storage of various petrochemi­

cals warrant special attention to reduce the risk of a potentially widespread 

release of toxic emissions. 

During the 1971 San Fernando earthquake (M6.4), damage to refineries in 

the area was limited to flanges, internal piping, and some storage tanks. 

Production was curtailed at one refinery located 11 miles from the epicenter 

when utility failures limited production. 

Pipelines designed to carry products under high pressure are inherently 

strong. The result has been generally good performance by these types of 

pipelines in earthquakes. For example, a large diameter, interstate, natural 

gas line was not damaged where it crossed the White Wolf fault during the 1952 

Kern County earthquake. Fuel lines were undamaged during the 1979 Imperial 

Valley (M6.6), california, earthquake. Natural gas transmission lines cross­

ing Turnagain Arm of Cook Inlet at Anchorage experienced no damage in the 1964 

Alaska earthquake despite the poor ground. A major water line (Hetch Hetchy) 

to San Francisco performed without damage in the 1906 earthquake, even though 

founded on Bay mud. On the other hand, major natural gas distribution lines 

in San Fernando failed during the 1971 earthquake. Experience shows that dam­

age occurs in geologically unstable areas, but not necessarily to every line. 
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The several major petroleum product pipelines that serve the Bay area 

cross extensive areas of structurally poor ground near the Bay margin. Ground 

failures resulting in abrupt differential movements could cause pipe rupture 

in these areas. Pipe connections at terminal facilities are also vulnerable 

due to the differing response between buried pipe and rigid structures. 

If pipe rupture occurs during the dry season, fire could be a serious 

problem. This threat is also present during the rainy season if the fluids 

are ignited as storm waters wash them into sewers. 

Shut-off valves installed on many of these pipelines will automatically 

function when the line pressure drops below a particular threshold, such as 

would occur in the case of a pipe rupture. Some of these valves are dependent 

on electrical power, however, so in the event of a major earthquake and possi-

ble large-scale power loss, these valves would not perform. 

Earthquake performance of refineries and other petroleum product plants 

has been excellent from the standpoint of direct damage, but several signifi-

cant instances of damage have occurred as a result of fire following earth-

quake. In the 1952 Kern County earthquake, the paloma CYCling Plant survived 

the earthquake quite well until two large butane spheres collapsed, releasing 

quantities of highly volatile material. The gaseous material spread out over 

the area and was ignited one and a half minutes later. 
1 

The 1964 Ni igata, 

Japan, earthquake resulted in fire at the Showa Oil Company refinery which 

burned continuously for over 350 hours. Isolated instances of fire at failed 

storage tanks have also been noted, for example, at Seward following the 1964 

Alaska earthquake and tsunami. 
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The low earthen embankments used as retention dikes around fuel and oil 

storage tanks, evaporation ponds and waste containments are subject to failure 

resulting from earthquake shaking. The locations of these types of struc-

tures, their vulnerability, and the consequences of failure need to be exam-

ined as part of any emergency planning program. Donovan et al. (1982) studied 

the seismic risk of earthen embankments in the East Bay. 

Damage to storage tanks is common due to the sloshing of liquids which 

damages or destroys the fixed or floating tops. Tank piping often breaks when 

it does not possess sufficient flexibility. While the spillage of oil may be 

spectacular, it has not been serious when contained within its dikes and kept 

free of ignition sources. 

Planning Considerations 

The indirect effects of damage to a major entity such as a public utility 

may have significant impact on other vital entities. For example, the loss of 

electric power and water to refineries will impact fuel availability. 

Emergency planning should provide for distribution of fuel to those loca-

tions designated for emergency response operations, including airports. Ade-

quate emergency power and pumping capability should be available at fuel stor-

age locations for refueling of helicoptors and other emergency vehicles. 

All of the petroleum product pipelines that serve the metropolitan area 

should be examined in detail relative to their vulnerability to ground fail-

ure. Several lines cross the Hayward fault and will be subject to rupture. 
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The adequacy and locations of automatic shut-off valves should be examined on 

all product lines and remedial measures undertaken, as appropriate. Locations 

for temporary storage of emergency fuel supplies, including those for aviation 

fuels, should be predetermined and emergency procedures established to ensure 

that these supplies will be available when needed. predetermination of fuel 

storage facilities throughout the area would facilitate planning of other 

emergency response efforts that will be dependent on these sources of fuel. 

Planning Scenario 

Direct damage to the Chevron refinery (and to the other refineries that 

experience strong shaking) will be in the form of broken and cracked piping, 

piping shifted off its supports, broken brick linings in boilers, ruptured 

tanks, buckled steel stacks, stretched anchor bolts for steel processing tow-

er s, and extensive elongation of cross-bracing. older steel tanks that are 

not anchored to their concrete saddles will shift and break piping. The over­

all direct damage will be minimal. 

For planning purposes, refinery fires should be anticipated following the 

earthquake. These fires will be suppressed within hours by plant personnel 

with their normal fire suppression systems that include the use of water from 

the say. A greater hazard is the possible release of toxic air emissions from 

petrochemical processing or storage facilities. 

The refinery will be shut down for inspections and repair s. Refin ery 

personnel will make necessary repairs (except for fire damage) to restore 

functions on a limited basis within a week, subject to the availability of 
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electric power and water. For planning purposes, the restoration of water 

service should be regarded as the more time consuming of the two. Major EBMUD 

water transmission pipelines will be damaged by faulting, and restoration pri­

orities to customers will favor human rather than industrial needs. 

Petroleum products available at Chevron are, for planning purposes, ade-

quate for 5 days of normal demand. Priorities and other restrictions could 

lengthen this 5-day post-earthquake supply. It should be remembered that gas 

stations will not be able to pump gasoline without electric power. Also, 

truck transport of fuel supplies to parts of the Bay area wi ll be slowed due 

to the damaged highway network. 

Refineries east of the Hayward fault will, presumably, be less severely 

shaken and have lesser damage. All will be shut down for 48 hours for inspec­

tions and repairs, returning to 75% of normal operations within a week. 
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Damage Assessments 

Damage assessments have been postulated for certajn petroleum related fa-

cjlitjes as set forth below. The statements regarding the performance of fa-

cjJjUes are hypotheUcal and are intended for plannjng purposes only. They 

are not to be construed as sjte-specjfic engjneedng evaluaUons. Locations 

of facjljtjes are shown on Map 3-P. 

MAP 
NO. FACILITY - COUNTY 

Pl Termjnal Facjljtjes at Rjchmond - Contra Costa Co. 

Poor ground condjtions and djfferenUal movements at the junctures of 
pjpeljnes and termjnal facjljtjes results jn moderate damage. 

P2 Termjnal Facjljtjes at San Jose - Santa Clara Co. 

Thjs area near the mouth of Coyote Creek suffered extensjve ground fajl­
ure due to ljyuefacU on dud ng the H06 earthquake (Youd and Hoose, 
1978). pjpe]jnes and termjnal facjlitjes jn thjs area are damaged due to 
ground fajlures. 

P3 pjpeljne/Oakland to San Jose - Alameda/Santa Clara Co. 

Ground fajlures along thjs route cause some pjpeljne damage. 

P4 pjpeJjne/ San Francjsco Bay Crossjngs - Alameda/San Mateo Co. 

Dj fferenUal movements result j n damage where the pjpeU nes enter the 
Bay, but the Bay crossjngs themselves survjve. 

P5 Pjpeljne/Albany to Oakland - Alameda Co. 

Some pjpeljne damage occurs due to ground failures. 

P6 pjpeline/Rjchmond to MarUnez - Contra Costa Co. 

Some pjpeljne damage occurs due to ground fajlures. 
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P7 pjpeljne Fault Crossjng, Oakland/Vjcjnjty of 
Mormon 'l'emple LandsU de - Alameda Co. 

PjpeUne ruptures due to fault djsplacement and lands U de movement. A 
reacU vatj on of this landsU de wj thj n the Hayward faul t zone has prevj­
ously caused pjpeljne rupture at thjs 10caUon. (Thjs product pjpeljf)e 
j s cur rently j nactj vee ) 

P8 Fuel Termjnals at Oakland Internatjonal Ajrport - Alameda Co . 

Pjpeljnes at the fuel storage facjljtjes are damaged. 

P9 Pjpeljnes/Martjnez Area - Contra Costa Co. 

Ground fajlures cause numerous jnstances of damage to the many pjpeljne 
facjljtjes jn thjs area. 

PIO pjpeljne/Sullol Valley - Alameda Co. 

One of two product pjpeljnes js damaged by a sejsmjcal l y trjggered land­
sljde. 

Pl3 pjpeljne Fault Crossjng at Pojnt Pjnole - Contra Costa Co. 

Damage occurs to the 12" fuel ojl pjpeljne due to fault djsplacement jn 
an extremely narrow well-defjned zone along the Hayward fault. Although 
the pjpeUne accommodates asejsmjc creep jn the area (measured at 3-5 
mm/year), jt js unljkely to wjthstand the offset hypothe sjzed jn the sce­
narj 0 event. 

An adjacent pjpeUne carryjng fuel oj} from the Chevron refjnery jn 
Rjchmond to the power plants along the Bay [see Map 3-E, locatjon E6] js 
engjneered to accommodate some horizontal offset at the fault crossjng. 

P14 Pjpeljne Fault Crossing at San Pablo - Contra Costa Co. 

Damage occurs to the Chevron fuel ojl pjpeljne due to f a ult offset. 

PIS Pjpeljne Fault Crossjng at San Paolo - Contra Costa Co. 

Damage occurs to the Chevron crude oil pjpeljne to the Rjchmond refjnery 
due to fault offset . 

P16 Pjpeljne Fault Crossjng at San Pablo - Contra Costa Co. 

Damage occurs to the fuel ojl pjpeljne to the OAK and SFO termjnal facjl­
jtjes due to fault offset. 

P17 pipeU ne Faul t Crossj ng at San Pablo - Contra Costa Co. 

Damage occurs to the fuel ojl pjpeljne to the Rjchmond termjnal facjlj­
ties due to fault offset. 

P18 Pipeljne Fault Crossjngs at Fremont - Alameda Co. 

These two product pjpeljnes to the San Jose termjnal facjljtjes are rup­
tured by fault offset. 



Section 8 . 

LIFELINE CORRIDORS 



East portal of the Caldecott Tunnel. 
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LIFELINE CORRIDORS 

Having considered the various major lifelines affected by this scenario 

earthquake and the conditions that could prevail during the j mmediate post­

earthquake hours and days, j t j s evident that many locations and critical fa­

cj lities merit special attention by emergency planners. One obvious plannj ng 

need jnvolves the major transportation and utiljty Ijfeljne corrjdors. 

As a result of favorable topographj c conditions, former traUs and wagon 

roads evolved jnto today's major transportation routes. These natural trans­

portatj on cor ridor s are commonly shared by various major utU ity lifelines. 

The resulting concentratj on of major U feline facUities wj thj n these restric­

ted corridors presents situations where (a) many different facjlities are ex­

posed to the same hazards, (b) failure of one may have a signjfjcant impact on 

the jntegrity of others, and (c) the total impact of numerous failures within 

these restricted corridors could create situations more difficult to contend 

wjth than envjsioned by individual lifeline operators. 

Ma jor transportati on routes to the East Bay, excluding the trans-Bay 

bridges from the Marin and san Francisco Peninsulas, consist of five primary 

routes ••• Interstate 80 from the north and east, State Route 24 (Caldecott 

Tunnel) from the Walnut Creek area, Interstates 580 (Dublin Canyon) and 680 

(Mission Pass) from the Livermore Valley, and parallel Interstate 680 and 

State Route 17 from San Jose and points south. The trans-Bay bddges are not 

considered jn this djscussion because the bridges are assumed to be unavail­

able for immediate post-€arthquake assistance purposes, ei ther for a large 

earthquake j n the East Bay or on the San Andreas faul t. For a large earth-
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quake anywhere j n the Bay area, however, post-earthquake transportation needs 

to and from the metropolitan area wjll be highly dependent on the integrjty of 

the aforementioned routes. 

Three j mportant corridors are dj scussed below. These partjcular loca-

tions are not to be construed as necessarjly the most important nor the only 

areas of special concern. They are jntended only to illustrate the nature and 

scope of some of the problems that could arise and, thereby, to demonstrate 

that (a) effective emergency plannjng by Ijfeljne operators must jnclude con-

sj.deration for the potential impact that damage to other lifelines may have on 

thej r facj Ij ties, and (b) that plannj ng for post-earthquake recovery opera-

tions must jnvolve close cooperatjon between all of the many concerned agen-

cles. 

The San Pablo Corrjdor 

Near the northern end of the East Bay urban area, the city of San Pablo 

occupies a two-mile-wjde access corrjdor through whjch numerous transportatjon 

and utility lifelines serve the Bay area. Bounded on the east by San Pablo 

Rj dge and on the west by San Pablo Bay, all Ij felines entering the metropoli-

tan area through this cor ridor cross the Hayward fault (see fj gure 11) and, 

consequently, all are vulnerable to major damage by surface fault rupture. In 

addition, west of the fault all are vulnerable to a shakj ng j ntensity of IX 

(MM) in an area wjth a high potential for ground failure. The major transpor-

tation and utility lifelines that cross the Hayward fault within this corridor 

include: 

1. Interstate 80 - The principal access route to the Bay area from the 
northeast. 
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2. Former U.S. 40 (san pablo Avenue) - A parallel alternative route to 
Interstate 80. 

3. San Pablo Dam Road - Secondary route to eastern Contra Costa County. 

4. TWo transcontinental railroads (Southern pacific and Santa Fe). 

5. EBMUD'S maior water transmission pipeline providing treated water to 
tbe East i1ay se,vi.::e ('rea from San pablo Reservoir via the El 
Sob~ante Treatment Plant. 

6. LBMUD'S "Crockett Aqueduct~ s~rving the communities between San 
Pablo and Croci<ett. 

"/. '1"wo major imported natural gas transmission pipelines. 

8. Several petroleum product transmission pipelines importing fuels for 
local distribution, including supplies for Oakland and San Francisco 
International Airports. 

9. One petroleum (crude) pipeline. 

10. One 115 kv electrical power transmission line. 

11. A fuel line from the Chevron refinery to the PG & E power plants in 
eastern Contra costa County. 

In addition to these major lifelines, the many residential streets that 

also cross the fault zone within this corridor contain th€ usual water, natu-

ral gas, and electrical. services. Within a mile of the fault are numerous 

public schools, Contra Costa College, Brookside Hospital, a distribution res-

ervoir (EBMUD's North Reservoir, 79 million gallon capacity) and an oil tank 

farm. 

Given this scenario earthq~a~e with a projected fault offset of 5 to 10 

feet, or even a smaller offset, there is an obvious potential for major damage 

within this corrido~. Problems arising from the rupture of certain of these 

lifelines could, in turn, seriously impede efforts to cope with the many other 

emergency response efforts. In addition, control of certain failures could be 

delayed for an extended period until appropriate assistance becomes available. 
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Figure 11. Major Lifelines and other critical structures proximate to the 
Hayward fault in the San Pablo corridor. Pipelines shown are only repre­
sentative and are neither necessarily complete nor accurately located. 
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To illustrate the nature of some of the problems that could arjse, con-

s j der the followj ng: All along Interstate 80 from the Bay Bridge to the 

carquinez Bridge, violent shaking begins and sudden surface rupture occurs 

across the traffic lanes at the fault crossjng just north of the San Pablo Dam 

Road exit. Drivers are challenged to maintain control of their vehicles, many 

lose control and collisions occur. Several highway brj dges are damaged and 

there are many injuries. The freeway is effectively blocked and, depending on 

the time of day, a massive traffjc jam could rapidly ensue as traffic comes to 

a halt all along thjs route. Anyone who has experienced traffic conditions in 

the area following a mj nor freeway accj dent wj 11 apprecj ate this potential 

situation. Vehicles attempting to leave the freeway and progress via San 

Pablo Avenue or other city streets are j mmediately frustrated, for most 

streets are blocked by debris or other obstructions. Many drivers, recogniz­

ing what has happened and consjdering all the ramifications, abandon their ve­

hicles creating further complications when efforts are eventually made to 

clear this route. 

Along the fault many houses have been torn from their foundations. 

Everyone is outside in their yards or in the streets. A few fires have broken 

out as a result of broken gas ljnes. There is no electrical power and water 

pressure is nil or rapidly diminishing due to ruptured mains. Traffic signals 

are inoperative. If it is night, there are no lights, except for hand-held 

lights and those of a few vehicles that may be attempting to move. The fires 

can't be reported because the telephones are out, and emergency medical aid is 

unavailable. Local police and fire department staff are overwhelmed and those 

on duty are understandably concerned about their own familjes and homes. 

The loss of electrical power will, in the absence of other means, gradu­

ally curtail the flow of fluids from the various ruptured pipelines, but 10-
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cally, large quantities of water and fuels have been spilled. Pressure-

activated valves on the natural gas transmission lines close upon sensing the 

drop in pressure resultjng from pipe rupture, but gas leaks from these lines 

and in the distribution system pose the threat of a major fire. EBMUD's pipe­

line from San Pablo Reservojr is heavjly damaged where it crosses the fault on 

El Portal Drive, discharging water jn the area of the break. petroleum fuels 

have been spj lled from damaged pj peHnes crossing the fault near Contra Costa 

College. 

It wjll be hours before personnel from the various utilj t ies can organjze 

and begin to cope even with the most critical problems. Remember too, that 

thjs js not the only area affected. Sjmjlar damage exjsts all along the fault 

for some 60 mjles to the southeast--through El Cerrito, Berkel ey, oakland, San 

Leandro, Hayward, and Fremont to San Jose. 

The confusion that could exist wi thin thj s cor ridor would be monumental 

if j t j nvolved only the needs of the residents in attempting to cope with 

their local problems. Coupled with the added confusion that could result from 

damage to anyone of the numerous major lifeline facilities that traverse thjs 

cor ridor, it is evident that this segment of the fault is one of the more 

critical to be consjdered jn the development of emergency preparedness and re­

sponse plans. 

The Fremont - Mjlpitas Corrjdor 

Between Fremont and Mi Ipj tas jn southern Alameda County the tidal marsh 

lands of southern San Franci sco Bay encroach upon the East Bay Hills. Many 

major lifelines traverse this narrow 1- to 2-mile wide corridor which gener­

ally parallels the Hayward fault. Included are the two major freeways that 

connect the South Bay with the East Bay, the Nimitz Freeway (State Route 17) 
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and Interstate 680. At the northern end of thjs corrjdor, many of thes e major 

transportatjon and utjljty ljfeljnes cross the Hayward fault, havjng e nt-=r -=d 

the East Bay from the Sunol-Lj vermore Valley area in the vj cj nj ty of Mj ssj on 

Pass. 

Thjs area js sjgnjfjcant because (a) jt represents one of the two major 

concentratjons of ljfelines subject to djrect damage by surfac e ruptur e o n the 

Hayward fault, and (b) damage to major utjljty ljfeljnes could compljcate ef-

forts to maj ntain these vital transportatj on routes between the cj tj es south 

and east of the Bay. Thus, thjs area, ljke the San Pablo corridor, cou ld 

become a major problem area wjth the potentjal to impede post-e arthquak e re-

sponse and recovery efforts. 

At the northern end of thjs narrow corrjdor jn the Irvjngton Djstrjct of 

Fremont the numerous major facjljtjes subject to djrect damag e by surfac e rup-

ture j nciude: 

1. Interstate 680 - Pr]ncipal route east from the south Bay, through 
Mj ssj on Pass. 

2. Hetch Hetchy Aqueduct pjpeljnes (trans-Bay route). 

3. Southern Pacjfjc and western Pacjfic rajl ljne s. 

4. A major electri cal power transmj ssj on corr] dor wj th mul tj pI e tower 
ljnes routed to PG & E's Newark substatlon (2 mjles west of the 
faul t) The cj ty of San Francj sco' s Hetch Hetchy power 1 j nes are 
also jn thjs corrj d or •• 

5. PG & E's Fremont substatjon and two adjacent hjgh-voltag e elec t rjcal 
power transmjssjon lines. 

6. Thre e prjncipal natural gas supply ljnes that cross the fault be ­
tween Durham Road and Olive Avenue (routed to the Irvj ngton 
termj nal) • 

7. Two of the three petroleum product pj peU nes that provj de fu e l to 
djstrjbutjon termjnals jn San Jose. 

8. A major local water transmjssjon pjpeline that crosses the fault 
near the intersection of Washington Boulevard, Dr] scoll Road, and 
Osgood Road. 
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Figure 12. ~~jor lifelines and other critical structures proximate to the 
Hayward fault in the Fremont area . Pipelines shown are only representative 
and are neither necessarily complete nor accurately located . 
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Major lifeline facilities in the Irvi ngton area not subject to surface 

rupture but subject to damage by shaking and ground faUure include: 

1. Nimitz Freeway (Route 17). 

2. Hetch Hetchy pipeline-South Bay route. (These lines ~ subject to 
damage by surface rupture further south where they cross the fault 
at the Mission Boulevard/I-680 interchange.) 

3. Newark Substation - One of PG & E's major electrical power trans­
mission sUbstati.ons in the south Bay area. 

4. Irvington Terminal - Major terminal facUity for the natural gas 
li.nes referred to above, with connections north to the East Bay and 
south to San Jose. 

5. A local water distribution reservoi.r (Middlefield Reservoir). 

Other important structures wi thi n a mUe of the fault zone include the 

Fremont Civic Center, a major hospital and several public schools. 

Given this scenado earthquake, the Nimitz Freeway (State Route 17) is 

expected to sustain major damage both to the roadway and to structures 

throughout its length (CDOT, 1985). Thus, for planning purposes, this route 

should not be considered available for post-earthquake use. The remaining 

principal route, Interstate 680, will be subjected to pavement disruption and 

possible brj dge damage both at the fault crossing between Durham Road and 

Washington Boulevard in Fremont and again further south where it follows the 

fault south from the Mission Boulevard interchange to the Alameda-Santa Clara 

County line. Damage at the Mission Boulevard/I-680 interchange as a result of 

faul t rupture, compounded by rupture of and water loss from both the Hetch 

Hetchy pi pelines and other water utUi ties that cross the fault in the inter-

change area, could temporad ly block both 1-680 and Missi on Boulevard north of 

this interchange. In addition to the effects of fault rupture, I -680 north of 

the county line to Washington Boulevard could be temporari ly obstructed by 

damaged bridges, collapsed towers and fallen power lines, ruptured and leaking 
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pipelines, and abandoned vehicles. Consequently, only Warm Springs-Fremont 

Boulevard could be available as a viable route connecUng the East Bay with 

San Jose. 

In summary, a high concentration of major lifeline facilities exists in 

the Irvington District of the city of Fremont, most of which are vulnerable to 

major damage by fault rupture. This concentration of potenti.al damage is lo­

cated within and near the northern end of the narrow corridor between Fremont 

and Milpitas. The high probability of major damage to both of the principal 

freeways that traverse this corridor necessitates thoughtful planning. 

State Route 24-caldecott Tunnel 

State Route 24 and, in particular, the Caldecott Tunnel through the 

Berkeley Hi lls, is another criUcal location requiring special attention by 

emergency planners. This route provides the principal access between the pre­

dominantly residential areas of Walnut Creek-Diablo Valley i n eastern Contra 

Costa County and the urban areas of San Francisco, oakland, and Berkeley. 

This route is vital to post-earthquake assistance and recovery operations, and 

any prolonged closure or restricted use would seriously impair these efforts. 

The purpose of this discussion is to stress the importance of this facil­

ity. Although there are other major lifelines that cross t he Berkeley Hills 

and the Hayward fault in this vicinity (notably, the BART t unnels and EBMUD's 

Claremont '!\lnnel) this brief discussion is concerned only with the potential 

impact of the scenario earthquake on Route 24. 

Route 24 crosses the Hayward fault at Lake Temescal, about 1 mile west of 

the west tunnel portals. To the southeast, the fault occupies the rift valley 

shared with the Warren Freeway (Route 13); to the northwest, the fault briefly 

parallels and crosses Tunnel Road (and the BART tunnels and EBMUD's Claremont 
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Tunnel, at depth), passing through residential areas and onto the University 

of California campus . For the purposes stated above , the following damage 

scenario is postulated: 

1. Surface fault rupture disrupts a ll traffic lanes on Route L4, buck-
ling the pavement and impeding or blocking traffic flow . The same 
conditions described above on Interstate 80 apply here . 1'his and 
other damage to the adJace nt Route 13 /2 4 interchange restrict s traf­
fic to one intermittent lane (CDOT, 19&5). 

2 . The Warren Freeway (Route 13) to the southeast is closed by the ef­
fects of s ur face rupture and damage to bridges ( CDOT , 1~85). De­
pending on the time of day, hundreds of car s may be stranded and 
subsequently abandoned al ong this route. 

3 . Tunnel Road (Route 13) from Route 24 to Berkeley is disrupted by the 
surface rupture with damaged retaining walls, broken utility lines , 
and other obstructions on the roadway. This narrow roadwa y is 
closed between Route 24 and Cl aremont Avenue . 

4. At the east tunnel portals, landslides restrict the roadwa y to a 
single lane (CDOT , 1985). 

5 . These same l andsl ides bloc k access to Fish Ranch Road , eliminating 
this alternative seconda r y r ou t e ove r the hills to Berkeley. 

6. CALTIkANS auxiliary electrical power is activated, maintaining light­
ing in the tunnels, but the ventilation system has been damaged and 
i s inoperative. There is damage to the west portal structures. 

7. It has bee n assumed elsewhere in this scenario that San Pablo Dam 
Road would be cl osed indefinitely ty a major landslide near San 
Pablo Reservoir, thereby eliminating this alternative route to the 
East Bay from Orinda. 

Gi ven these co nceivable circumstances and the cr iti cal need to maintain 

this transportation corridor between the East Bay and eastern Contra Costa 

County , emergency pl ann ers must be concerned with all factors that bear on the 

integrity of this facility and the integrity of the fe w limited alternative 

routes . It is important to remembe r, also , that this particular damage sce-

nario is not dependent on the occurrence of a M7 .5 earthquake. A similar sce-

nario could re su lt from a significant l y smaller event . 
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GLOSSARY 

(Defi nitions adapted from Glossary of Geology, 
American Geological Institute, 1981, and American Heritage Dictionary, 1981). 

ALLWIUM 

BEDROCK 

DEFORMATION 

EARTHQUAKE 

FAULT 

GROUND FAILURE 

GROUND RUPTURE 

ISOSEISMAL AREA 

INTENSITY 

LIFELINES 

LIQUEFACTION 

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

A general term for coherent, usually solid rock, that 
underlies soil or other unconsolidated surficial ma­
terial. 

A general term for the processes of folding, fault­
ing, sheari ng, compression, or extension of rocks. 

Vibratory motion propagating within the earth or 
along its surface caused by the abrupt release of 
strain from elasti cally deformed rock by displacement 
along a fault. 

A fracture (rupture) or a zone of fractures along 
which there has been di sp1acement of adjacent earth 
materi a1. 

Permanent ground displacement produced by fault rup­
ture, differential settlement, liquefaction, or slope 
failure. 

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

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

A measure of the effects of an earthquake at a par­
ticular place. Intensity depends on the earthquake 
magnitude, distance from epicenter, and on the local 
geology. 

Faci lities such as highways, bridges, tunnels, major 
airports, electrical power lines, fuel pipelines, 
communication lines, water supply lines, mari ne ter­
minals and railroads. 

The transitory transformation of sandy water saturated 
alluvium with properties of a solid into a state pos­
sessing properties of a liquid as a result of earth­
quake shaking. 
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MAGNITUDE 

MODIFIED MERCALLI 
INTENSITY SCALE 

REINFORCED MASONRY 

ROSSI-FOREL 
I NTENS I TY SC ALE 

WATER TABLE 
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A measure of the size of an earthquake, as determined 
by measurements from seismographic records (see 
Appendix A). 

See Appendix A 

Masonry construction with steel reinforcement. 

See Appendix A 

The upper surface of ground water saturation of pores 
and fractures in rock or surficial earth materials. 
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APPENDIX A 

Modified Mercalli Intensity Scale of Wood and Neumann, 
and its Relation to the Rossi-Forel Scale 
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The numbers In parentheses in the left margin and the initials R.F. refer to the Rossi-Forel intensity scale. 

[I R.F.] 

II 

[I to II R.F .] 

III 

[iii R.F.] 

IV 

[IV to V R.F.] 

V 

[V to VI R.F.] 

VI 

[VI to VII R.F.] 

Not felt - or, except rarely under especially favorable circumstances. 
Under certain conditions, at and outside the boundary of the area in which a great 

shock is felt: 
sometimes birds, animals, reported uneasy or disturbed; 
sometimes dizziness or nausea experienced; 
sometimes trees, structures, liquids, bodies of water, may sway-doors may swing, 

very slowly. 

Felt indoors by few, especially on upper floors, or by sensitive, or nervous persons. 
Also, as in grade 1, but often more noticeably: 

sometimes hanging objects may swing, especially when delicately suspended; 
sometimes trees, structures, liquids, bodies of water, may sway, doors may swing, 

very slowly; 
sometimes birds, animals, reported uneasy or disturbed; 
sometimes dizziness or nausea experienced. 

Ftolt indoors by several, motion usually rapid vibration . 
Sometimes not recognized to be an earthquake at first . 
Duration estimated in some cases. 
Vibration like that due to passing of light, or lightly loaded trucks, or heavy trucks some 

distance away. 
Hanging objects may swing slightly. 
Movements may be appreciable on upper levels of tall structures. 
Rocked standing motor cars slightly. 

Felt indoors by many, outdoors by few . 
Awakened few, especially light sleepers. 
Frightened no one, unless apprehensive from previous experience. 
Vibration like that due to passing of heavy, or heavily loaded trucks. 
Sensation like heavy body striking building, or falling of heavy objects inside. 
Rattling of dishes, windows, doors; glassware and crockery clink and clash. 
Creaking of walls, frame, especially in the upper range of this grade. 
Hanging objects swung, in numerous instances. 
Disturbed liquids in open vessels slightly. 
Rocked standing motor cars noticeably. 

Felt indoors by practically all , outdoors by many or most: outdoors direction estimated. 
Awakened many, or most. 
Frightened few-slight excitement, a few ran outdoors. 
Buildings trembled throughout. 
Broke dishes, glassware, to some extent. 
Cracked windows-in some cases, but not generally. 
Overturned vases, small or unstable objects, in many instances, with occasional fall. 
Hanging objects, doors, swing generally or considerably. 
Knocked pictures against walls, or swung them out of place. 
Opened, or closed, doors, shutters, abruptly. 
Pendulum clocks stopped, started, or ran fast, or slow. 
Moved small objects, furnishings, the latter to slight extent. 
Spilled liquids in small amounts from well-filled open containers. 
Trees, bushes, shaken slightly. 

Felt by all, indoors and outdoors. 
Frightened many, excitement general, some alarm, many ran outdoors. 
Awakened all. 
Persons made to move unsteadily. 
Trees, bushes, shaken slightly, moderately. 
liquid set in strong motion. 
Small bells rang--church, chapel, school, etc. 
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VII 

[VIII - R.F.] 

VIII 

[VIII + to IX - R.F.] 

IX 

[IX+ R.F.] 

X 

[X R.F.] 

DIVISION OF MINES AND GEOLOGY 

Appendix A (continued) 

Damage slight in poorly built buildings. 
Fall of plaster in small amount. 
Crocked plaster somewhat, especially fine crocks; chimneys in some instances. 
Broke dishes, glassware, in considerable quantity, also some windows. 
Fall of knick- knacks, books, pictures. 
Overturned furniture in many instances. 
Moved furnishings of moderately heavy kind. 

Frightened all--general alarm, all ran outdoors. 
Some, or many, found it difficult to stand. 
Noticed by persons driving motor cars. 
Trees and bushes shaken moderately to strongly. 
Waves on ponds, lakes, and running water. 
Water turbid from mud stirred up. 
Incaving to some extent of sand or grovel stream banks. 
Rang large church bells, etc. 
Suspended objects made to quiver. 

Damage negligible in buildings of good design and construction, slight to moderate in 
well-built ordinary buildings, considerable in poorly built or badly designed buildings, 
adobe houses, old walls (especially where laid up without mortar), spires, etc. 
Cracked chimneys to considerable extent, walls to some extent. 
Fall of plaster in considerable to large amount, also some stucco. 
Broke numerous windows, furn iture to some extent. 
Shook down loosened brickwork and tiles. 
Broke weak chimneys at the roof-line (sometimes damaging roofs). 
Fall of cornices from towers and high buildings. 
Dislodged bricks and stones. 
Overturned heavy furniture, with damage from breaking. 
Damage considerable to concrete irrigation ditches. 

Fright general-olarm approaches panic. 
Disturbed persons driving motor cars. 
Trees shaken strongly-branches, trunks, broken off, especially palm trees. 
Ejected sand and mud in small amounts. 
Changes: temporary, permanent; in flow of springs and wells; dry wells renewed flow; 

in temperature of spring and well waters. 
Damage slight in structures (brick) built especially to withstand earthquakes. 
Considerable in ordinary substantial buildings, partial collapse, racked, tumbled down, 

wooden houses in some cases; threw off panel walls in frame structures, broke off 
decayed piling. 

Fall of walls. 
Cracked, broke, solid stone walls seriously. 

Wet ground to some extent, also ground on steep slopes. 
Twisting, fall, of chimneys, columns, monuments, also factory stacks, towers. 
Moved conspicuously, overturned, very heavy furniture . 

Panic general. 
Crocked ground conspicuously. 
Damage considerable in (masonry) structures built especially to withstand earthquakes: 

threw out of plumb some wood-frame houses built especially to withstand earth-
quakes; 

great in substantial (masonry) buildings, some collapse in large part; 
or wholly shifted frame buildings off foundations, racked frames; 
,serious to reservoirs; underground pipes sometimes broken. 

Cracked ground, especially when loose and wet, up to widths of several inches; fissures 
up to a yard in width ran parallel to canol and stream banks. 
landslides considerable from river banks and steep coasts. 
Shifted sand and mud horizontally on beaches and flat land. 
Changed level of water in wells. 
Threw water on banks of canals, lakes, rivers, etc. 

SP78 
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Appendix A (continued) 

Damage serious to dams, dikes, embankments. 
Severe to well-built wooden structures and bridges, some destroyed . 
Developed dangerous cracks in excellent brick walls . 
Destroyed most masonry and frame structures, also their foundations . 
Bent railroad rails slightly. 
Tore apart, or crushed endwise, pipe lines buried in earth. 
Open cracks and broad wavy folds in cement pavements and asphalt road surfaces. 

XI Disturbances in ground many and widespread, varying with ground material. 
Broad fissures, earth slumps, and land slips in soft, wet ground. 
Ejected water in large amount charged with sand and mud. 
Caused sea-waves ("tidal" waves) of significant magnitude. 
Damage severe to wood-frame structures, especially near shock centers. 
Great to dams, dikes, embankments, often for long distances. 
Few, if any, (masonry) structures remained standing. 
Destroyed large well-built bridges by the wrecking of supporting piers, or pillars. 
Affected yielding wooden bridges less. 
Bent railroad rails greatly, and thrust them endwise. 
Put pipe lines buried in earth completely out of service. 

XII Damage total-practically all works of construction damaged greatly or destroyed. 
Disturbances in ground great and varied, numerous shearing cracks. 
Landslides, falls of rock of significant character, slumping of river banks, etc., numerous 

and extensive. 
Wrenched loose, tore off, large rock masses. 
Fault slips in firm rock, with notable horizontal and vertical offset displacements. 
Water channels, surface and underground, disturbed and modified greatly. 
Dammed lakes, produced waterfalls, deflected rivers, etc. 
Waves seen on ground surfaces (actually seen, probably, in some cases). 
Distorted lines of sight and level. 
Threw objects upward into the air. 

233 
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RICHTER MAGNITUDE SCALE 

The Richter magnitude scale is named after the late Dr. Charles F. 
Richter, Professor of Seismology at the california Institute of Technology. 
On this scale, an earthquake's magnitude is expressed in whole numbers and 
decimals. However, Richter magnitudes can be confusing and misleading unless 
the mathematical basis for the scale is understood. It is important to recog­
nize that magnitude varies logarithmically with the wave amplitude of the 
earthquake motion recorded by a seismograph. Each whole number step of magni­
tude on the scale represents an increase of 10 times in the measured wave am­
plitude 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 an earthquake. For every unit increase in magnitude, there is 
a 30-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. 

An earthquake of magnitude 2 is the smallest quake normally felt by hu­
mans. Earthquakes with a Richter magnitude of 7 or more are commonly consid­
ered to be major. The Richter magnitude scale has no fixed maximum or mini­
mum; observations have placed the largest recorded earthquakes in the world at 
about 8.9 (and the smallest at -3). Earthquakes with magnitudes smaller than 
3 are called microearthquakes. 

Richter magnitudes are not used to estimate damage. An earthquake in a 
densely populated area that results in many deaths and considerable damage may 
have the same magnitude as an earthquake that may do nothing more than fright­
en the wildlife when located in a remote area. 
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CITY 

ALAMEDA 

ALBANY 

BERKELEY 

DUBLIN 

EMERYVILLE 

FREMONT 

HAYWARD 

LIVERMORE 

NEWARK 

OAKLAND 

PIEDMONT 

PLEASANTON 

SAN LEANDRO 

UNION CITY 

SUMMARY REPORT 

ALAMEDA CONTROLLED COUNTY POPULATION ESTIMATES FOR 1-1-86 

---------- POPULATION -----------

TOTAL 

15232 

15216 

101202 

11193 

4652 

153531 

100580 

53981 

37314 

354191 

10455 

45311 

66011 

49429 

HOUSE­
HOLDS 

65541 

15049 

96203 

11193 

4650 

151611 

99031 

53812 

37314 

345156 

10455 

45211 

65694 

49056 

MOBILE GROUP 
HOMES QUARTERS 

4049 9691 

o 167 

35 10999 

o o 
8 2 

1320 1920 

3141 1549 

162 169 

14 o 
311 9041 

o o 
425 100 

1211 323 

1349 313 

--------------------- HOUSING UNITS 

TOTAL SINGLE 

29170 13452 

1091 4039 

46622 20210 

5502 4257 

3203 456 

52819 31988 

38464 23250 

18832 15214 

11351 9930 

153389 15064 

3863 3145 

15299 12231 

29282 19181 

14110 10594 

2 TO 4 

5238 

112 

10151 

53 

481 

1553 

2546 

959 

416 

21163 

73 

702 

2310 

1323 

5 OR 
MORE 

10424 

2286 

16164 

1192 

2258 

12651 

10820 

2191 

986 

50311 

45 

2021 

6915 

2131 

POPULATION RESEARCH UNIT 
DEPARTMENT OF FINANCE 
STATE OF CALIFORNIA 

PACE 1 
DATE PRINTED 04/29/86 

MOBILE 
HOMES 

OCCU- S 
PIED VACANT 

POP. 
PER 

HOUSE­
HOLD 

56 28182 3.39 2.326 

o 6912 2.61 2.177 

37 45246 2.95 2.126 

o 5328 3.16 3.340 

8 2715 15.24 1.713 

627 52021 1.51 2.914 

1848 37560 2.35 2.637 

468 18426 2.16 2.920 

19 11056 2.60 3.375 

185 145895 4.89 2.366 

o 3780 2.1~ 2.766 

345 14800 3.26 3.059 

756 28392 3.04 2.314 

122 14562 1.41 3.369 

**************************~************************************************************************ ••••• ***** ••• ** •••••••••••••••••• 

TOTAL INCORPORATED 1090910 1056636 12691 34334 429663 249611 54400 120521 5011 414875 3.44 2.~47 

***********************************************************************************************************************.************ 

UNINCORPORATED 111210 112906 1052 4304 45589 33154 3108 7983 744 44437 2.53 2.541 

*********************************************************************************.******************** •• **** ••• * •••••••••••••••••••• 
***********************************************************************************************************.***.****.*.************. 

TOTAL COUNTY 1208180 1169542 13149 38638 415252 283425 51508 128504 5815 459312 3.35 2.546 
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CITY 

ANTIOCH 

BRENTWOOD 

CLAYTON 

CONCORD 

DANVI LLE 

EL CERRITO 

HERCULES 

LAFAYETTE 

MARTINEZ 

MORAGA 

PINOLE 

PITTSBURG 

PLEASANT HILL 

RICHMOND 

SUMMARY REPORT 

CONTRA COSTA CONTROLLED COUNTY POPULATION ESTIMATES FOR 1-1-86 

---------- POPULATION -----------
HOUSE- MOBILE GROUP 

TOTAL HOLDS HOMES QUARTERS 

49322 49048 252 274 

5412 5374 258 38 

4867 4867 15 o 
107877 107011 2763 866 

28104 28012 10 92 

23412 23367 131 45 

10137 10137 12 o 
22691 22526 o 165 

27458 26785 6 673 

15422 14379 o 1043 

15096 15085 o 11 

40545 40303 963 242 

29359 28897 42 462 

78606 77937 89 669 

--------------------- HOUSING UNITS 

TOTAL SINGLE 

18136 13626 

1935 1400 

1591 1566 

42245 27856 

9718 8997 

10153 7600 

3110 2676 

9065 7251 

11494 8792 

5260 4253 

5521 4697 

14182 11104 

12090 8681 

30497 21747 

2 TO 4 

1586 

122 

8 

2543 

345 

1299 

116 

486 

1028 

280 

228 

1209 

430 

4878 

5 OR 
MORE 

2781 

248 

13 

10026 

431 

1175 

314 

1328 

1671 

727 

596 

1363 

2946 

3836 

POPULATION RESEARCH UNIT 
DEPARTMENT OF FINANCE 
STATE OF CALIFORNIA 

PAGE 7 
DATE PRINTED 04/29/86 

MOBILE 
HOMES 

OCCU- S 
PIED VACANT 

POP. 
PER 

HOUSE­
HOLD 

143 17451 3.78 2.811 

165 1818 6.05 2.956 

4 1562 1.82 3.116 

1820 41101 2.71 2.604 

5 9354 4.34 2.995 

79 9898 2.51 2.361 

4 3053 1.83 3.320 

o 8710 3.92 2.586 

3 10658 7.27 2.513 

o 5184 1.44 2.774 

o 5410 2.01 2.788 

506 13467 5.04 2.993 

33 11914 1.46 2.425 

36 29428 3.51 2.648 
-------------------------------------------------_._--------------------------------------------------------------------------------
SAN PABLO 21355 20892 1043 463 9157 4487 1499 2390 781 8605 6.03 2.428 

SAN RAMON 26417 26417 o o 8583 7402 138 1043 o 8344 2.78 3.166 

WALNUT CREEK 60187 59173 15 1014 27576 13880 3198 10487 11 26641 3.39 2.221 

************************************************************************************************************ •••• * •••••••• * •• * •• *.* •• 

TOTAL INCORPORATED 566267 560210 5599 6057 220373 156015 19393 41375 3590 212598 3.53 2.635 

******************************************************************************************** ••• **.** •• *.************** .... ** •••• ** •• 

UNINCORPORATED 157768 155918 4413 1850 58550 49483 3069 3317 2681 57225 2.26 2.725 

*********************************************************************************************** ••• ***************************.* •• *** 
****.*.**********************************************************************************************.**************** •••••••• * .. * •• 

TOTAL COUNTY 724035 716128 10012 7907 278923 205498 22462 44692 6271 269823 3.26 2.654 
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CITY 

SUMMARY REPORT 

MARIN CONTROLLED COUNTY POPULATION ESTIMATES FOR 1-1-86 

---------- POPULATION -----------

TOTAL 
HOUSE­
HOLDS 

MOBILE GROUP 
HOMES QUARTERS 

--------------------- HOUSING UNITS 

TOTAL SINGLE 2 TO 4 
5 OR 
MORE 

POPULATION RESEARCH UNIT 
DEPARTMENT OF FINANC£ 
STATE OF CALIFORNIA 

MOBILE 
HOMES 

PAGE 24 
DATE PRINTED 04/2V/86 

OCCU- S 
PIED VACANT 

POP. 
PER 

HOUSE­
HOLD 

BELVEDERE 2352 2352 0 0 1006 872 11 63 0 959 4.67 2.453 
------------------------------------------------------------------------------------------------------------------------------------
CORTE MADERA 8478 8455 0 23 3552 2686 213 593 0 3466 2.42 2.439 

FAIRFAX 1381 7361 o 14 3503 2507 601 395 o 3334 4.82 2.210 

LARKSPUR 11388 11190 296 198 5163 2310 510 2111 166 5665 1.10 1.915 

MILL VALLEY 13008 12734 16 274 5901 4230 649 1014 8 5156 2.46 2.212 
------------------------------------------------------------------------------------------------------------------------------------
NOVATO 45351 44288 158 1069 16941 11959 1454 3024 504 16629 1.84 2.663 
------------------------------------------------------------------------------------------------------------------------------------
ROSS 2746 2646 o 100 961 873 o 88 o 938 2.39 2.821 
------------------------------------------------------------------------------------------------------------------------------------SAN ANSELMO 12082 11957 o 125 5408 4160 431 811 o 5264 2.66 2.211 
------------------------------------------------------------------------------------------------------------------------------------SAN RAFAEL 45212 43992 802 1220 20033 10966 2312 6293 402 19806 1.13 2.221 

SAUSALITO 7558 7558 140 o 4487 2004 1402 985 96 4344 3.19 1.140 
------------------------------------------------------------------------------------------------------------------------------------
TIBURON 8096 8046 2 50 3415 2606 285 523 3264 4.42 2.465 

****************************************************************************************************************************.* •••••• 

TOTAL INCORPORATED 163658 160585 2014 3013 10910 45113 8048 16512 1117 69425 2.18 2.313 

***************************************************.*****************************.******************** •••• *************** ........ *.* 

UNINCORPORATED 63405 59492 588 3913 25598 19160 1831 3481 514 24209 5.43 2.457 

************************************************************************************************.**** ••••••••• **.*.* •••• * •• ** ..... .. 
*****************************************************************************************************.*******.* •• * •••••••••• * ...... . 

TOTAL COUNTY 221063 220011 2602 6986 96568 64933 9885 20059 1691 93634 3.04 2.350 
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CITY 

CALISTOGA 

NAPA 

ST. HELENA 

YOUNTVILLE 

SUMMARY REPORT 

NAPA CONTROLLED COUNTY POPULATION ESTIMATES FOR 1-1-86 

---------- POPULATION -----------

TOTAL 

4218 

55579 

5163 

3136 

HOUSE­
HOLDS 

4110 

54724 

5076 

1722 

MOBILE GROUP 
HOMES QUARTERS 

758 108 

1374 855 

381 87 

398 1414 

--------------------- HOUSING UNITS 

TOTAL SINGLE 

2045 1167 

22928 16429 

2397 1445 

890 559 

2 TO 4 

138 

2040 

180 

45 

5 OR 
MORE 

292 

3440 

537 

55 

POPULATION RESEARCH UNIT 
DEPARTMENT OF FINANCE 
STATE OF CALIFORNIA 

PAGE 31 
DATE PRINTED 04/29/86 

MOBILE 
HOMES 

OCCU- S 
PIED VACANT 

POP. 
PER 

HOUSE­
HOLD 

448 1911 6.55 2.151 

1019 22090 3.65 2.477 

235 2288 4.55 2.219 

231 867 2.58 1.986 

***************************************************************************************************** .. **** ••• * •••• ** .............. . 

TOTAL INCORPORATED 68096 65632 2911 2464 28260 19600 2403 4324 1933 27156 3.91 2.417 

*********************************************************************************************************** ........................ . 

UNINCORPORATED 36550 33753 2046 2797 14749 10453 869 910 2517 12411 15.85 2.720 

****************************************************************************************************.*.************.***** ••••• * ••••• 
********************************************.*********************************************** •• ****** ••• **** •• ** ••••••••••••••••••••• 

TOTAL COUNTY 

CITY 

SAN FRANCISCO 

104646 99385 4957 5261 43009 30053 3272 5234 

SUMMARY REPORT 

SAN FRANCISCO CONTROLLED COUNTY POPULATION ESTIMATES FOR 1-1-86 

---------- POPULATION -----------

TOTAL 

741568 

HOUSE­
HOLDS 

716209 

MOBILE GROUP 
HOMES QUARTERS 

386 25359 

--------------------- HOUSING UNITS 

TOTAL SINGLE 

322706 111930 

2 TO 4 

71438 

5 OR 
MORE 

139095 

4450 39567 8.00 2.512 

POPULATION RESEARCH UNIT 
DEPARTMENT OF FINANCE 
STATE OF CALIFORNIA 

MOBILE 
HOMES 

243 

PAGE 43 
DATE PRINTED 04/29/86 

OCCU- S 
PIED VACANT 

310041 3.92 

POP. 
PER 

HOUSE­
HOLD 

2.310 

***.*** •• ************************************************************.****.*.****.* •• ******.*****.********.*** •• ******.**.* •••••• * •• 
************************************************************************.**************************.** •••••• * ...................... . 

TOTAL COUNTY 741568 716209 386 25359 322706 111930 71438 139095 243 310041 3.92 2.310 
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CITY 

ATHERTON 

BELMONT 

BRISBANE 

SUMMARY REPORT 

SAN MATEO CONTROLLED COUNTY POPULATION ESTIMATES FOR 1-1-86 

---------- POPULATION -----------

TOTAL 

7943 

25100 

3071 

HOUSE­
HOLDS 

7462 

24567 

3071 

MOBILE GROUP 
HOMES QUARTERS 

o 481 

o 533 

56 o 

--------------------- HOUSING UNITS 

TOTAL SINGLE 

2532 2438 

10149 6320 

1436 916 

2 TO 4 

28 

251 

182 

5 OR 
MORE 

66 

3518 

296 

POPULATION RESEARCH UNIT 
DEPARTMENT OF FINANCE 
STATE OF CALIFORNIA 

...... 
PAGE 46 \0 

DATE PRINTED 04/29/86 ~ 

MOBILE 
HOMES 

OCCU- S 
PIED VACANT 

POP. 
PER 

HOUSE­
HOLD 

o 2466 2.61 3.026 

o 9966 1.80 2~465 

42 1400 2.51 2.194 
------------------------------------------------------------------------------------------------------------------------------------
BURLINGAME 27130 26619 o 451 12940 

COLMA 717 117 o o 312 

DALY CITY 82373 81866 801 501 28339 

EAST PALO ALTO 18939 18889 331 50 6894 

FOSTER CITY 26666 26661 13 5 10169 

6281 1024 5635 o 
230 72 10 o 

17661 2504 1103 465 

3435 191 3055 213 

5970 391 3800 8 

12666 2.12 

298 4.49 

21611 2.55 

6611 ".11 

9901 2.64 

2.106 :z: 

2."06 

2.964 

>-
~ 
~ 
t:l 

2.857 ~ 

2.693 
C 
t"' 
1-3 

HALF MOON BAY 7921 7919 664 2 2967 2132 260 190 385 2858 3.61 2.771 ~ 
------------------------------------------------------------------------------------------------------------------------------------ ~ 
HILLSBOROUGH 11038 11038 0 0 3686 3588 53 45 0 3549 3.72 3.110 1-3 

MENLO PARK 28203 26986 8 1211 12231 7237 

MILLBRAE 20606 20361 22 239 1899 5598 

1642 3344 8 

431 1859 11 

11896 2.14 

1681 2.16 

2.268 

2.652 

:z: 
o c 
>­
~ 
~ 

-----------------------------------------------------------------------------------~------------------------------------------------PACIFICA 37492 37367 87 125 13316 10162 

PORTOLA VALLEY 4289 3988 2 301 1410 1338 

REDWOOD CITY 58527 57462 1060 1065 24686 13798 

SAN BRUNO 35174 35114 28 60 14781 9461 

SAN CARLOS 26428 26239 22 189 10922 8023 

SAN MATEO 83376 82907 35 469 35498 19818 

SOUTH SAN FRANCISCO 52187 52183 447 4 18707 12766 

WOODSIDE 5531 5526 o 11 1980 1764 

623 2418 53 

8 63 1 

2206 8054 628 

1251 4068 1 

619 2266 14 

2926 12734 20 

1748 3858 335 

43 113 o 

12981 2."1 

1354 3.97 

24056 2.55 

13968 5.54 

10729 1.77 

34816 1.92 

18391 1.69 

1930 2.53 

2.877 ~ 

2.945 

2.389 

2.514 

2.446 

2.381 

2.831 

2.863 

~ z 
~ 
H 
o 

...................................................................................... ** ........................................... . 
TOTAL INCORPORATED 562717 557008 3576 5709 220860 138942 16453 63215 2190 215140 2.59 2.589 

*** ..... ** ....... * .. **** ....... ** .. *.* .................. **.** ........ * ...... *....................................................... N 

UNINCORPORATED 54394 52936 1353 1458 20231 16615 

TOTAL COUNTY 617111 609944 4929 1161 241091 155551 

1049 1192 181 

11502 65067 2971 

19418 4.05 

234558 2.71 

2.726 

2.600 

W 
\0 



CITY 

CAMPBELL 

CUPERTINO 

GILROY 

LOS ALTOS 

LOS ALTOS HILLS 

LOS GATOS 

MILPITAS 

MONTE SERENO 

MORGAN HILL 

MOUNTAIN VIEW 

PALO ALTO 

SAN JOSE 

SUMMARY REPORT 

SANTA C~RA CONTROLLED COUNTY POPU~TION ESTIMATES FOR 1-1-86 

---------- POPU~TION -----------
HOUSE- . MOBILE GROUP 

TOTAL HOLDS HOMES QUARTERS 

34503 34314 481 189 

38154 38225 8 529 

26892 26690 654 202 

27614 27180 2 434 

7934 7872 7 62 

28224 27408 190 816 

43418 41346 629 2012 

3469 3465 35 4 

20803 20417 1365 326 

62160 61407 1666 153 

56831 55317 120 1514 

713385 704720 19715 8665 

--------------------- HOUSING UNITS 

TOTAL SINGLE 

15045 7647 

14220 10298 

8668 5454 

10214 8996 

2631 2428 

11607 8025 

13028 10286 

1175 1154 

6596 4823 

29920 10152 

24554 15732 

243117 161364 

2 TO 4 

2506 

1445 

932 

296 

52 

1051 

1445 

13 

523 

2522 

1926 

22873 

5 OR 
MORE 

4552 

2471 

1950 

921 

144 

2413 

884 

3 

622 

16121 

6194 

49041 

POPULATION RESEARCH UNIT 
DEPARTMENT OF FINANCE 
STATE OF CALIFORNIA 

PAGE 49 
DATE PRINTED 04/29/86 

MOBILE 
HOMES 

OCCU- S 
PIED VACANT 

POP. 
PER 

HOUSE­
HOLD 

340 14636 2.72 2.344 

6 14078 1.00 2.715 

332 8312 4.11 3.211 

1 9937 2.71 2.735 

7 2557 2.81 3.079 

118 11289 2.74 2.428 

413 12757 2.08 3.241 

5 1141 2.38 3.021 

628 6369 3.44 3.215 

1119 28569 4.52 2.149 

102 23619 3.81 2.342 

9839 235342 3.20 2.994 
-----------------------------------------------------------------------------------_._----------------------------------------------SANTA CLARA 89834 86928 421 2906 35757 19559 3437 12473 288 34906 2.38 2.490 

SARATOGA 29810 29318 o 492 9948 9151 278 519 o 9779 1.10 2.998 

SUNNYVALE 114334 113483 5988 851 47400 24110 4521 15149 3620 46041 2.87 2.465 

***********************************************************************************.*.***.*** ••• **** •• ******* ••• ** .. ** ... *.* ..... * .. 

TOTAL INCORPORATED 1297965 1278150 31281 19815 473880 299179 43820 114063 16818 459338 3.07 2.783 

***********************************************************************************.***************** .. **** .. ****** ....... * ....... ** 
UNINCORPORATED 105131 96611 281 8514 33710 21588 2039 3811 212 32212 4.27 2.994 

******************************************************************************************************.****** •• * ................... . 
*********************************************************************** •• **********.*********.****.***.****** ••• *.* ••• *.*** ••••••••• 

TOTAL COUNTY 1403096 1314161 31562 28329 501590 326161 45859 117814 17090 491610 3.15 2.796 
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CITY 

BENICIA 

DIXON 

FAIRFIELD 

RIO VISTA 

SUISUN CITY 

VACAVILLE 

VALLEJO 

SUMMARY REPORT 

SOLANO CONTROLLED COUNTY POPULATION ESTIMATES FOR 1-1-86 

---------- POPULATION -----------
HOUSE- ·MOBILE GROUP 

TOTAL HOLDS HOMES QUARTERS 

21178 21121 509 51 

10137 10107 46 30 

67820 64031 1531 3789 

3390 3381 163 3 

15317 15317 61 o 
53128 41196 1931 5932 

90313 81351 1706 2956 

--------------------- HOUSING UNITS 

TOTAL SINGLE 

1912 5163 

3360 2511 

22411 15812 

1451 1021 

4951 3930 

17013 12383 

33018 23851 

2 TO 4 

916 

308 

1298 

80 . 

461 

1669 

4180 

5 OR 
MORE 

988 

520 

4449 

232 

505 

2058 

3971 

POPULATION RESEARCH UNIT 
DEPARTMENT OF FINANCE 
STATE OF CALIFORNIA 

PAGE 54 
DATE PRINTED 04/29/86 

MOBILE 
HOMES 

OCCU- S 
PIED VACANT 

POP. 
PER 

HOUSE­
HOLD 

245 7775 2.47 2.717 

21 3177 5.45 3.181 

798 21813 2.69 2.935 

112 1405 3.17 2."" 
55 4591 7.27 3.336 

903 16491 3.07 2".862 

1076 32005 3.24 2.729 

***.******************** •••• *.** •••••• *.*.**_.--•• *._*_.* •• _-*_._*----*-_._._ ••••• *_.*._._._-_._---_ ••• _--_.----------_ •• -._-••••• _. 

TOTAL INCORPORATED 261283 248516 5959 12161 90242 65331 8912 12723 3210 87257 3.31 2.848 

.... _-----_._---_ .. _-_. __ ........ _ ..... *--_._._ .. _-----_ ... _-----._ .. _---. __ . __ .-._-------_. __ ._-----..... _ .. _._ ................... . 
UNINCORPORATED 18263 18141 1289 122 6649 5330 362 417 540 6143 7.61 2.953 

--*.*-*._ •• *.**._ ••••••••••••• ** •• *** •• *** •••• ** •••• _-_.*-_ •• _--_. __ ._--_ •• __ .-••• _-------_ ........................................ . 
---------------------_._ •••••••• __ ••••• _--_._-_ •• _-_ •• *****-*_.*****.**-_.-.*.* •••••• _----_._--_ ••• _ ••• _-_ •••• -••••••••••••••••••••• 

TOTAL COUNTY 219546 266657 7248 12889 96891 70667 9334 13140 3750 93"00 3.60 2.855 
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CITY 

CLOVERDALE 

SUMMARY REPORT 

SONOMA CONTROLLED COUNTY POPULATION ESTIMATES FOR 1-1-86 

POPULATION RESEARCH UNIT 
DEPARTMENT OF FINANCE 
STATE OF CALIFORNIA 

PAGE 55 
DATE PRINTED 04/29/86 

---------- POPULATION ----------- --------------------- HOUSING UNITS ---------------------- POP. 
PER 

HOUSE- MOBILE GROUP 5 OR MOBILE accu- S HOUSE-
TOTAL HOLDS HOMES QUARTERS TOTAL SINGLE 2 TO 4 MORE HOMES PIED VACANT HOLD 

4375 4184 243 191 1856 1325 113 229 189 1745 5.98 2.398 
------------------------------------------------------------------------------------------------------------------------------------
COTATI 4340 4326 182 14 1837 1057 183 491 106 1766 3.86 2.450 

HEALDSBURG 8286 8152 134 134 3470 2703 376 304 87 3352 3.40 2.432 

PETALUMA 38400 37991 1447 409 14945 11403 945 1810 787 14528 2.79 2.615 

ROHNERT PARK 29674 29655 2318 19 12205 7136 917 3028 1124 11432 6.33 2.594 

SANTA ROSA 97644 96086 3055 1558 41978 29137 3669 7265 1907 40074 4.54 2.398 

SEBASTOPOL 6227 6035 83 192 2732 1927 263 477 65 2625 3.92 2.299 

SONOMA 7081 6902 462 179 3463 2339 301 500 323 3322 4.07 2.078 

•••••••••••••••••••••••••• *.***** ••••• *.* •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ****************.************** 

TOTAL INCORPORATED 196027 193331 7924 2696 82486 57027 6767 14104 4588 78844 4.42 2.452 

••••••• * ••••••••••••••••• ****** ••• **.* ••••••••••••••••••••••••••••••••••• * •••••••••• * ••••• *.** ••• *.**** ••••• * ••• *.***** •• ******* •• ** 

UNINCORPORATED 143323 139133 8622 4190 59436 45917 4791 4079 4649 53078 10 . 70 2.621 

* •• * ••••••• * •••• *.* •••• ********** ••• ******* ••• *.* ••••••••••• * ••••• * •••••••••••••••••••••••••••••••••• * ••••••••• * ••• ** •• *.*********** 
.****.** •• * •••••••••• *.*.****** ••• * ••• ** ••••••• * ••••••••••••••••••••••••••••••••••• * •••• *.* ••••••••• * •• * •••• *.* •• *.***************.* 

TOTAL COUNTY 339350 332464 16546 6886 141922 102944 11558 18183 9237 131922 7.05 2.520 
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Appendix C 

Alquist - Priolo Special Studies Zone 

Maps (12) for the Hayward Fault 



1987 HAYWARD FAULT EARTHQUAKE SCENARIO 
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INDEX TO ALQUIST-PRIOLO SPECIAL STUDIES ZONES MAPS FOR THE HAYWARD FAULT 



Appendix D' 

Earthquake Planning Scenario Maps 



1987 HAYWARD FAULT EARTHQUAKE SCENARIO 245 

INDEX TO 
EARTHQUAKE PLANNING SCENARIO MAPS 

Planning Area 3 - The Hayward Fault 

Map Subject 

3-S Seismjc Intensity Distrjbution 

Medjcal and Educational (Mass Care) Faciljties 

3-N G@neral Acute Care Hospjtals and 
Skilled Nursing Facilities 

3-J Public Intermedjate Schools (Jr. Hjgh) 

3-U Publ j c Hj gh School s, Community Colleges 
and Univ~rs j tjes 

Transportatjon Lifeljnes 

3-HA Highways and Airports 

3-T Bay Area Rapjd Transjt Facilitjes 

3-RM Railroads and Marine Facilities 

Utility Lifelines 

3-C Conmunications 

3-E Electrical Power Facilities 

3-W water Supply and waste water Facili ti es 

3-G Natural Gas Facilities 

3-P Petroleum Fuels 


	



