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EXECUTIVE SUMMARY

The objective of this study was to estimate the nature and distribution of 

damage to structures in the southern California area caused by a hypotheti­ 

cal earthquake which is located on the San Andreas fault, has a rupture 

length of 300 km, and spans the area between Cholame to the north and Cajon 

Junction to the south. Its Richter magnitude was given as 8.1. The Engi­ 

neering Intensity Scale (EIS) technique was used to make the damage estima­ 

tion. Two unique features of the EIS technique, which establish the nature 

and character of the predictions made, are: (1) damage is established from 

response spectrum values of ground motion, and (2) damage estimates consist 

of a definition of the areas in which structures might be damaged and a gen­ 

eral evaluation of the incidence and degree of damage that such structures 

might sustain. Detailed structure inventories are beyond the scope of this 

evaluation, but exposure in the affected area is generally identified.

Basic earthquake information was provided by the U.S. Geological Survey and 

included the length of rupture, the magnitude of the hypothetical earthquake, 

and the geological conditions of the affected area. Rossi-Forel intensity 

maps were also provided; these were used to make a preliminary estimate of 

the study area for structural data-gathering purposes. The procedure used for 

generating the EIS values was as follows. First, peak ground acceleration at 

a particular site of interest was determined. The parameters required to 

determine acceleration are distance from the causative fault, magnitude of 

the earthquake, and specific density and shear wave velocity of the ground 

at a site. Next, response spectra were generated. Four basic spectrum 

shapes were established to represent the influences of site geology on re­ 

sponse spectra. Finally, EIS values for three period bands (less than 0.4 

sec, 0.4 to 2.0 sec, greater than 2.0 sec) were determined from the response 

spectrum curves for each site.

The EIS values represent 5%-damped response spectrum amplitudes. The range 

of spectral velocity (5 ) and period (T) applicable to civil engineering 

structures is represented as a 10 x 9 matrix, as shown below. The range of 

5 values, from 0.001 to 1000.0 cm/sec, Is divided into ten levels that are



assigned El numbers from 0 to 9- The T range, from 0.01 to 10 sec, is divided 

into nine period bands from I to IX.
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By referring to the period columns, the El scale can be reported as nine- 

digit, three-digit, or one-digit numbers, or by all three, in a standard 

format. The more digits reported, the greater the amount of information for 

the period bands. For this study, three-digit and one-digit representations 

were used to show the EIS values. The values were averaged within the period 

range of interest to obtain the three-digit representation. For the example 

spectrum shown above, a nine-digit representation would be ^56,777,765. A 

three-digit representation reduces to 5,7,6: an average El of 5 in period 

bands I, II, III (less than O.J» sec); 7 in period bands IV, V, VI (0.*» to 

2.0 sec), and 6 in period bands VII, VIII, IX (greater than 2.0 sec). A one- 

digit El is obtained by averaging the values of the three-digit El. The 

three-digit El of 5»7,6 is thus reduced to a one-digit El of 6.

Structures considered in this study include buildings and other structures 

found in communities as well as major areawide hydraulic, transportation, 

and utility systems and facilities found in the study area. The structure
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information was obtained from various sources for the 1*4 counties in south­ 

ern California (Fresno, Kern, Kings, Los Angeles, Monterey, Orange, River­ 

side, San Benito, San Bernardino, San Diego, San Luis Obispo, Santa Barbara, 

Tulare, and Venture) that are affected by the postulated earthquake. Be­ 

cause an EIS prediction is conceived as only a generalized damage assess­ 

ment, structures were categorized according to function, type of construc­ 

tion, height, etc. Most of the structures in a particular community are 

common to all communities of the study area. Furthermore, the number of 

structures in a community is generally proportional to the population of the 

community; this premise was used extensively for making this preliminary dam­ 

age estimate.

In the study area, which covers approximately 15^,000 km2 , the highest 

three-digit El is 7,8,8. This three-digit El corresponds to a one-digit El 

of 8-. The highest El for a city, 6,8,8 (one-digit El: ?-), is for a com­ 

munity with a population of approximately 10,000. Although there are a num­ 

ber of large cities in the 5,7,7; 5,7,6; and 5,6,6 zones (one-digit El: 6+, 

6, and 6-, respectively), most of the major metropolitan areas (including 

Los Angeles) are in the *t,6,5 and ^,5,5 zones (one-digit Els: 5 and 5-). 

The number of cities reported in census data for each one-digit El zone is 

tabulated below. The combined population of these cities for each El zone 

is also shown in the table.

NUMBER OF CITIES AND CORRESPONDING POPULATION*

IN RESPECTIVE ONE-DIGIT El ZONES

l-D1g1t 
El Zone

7+

7
7-

6+

6
6-

5+

5
5-

4+

4
4-

3+

3

Number of 
Cities

1
-
-

3

2
2
7

14
104
37
23
41

13
7

Combined 
Population 
of Cities 

(1n thousands)

9
-
-

36

28

133
149
291

6.122
1.232
1.221
487

  82
77

*From 1970 census data; does not Include popu­ 
lation for small communities.
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The El-damage relationships developed from the San Fernando earthquake of 

1971 indicated that an El of 6 in the short-period range (less than O.A sec) 

would produce a damage cost of approximately 9% of the replacement value for 

typical low-rise buildings. Similarly, an El of 7 in the intermediate-period 

range (0.4 to 2.0 sec) would produce a damage cost of about 6.5% of the re­ 

placement value for high-rise buildings. For structures for which no El- 

damage statistics were available, damage cost was estimated from a compari­ 

son of the seismic design coefficients of the structures with those of typi­ 

cal buildings. The damage cost for structures with special design considera­ 

tions was estimated to be lower than that for typical buildings. On the 

other hand, some poorly constructed structures such as precede unreinforced 

masonry buildings, which have a lesser seismic-resistance capability, were 

expected to have a higher damage cost. For a typical community, the three- 

digit El of 6,7,7 (one-digit El: 7~) is estimated to produce a damage cost 

of 9% of the replacement value of the structures. For Els of 5,6,6 (one- 

digit El: 6-) and A,5,5 (one-digit El: 5~), the values are 2% and 0.3%, 

respectively. Although damage prediction for specific cities is not pro­ 

vided, a damage estimation for several El levels is described for a hypothet­ 

ical community. The procedure for applying these damage calculations to a 

specific community is also described.

Because residential buildings make up the major portion of the buildings in 

a community, losses from these buildings figure heavily in the total dollar 

loss to the community from an earthquake. The total damage to private build­ 

ings from the hypothetical earthquake is estimated to be about $600 million; 

an equal amount is estimated for damage to public buildings and other public 

structures. This figure is an estimate of the mean or expected damage for 

the entire area. The actual damage cost may vary, depending on the distri­ 

bution of damage for the many communities Involved. Observed statistical 

variations from previous earthquake studies, for both the spectral values 

and the motion-damage relationships, will no doubt be repeated for any fu­ 

ture earthquake. A rigorous estimate of the statistical variation of dam­ 

age for the hypothetical earthquake ?s beyond the scope of this study, but 

a one-sigma geometric variation could be several times the mean value. Er­ 

ror In the mean predicted value Is not expected to be as large. Also, the 

above estimate does not take into consideration-the damage resulting from 

the possible catastrophic failure of major facilities (e.g., a dam) and the

secondary damage that may result.
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Deaths and injuries (with the exception of immediate physiological effects 

such as heart attacks) are the secondary effects of earthquakes, occurring 

as a consequence of structure damage and failure. They may result from ob­ 

jects falling from buildings, collapse of buildings, failure of dams, and 

other primary earthquake effects. Thus a higher incidence of deaths and in­ 

juries is associated with structures that have high damage potential than 

with those having lower damage potential (e.g., precode unreinforced masonry 

buildings versus modern buildings with earthquake-resistive structural de­ 

tails). On the basis of past experience, deaths are not expected in areas 

with a one-digit El less than 6-, but injuries could extend to areas with a 

one-digi t El of 5«

All of the major areawide systems and facilities of the study area would be 

severely affected by the hypothetical earthquake. Some of the facilities 

are very close to the fault, and portions of the systems closely parallel 

the entire fault break, actually crossing the fault at several locations. 

The following table summarizes the number of major facilities in the high-El 

zones.

SIK1ARY TABULATION OF NUMBER OF MAJOR 

FACILITIES* IN THE HIGH-EI ZONES

Number of Facilities

Type of Facility

Concrete Dans
Earth and/or Rock Fill Dams

Hydraulic Fill Dams
California Aqueduct 
Facilities

Highway Overcrossings 
> 500 ft 1n Length

Public Airports

Military Airports
Natural Gas Transmission 
Facilities
Electric Power Generation 
and Distribution Facilities
Petroleum Pumping, Terminal, 
and Refinery Facilities

Study 
Area

50

219

11

15

148

108

16

16

343

93

One-Digit El Zone

5 5+ 6-

-

1 5

1

2 3

1 2

1
.

.

355

1 - 4

6

.

3
-

1

.

4

-

.

6

4

6+ 7-

.

2

3

3

.

1

1

1

12 2

6

7 7+

.

1
-

2

.

2
-

.

5 2

1

 Related conveyance systems are not Included in the tabulation.
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An EIS evaluation is only a preliminary step in the evaluation of earthquake 

effects on structures. EIS data and results are intended to provide only an 

overall identification and summary of the extent of the effects from a pre­ 

dicted earthquake. Should more definitive indications of an imminent earth­ 

quake appear, the data provided can be used to systematically perform more 

detailed evaluations.

For those areas with a one-digit El equal to or greater than 6-, more de­ 

tailed inventories and evaluations than those that were employed for this 

study should be made. For structures in a one-digit El zone equal to or 

greater than 7~, a detailed engineering review should be carried out to eval­ 

uate the possible hazard to life and to determine remedial measures that 

might be implemented.
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INTRODUCTION

The objective of the study was to estimate the nature and distribution of 

damage that could occur to structures in southern California as a result of 

a large earthquake on the San Andreas fault.

The Postulated Earthquake

The hypothetical earthquake, postulated by the U.S. Geological Survey (USGS) 

as plausible in connection with the current ground surface anomaly in the 

vicinity of Palmdale, California, is geologically similar to the Fort Tejon 

earthquake of 1857. 1 From comparison with that earthquake and from the geo­ 

graphical location of the Palmdale Uplift, the postulated earthquake was 

given as one producing a 300-km rupture that would span the area between 

Cajon Junction, on the south, and Cholame, on the north. Its magnitude was 

given by USGS as 8.1. Figure 1 shows the position of the hypothetical 

fault break and the boundaries of the counties in the study area.

Damage Prediction Procedure

Effects prediction for a postulated earthquake can vary from a cursory an­ 

swer to the question of whether or not lives will be lost and economic losses 

suffered to a detailed response that evaluates every column and beam in a 

structure for the possibility of failure. The work required for prediction 
increases significantly with the degree of precision required, which in turn 

varies according to the purpose and needs of the investigation.

During the past decade, URS/John A. Blume & Associates, Engineers, has been 

engaged in the development of three distinct but interrelated methodologies 

for predicting seismic damage. The methods that have evolved are:

  the Engineering Intensity Scale (EIS) 2

  the Spectral Matrix Method (SMM) 3 . 1*

  the Threshold Evaluation Method (TEM) 5

These procedures, summarized in Reference 6, were developed for the U.S. 

Department of Energy to provide a means for making progressively more de-
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tailed predictions of the structure effects of seismic motions. Each of the 

methodologies was developed from theoretical principles of structural engi­ 

neering and dynamic response and from laboratory or field test data. All 

three have been used successfully for predicting the effects of underground 

nuclear explosions (UNEs), which produce motion essentially the same as 

that from an earthquake. Where possible, the methods have been calibrated 

or verified using observed data on damage caused by ground motion. Although 

effects prediction requirements for UNEs are not identical to those for 

earthquakes, all of the basic development work for these methodologies done 

so far is applicable to earthquake damage prediction.

One of the first steps necessary in predicting the effects of an earthquake 

is to estimate the extent of the geographic area in which structures are 

susceptible to damage. The next step is to make a general evaluation of the 

incidence and degree of damage that might be sustained. The EIS procedure 

was developed to accomplish both steps and is the method used in this study. 

A description of the EIS method is provided in Appendix A.

When the present study of the Palmdale Uplift was commissioned, a general 

effects prediction was deemed appropriate because of prevailing opinion that 

the uplift phenomenon could be a precursor to a great earthquake. Consistent 

with this view, the purpose of this study is to make a general overall esti­ 

mate of damage that would be caused by the anticipated earthquake. Should 

more definitive indications of an imminent earthquake appear, more detailed 

effects predictions would be warranted.

The work necessary to predict the effects of the postulated earthquake is 

identified by two features of the EIS procedure: (l) damage is established 

from predicted engineering intensity values of ground motion, and (2) damage 

estimates consist of a generalized identification of exposure and probable 

loss. The initial effort of the study involved prediction of ground motion 

amplitudes, response spectrum amplitudes, and engineering intensities (El) 

and identification of the vulnerable region. Next, the numbers and types 

of structures in the region were estimated on the basis of data available 

from existing sources (e.g., reports, community, brochures) and from limited 

surveys. Finally, the EIS procedure was applied to provide a generalized
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estimate of the Incidence and degree of damage to various classes of struc­ 

tures in the vulnerable area.



ENGINEERING INTENSITY (El) PREDICTION

As already stated, effects predictions that make use of the EIS procedure 

are based on estimated response spectrum amplitudes. In general, response 

spectrum values for a given site are a function of the magnitude of the en­ 

ergy release, the type of rupture it produces, distance from the source of 

ground motion, and the geologic characteristics of the travel path and of 

the receiving site. For the purposes of this study, response spectrum val­ 

ues were determined through a two-step process: estimation of peak ground 

acceleration and normalization of four basic spectrum shapes for the various 

geologic conditions of the region.

In predicting peak ground acceleration and response spectrum shapes, infor­ 

mation provided by USGS on site-specific geologic conditions was used. The 

USGS's digital representation of the types of rocks distributed throughout 

the study area is presented as Figure B-1 of Appendix B. The figure was 

based on a California Division of Mines and Geology map of the general area, 

digitized at every 30 minutes of latitude and longitude. The rocks repre­ 

sented on the figure are of ten geologic types, as described in Table 1.

The USGS Rossi-Forel (RF) intensities for the hypothetical earthquake were 

also provided as background information for the study, together with the 

computer program used in generating the intensities. RF intensities were 

used primarily to make an initial estimate of the extent of the study area. 

The procedure for determining RF intensity is discussed in References 7 and 

8. Figure B-2 of Appendix B, the RF intensity map of the general area ad­ 

justed for geologic conditions, is presented for reference. A discussion in 

which RF intensities are compared with EIS values is also presented in 

Appendix B.

Ground Acceleration Estimates

The peak ground acceleration at a site is taken to depend on earthquake mag­ 

nitude, the shortest distance to the rupture, and the constitution of upper- 

layer materials. The SAM V prediction method 9 for earthquake magnitude > 6.5 

was used to obtain median peak ground acceleration, which is expressed as:
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TABLE 1 

GEOLOGIC CATEGORIZATION

Symbol Geologic Type

Granitic and Metamorphic 
Paleozoic Sedimentary 
Early Mesozoic Sedimentary 
Cretaceous to Eocene Sedimentary 
Undivided Tertiary Sedimentary 
Oligocene to Middle Pliocene Sedimentary 
Plio-Pleistocene Sedimentary 
Tertiary Volcanic 
Quaternary Volcanic 
Quaternary Sediments
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where:

a   ground acceleration (gal)

M   earthquake magnitude

R - shortest distance to rupture (km)

F = 1/2 log (p7 )
o

p   specific gravity

V- site near-surface shear velocity (ft/sec)
8

Response Spectrum Values

Statistical studies have indicated that observed variation in the shapes of 

response spectra can in part be attributed to differences in near-surface 

geologic characteristics. With response spectra normalized to a common peak 

ground acceleration, the most pronounced effect is an increase in the longer- 

period (T > 0.5 sec) spectral amplitudes, corresponding with sites of lower 

acoustic impedance. There also appears to be a tendency for the higher- 

frequency response (/ > 5 Hz) to be slightly greater at sites of higher acous­ 

tic impedance.

To maintain consistency with response spectrum prediction technology, the ten 

rock types shown in Table 1 were condensed into four categories of surficial 

geological constitution, as shown in Table 2. The representative near- 

surface shear-wave velocities and densities given in Table 2 were used to 

prescribe the effect of local surface geology on peak ground acceleration 

and on response spectrum shapes.

Figure 2 shows the basic median-level 5%-damped response spectrum shapes 

used for the four geologic categories of Table 2. These shapes were based 

on statistical studies performed on a number of significant earthquake rec­ 

ords to develop standardized design spectrum shapes for use in the seismic 

design of nuclear power plant facilities. 10 ' 11 The characteristics of these 

median-level spectra are listed in Table 3. Note that the response spectrum 

for geologic category CC (PIio-Pleistocene Sedimentary) is practically the 

same as the median determined in Reference 10.
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EIS Maps

Once the peak ground acceleration and the response spectrum for a particular 

site have been determined, the EIS values for various period bands can be 

obtained by superimposing the response spectrum on the EIS matrix. As shown 

in Figure 3, a peak ground motion of I.Og for spectrum shape DD (from Figure 

2) can be represented by a three-digit El of 6,8,8, where the first digit 

represents short-period bands I, II, III (T < 0.*» sec); the second represents 

intermediate-period bands IV, V, VI (T * Q.k to 2.0 sec); and the third rep­ 

resents long-period bands VII, VIII, IX (T > 2.0 sec). The same peak ground 

acceleration for spectrum shape AA can be represented by an El of 6,7,6. 

Similarly, peak ground acceleration of O.lg for spectrum shape DD can be rep­ 

resented by an El of **,5,5, and so on, for other peak ground motions and spec­ 

trum shapes.

To show the El levels for the entire study area, Isointensity contour maps 

were developed for each of the three period ranges. Figure k is an EIS 

isointensity map of the short-period bands; Figures 5 and 6 are maps of 

the intermediate- and long-period bands, respectively. (Transparent copies 

of these figures are enclosed in a pocket inside the back cover of the re­ 

port. For evaluation purposes, they may be superimposed on the structure 

data maps of the study area presented in a later section.)

El Distribution

In the short-period range, the highest EIS value observed was 7; however, its 

occurrence is limited to a few isolated locations immediately adjacent to 

the fault (Figure *»). The next highest EIS value is 6, observed to a dis­ 

tance of approximately 10 km from the fault over an area of approximately 

6,*»00 km2 . The area in which El 5 appeared covered approximately 12,000 km2 ; 

El I* covered an area of about 33,000 km2 . El 3 was observed in most of the 

remaining area, with the exception of extreme corners of the study area.

The highest EIS value observed in the intermediate-period range was 8 (Fig­ 

ure 5). Because of the high dependence of El in this period range on the 

local geologic conditions, no simple description of areal distribution is 

possible. Comparing Figures ^ and 5, the areas with EtS values of 5 and 6 

in the short-period range are dominated by El 6, 7, and 8 in the intermediate- 

period range.
- 11 -
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The El distribution in the long-period range is quite similar to that of 

the intermediate-period range (Figure 6). Again, because of the dependence 

of El on local geology, a mixture of values is generally observed.

A summary of the approximate distribution of EIS values in the study area 

is presented in Table k.
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s

TABLE 4

TOTAL LAND AREA* ASSOCIATED 

WITH EACH El LEVEL

El 
Level

8
7
6
5
4
3

Period Band
I, II, III 
(< 0.4 sec)

 

51

7,337

15,654

46,920

70,518

IV, V, VI 
(0.4 to 2.0 sec)

4,869

9,283

16,200

47,594

44,156

41,111

VII, VIII, IX 
(> 2.0 sec)

1,786

5,430

14,188

38,237

44,890

43,666

*A unit represents an area of one-half degree latitude by 
one-half degree longitude (= 0.7 km2 ).
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c
EIS DATA FOR DAMAGE ESTIMATION

Typical Buildings

In order to predict the effects of a hypothetical earthquake, it is first 

necessary to determine, theoretically or empirically, the relationship be­ 

tween ground motion and damage. For the low-rise and high-rise buildings 

found in the study area, that information was available from previous inves­ 

tigation of the 1971 San Fernando earthquake. 12 Correlation of damage level, 

expressed as mean damage cost factor (wnr,), with engineering intensity showed
UC

that for low-rise buildings the relationship was: 

log m - 8.86 log (El) - 7.9*»

where:

El - engineering intensity for (short-period) bands I, 
II, III

For multistory buildings in the intermediate-period range, the relationship 

was found to be:

log m__ = 10.8 log (El) - 10.3ua

where:

El a engineering intensity for (intermediate-period) 
bands IV, V, VI

Unreinforced Masonry Buildings

Among the buildings most often and most severely damaged during earthquakes 

are structures with unreinforced masonry load-bearing walls. Such structures 

can be found in most of the communities in the area affected by the postu­ 

lated earthquake. Many of them, built before seismic code requirements were 

instituted (and often referred to as precede masonry buildings), have lim­ 

ited capacity to resist lateral forces because of the inadequate connection 

of structural elements, tn estimating the damageabi1ity of structures in 

this class, it was assumed from past experience13 " 15 that their lateral-force- 

resisting capacity is one-half that of the typical buildings noted above.

- 18 -



Mobi1e Homes

Because there are no seismic design requirements for mobile homes, estimates 

of damage must rely upon previous experience. El values for the short-period 

range12 and a limited amount of other data11* were available for the San Fer­ 

nando earthquake. From those data, summarized in Table 5, the following re­ 

lationship was established for the short-period range:

mDp - 0.015 (El) - 0.049

Special Structures

Because they are important to the general welfare, some structures are re­ 

quired to be designed and constructed according to standards that are higher 

than those for typical buildings. Although no damage statistics from EIS 

evaluation of previous earthquakes are currently available, it can be assumed 

that these structures are able to withstand higher seismic forces than can 

be resisted by typical buildings. Therefore, the damage cost factor for such 

structures was estimated from comparison of their design requirements with 

the design requirements 16 and EIS damage statistics for typical buildings.

Some of the structures with special design considerations are:

  public school buildings 17

  hospital buildings-18

  State Water project facilities 19

  nuclear power plant structures20

The seismic coefficients of required design for these buildings and for 

typical buildings are shown on Figure 7 in terms of response spectra. The 

response spectra for some of these facilities are developed on the basis of 

the seismicity of specific sites and for the various types of structures in 

each facility. Where the design values were given in terms of base shear 

coefficients rather than spectral values (e.g., the UBC values), a conver­ 

sion was made using a standard building configuration. The base shear coef­ 

ficient, C* t is given by the equation C-, » CKZ t where K (structural frame 

coefficient) and Z (seismic zone coefficient) were assumed to be unity. C 

(lateral force coefficient) was calculated as a function of period, T t using

- 19 -



TABLE 5 

DAMAGE STATISTICS FOR MOBILE HOMES

A. Comparison of Damage Cost and El Values at Corresponding Locations

Distance from Fault (mile) 
5-10 10-15 15-20

Cost of Damaged Items 11* ($)
Coach 410 280 70
Awning and skirt 150 110 20
Contents 180 150 80

Total 740 540 170

Damage Cost Factors*
High 0.053 0.039 0.012 
Low 0.026 0.019 0.006

El Range
Bands I, II, III 12 5.5 - 6.0 4.5 - 5.0 4.0 - 4.5

B. Estimated Mean Damage Cost Factor ( nr,):
LJt!

m = 0.015 (El) - 0.049

*Middle range of unit cost for mobile homes was estimated to be $10,000 
to $25,000, with an additional $4,000 for accessories.

- 20 -
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c
the formula C   Q.05/^7. To convert C-, to spectral acceleration, S , a C^/i 

ratio of 0.8 was used. 6 » 21

Damage Statistics for Special Structures

As already stated, estimation of mnr, in terms of El for typical buildings
Uc

was obtained from an earlier study of the San Fernando earthquake. 12 As a 

means for extending these data to other structures, a comparative study to 

determine the relationship between these estimates and the seismic design 

coefficients of typical buildings was made. For each El level, a ratio of 

the spectral velocity of El levels and the spectral velocity of the seismic

design coefficients was determined and then compared with the mnET at specif-ut
ic El levels.- A fairly good correlation was observed for the low-rise and 

high-rise building categories (Figure 8).

To apply this relationship to other structure categories, it was assumed 

that the damage cost factors and the seismic design coefficients were re­ 

lated in the same proportion for all structure types. To estimate mn7, forut
other structures, spectral velocity ratios of El versus design were deter­ 

mined. Using these spectral ratios, m^ values were determined using the 

data in Figure 8. Table 6 provides a summary of this approach for struc­ 

tures with seismic coefficients of 2.5 times UBC. A similar approach was 

used to estimate m-^ for other types of structures, as illustrated in Fig­ 

ures 9 through 11. This approximation is based on engineering judgment; 

there are no experimental data currently available to verify or negate this 

approach.
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STRUCTURE INVENTORY DATA

In an effects prediction effort such as this, Identification of the struc­ 

tures In the area affected by the hypothetical earthquake Is equally as im­ 

portant as the ground motion prediction. However, because the investigation 

is intended to provide only a general or overall evaluation of damage, acqui­ 

sition of detailed information on individual structures was not warranted. 

An estimate of the numbers and types of structures, their location, and their 

classification according to function and dynamic response behavior is the in­ 

formation necessary for an EIS evaluation. An example structure check list, 

useful for structure inventory planning purposes, is given in Appendix C.

The structures most prevalent in the study area have been grouped into two 

major classifications: community structures and areawide structures. Al­ 

lowing for variations in population, the types of structures found in indi­ 

vidual communities are, with some minor exceptions, common to all communi­ 

ties in the study area. Thus population was an important parameter in es­ 

timating the numbers and types of structures in the study area. Areawide 

structures include transportation, utility, hydraulic, and energy network 

facilities. This chapter summarizes the structure data obtained for the 

study.

Population Distribution

Parts or all of 14 counties in southern California, identified in Table 7, 

are included in the area that is expected to be affected by the postulated 

earthquake. This study area covers approximately 15^,000 km2 of southern 

California. Almost 65% of the population of the study area is concentrated 

in Los Angeles County; another 251 is found in the cities of adjacent coun­ 

ties. The city of Los Angeles, with an estimated 1976 population of approxi­ 

mately 2.7k million (1970 census population: approximately 2.82 million), 

has the highest population of any city in the study area. Several cities in 

the immediate vicinity of Los Angeles have more than 100,000 inhabitants.

The population of cities in the study area is represented graphically in 

Figure 12. Cities with a population greater than 50,000 are listed in Table

- 28 -
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8, which also shows the distance from individual cities to the closest 

point on the rift zone of the hypothetical earthquake. A complete Itst of 

study area cities and their population is provided in Appendix D. Popula­ 

tion figures were taken mainly from the 1970 census, 22 in some cases sup­ 

plemented with data from the California Statistical Abstract 2 * for 1975 and 

1976.

Community Structures

Residential Buildings. Residential structures tnclude single- and multi- 

family dwellings and mobile homes. The breakdown of these buildings for 

the study area was derived from housing information contained in the 1970 

census. 22 For the purpose of an EIS analysis, housing information is di­ 

vided into the following categories:

  fewer than 5 units per structure

  from 5 to 1*9 units per structure

  more than 1*9 units per structure

  mobile homes and trailers

The number of buildings in these categories for cities with population 

greater than 10,000 is shown in Appendix D. Data for cities of population 

less than 10,000 was not available.

Categorization of buildings into number of units per structure permits 

their classification according to EIS period bands. Buildings with fewer 

than five units (single residences, duplexes, or small apartments) have a 

fundamental period of 0.2 sec or less. Those with 5 to k$ units are in 

most cases buildings with a response period of less than Q.k sec. Conse­ 

quently, these two categories of buildings fall within the EIS short-period 

range. Those with more than k3 units per structure are usually multistory 

buildings. Their expected fundamental period is in the range of Q.k to 2.0 

sec, placing them in the EIS intermediate-period range.

Because of the nature of the structure system and anchorage of mobile 

homes, classification of these structures is slightly different from that 

of buildings. Most often, mobile homes are mounted on pedestals, without

- 31 -



TABLE 8 

CITIES WITH POPULATION GREATER THAN 50,000

City

Fresno
Bakersfield
A1 hambra
Bell flower
Bur bank
Carson
Compton
Downey
East Los Angeles (u)
El Monte
Glendale
Hawthorne
Inglewood
Lakewood
Long Beach
Los Angeles
Norwalk
Pasadena
P1co Rlvera
Redondo Beach
Santa Monica
South Gate
Torrance
West Covina
Whittler
Salinas
Ana helm
Buena Park
Costa Mesa
Fullerton
Garden Grove
Huntington Beach
Orange
Santa Ana
Westminster
Riverside
Ontario
San Bernardlno
Santa Barbara
Oxnard
Slml Valley
Ventura

County

Fresno
Kern

Los Angeles
H
u
u
u
u
u
u
u
n
u
"
n
n
n
M
M
u
u
u
u
n
n

Monterey
Orange

n
u

II

II

II

II

II

II

Riverside
San Bernard! no

H

Santa Barbara
Ventura

n
n

1970 Census 
Population

165,972
69.575
62.125
51.454
88.871

71.150

78.611

88.445

105.033
69.837

132.752

53.304

89.985

82.985

358.633
2.816.061

91.827

113.327

54.170
56.075

88.289

56.909

134.584

68.034

72.863

58.896

166.701

63.646

72.660

85.826

122.524

115.960
77.374

156.601
59.865
140,089

64.118

104,251
70,215

71,225
56,464

. 55,797

Distance from 
Fault (km)

119
56
47

68

45

80

70

60

55
44

46

73

63

63
80

55
62

42
55

81

63

62

80

40

55

158

62

66

81

62

72

75
65

70
66
36
30

27
153
155
117
165

(u) = unincorporated city.
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any firm connection. When they vibrate, there is no simple fundamental 

period of response. However, they have been classified as short-period 

structures for this study.

Commercial Buildings. Typical commercial buildings in the study area are 

designed in accordance with Uniform Building Code (UBC) IB requirements for 

seismic zone 3» They exhibit a variety of construction materials and struc­ 

ture systems and range in height from one story to more than 60 stories. 

The response period of a building is determined by the type of structure 

system and the building materials used as well as by height; however, for 

the general identification of building types and structure distribution re­ 

quired here, the fundamental period of commercial buildings is assumed to 

vary with number of stories.

Low-rise commercial buildings, which are in the short-period EIS range, can 

be found in all communities of the study area. Most of the multistory build* 

ings are in the intermediate-period range and are found in moderately popu­ 

lated areas. Variation in their number and distribution is in most cases a 

function of population. From a study of sample cities, it was determined 

that these buildings can be found in all cities with a population of more 

than 10,000. Buildings with long periods   usually very tall buildings   

occur only in a few major metropolitan areas. An example of such a metro­ 

politan area is provided in Table 3, which shows the distribution of multi­ 

story buildings in Los Angeles and Orange counties.

School Buildings. The design of school buildings in California is governed 

by the building standards of the California Adninistrative Code. 17 The 

special seismic design requirements for schools are more rigorous than for 

buildings in most other classes of occupancy.

In almost all cases, elementary and secondary school buildings in the study 

area are limited to one or two stories and are therefore in the short-period 

ElS-band category. Table 10 summarizes the distribution of schools for 66 

communities In 13 counties. In general, the distribution is directly pro­ 

portional to population. With the exception of several small communities, 

there is at least one elementary, junior high,- and high school in each com­ 

munity. Some schools receive students from adjoining communities in the
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TABLE 10 

NUMBER OF PUBLIC SCHOOLS FOR SAMPLE CITIES

County

Fresno

Kern

Kings

Los Angeles

Monterey
Orange

Riverside

San Bernardino

San Diego

San Luis Obispo

Santa Barbara

Tulare

Ventura

City

Clovis
Coalinga
Fresno
Reed ley
Sanger
Selma
Bakersfield
Delano
Wasco
Avenal
Corcoran
Handford
Lemoore
Azuza
Claremont
Downey
El Segundo
Glendale
Lakewood
Long Beach
Montebello
Monterey Park
Norwalk
Paramount
Santa Fe Springs
Santa Monica
S. Pasadena
Salinas
Anaheim
Buena Park
Cypress
Fullerton
Placientia
Santa Ana
Banning
Beaumont
Coachella
Corona
Desert Hot Springs
Lake Elsinore
Hemet
Indio
Norco
Palm Desert
Palm Springs
Perris
Riverside
San Jacinto
Bar stow
Ontario
San Bernardino
Upland
Escondido
Oceans ide
Paso Robles
San Luis Obispo
Lompoc
Santa Maria
Dinuba
Lindsay
Porterville
Tulare
Fillmore
Santa Paula
Simi Valley
Ventura

1970 
Population

13,856
6,161

165.972
8,131
10,088
7,459

69,515
14,559
8,269

3,035
5,249
15,179
4.219

25,217
23,464
88,445
15,620

132,752
82,973

358,633
42,807
49,166
91,827
34,734
14,750
88,289
134,584

58,896

166,701
63,646
31,026
85,826
21.9*8

156,601

12,034
5,484
8,353

27.519
3,728
3,530

12,252
1M59
14,511
6,171

20,936
4,228

140,089
4,385

17,442
64,118
104,251
32,551

36,792
40,494

7,168
28,036

25,204
32.749

7,917
5,206
12,602
16,235

6,285
18,001
56,464
55,797

Elementary 
School

10
1

60
7

11
7

45
5
2
1
4
6
3

14
8

13
2

23
18
56
5
8

25
8
4
9

25
20
32
19
10
18
11
18
3
3
3

11
1
3
7
8
4
2
7
2

33
2

16
24
37
9
9

13
4

11
13
23
4
2
7
6
3
7

24
21

Junior 
High School

1
1

14
2
1
1
9
1
1
0
1
1
1
3
2
4
1
5
5

15
3
2
8
2
2
2
7
2

16
2
2
4
2
4
1
1
1
3
0
1
1
2
1
1
2
1
7
1
2
5
8
2
3
2
0
2
2
4
1
2
2
2
1
1
5
4

High School

1
1
6
1
1
1

9
1
1

1
1
2
1

2
1
3
1
3
4
8
2
3
4
1
1
2
5

3

9
1
1
4
2
4

1
2
1
1
0
1
1
2
1
0
1
1
6
2
3
2
4
1
5
2
1
1
2
3
1
1
2
2
1
1
3
3
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same county. Because the number of buildings in a school depends on the 

enrollment, those communities with a higher-than-average ratio of number of 

schools to population have fewer buildings per school than those with a 

lower ratio. Statistics on the distribution of schools were obtained from 

References 2k and 25-

The location of colleges and universities is presented in Figure 13. Build­ 

ings for these schools generally have short periods although some multistory 

buildings in the intermediate-period category can be found. The design and 

construction of these structures are governed in most cases by the UBC or 

by local codes. Consequently, in the absence of detailed analysis, they 

were assumed to have a motion-damage relationship similar to that of com­ 

mercial buildings.

Hospital Buildings. As in the case of schools, current seismic design re­ 

quirements for hospital facilities in California are higher than those for 

most other buildings. The legislation that specifies these requirements 

was enacted after the San Fernando earthquake of 1971. Prior to that 

time, the design of hospital buildings was governed by the UBC or by local 

building codes. Consequently, most of the hospital buildings In the area 

under investigation were designed under the less stringent requirements. 

The significance of this fact is discussed as a part of the analysis of 

EIS results.

The location of hospitals in the affected area is presented in Figure 1**. 

For purposes of this analysis, they were classified on the basis of capacity 

(number of beds). Information represented in the figure was obtained from 

the Directory of Health Facilities 2 ^ for the State of California.

Data from a sample of several hospitals indicate that low-rise buildings 

are associated with facilities having a capacity of 200 beds or less while 

hospitals with more than 200 beds are likely to have both low-rise and mul­ 

tistory buildings. In terms of EIS classification, the former group are 

short-period buildings; the larger facilities contain buildings in both the 

short-period and intermediate-period EIS categories.
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Other Community Structures. Among structures essential to community func­ 

tioning are those associated with emergency services (law enforcement and 

fire fighting) and lifeline systems (water, sanitation, energy, communica­ 

tion, and transportation). Structures in these categories are found in 

nearly every community in the study area. Their distribution is in almost 

all cases proportional to population. Because no more than an identifica­ 

tion of such structures in the community is required for the present level 

of analysis, the information presented in this section is limited to sample 

data and a general discussion.

Table 11, which summarizes data from a sample of 23 communities in 10 coun­ 

ties of the study area, shows that in all of the communities in the sample 

but one there is at least one structure associated with law enforcement; 

every community has at least one fire station. The table also shows varia­ 

tion in the number of police and fire stations as a function of population.

Public utility systems affect all areas of human need. Their safe opera­ 

tion during an earthquake and the rapid recovery of their normal operation 

afterward is essential. In the study area, the seismic design of many of 

the structures associated with utility systems exceeds minimum requirements, 

Specific identification of these lifeline structures is beyond the scope of 

this study; however, it is noteworthy that failure (severe in localized 

areas) of some facilities was observed during the 1971 San Fernando earth­ 
quake. 11*

Hypothetical Community Characterizations. To illustrate the extent of dam­ 

age that might be expected throughout the study area under various El condi­ 

tions, estimation of damage for several hypothetical communities was found 

to be useful. Postulation of such hypothetical communities was appropriate 

for this study because, as stated earlier, in the area vulnerable to damage 

from the postulated earthquake, the types of structures found in individual 

communities are, with the exception of a few special structures, common to 

communities in all parts of the study area. The number of structures of a 

particular type Is generally found to correspond to the size of the commu­ 

nity. The overall distribution of structures in the study area is also a 

function of population; while high-rise buildings do not occur in some 

small communities, the number of such structures in the larger communities

- 39 -



TABLE 11 

NUMBER OF POLICE AND FIRE STATIONS FOR SAMPLE CITIES

County

Fresno

Kern

Kings

Los Angeles

Orange

San Bernardino

San Diego

San Luis Obispo

Santa Barbara

Ventura

City

Fowl er
Fresno
Selma

Bakersfield
California City
Delano

Avenal
Hanford

Long Beach
Monte rey Park
Torrance

Anaheim
Cypress
Placentia
Santa Ana

Ontario
San Bernardino
Upland

Oceans ide

San Luis Obispo

Lompoc

Cone jo Valley
Ventura

1970 
Population

2,239
165,972
7,459

69.515
1,945

14,554

3,500
15,179

358,879
49,166
134,584

170,980
39,700
21,948
156,600

64.118
106,337
32.624

40,494

32,250

25,284

52,350
57,900

Police
Stations

1
1*
1*

1*

1
1*

0**
1*

1
1
1

1
1
1
1*

1*
1*

1

1

1*

1*

j****
1*

Personnel

7
388
17

200
8

30

5
36

680
61
276

287
46
34

240

92
254
48

96

52

29

67
88

Fire
Stations

1
10
2

8
1
1

1
1***

22
3
5

9
2
2

10

5
10
2

5

3

1

4
4

Personnel

12
262
20

3
18
14

20
22

466
48
172

228
23
34

246

69
173
27

71

38

12

66
70

*Sheriffs Department is at another location in the city.

**Served by Sheriff's Department at Hanford.

***County Fire Department is at another location in the city.

****Sheriff's Department occupies same building.



appears to be proportional to population. Table 12 indicates various cate­ 

gories of buildings typically found in communities having populations 

ranging from 1,000 to 100,000. The number of structures in each category 

was estimated for the hypothetical communities. These data are presented 

in Table 13. Damage estimate scenarios for the hypothetical communities 

are presented in the next chapter.

Areawide Systems and Facilities

In the vulnerable area, there are several systems and facilities that en­ 

compass large areas and serve many communities. These facilities vary from 

simple one-story buildings to highly complex structures. Design and con­ 

struction practice also varies with type of facility and governing agency. 

Failure of any one of these facilities can have serious impact on the com­ 

munities in its service area.

Hydraulic Structures. Three major aqueducts supply water to southern Cali­ 

fornia, mainly to Los Angeles and the surrounding communities. 19 * 27 As 

shown in Figure 15t the routes of these aqueducts sometimes run close to 

the San Andreas fault, in places actually crossing the fault. The Califor­ 

nia Aqueduct, in particular, parallels the entire length of rupture of the 

hypothetical earthquake and twice crosses the fault.

In the 14 counties under investigation, there are 300 dams within the juris­ 

diction of the State of California and the federal government. 28 Eleven of 

these dams were constructed with the use of hydraulic fill and in this re­ 

spect are similar to the lower San Fernando Dam, which failed during the San 

Fernando earthquake of 1971. Table 14 summarizes the characteristics of 

these dams according to various classifications. The breakdown of state and 

federal dams by county is shown in Appendix E.

Energy Networks. Figure 16 shows the location of major gas transmission 

lines and related facilities for the study area. 29 Similar information for 

electric power generation and transmission facilities 30 appears in Figure 17- 

Data for petroleum-handling facilities 31 are presented in Figure 18.



TABLE 12 

POPULATION AND COMMUNITY STRUCTURES

Type of Structure

Single-Family Dwellings
Mobile Homes
Multi family Dwellings

Low-Rise
Intermediate Height
High-Rise

Commercial Buildings
Low-Rise*
Unreinforced Masonry
Intermediate Height
High-Rise

Industrial Buildings
Public Buildings
Hospital Buildings

Population
greater 
than

100,000

X
X

X
X
X

X
X
X
X
X
X
X

50,000 
to

100,000

X
X

X
X

X
X
X
X
X
X
X

10,000 
to

50,000

X
X

X
X

X
X
X
X
X
X
X

1,000 
to

10,000

X
X

X

X
X

X
X

less 
than
1,000

X
X

X

X
X

X

*Also includes light industrial and precede unreinforced masonry buildings.
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TABLE 14 

$JF_ICATIONJ3F DAMS
 DFROM b£$l AVAILABLE COPY

a. CLASSIFICATION OF DAMS WITHIN STATE JURISDICTION (14 COUNTIES)

TYPCi

Gro»ily

Constonl RodiuS Arch

Vonohle Rod.vt Arch

Multiple Arch

Eorlh

Eorlh end ROCK

Rock Frll

Hydroul.c F,ll

Floshbooid & Buttress

Slob & Buttress

Crib

Reinforced Cone Ton*

TOTALS

l. tf r«!,»i 
e< 

Oemt

12
15
11

6
177

7
8

11
9
1

10

267

HEIGHT IN MlTRtl

Mi

4
2
2

81
1
3
1
9
1

8

112

tiJi

4
11

4
4

73
4

8

1

109

<iu.

4
2
5
2

23
2
5
2

1

46

HEIGHT IN FEET

6-49 SO.U9 ISO- Up

CAPACITY IN CUBIC MCTPES » ;r-

?C1?0

1
5
1

43
3
2
1
4
1

9

70

\'J', 

1 JM

4
5
3
1

83
1
1
3
4

1

106

1 ,.< v? ::: .. '. >.   
:: c  : f.:. >x t o.-

3
4
4
2

31
2

4
1

51

3
1
3
3

13
1
1
2

27

1

7

4
1

13

o

CAPACITY IN ACRE. FEET

15-99 10^V99 1 Mi 
VW

;c : : :-
99.«Vi

icx.oa- 
t c. 

VOLUME IN CUBIC METRES * i: 1
j-or-

*

1

1

3
2
2

2

4

21

tb

2
1

7

2
1

2

15

e Jc

5
2
4 
2

44
4
1

1

63

3£7t

2
2
2

31
1

1

39

7t Jo!

3
1
1

36
1
2
5

49

7'/

1

17

7f. 
? >'.< 

: c'X
t 0 

i

18

1

3

21

3
3

24

1

9
1
2

12

0
2 
1

13

3

4

23

VOLUME IN \ c:c-cusic YARDS
«jnof 

l
5--.C 10-56 iUlX IK^KC

5CC 
1 OOC

.000.
: :<x

5.00C
& O.C-

O Capacity not specified O Volume not specified

b. CLASSIFICATION OF DAMS WITHIN FEDERAL JURISDICTION (14 COUNTIES)

TYPES

Cro»i'

Conslont Rodius Arch

Vcnohle Rodivi Arch

Multiple Arch

Eorlh

Eorth ond Rock

Rock Frll

Hydroul.C F,ll

Flcihboord & Buttreis

Slob I Buttress

Crib

Reinforced Cone Tonk

TOTALS

M umbr. 

el 

Dom»

2
1
2
1

23
4

33

HEIGHT IN METRCS

7-15

7
2

9

li-15

1

1

1

12

15

«-Ur-

2

1

5
2

10

HEIGHT IN FEET

6-4? &M9 ISO- Up

CAPACITY IN CUBIC MtTRES f '.? 

:oi?c

2
1

3

uo.
1 /OC

1

4

5

! >-X

1

8

9

i: CL: ir.-M.-

1

3

4

 ;v rx-
{> C*»e-

2

1

5
2

10

o

1
1

2

CAPACITY IN ACRE. FEE*

IS99 100-9W 1 KC 
VV,

1C C-CC- 
=^.OV9

IC-..DC>:- 
& o~.

VOLUME iw CUBIC METRES x ID*
>«*   
t 46

1

1

b-jc

1

1

2

35-76

1

1

7620C

5

5

2iC 
760

3

3

7(.0.

? EM

2

1

6

9
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e. o.f.
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_L
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0

 

1
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VOLUME IN i o::-cusic YARDS

\Jrot-

£
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500C
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O Capacity not specified O Volume not specified
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Transportation Systems. In general, transportation systems of concern to 

studies predicting earthquake effects are highways, railroads, airports, 

harbors, and mass transit lines. For the present investigation, highways, 

railroads, and airports are identified. Because all of the harbors and 

their related facilities in the study area are located some distance from 

the source of the earthquake under consideration, and effects are expected 

to be minimal, no further identification was necessary for this study. 

There are no mass rail transit lines in the study area. Mass public trans­ 

portation is by means of busses; damage from the postulated earthquake would, 

for the most part, result from secondary effects of the failure of roads and 

bridges. The transportation structures most severely affected during the 

1971 San Fernando earthquake were highway overcrossings. These structures 

are therefore treated more extensively here than are other structures asso­ 

ciated with transportation systems.

Since the 1971 San Fernando earthquake, the design and details for new high­ 

way structures have been modified considerably, and some of the structures 

that existed in 1971 have been strengthened. Information on highways and 

highway overcrossings was obtained from the Log of Bridges of State High­ 

ways 32 of the California Division of Highways (CALTRANS). That document 

provides location, description, structure type, vertical clearance, length, 

and other pertinent information for all of the highway overcrossings in Cali­ 

fornia. Table 15 summarizes data on the California road system for the en­ 

tire state.

It is reported 33 that there is, on the average, one bridge for every mile of 

highway in the state highway system (including both interstate and primary 

routes); one bridge for every five miles of secondary routes; and one bridge 

for every 17 miles of other roads and streets. Unlike the determination of 

period for buildings designed under UBC requirements, there is no simple way 

to approximate the period of highway bridges. Their vibration characteris­ 

tics depend on the size of the structure as well as on the structure system 

and materials employed. Because it is neither possible nor necessary to 

evaluate every bridge in the study area for determination of period, the 

length of the overcrossing was used as the criterion for ElS-band classifi­ 

cation. On the basis of CALTRANS design examples31* and experience of the 

San Fernando earthquake of 1971» 35 it was determined that most freeway
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TABLE 15 

CALIFORNIA ROAD SYSTEMS 32

System

State Highway Routes
Interstate and Primary

Secondary Routes
Rural and Urban

All Other Roads and Streets
Rural and Urban 

Total

Miles

13,000

22,000

137,000

172,000

Bridges

13,000

4,000

8,000

25,000

Miles
per 

Bridge

1

5.5

17

*Data shown are for the entire state.
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bridges are in the intermediate-period EIS range. Some bridges are stiffer 

and are included in the short-period EIS range; those that are more flexible 

than most come under the long-period EIS classification. Figure 19 shows the 

location of overcrossings in the study area that are 500 ft or more in length 

These bridges are classified as intermediate- or long-period structures. 

Bridges in the short-period range can be found at many locations along all 

highways.

Information on railroads is presented in Figure 20, which shows railroad 

lines 36 in the area investigated in this study, and in Appendix F, which pro­ 

vides details of these and other structures for the Los Angeles area. 27

The terminal (airport) is the most important part of an air transportation 

system. Within airports, the structures associated with air traffic control 

are the most vital. Figure 21 shows the location of airports in the study 

area. There are 108 public-use airports as well as many heliports and a 

limited number of private-use airports. 37 In addition, several military and 

other federal airports are found in the area under investigation.

Period-Band Classification of Structures

For the purpose of damage estimation, structures in the study area were cat­ 

egorized into three EIS period groups. Although it was not possible to cat­ 

egorize some structures without additional information, structures associated 

with major facilities were assumed to be represented in all three period 

ranges. Most structures presented no difficulty for classification. For 

example, single-family dwellings and other low-rise buiIdings'are in the 

short-period range, and most high-rise buildings correspond to the interme­ 

diate-period range although some very tall or very flexible buildings may be 

classified as long-period structures. Table 16 summarizes the categoriza­ 

tion of structures in the study area according to EIS bands.
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DAMAGE ESTIMATION

Damage estimations for various types of structures follow directly from com­ 

bining the structure inventory data provided in the preceding chapter with 

the El-damage relationship information presented earlier. This chapter pre­ 

sents damage estimates for the various structure categories identified in 

the preceding chapter. Where possible, damage estimates are made quantita­ 

tively in terms of expected dollar loss. For structures for which no infor­ 

mation on motion-damage relationships currently exists, qualitative descrip­ 

tions of damage are provided.

Community Buildings

To estimate damage on a community basis, it is first necessary to determine 

the types of structures in the community and the number of structures of each 

type. Because damage potential differs among buildings of various types, 

each group must be estimated separately. The nature of this study does not 

warrant a specific damage prediction for each study area community; there­ 

fore, no detailed structure inventories of communities were conducted. To 

facilitate damage estimation for community buildings in the study area, dam­ 

age factors for a hypothetical community subjected to various El ratings 

were calculated. The following sections give: the El ratings for each of 

the study area communities, a description of how the mean damage cost factors 

for the hypothetical communities were calculated, and a discussion regarding 

application of the damage factors for the hypothetical communities to spe­ 

cific communities.

Els for Study Area Communities. The El distribution in the study area for 

the short-period, intermediate-period, and long-period ranges was presented 

earlier (Figures 4, 5, and 6). The highest El in the study area for any 

range of period bands was 7,8,8, for the short-period band. However, be­ 

cause the occurrence of the El 7 value is limited to a few isolated, sparsely 

populated locations near the fault, the next highest value, 6, becomes the 

significant figure for estimation of damage to structures in the short-period 

band.
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I
A complete list of study area cities and their El ratings is presented in 

Appendix G. El distribution for cities with population greater than 50,000 

is shown in Table 17. In both cases, information reported is for the center 

of cities. Note that in some cases cities that are approximately the same 

distance from the fault have somewhat different El ratings. These differ­ 

ences show the effect of site-specific geologic conditions.

Palmdale, a community of more than 10,00023 inhabitants that is very near 

the fault, showed the highest El values of any city in the study area, with 

a three-digit rating of 6,7,7. Among cities with a population of more than 

100,000, 23 San Bernardino showed the highest values, with a rating of 5,6,6. 

Most of the communities in the Los Angeles area   the most densely popu­ 

lated portion of the area under investigation   are estimated to have an El 

distribution of ^,5,5.

Damage Factors for a Hypothetical Community. Of the hypothetical communi­ 

ties identified in the previous chapter, mean damage cost factors were cal­ 

culated for the community having a population of 75,000 persons. That com­ 

munity size was selected because it is to some extent directly applicable to 

several communities in the study area. The community was then analyzed for 

three different patterns of El distribution: one of the highest patterns 

found in the study area (6,7,7); that of the most densely populated portion 

of the study area (^,5,5); and an intermediate pattern (5,6,6).

To obtain the damage cost factor for the hypothetical community, a replace­ 

ment value was assigned to each type of building postulated for the commu­ 

nity. Assuming a three-digit El of 6,7,7 to be experienced by the community, 

the mean damage cost factors corresponding to that El rating were determined 

(from Figures 8 through 11), as shown in Table 18. By multiplying the mean 

damage cost factor by the replacement value of each structure type, the dam­ 

age cost of each structure type was calculated. For El 6,7,7, the average 

damage cost factor was determined to be 3% of the total replacement value. 

The same procedure was applied to evaluate the effect of El levels of 5,6,6 

and J»,5,5. It was found that the average damage cost factors were 2% and 

0.3%, respectively, for these two El ratings, as shown in Tables 19 and 20.
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TABLE 17 

El FOR CITIES WITH POPULATION GREATER THAN 50.000

City

Fresno
Bakersfield
Alhambra
Bell flower
Burbank
Carson
Compton
Downey
East Los Angeles (u)
El Monte
Glendale
Hawthorne
Inglewood
Lakewood
Long Beach
Los Angeles
Norwalk
Pasadena
Pi co Rivera
Redondo Beach
Santa Monica
South Gate
Torrance
West Covina
Whittier
Salinas
Anaheim
Buena Park
Costa Mesa
Fullerton
Garden Grove
Huntington Beach
Orange
Santa Ana
Westminster
Riverside
Ontario
San Bernard) no
Santa Barbara
Oxnard
Simi Valley
Ventura

County

Fresno
Kern

Los Angeles
u
u
u
u
u
u
u
u
u
u
u
u
u
u
n
ii
u
u
u
u
u
u

Monterey
Orange

u
H
u
u
u
u
u
u

Riverside
San Bernardino

u

Santa Barbara
Ventura

u
u

1970 Census 
Population

165,972
69,575
62,125
51,454

88,871

71,150
78.611
88,445

105,033
69,837
132,752

53,304

89,985

82,985

358,633

2,816,061

91,827

113,327

54,170

56,075

88,289

56,909

134,584

68,034
71,863
58,896
166,701
63,646

72,660

85,826

122,524

115,960
77,374

156,601

59,865
140,089

64,118

104,251

70,215

71,225
  56,464

55,797

3-D1git 
El

3,4,4

4,5,5
4,5,5

3.5,5

4,5,5

4,5,5

4,5,5
4,5,5
4,5,5

4,5.5
4,5,5

3,5,5

3,5,5

3,5,5

3,5,4

4,5,5

4,5,5

4,5,5

4,5,5

3,5,4

3.5,4

4,5,5

3,5,4

4,5,5
4,5.5
2,3,3

4,5,5
4,5,5

3,5,4

4,5,5

3,5,5

3,5,4

4,5,5

3,5,5

3,5,5
4,5,5

4,6,6

5,6,6
4,5,5

3,5,4
4,5,5
4,5,5

(u) unincorporated city.
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Estimating Damage for Study Area. The damage cost factor for a community 

depends on the specific distribution of structures in the community. Com­ 

parison of the structure distribution and El rating for a particular commu­ 

nity with similar data obtained for a hypothetical community (Tables 18, 19, 

and 20) affords a simple approximation of the damage cost factor that might 

be expected to result for the community. For example, a rough estimate for 

a community with a population of 150,000 in a three-digit El of *»,5,5 can be 

obtained by multiplying the total damage cost in Table 20 (which is an exam­ 

ple for population of 75,000) by 2. For a population of 25,000, the esti­ 

mate would be one-third of that figure.

More rigorously, damage for a specific community can be estimated by complet­ 

ing a table similar to Table 18, 19, or 20 for an overall mean damage calcu­ 

lation. To do this, the distribution of structures and the replacement values 

of these structures are first obtained. The El levels for the three period 

ranges are then determined from Figures **, 5, and 6. Using these Els, mean 

damage factors for the various types of structures can be determined from 

Figures 9, 10, and 11. The damage cost factor can then be determined by mul­ 

tiplying the replacement values by the respective mean damage cost factors.

Other Community Structures

As discussed previously, structures associated with the general welfare 

are in many cases subject to seismic design and construction criteria more 

stringent than those for typical buildings and are therefore expected to be 

able to withstand higher forces than can be resisted by typical buildings. 

Procedures for estimating damage cost factors for these structures are dis­ 

cussed in the paragraphs that follow.

Hospitals and Schools. The hospital code enacted in 197^ requires that the 

seismic coefficients for hospital facilities be about 2.5 times those re­ 

quired under the provisions of the UBC. Although seismic design coefficients 

for schools are essentially the same as for typical buildings, the rigorous 

material and construction requirements for schools should produce structures 

with higher seismic resistance. Incorporating this assumption into the pro­ 

cedure for estimation of damage that was discussed previously, mnEJ for these
UL

buildings is estimated to be somewhat lower than that for typical buildings.
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V

In the short-period band, m^F at the El 6 level is S% for typical buildings: 

for the buildings considered here, the value is slightly higher than 1%.

Similarly, in the intermediate-period band, mni, for these buildings is 5% atUc
an El level of 8 but is 28% for typical buildings. Facilities affected can 

be determined by superimposing Figures k, 5, and 6 onto Figures 13 and 14.

It should be kept in mind that the foregoing discussion is based on data for 

buildings that have been designed or strengthened to meet current criteria. 

Most of the hospital buildings in the study area were designed and constructed 

prior to the enactment of the 197^ legislation; treating these structures as 

typical buildings therefore produces a more accurate estimate of damage.

An extensive review of hospital facilities is currently being conducted by 

the California Department of Health to identify the structures under the de­ 

partment's jurisdiction that need to be strengthened in order to conform to 

present seismic design criteria. A similar California Department of Educa­ 

tion program, reviewing school facilities to bring them up to the provisions 

of the Field Act of 1933» 17 has been in progress for many years. Between 

1968 and 1976, the number of school buildings that did not meet the require­ 

ments of the Field Act was reduced from 2,032 to 19 for the entire state. 38

Community Lifelines. Structures associated with lifeline networks include 

transportation, communication, energy, water, and sewage systems, which 

affect the needs of any community. During the San Fernando earthquake of 

1971, most lifeline systems and facilities were damaged to some degree. 11* 

Some of the damage included overpasses, electric power converter stations, 

filtration plants, and underground utilities. Most of these facilities were 

located in the high-ground-motion area. Damage to underground systems in 

particular was associated with ground failure.

Areawide systems and facilities associated with lifeline networks are dis­ 

cussed in the section that follows. The failure of these systems and facil­ 

ities would have a serious effect on communities. It is therefore necessary 

to consider these major systems and facilities in the evaluation of commu­ 

nity lifelines.
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Areawide Systems and Facilities

Areawide systems or facilities for which special seismic design requirements 

are implemented include those of the California Department of Transportation 

for highway overcrossings; the California Department of Water Resources for 

State Water Project facilities; and the Nuclear Regulatory Commission for 

nuclear power plant facilities. The following is a discussion of the damage 

potential for buildings associated with some of these facilities.

Hydraulic Systems. As discussed earlier, the buildings associated with 

State Water Project facilities were designed and constructed with considera­ 

tion for the areawide importance of the system and for the location of the 

facilities relative to the San Andreas fault. For structures that have a 

fundamental period less than 0.15 sec and are within 19 km of the fault, a 

maximum uniform horizontal acceleration of O.Sg was considered in the design, 

For structures with a fundamental period greater than 0.15 sec, a response 

spectrum as shown in Figure 7 was used. For points farther than 19 km from 

the fault, ground motion was considered to be attenuated with distance. 

Within 19 km of the fault, the short-period El resulting from the earthquake 

under consideration is 6. There are several facilities within this area. 

The mean damage cost factor for these structures is estimated to be 0.15% of 

replacement cost. (To determine affected facilities, superimpose Figures k t 

5, and 6 on Figure 15.) Although earthquake damage cost is one considera­ 

tion, secondary effects from the disruption of water distribution could also 

be a major problem. The aqueduct routes parallel almost the entire fault 

and actually cross the fault at several locations. The operations plan for 

State Water Project facilities 19 provides for response to emergencies (e.g., 

a rupture of the canal) by stopping the flow downstream from the failure and 

reducing the flow upstream to an amount equal to that delivered to water 

consumers upstream from the failure. This is accomplished through a system 

of check structures located at strategic points along the aqueduct. The 

emergency plan calls for rapidly reacting to any adverse operating condition 

through the aqueduct control facilities and immediately adjusting the check 

structures and pumping plants.

There are 300 dams in the affected area (see Table 11 and Appendix E). Sev­ 

eral of these dams are in the potentially damaging El area. In the present



evaluation, the greatest concern is for hydraulic fill dams similar to the 

one that failed during the San Fernando earthquake of 1971. Because of the 

complexity of their behavior under seismic loading, a thorough review of 

these dams should be made, particularly for those estimated to have high El 

levels.

Ut?1ity Systems. As is the case for the California Aqueduct system, gas, 

electric, and petroleum transmission lines and facilities cross or are close 

to the fault and are expected to have very high El levels. To estimate dam­ 

age, an assessment of individual buildings with respect to design and con­ 

struction criteria must be made. (To determine the affected facilities, 

superimpose Figures 4, 5, and 6 onto the maps of the respective facilities 

found in Figures 17, 18, and 19.) For a facility designed and constructed 

under high requirements, the estimated damage would be lower than if it 

had been built under less stringent requirements. For example, with an El

of 6 in the short period, the 777..., of structures built under 2.5 times the
Uc

UBC requirements is 1.3% but is 9% for structures built under the UBC (Fig­ 

ure 9).

Transportation Systems. Transportation systems have been affected by earth­ 

quakes in the past. The effect of the hypothetical earthquake is estimated 

to be similar to the effects of the Kern County earthquake of 1952 13 and the 

San Fernando earthquake of 1971. 35 Both earthquakes occurred within the 

area of this study.

The effect on railroad lines was most severe during the Kern County earth­ 

quake at points where the right-of-way crossed the fault. 13 A major rerout­ 

ing of the system was undertaken after the earthquake. Damage due to ground 

motion was relatively low in comparison to damage from fault displacement. 

The damage due to ground motion from the hypothetical earthquake is likewise 

expected to be low compared to that caused by fault movement.

The highway system is in some respects similar to the railroad system, with 

freeways crossing the fault break. One of the area's primary highways paral­ 

lels the fault for half of its length until it actually crosses the fault. 

There are two other primary routes and numerous secondary routes that cross 

or are very close to the fault. Effects are also similar: damage at free-
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way overcrossings, landslides blocking traffic in the mountainous regions, 

and settlement occurring at bridge approaches. During the San Fernando earth­ 

quake, major damage to highways was observed at freeway overcrossings. The 

areas most severely affected by that earthquake were those represented by an 

El report of 6,7,6. Some damage was also observed farther away from the 

fault, in the area with an El report of 5,6,6. Damage from ground motion 

ranged from total collapse of the superstructure of the overcrossing to minor 

damage at abutments. There are numerous overcrossings in the high range of 

El levels that result from the hypothetical earthquake. (To determine the 

affected area, superimpose Figures k t 5, and 6 onto Figure 19.)

Subsequent to the San Fernando earthquake, major modification of existing 

structures and of the design requirements for new structures was made. The 

State of California is presently performing a major retrofitting of highway 

structures for increased seismic resistance. 39 In addition, recent highway 

overcrossings have been designed with consideration for their location rela­ 

tive to the various earthquake faults in the state and for local geologic 
condi tions. 31+ » 1+0

Comparison with San Fernando Experience

The total estimated loss from the San Fernando earthquake of 1971 for build­ 

ings and other structures is reported 14 to be $511 million, as shown in Table 

21a. Economic loss for privately owned property in the city of Los Angeles 

was estimated to be $203.8 million. The breakdown of these figures by type 

of structure and degree of damage is shown in Table 21b. Estimated dollar 

losses for other cities are shown in Table 22. Data for several cities in 

the Greater Los Angeles area extrapolated from El distribution figures de­ 

termined for the San Fernando earthquake 12 are presented in Table 23, which 

also shows El values for the hypothetical earthquake under consideration. 

Note that the range of El values for most cities is the same for both earth­ 

quakes. Exceptions in which the San Fernando earthquake showed higher val­ 

ues are the city of San Fernando, which had higher values in all three period 

bands; Burbank, Glendale, and Vernon, which had higher values in the inter­ 

mediate-period bands; and Santa Monica, with a higher value in the long- 

period band. The only instance of a city showing a higher El value from the 

hypothetical earthquake is Compton, where the -higher value appears in the
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TABLE 21a

SUMMARY OF EARTHQUAKE LOSS 11* 

(San Fernando Earthquake, 1971)

Economic Sector Dollar Loss

Private Sector

Buildings, excluding land and contents:

Los Angeles City $154,000,000 

San Fernando City 36,000,000 

Elsewhere 15,000,000

Nonbuilding structures, excluding land 35,000,000

Public Sector

Los Angeles City 180,000,000
San Fernando City 34,000,000
Los Angeles unincorporated 13,000,000

Other cities 24,000,000
Porter Ranch (aftershock damage) 8,000,000

Utilities 12,000,000

Total $511,000,000

TABLE 21b

LOS ANGELES CITY DAMAGE 1 " 
(San Fernando Earthquake, 1971)

Damage Classification

Unsafe for Human Occupancy   posted "unsafe"
Single-family dwellings
Apartments
Nonresidential commercial and industrial

Major and Moderate Damage    remaining occupied
Single-family dwellings
Apartments
Nonresidential commercial and Industrial

Minor Damage
Single-family dwellings
Apartments
Nonresidential commercial and Industrial

Other Damage (estimated}
Unreported damage
Personal property and inventory

Units

0
1,149
0

0
0
0

0
0
0

0
0

Buildings

522
54

190

2,469
192
883

13,711
1,748
5,698

0
0

Estimated 
Dollar Loss

$ 13,100,000
11,500,000
19,000,000

24,700,000
7,700,000
17,700,000

6,900,000
17,500,000
5,700,000

30,000,000
50,000,000

Total 1,149 25,467 $203,800,000

- 67 -



TA
BL
E 

22

BU
IL
DI
NG
 D

AM
AG
E*
 O

UT
SI

DE
 O

F 
CI
TY
 O

F 
LO

S 
AN
GE
LE
S

11
* 

(S
an
 
Fe
rn
an
do
 E

ar
th

qu
ak

e,
 
19
71
)

o\ 00

Ci
ty

A1
 h
am
br
a

Be
ve
rl
y 

Hi
ll

s
Bu

rb
an

k
Co
mp
to
n

Gl
en
da
le

Pa
sa

de
na

Sa
n 

Ga
br

ie
l

Sa
nt

a 
Mo

ni
ca

So
ut

h 
Pa

sa
de

na
Ve

rn
on

Sa
n 

Fe
rn

an
do

 V
al

le
y

Bu
il

di
ng

s 
Da

ma
ge

d

55 13
5

44
5 0 ** 10 0 20 20 30 **

Po
st

ed
 

Un
sa

fe

15 0 25 0 
.

31 4 0 1 1 5
27

0

Bu
il
di
ng
s 

De
mo
li
sh
ed
 o

r 
To

 B
e 

De
mo
li
sh
ed

Re
si

de
nt

ia
l

0 0 3 0 13 0 0 0 0 0 95

Co
mm
er
ci
al

5 2 3 0 23 0 0 0 0 0
12

3*
**

Ch
ur

ch
es

 
an
d 

Sc
ho
ol
s

0 0 1 0 5 1 0 0 0 0 3

Da
ma

ge
d 

Ch
im
ne
ys

40
0

1.
00

0
50

0 0
3,

25
0

2,
00
0 30 30 30
0 0

39
0

Es
ti
ma
te
d 

To
ta
l 

Do
ll

ar
 

Lo
ss

$ 
2,
00
0,
00
0

80
0,

00
0

4,
00

0,
00

0
10

,0
00

2,
00
0,
00
0

2,
50

0,
00

0
9,

00
0

50
,0

00
27

5,
00

0
10
0,
00
0

$3
5,

50
0.

00
0

*D
oe

s 
no
t 

in
cl

ud
e 

pu
bl
ic
ly
 o

wn
ed

 s
tr
uc
tu
re
s.
 

Da
ta

 f
ro
m 

va
ri
ou
s 

so
ur
ce
s,

**
No

 d
at

a 
av
ai
la
bl
e.
 

**
*P

os
te

d 
"u

ns
af

e.
"



c

TABLE 23

COMPARISON OF El FOR THE SAN FERNANDO 

EARTHQUAKE OF 1971 AND THE HYPOTHETICAL EARTHQUAKE

City

AT hambra
Beverly Hills
Burbank
Compton
Glendale
Los Angeles
Pasadena
San Fernando
San Gabriel
Santa Monica
South Pasadena
Vernon

San Fernando 
Earthquake of 1971
3-Digit 

El

4,5,5

4,5,5

5,6., 5

3,5,5

4.T..5

4,5,5

4,5,5

i.l.Z.
4,5,5

3,5,5.

4,5,5

4,6., 5

1-Digit 
_ El

5-

5-

5+

4+

5+
5-

5-

l-

5-

4+
5-

5^

Hypothetical 
Earthquake

3-Digit 
El

4,5,5
4,5,5
4,5,5

4,5,5

4,5,5

4,5,5

4,5,5

4,6,5

4,5,5

3,5,4

4,5,5

4,5,5

1-Digit 
El

5-

5-

5-

i-
5-

5-

5-

5
5-

4
5-

5-

Note: In instances where the El value is higher for one of 
the two earthquakes, the higher value is underscored,
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c
short-period band. However, it is not necessarily true that two earthquakes 

with the same El values will produce the same effects; with a difference in 

magnitude, more damage can be expected from the earthquake with the higher 

magnitude. The duration of motion is a major contributor to this difference.

Most of the damage that resulted from the San Fernando earthquake occurred 

in communities corresponding to a three-digit El rating of ^,5»5 or higher. 

A detailed description of damage for these communities is available in Refer­ 

ences 1A and 35  Comparison of data for study area communities and their El 

levels (Table 16 and Appendix G) with the data presented in Tables 21 through 

23 shows that most of the large cities in the study area are associated with 

an El rating of ^,5,5 or higher. Most of the cities in Kern, Kings, Los 

Angeles, Orange, Riverside, San Bernardino, San Luis Obispo, Santa Barbara, 

and Ventura counties are within this group. The highest rating (6,8,8) is 

for Palmdale; several small communities not reflected in the population data 

available also have this rating. Comparison with damage observed during the 

San Fernando earthquake indicates that a major impact on lifeline systems 

(water supply, natural gas transmission, electricity, and communications) 

can also be expected.

Damage Estimate Var!ability

The aforementioned damage estimates are given as central or mean values. 

There are two main sources of uncertainty that may cause the predicted 

values to vary above or below the mean In addition to expected dispersion 

from central values of random variables: (l) the El (spectral velocity) 

prediction and (2) the motion-damage relationships used. Available and 

applicable data show geometric standard deviations approximately 1.89 and 

1.4*° for the peak ground acceleration and dynamic amplification factor 

predictions, respectively. Thus, individual predicted spectral values 

could be several times the expected mean value. Similar uncertainties have 

been observed In motion-damage relationships from studies of past earth­ 

quake damage. For the spectral motion amplitude most Important for this 

study, a geometric standard deviation of about 2 was observed from the study 

of low-rise and high-rise building damage during the San Fernando earthquake 

of 1971. 12
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Even with considerable and reliable data, the parameters involved in the 

earthquake damage problem are complex and are subject to considerable dis­ 

persion from their mean or central regions. Thus, various possible com­ 

binations of the parameters could lead to considerable deviation above and 

below estimated mean values. Because the current data available are sparse 

in many cases, estimated mean values, as well as dispersion from the mean in 

specific cases, can be expected. A d.iscussion of the rigorous development 

of the estimated error for this type of problem is given In Reference 41. A 

rigorous estimate of the statistical variation of damage for the hypotheti­ 

cal earthquake is beyond the scope of this study, but a one-sigma variation 

could be several times the mean value. Error in the mean predicted value is 

not expected to be as large.

In addition, it Is important to recognize that a predicted mean damage cost 

factor for a community does not imply that all structures will be damaged. 

Past studies of earthquake damage have shown that there is considerable scat­ 

ter in the degree of damage sustained, even for similar structures located 

close to each other. Not even in communities for which the overall damage 

cost factor Is in the range of 1% to 2% will all buildings be damages. 1* 2

Damage Estimate Summary

The effects of the postulated earthquake on structures are felt In parts or 

all of 14 California counties. A study of cities with typical structure 

distribution indicates that a three-digit El of 6,7,7 would result in an 

estimated average damage of 9% of replacement value. The result for El rat­ 

ings of 5,6,6 and 4,5,5 is an estimated average damage of 2% and 0.3%, re­ 

spectively. One city and many small communities have an El rating of 6,7,7 

(one-digit El: 7~). Within El areas with a rating equal to or greater than 

4,5,5 (one-digit El: 5~), there are 133 cities (excluding small communities) 

with a total population of about 7 million. A summary of the number of 

cities and corresponding population for various El zones is shown in Table 

24.
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TABLE 24

NUMBER OF CITIES AND CORRESPONDING POPULATION* 

IN RESPECTIVE ONE-DIGIT El ZONES

1-Digit 
El Zone

7+

7
7-

6+

6
6-

5+

5
5-

4+

4
4-

3+

3

Number of 
Cities

1
 

 

3

2

2

7

14

104

37

23

41

13

7

Combined Population 
of Cities 

(in thousands)

9
 
 

36

28

133

149

291

6,122

1,232

1,221

487

82

77

Damage** to 
Residential and 

Commercial Buildings 
(in millions of dollars)

45.0
 
 

33.1

14.8

38.6

25.6

29.1

355.1

39.4

22.1

5.1

0.4
--

Total 591.1

*Inc1udes only the communities listed in Appendix G.

**1977 dollars.
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It Is clear from Table 13 and Tables 18 through 20 that residential build- 

Ings are predominant in the community and that their damage cost dominates 

the damage cost for the entire community. The same relationship was ob­ 

served for the City of Los Angeles after the San Fernando earthquake of 1971 

(Table 21b). Removing $50 million (for personal property damage) from the 

$203.8 million damage total, damage to buildings in the private sector is 

$153.8 million. Damage in Los Angeles for buildings in the public sector 

was reported to be $180 million (Table 21a).

Assuming an average occupancy of 3*2 persons per dwelling and an average 

cost per dwelling of $50,000, the total cost of dwellings for the city of 

Los Angeles, with population of 2.8 million, is approximately $kk billion. 

In contrast, the value of high-rise buildings for the city of Los Angeles is 

about $2 billion (Table 9)  Thus high-rise buildings, although individually 

very important, have only a minor effect on damage cost for large cities. 

On the basis of these observations, estimation of damage to buildings on a 

per capita basis seems reasonable. Using Tables 18 through 20, a ratio for 

loss per capita versus one-digit El was developed (Figure 22).

Damage to residential and commercial buildings in the private sector, based 

on per capita damage versus El, is given in the last column of Table 2k. 

Total damage from the hypothetical earthquake to buildings in this sector 

is estimated to be about $600 million. From comparison of damage in the 

private and public sectors during the San Fernando earthquake as discussed 

above, total damage is estimated to be twice that of damage in the private 

sector, i.e., $1.2 billion (1977 dollars).

The effects on major systems and facilities are also widespread. Portions 

of all of these systems and facilities are very close to the fault and some 

actually cross the fault. Some of the systems and facilities are designed 

and constructed with due consideration of the fault. The California Aque­ 

duct systems and facilities, for example, were designed and constructed 

under special seismic considerations. The California Department of Trans­ 

portation is undergoing a retrofitting program to strengthen highway over- 

crossings; in addition, new seismic design procedures have been instituted 

to take into consideration local geologic conditions and the location of the 

overcrossings relative to earthquake faults. Several other agencies are
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undertaking similar evaluations. Despite these measures, some damage is 

anticipated. Table 25 shows the summary tabulation of major facilities in 

the high El zones.

Some of the major systems and facilities damaged during the San Fernando 

earthquake of 1971 were highway overcrossings, hydraulic fill dams, and 

water and energy transport systems and facilities. Although in some cases 

damage was related to fault displacements, in others it was related to se­ 

vere ground motion. In terms of the one-digit El, damage to these systems 

and facilities occurred at El 7". As can be seen from Table 25, there are a 

number of major facilities in one-digit El areas equal to or greater than 

7-. They include dams and hydraulic and energy transport facilities.
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TABLE 25

SUMMARY TABULATION OF NUMBER OF MAJOR 

FACILITIES* IN THE HIGH-EI ZONES

Type c f Facility

Concrete Dars
Earth and/or Rock Fill Dans

Number of Facilities

Study 
Area

50

219

Hydraulic Fill Dams I 11

California Aoueduct
Facilities

Highway Overcrossings
> 500 ft in Length
Public Airports
Military Airports

Natural Gas Transmission
Facilities
Electric Power Generation
and Distribution Facilities
Petroleum Pumping, Terminal,
and Refinery Facilities

One-Digit El Zone

5

-

-

-

15 -

1
148

108 -

16
1

16

343

93

-

3

1

5+

-

1
-

2

1
-

6-

-

5

1

3

6

.

3
-

1

2

1
i -

: -

,
5

-

5

4

6+

_

2
-

3

7-

.

-

3

.
i

- 1 -

4
-

-

6

4

1
1

1

12

6

-
-
-

7

_

1

-

.

-

-

7-

.

-

-

2

-

2
- ' -

- ! -
1

2

-

c

1

2

-

*Related conveyance systems are not included in the tabulation.
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SUMMARY AND RECOMMENDATIONS

The EIS evaluation of the potential effects of the postulated earthquake on 

structures took into consideration not only magnitude, distance, and local 

geology but also the frequency content of the ground motion at the site and 

the dynamic response parameters of structures at the site. This was accom­ 

plished using the response spectra as a basis of evaluation.

Effects were evaluated using the El-damage relationships determined from 

past earthquake damage studies. For those structures that had not been 

studied previously, the El-damage relationships were obtained by determining 

the design basis of the structures and then correlating the design coeffi­ 

cients with those of typical buildings. The results appear to be reasonable 

and are consistent with the results of other, similar studies.

Residential buildings comprise the major portion of the buildings in a com­ 

munity. Consequently, losses from these buildings figure heavily in the 

total dollar loss to the community from an earthquake. The total damage to 

private buildings from the hypothetical earthquake is estimated to be about 

$600 million (1977 value); an equal amount is estimated for damage to public 

buildings and other public structures. This figure is an estimate of the 

mean or expected damage for the entire area. The actual damage cost may vary 

somewhat, depending on the distribution of damage for the many communities 

involved. Observed statistical variations from previous earthquake studies, 

for both the spectral values and the mot ion-damage relationships, will ex- 
pectedly be repeated for any future earthquake. A rigorous estimate of the 

statistical variation of damage for the hypothetical earthquake is beyond 

the scope of this study, but a one-sigma geometric variation could be several 

times the mean value. Error in the mean predicted value is not expected to 

be as large. Furthermore, the above estimate does not take into considera­ 

tion the damage resulting from the possible catastrophic failure of major 

facilities (e.g., a dam) and the secondary damage that may result.

All of the major systems and facilities of the study area will be affected. 

Portions of some of these facilities are in high-El zones, and some systems 

actually cross the fault. As indicated In the Introduction to this report,
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an EIS evaluation is only a preliminary step in the evaluation of earthquake 

effects on structures. EIS data and results are intended to provide only an 

overall identification and summary of the extent of effects from a predicted 

earthquake. Should more definitive indications of an imminent earthquake 

appear, the data provided can be used to systematically perform more detailed 

evaluations.

Deaths and injuries (with the exception of immediate physiological effects 

such as heart attacks) are the secondary effects of earthquakes. Occurring 

as a consequence of structure damage and failure, they may result from ob­ 

jects falling from buildings, collapse of buildings, failure of dams, and 

other primary earthquake effects. Thus a higher incidence of deaths and in­ 

juries is associated with structures that have high damage potential than 

with those having lower damage potential (e.g., precede unreinforced masonry 

buildings versus modern buildings with earthquake-resistive structural de­ 

tails). On the basis of past experience, deaths are not expected in areas 

with a one-digit El less than 6-, but the possibility of injury extends to 

areas with a one-digit El of 5.

For those areas with a one-digit El equal to or greater than 6-, more de­ 

tailed inventories and evaluations than those that were employed for this 

study should be made. For structures in a one-digit El zone equal to or 

greater than 7", a detailed engineering review should be carried out to eval­ 

uate the possible hazard to life and to determine remedial measures that 

might be implemented.

Further investigation using motion damage data from future earthquakes is 

also recommended. As indicated in the report, the El-damage relationships 

for this study were based on the data from the San Fernando earthquake of 

1971 for low-rise and high-rise buildings. The recommended study should in­ 

clude data from other earthquakes and data for additional structure types as 

well as the damage evaluations and their corresponding intensity descrip­ 

tions (Modified Mercalli, Rossi-Forel, etc.) of others.
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THE ENGINEERING INTENSITY SCALE

Formulation of the Engineering Intensity Scale (EIS)

One of the first steps in predicting the effects of an earthquake is to 

determine the geographic area within which damage to structures can be 

expected to occur. The next step is to estimate the incidence and degree 

of damage for the area affected. The Engineering Intensity Scale (EIS) 

was developed to accomplish both steps*

In the formulation of the scale, ground motion is characterized by 5%- 

damped response spectrum velocity (S ) , and structures are characterized 

by their fundamental-mode vibration properties. Disregarding mode-shape 

considerations, the variables important for correlating ground motion 

with damage are 5 amplitude and building period (T). A damping value of 

5% was used because damping in many real structures varies from about 2% 

to 10%, and 5% has become a standard reference level in investigations 

analyzing the response of structures to ground motion.

The EIS procedure provides an orderly means for relating ground motion 

amplitudes for various frequencies with structures having specific 

frequency characteristics. The range of S and T values applicable to 

civil engineering structures is represented as a 10 x 9 matrix, shown 

in Figure A-l. The range of 5 values, from 0.001 to 1000.0 cm/sec, is 

divided into ten levels that are assigned engineering intensity (El) 

numbers from 0 to 9. The T range, from 0.01 to 10 sec, is divided into 

nine period bands from I to IX. Table A-l lists the 5%-damped S amplitude 

boundary values represented by the intensity levels shown on the figure.

EIS Reporting

Three ways of reporting earthquakes in terms of the EIS have been found 

useful. The most accurate is a nine-digit report in which an El number 

is reported for each of the period bands shown in Figure A-l . If the

*Blume, John A., "An Engineering Intensity Scale for Earthquakes and Other 
Ground Motion, Bulletin of the Seismological Society of America, vol. 60, 
no. 1, February 1970.
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FIGURE A-l ENGINEERING INTENSITY SCALE MATRIX 
SUPERIMPOSED WITH EXAMPLE SPECTRUM



TABLE A-l

ENGINEERING INTENSITY SCALE BOUNDARY S VALUES                                  V      

EIS 
Intensity 

Level

9

8

7
6
5
4
3
2
1
0

(cm/sec)

> 300
100 - 300
60 - 100
30 - 60
10 - 30
4-10

1 - 4
0.1 - 1

0.01 - 0.1
< 0.01

Sv Value

(in. /sec)

> 118
39.4 - 118
23.6 - 39.4
11.8 - 23.6
3.94 - 11.8
1.57 - 3.94

0.394 - 1.57
0.039 - 0.394

0.0039 - 0.039
< 0.0039

(ft/sec)

> 9.84
3.28 - 9.84
1.97 - 3.28

0.984 - 1.97
0.328 - 0.984
0.131 - 0.328
0.0328 - 0.131

0.0033 - 0.0328
0.00033 - 0.0033

< 0.00033

response spectrum does not cross a particular period band, the letter X is 

substituted for the El number of that band. To facilitate reading, groups 

of three digits,in the report are separated by a comma. For applications 

that require somewhat less detailed reporting, an average of each group 

of three consecutive El numbers is taken, which results in a three-digit 

report., Finally, the most abbreviated and least descriptive report con­ 

sists of a single digit obtained by averaging the intensity numbers of 

the three-digit report.

The Nine-Digit Report. The response of the north-south component of the 

19^0 El Centro earthquake will be used as an example of a nine-digit 

report. In Figure A-l, S values for this earthquake, recorded at El 

Centro, are shown with the EIS diagram superimposed. The nine-digit 

intensity for this particular response spectrum would read: X56,777,76X,

The first X indicates that the response spectrum does not enter period 

band I (from 0.01 to 0.1 sec), often the case because of recording-



instrument limitations or because of inadequately fine digitization of 

the spectral response calculation. In period band II, S generally falls 

between 10 and 30 cm/sec; in band III, between 30 and 60 cm/sec; and in 

bands IV through VIII, between 60 and 100 cm/sec. The final X indicates 

that the response spectrum fails to enter band IX, again possibly because 

of instrument limitations. The nine digits represent a rough plot of the 

response spectrum. They are easily transmitted and stored and provide 

data useful for correlating the frequency content of ground motion with 

the characteristic responses of structures of various periods.

Note that a number reported for period band I would represent a general 

indication of peak ground acceleration because damping and dynamic ampli­ 

fication have little effect in the short period of this band. The 

spectral response is asymptotic to peak ground acceleration. Likewise, 

a response reported for period band IX is indicative of maximum ground 

displacement.

An EIS report with relatively high numbers indicates very strong earth­ 

quake motion at the locality under consideration. A report with only a 

few high numbers may indicate a narrow-band spectrum of response to 

either a small, local energy release or a large, distant energy release.

The Three-Digit Report. Although it gives less information than the nine- 

digit report, the three-digit report may be more convenient for many 

purposes.

Before averaging the values in the three groups of period bands of the 

nine-digit report, X values must be enumerated. This is done by esti­ 

mating where the response spectrum would fall if extended through the 

X column, bearing in mind the asymptotic conditions noted above. The 
value is usually taken to be one unit less than that reported for the 

adjoining column. For example, the El Cnetro response spectrum reported 

as X56,777,76X would become 456,777,765. The three-digit report, ob­ 

tained by averaging each group of three digits, would thus read: 5,7,6. 

The commas are retained in the notation to identify the scale and the 

source of the rating.



The period bands of the three-digit report, described as short (T < Q.k 

sec), intermediate (T - Q.k to 2.0 sec), and long (T > 2.0 sec), repre­ 

sent typical classes of buildings. This report shows at a glance where 

the energy would fall in each period group and how buildings in each class 

would tend to respond.

The One-Digit Report. For limited purposes, a crude report that merely 

indicates the overall spectral content of ground motion may be sufficient. 

This is obtained by averaging the El numbers of the three-digit report to 

produce a single number. In the case of the El Centre example, that 

number would be 6.

If reporting purposes are best served by the use of a single digit to 

rate a seismic event but at the same time would benefit by a ftner com­ 

parison among events, a scale of 30 ratings can be obtained by subdi­ 

viding the S range represented by each of the ten El numbers (see Figure 

A.I) into three parts. For example, a one-digit report of 6, which repre­ 

sents an S range of 30 to 60 cm/sec, can be subdivided into ranges of 

30 to kQ cm/sec, kQ to 50 cm/sec, and 50 to 60 cm/sec. These narrower 

ranges are identified in the El report by the use of a plus sign, a 

minus sign, or no sign at all with the single digit. Thus a report of 

6- indicates the lowest part of the El-6 range (.30 to kQ cm/sec), 6 

indicates the middle of the range (^0 to 50 cm/sec), and 6+ the highest 

part (50 to 60 cm/sec). The narrower range thus reported is based on 

the result obtained when the numbers of the three-digit report are 

averaged: the average of a 6,7,6 three-digit report is therefore 

reported as 6+ while the average of 6,6,5 is reported as 6-.

Combined Report. It is possible, of course, to report all three ratings 

in order to allow the user to select the one most useful for hts purposes. 

On this basis, the 19^0 El Centre north-south component would be reported 

to have an intensity of:

X56,777,76X 
5,7,6 

6



Experience has shown that, except for special purposes, the three-digit 

report offers the optimum combination of convenience and usefulness.

Engineering Intensity Maps

Isointensity (iso-El) maps can be constructed if sufficient spectral 

data are available. It is possible to prepare a map for each of the 

nine period bands, but a convenient alternative is to use the short- 

period, intermediate-period, and long-period bands of the three-digit 

report (T < 0.1* sec; T - 0.1* to 2.0 sec; and T > 2.0 sec).

Another alternative is to construct maps for particular narrow-period 

bands of interest. Figure A-2, an example of such a map, shows iso-El 

lines for the period band T < 0.2 sec for an underground nuclear detona­ 

tion that took place on January 18, 1968 in central Nevada. Spectral 

response curves were calculated for various stations, as shown in the 

figure.



Note: Numbers Indicate the
Engineering Intensity Scale

FIGURE A-2 ISO-El LINES FOR PERIOD BAND OF 
T < 0.4 SECOND, EVENT FAULTLESS
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COMPARISON OF ENGINEERING INTENSITY 

AND ROSSI-FOREL INTENSITY

In addition to the basic earthquake and near-surface geology information 

shown in Figure B-1, a Rossi-Forel Intensity {RFI) distribution map of the 

study area was provided by the U.S. Geological Survey and is presented here 

as Figure B-2. The map shows the RFI numbers associated with units of land 

corresponding to one-half degree of latitude by one-half degree of longi­ 

tude. The basic earthquake information used for the prediction was the same 

as that provided for the present study.

The Engineering Intensity (El) levels associated with the land units of Fig­ 

ure B-2 were determined for each of the three EIS period bands, and the EIS 

number and RFI number for each unit were compared. In Table B-1, the sum of 

the land units represented by each pair of El and RFI numbers is shown for 

each period band. A comparison of the average intensities is shown in Figure 

B-3. With the exception of the Els of 6 and 7 in bands I, II, III, the com­ 

parison shows a consistent trend. In bands I, II, III, there is a consistent 

trend from an El of 5 to an El of 2. In bands IV, V, VI and bands VII, VIII, 

IX, the trend is consistent from an El of 8 to an El of 2; in addition, the 

average values are nearly equal for these bands.

The inconsistency in the Els of 6 and 7 for the short-period bands is mostly 

due to the lack of sample data points. A further explanation is that not 

only do the intensity numbers used in the two scales describe different in­ 

tervals but also the scales are derived in a completely different manner. 

The derivations take different approaches in the treatment of the basic 

earthquake information and also in the modification of intensity for geologic 

conditions. Even with these variations, however, there is a reasonable cor­ 

relation.

Carrying the comparison one step further, RFI is compared to the one-digit 

El. For this comparison, it is assumed that the Els of 6 and 7 in bands I, 

II, III, have the same trend as other bands. The result is shown In Figure 

B-3 and in the following table.





NO
TE

: 
Da
ta
 
re
pr
es
en
te
d 

ar
e 

ba
se
d 

on
 
in
fo
rm
at
io
n 

pr
ov

id
ed

 
by

 t
he
 U

.S
. 

Ge
ol
og
ic
al
 
Su

rv
ey

.

FI
GU
RE
 
B-

2 
RO
SS
I-
FO
RE
L 

IN
TE

NS
IT

Y 
MA

P 

FO
R 
M 

= 
8.

1



TABLE B-l

COMPARISON OF RFI and El DISTRIBUTION 

FOR LAND UNITS* IN STUDY AREA

Number of

\RFI 
ElX

9
8
7
6
5
4
3
2
1

10

0
0
0

2130
2627

0
0
0
0

9

0
0
0

1391
5173
6259

0
0
0

8

0
0
0

1744
4504

16367
1070

0
0

Number of

\RFI 
EI\

9
8
7
6
5
4
3
2
1

10

0
2708
2049

0
0
0
0
0
0

9

0
1493
3507
7638
185

0
0
0
0

8

0
542

1915
5766

15462
0
0
0
0

EIS Bands I, II, III

Units Corresoonding to Intensity

7

0
0

51
2070
2092

15493
15484

0
0

EIS

6

0
0
0
2

1258
6596

25877
146

0

Bands IV

5

0
0
0
0
0

2168
16410
4577

0

, V, VI

4

0
0
0
0
0
0

10896
5483

0

Units Corresponding to Intensity

7

0
126

1812
2412

23373
7467

0
0
0

6

0
0
0

260
6252

25270
2097

0
0

EIS Bands VII,

Number of

\RFI 
ElX

9
8
7
6
5
4
3
2
1

10

0
1663
3074

20
0
0
0
0
0

9

0
123

1894
8484
2322

0
0
0
0

8

0
0

420
3781

19484
0
0
0
0

5

0
0
0
0

431
9426

13298
0
0

VIII, IX

4

0
. 0

0
0
0

484
15597

298
0

Units Corresponding to Intensity

7

0
0

42
2021
15926
17201

0
0
0

6

0

0
0
0

2282
24740
6857

0
0

5

0
0
0
0

50
4090
19015

0
.0

4

0
0
0
0
0

314
12501
3564

0

Levels

3

0
0
0
0
0
0

650
24902

0

Level s

3

0
0
0
0
0
0

6659
18893

0

Levels

3

0
0
0
0
0
0

4179
21373

0

2

0
0
0
0
0
0
0

7187

0

2

0
0
0
0
0
0
0

7187
0

2

0
0
0
0
0
0
0

7187
0

1

0
0
0
c
0
0
0
0
0

Average

0.00
0.00
7.00
8.49
8.37
7.38
5.68
3.19
0.00

1

0
0
0
0
0
0
0
0
0

Average

0.00
9.39
8.62
8.29
7.19
5.93
4.29
2.74
0.00

1

0
0
0
0
0
0
0
0
0

Average

0.00
9.93
9.47
8.45
7.54
6.27
4.67
2.89
0.00

*A unit represents an area of one-half degree latitude by one-half degree longitude 
(* 0.7 km*).
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Intensity Value

3 
2 3-

5 

3

6 7 8 
5+

9 
6+

10 
8+

RFI 

One-digit El

While the damage descriptions of RFIs agree fairly well with the damage lev­ 

els of Els, the EIS is the only procedure for which quantitative information 

on motion-damage relationships is currently available.
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MAJOR STRUCTURE CATEGORIES AND EXAMPLES OF STRUCTURE TYPES*

A. Buildings

1. Residential (houses, apartments)

2. Agricultural (farmhouses, barns, outbuildings)

3. Commercial (stores, gasoline stations)
k. Institutional (schools, hospitals, churches)

5. Industrial (refineries, mills)

6. Special (shrines, ruins)

B. Utility and Transportation Structures

1. Electrical power structures (lines, transformers, switch gear converters, beacons)
2. Communication and microwave stations (reflectors, towers, equipment)

3. Roads, railroads, bridges, overpasses, tunnels, retaining walls

k. Air navigational facilities (beacons, marker stations)
5. Airfields and parking areas

6. Marine and waterfront structures (piers, bulkheads)

C. Hydraulic Structures

1. Earth, rock, or concrete dams, outlet works, control structures

2. Reservoirs, lakes, ponds, sumps, forebays, afterbays, and adjacent shores and slopes 
(for wave generation)

3. Canals, pipelines, siphons, surge tanks, elevated and surface storage tanks, distri­ 
bution systems

4. Water storage, cisterns, distribution, processing stations

5. Petroleum products (liquid and gas) storage, handling, piping, processing stations

0. Earth Structures

1. Earth and rock slopes (for potential Instability determinations and predictions of 
damage to roads, fields, stream contamination, hazards to persons)

2. Major existing landslides, land creep areas, snow, Ice, or earth avalanche areas, 
subsidence areas

3. Natural or altered sites with scientific, historical, cultural, or ecological sig­ 
nificance (pueblo dwellings, scenic rock formations, historical landmarks, archaeo­ 
logical sites)

4. Berms, dikes, banks

*URS/John A. Blume & Associates, Engineers, Effects Prediction Guidelines 
for Structures Subjected to Ground Motion, JAB-99-115, July 1975.



E. Special Structures and Items

1. Conveyor systems, tramways, cableways, flumes, ski lifts, trestles, headframes, 
personnel lifts

2. Ventilation systems, stacks

3. Mobile equipment, rolling stock, vehicles, drillrigs

k. Towers, poles, signs, frames, antennas

5. Material storage, ore heaps, elevated bulk storage, tailings piles, gravel plants, 
tailings ponds, corrosive fluid storage

6. Agricultural equipment, irrigation lines

7. Furnishings, shelf goods, roof-mounted air conditioners, bric-a-brac, dishes

tr\t
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Population and Housing Statistics 
for Cities of the Study Area
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TABLE E-l 

CLASSIFICATION OF DAMS WITHIN STATE JURISDICTION

FRESNO COUNTY

TYPES

G«ovttjr

Constont Ro^ius Aick

VoiioMe Rodiut Aick

Multiple Arch

Eo.tk

EonK end Peck

Rock F.ll

HydioJ.C Fill

FlcsHboord & Buttress

Slob & Butness

Crib

Reinforced Cone Tonk

~ TOTALS

Nwmb.. 

 1

D«m«

2
8

1
7

1
2

3

24

HEIGHT IN METRES

7 IS

3

3

6

ISJS

7

2

1

10

4S-Up

2
1

1
2

2

8

HEIGHT IN FEET

4-49 S3-U? ISO-U*

CAPACITY IN cutic METRES x «r'

70-J70

3

1

4

I?G 
1 700

3

3

1

7

! i'X 
17CX

2

3

1

6

n? :c: |i;c yx- 
i:;.ooo | i. COP

1

1

2

1

2

2

5

O

CAPACITY IN ACRE FEET

IS-W IOO-9V7 5 OCL 
99T,

J5 CCC-
99. »«

lor.&y.-
& C/<rt

VOLUME IN CUBIC MET RES X 19*

>x*c-
4

3

2

5

*fc

2

2

(.je

2

1

3

3S.76

1

2

3

76290

2
1

2

5

3«- 
740

760 
JEM

1

2

3

3 eOO 
& 0.,.r~

i

i

O

1

1
VOL'JME IN 1 Oj~-CUSlC YARDS

>jnoc-

s s-;o last SU1CC ioc.icr sec
1 COC

1 OCO-
s:oc

s.ooo
&CVe,

KERN COUNTY

TYPES

Giovitjr

Constoni RoriiuS Arck

Vcr.okle Ro4i->: Arch

Multiple Arck

Eo.th

Eonk and Rock

Rock Fill

HydrouliC Fill

Floskboord & Buiness

Slob & Buttress

Crib

Reinforced1 Cone Tonk

TOTALS

 I
Oemt

1

10

11

HEIGHT IN METRES

?.IS

1

9

10

ISJS

1

1

-5-1*

HEIGHT IN FEET

4-4? SO-U9 iSC-Up

CAPACITY IN CUBIC METRES x t?'

70-170

1

1

IK. 
\ 700

5

5
CAPACITY

1S-9? ICO-V79

irc:c

2

2

1? CC-

2

2
IN ACRE-FEE

i oa
99T, S£

i;;-ooc-

1

1

T

to-.-

0

VOLUME IN CUBIC METRES X ID 1

Jrx*-

4

1

1

4^ «3£

1

1

VOL'J^E

l>oe-

s s-:o KXSt

35-76

3

3

76ioO

3

3
IN j o?;-cusic

». 100. JOC

28C. 
760

3

3
YARDS
sec

I.GGC

760 
J.EOO

I 000- 
SCvO

3 nOO o

5.000
S.0...

O Capacity not specified O Volume not specified



TABLE E-l (Continued) 

CLASSIFICATION OF DAMS WITHIN STATE JURISDICTION

KINGS COUNTY

TYPES

Gravity

Constoni Radius A>ck

V«ii«ttlc Rod.v* Arch

Multiple Aich

Eorth

EoiiK and Reck

Reck Fill

Hyd'oulic Fill

FlesKboerd & Buiiiesi

Slob & BuHies*

Crib

Rcintoiced Cone Tenk

- TOTALS

Nwmt»«. 

 1

o.«.

6
1

7

HEIGHT IM METRES

MS

6
1

7

I5JS *5-U»

HEIGHT IN FEET

A-«9 SO-U9 150-U,

CAPACITY IM CUBIC METRES X 1?'

7a«70

3
1

4

I?C 
1 700

3

3

! i'X
irrc

i? cc: |i;: ooc-
t7:.OOCJ j t COP 0

CAPACITY IK ACRE-FEET

15-99 IGO-V*
\ ca:
99T.

10 OGC-
99. «K

icxr.&y.- 
&c/~-

VO'.UME IN CUBIC ME 1 R E S X ID '

J~6r-

t
4-§

1
1

2

+jt

  1

1

35 76

1

1

7t2sO
3BC- 
740

760. 
3cOO

JeOO 
t Cw.

 

VOLUME IK 1 077-CUSIC TAROS

kver-
5

5-'.0 10-56 iUlOC 100-i-X SCO
100C

  cco- 
sccc

S.QOO
&C.r.

0

---

3

3

LOS ANGELES COUNTY

TYPES

Gi««ily

Censient Rodiu* Arch

VcnoMc RoH..i-, Aick

Multiple A.ck

Eo.in

Ee'lk end Rock

Reck Fill

Hyd.eulic Fill

FloiKbooid & Buti'tss

Slob & Buttress

C.ik

Reinforced Cone Tank

TOTALS

Nvmb*. 

 1 

Oomt

6

4
3
2

48
4

2
7

7

83

HEIGHT |M METRES

715

1

1

18
1

1

6

28

1SJ5

3

3

1
21

1

6

1

36

'S-U,

2

3
1
9
2

2

19

HEIGHT IM FEET

*-«? U.U9 isau.

CAPACITY IM cuoc METRES x i?'

70-170

2

13
2

1

6
24

I7C-
1 700

2

2
1

22
1

1

1

30

CAPACITY

15-99 100-979

! i-X.
i:c:c

3

1
2
7

4

17

ir.cc:-
I?JOO'J

1

1

5
1
1
1

10

IN ACRE. FEE

ica
99V,

ic '.< :-
V,*K

i;:ooc.
6C*»

1

1

2

o

7

iK.oa,
t G~<

VOLUME IM CUBIC METRES X I9 1

!>«*  

4

3

1

4

4.6

2

4

6

 -JC

4

2
12

1

2

21

3«.76

1

2

7
1

11

?t:oO

1

1

9
1

3

15

3BC- 
760

1

5

3

9

760- 
7.EOO

7

1
1

  

9

3*»
I O.r-

    

2
1

1

4

O

3

1

4

VOLUME IM i.osr.cusic YARDS
LKic-

5
S-'.O io.sc SMQC IOG. sa sa

tax
1000-
s:<«

5000 
'.O."

O Capacity not specified O Volume not specified 

f3it



TABLE E-l (Continued) 

CLASSIFICATION OF DAMS WITHIN STATE JURISDICTION

MONTEREY COUNTY

TYPES

G«»»lly

Constonl Radius Arch

Voriohle Radius A»ch

Multiple Arch

Earth

EortH end Reck

Reck Fill

Hydraulic Fill

Fleshbocrd & Butfess

Slob & Butttess

Gib

Reinforced Cone Tonk

- TOTALS

Hwmko. 

 1 

D.m.

1

4
1

6

HEIGHT IN METRES

J-li

1

1

ISJS

1

2
1

4

<VU»

1

1

HEIGHT IN FEET

6-49 S3.IJ7 ISO-Dp

CAPACITY IN CUtlC MET7ES Z 17'

70-173

1

1

2

17&. 
1 700

1

1

! i'X.
irrc

1

2

3

n? :c: |ii: yx-
17..CWJ | t Cvr> o

CAPACITY IN ACSE-FEET

15-99 IC0.9VJ > CO. 
IT*

'.OOOC- 
99.9*;

IOC.&X-
to^

VOLUME IN CUBIC «EI RES x 10'
> *  
t 4fc

1

1

 -je

1

1

35 76 76290

1

1

3W- 
760

760- 
3.E73

1     

1

1

J.cOO
to.,. O

2

.__.

2

VOLUME IN » o;%cusic Y**DS
Lrcer

5
5-*.G 10. SC SO.ICC ICX^S-X

SuC
100C

I.OM- 
iKC

S.ODC 
tOvrr

ORANGE COUNTY

TYPES

CfOrily

Ceoslont Ror)<uS Arch

Vcnohle Ro't..M Arch

Uulnple Aich

Eenh

Eenh end Peck

Rack Fill

H y dieulic Fill

FloiKbooid & Buttress

Slob & Buttiess

Gib

Reinforced Cenc Tenk

TOTALS

Nu»b« 

 1 

Oam>«

27

2

29

HEIGHT IN METRES

7-15

7

1

8

15J5

17

17

<iUp

3

1

4
HEIGHT IN FEET

«-«? so-u? iSO-Up

CAPACITY IN CUBIC METRES x t;-

70-170

7

2

9

I7C- 
I 700

11

11

CAPACITY

1S-99 IOO.V79

! V'X.
ircrc

8

8

ircc:
!?:  303

1

1

;:;-KC- 
to.- O

IN »CRE-FEfT

1000 
9 9V,

10 :or-
9V.«-«

JOC.BOO- 
&G~>

VOLUME IN CUBIC METRES X 19 1

i>«»r-
4

1

1

46 ii£

7

7

3476

1

1

7t JaO

9

9

2K- 
760

5

5

760-
3. £00

3

  .

3

VOLUME IN i.o3:.cusic YARDS
Ooe-

5
S-'.O 10. SC SU1X 10C.iGC

56C 
1 CCC

1.000-
s:oo

3 SCO
e. o.». o

1

2

3

S.ODO
R.O.*.

O Capacity not specified O Volume not specified



TABLE E-l (Continued) 
CLASSIFICATION OF DAMS WITHIN STATE JURISDICTION

RIVERSIDE COUNTY

TYPES

G'O*ily

Constenl Rodiu* Atcn

Voiiehle Rediv* Arch

Multiple A.cn

Eerth

EenK end Pock

Rock Fill

H r d'0ulic Fill

Flcshboc'd & Butties*

Slob & Buiue&s

Gib

Reinfoiced Cone Tank

- TOTALS

N ui»tk*> 

 1

0«">«

1

2

20

1

24

HEIGHT IN METRE!

MS

13

13

li-IS

1

1

6

1

9

<S-U»

1

1

2
HEIGHT IN FEET

6-«9 50. U? ISO-U*

CAPACITY IN cueic METRES x >: 

70-170

4

4

I7C 
1 700

11

1

12

! i'X
irr:c

4

4

M? cc: |i;; ?ou
i:;.oaj 1 1 o.r.

1

2

3

1

1

O

CAPACITY IN AC3E-FEET

15-99 1QO-W* > co: 
997;

:o:oc-
99. W?

irc.ca-
&b~"

VOLUME IN CUBIC METRES X 10 '

>*  
4

   >

4»

1

1

».je

1

2

6

9

35-76

7

7

7(3oO

1

1

2

380- 
760

2

2

760. 
3.EOO

1     

I.eOO
4 Or-

3

3

O

VOLUME IN i Oj'.cusic YARDS
Liner-

s 5--.0 10- SC SU1CC 10C-ICC
ttO
too:

! 000- 
iC'jO

s.oco
& G»rr

SAN BENITO COUNTY

TYPES

Grovity

Consioni Roriius ArcK

VcnoSle Ro4»i: Arch

Multiple A.cn

Eenh

Eo'tn end Pock

Rock Fill

Hydroulic Fill

FloiKboo,d *. Bun.ess

Slob & Buttress

Crib

Reinfo'ced Cone Tenb

TOTALS

 I
Oemt

6

1

7

HEIGHT IN VEI*ES

7 IS

5

5

1SJS

1

1

2

<S-UP

HEIGHT IN FEET

6-4? SO-U9 150-Up

CAPACITY IN CUBIC METRES X I?'

70-170
1 700

4

1

5
CAPACITY

IS-99 IOO-V79

ircrc

1

1

12;- ooo

1

1

'i(£"
O

IN ACJtE-FEfT

JS
c »r- IOC.5K- 

t (s~*

VOLUME IN CUBIC METRES x 19'

t -4 jse

1

1
VOLUME

Uno.r S--.0 .0*

3*76

2

1

3

742oO

1

1

38C- 
760

1

1

3 EM
3 SCO 

 . 0.,.

  

O

IN i c:;. CUBIC YARDS

iUlOC 00- 5GC
sec

IOOC
l.OOO- 
S.MO

s.ooo

O Capacity not specified O Volume not specified

J XI  »



c
TABLE E-l (Continued) 

CLASSIFICATION OF DAMS WITHIN STATE JURISDICTION

SAN BERNARDINO COUNTY

TYPES

GlOTity

Constont Rodms Arch

Vcriohlr Rodnj* Arch

Multiple ArcK

Eo.tK

EoriK end Peck

Reck F.ll

Hrdrou lfC Fill

Flcvhbocrd & Buttress

Slob & Buttress

Crib

Reinforced Cone Tonk

TOTALS

Nttmb*> 

 1

D«">»

1

2

16

4
1
-

1
25

HEIGHT IN METRES

MS

1

10

3

14

ISJS

2

4

6

«S-U»

2

1

3

HEIGHT IN FEET

6-49 50-147 150-Up

CAPACITY IN CUtlC UET3ES X 1?'

70170

1

9

2

1
13

170 
1 700

1

5

1

7

! i'X
irrc

2

2

117 :c: |i>: yx.
17^.300 | £ C~i-

1

1

1

3

0

CAPACITY IN *C»E-FEET

15-W 100-VW 1 ML 
99T.

100JC- 
9<5.W?

lor.oa:- 
to^

VOLUME IN CUBIC UETRES x 10'
>«Jr-
t

1

2

3

44

1

1

 -U

6

1

7

35-76

3

3

76390

3

2

5

380- 
760

760 
3EOO

1     

1

1

2

3eCO 
& O-r-

1

1

2

o

l"

1
2

VOLUME iw i 073-CU5IC Y*»DS
kmr:

5
5-;o 10- SG 5U10C lOC-'CC 500 

IOOC
1.000-
i:oc

5.000
& <3ve-

SAN DIEGO COUNTY

TYPES

Groriljr

Conslont Rorims ArcK

Vciiohle RoHiv. Arch

Multiple Arch

Eoilh

Eorlh ond Rock

Rock Fill

Hydroulic Fill

Flashbood & Buttress

Slob & Buttress

Gfb

Reinforced Cone Tank

TOTALS

Humbri 

 1 

Dem«

1

1

1

11

1

1

16

HEIGHT IN METRES

7-15

1

3

4

ISJ5

1

1

6
1

1

10

'S-Un

2

2
HEIGHT IN FEET

6-0 50- U? iSO-Up

CAPACITY IN CUS1C UETRES J IT'

70-I70

1

3

4

170- 
1 700

1

5

6
CAPACITY

15-W IOO.V79

! i'X-

ircrc

2
1

3

i:cc:
17 j »'j

1

1

2

i;; KC-
£.C 

1

1

IN ACRE- FEET

1 OOt
99V,

10:0:- 
yf.*^

IOt.«C.
to 

o

"

VOLUME IN CUBIC METRES X 19'

l>«*.
t 44 e Jc

1

3

4

3576

 

1

1

2

763oO

1

1

2

3K- 
760

1

1

2

760- 
3.EOO

1

2

 

3

3 SCO
& 0»r. o

3

3
VOLUME IN i.o;:.cusic YARDS

(Jnor- 

2
S-'.O 10-50 SUIX IOC.50C

see
10CC

I.K6- 
5. MO

5.000
P. O.cr

O Capacity not specified O Volume not specified 

ivU



TABLE E-l (Continued) 

CLASSIFICATION OF DAMS WITHIN STATE JURISDICTION

SAN LUIS OBISPO COUNTY

TYPES

Giovily

Constant Radius Atck

Variable Radiut ArcH

Multiple Arcb

Eank

Eo'tK and Pock

Rock F.ll

Hydroulic Fill

Flcshboc.d & Buitiess

Slob & Butiress

Crib

Reinforced Cone TonV

- TOTALS

N*mt,» 

 f

0.-.

11

11

HEIGHT IH METRES

?->S

4

4

ISJS

5

5

«su»

2

2

HEIGHT IN FEET

6-«9 iO-U? ISO-U*

CAPACITY IN CUBIC METRES t ir'

70-170

1

1

170 
1 700

7

7

! i'.C
i:r:c

117 :c:
IJi.OOO

2

2

p;; %c-
& C~r-

1

.,

1

o

CAPACITY IN ACRE FEET

IS-99 100-V/> 1 ML 
99T.

'.OOJC- 
99.9«

lor.&x- 
to«~

VOLUME IN CUBIC uETBES X 13 '

Jn<c-

4
4.»

1

1

« je

3

3

35-76

1

1

TiJaO

3

3

3»- 
740

760 
3£M
    

_3

3

3eCO 
& O-rr O

---

VOLUME IN » 07^-cusic YARDS
Lrar

5
V.O 10-56 SUIOC IOC- SCC SCO

1 COC
1.000.
s:oc

5.000 

&O.rr

SANTA BARBARA COUNTY

TYPES

G(0<Mly

ConSlont Radius Arc*

Vciiohle RO^M/I Arch

Multiple ArcK

EorlK

Ea'lk and Pock

Rock Fill

Hydraulic Fill

Floshbocrd & Buttress

Slob & Buttress

Crib

Reinforced Cone Tend

TOTALS

Mumbr

 1
Do-»

1
a

6

5

HEIGHT IN METRES

7.15

2

2

15-1$

1

4

5

4i-Up

1

1

HEIGHT IN FEET

6-O yvu? '50-Up

CAPACITT IN CUBIC UETAES » i?-

20-J70

1

1

170.
\ 700

4

4
CAPACITY

IS-97 1CO-V79

! i'X
ircx

-

1

1

2

i: cc:
IXX'J

1

1

i:: ooc-
6 O-~ 0

IN AC9E.FEE*

1 OCC
9*v;

i o '»:-
V,*K

lor.yx-
t C/'T.

VOLUME IH CUBIC METRES X ID '

Lktdr-

4
4-S J.je

1

2

3

VOLUME
Oar-

3
s-:o 10. se­

as 76

1

2

3

7c:oO

2

2

3K- 
760

760- 

? EOO
3 SCO
I CVe.

.     

O

IN I Cj'-CUSIC YARDS

SUIOC 100. SOC
sec

1 CCC

I.OuO- 

Sl'jC

S.OOO 
tew-

O Capacity not specified O Volume not specified



TABLE E~l (Continued) 
CLASSIFICATION OF DAMS WITHIN STATE JURISDICTION

TULARE COUNTY

TYPCS

Groviljr

Conslonl Rodm* AieK

VcMoKle Rod.** ArcK

Multiple ArcK

EortK

EoiiK and Rock

Rock Fill

Hy dioul.c Fill

FIcsKbocid & Butties*

Slob & Buiuess

Gib

Reinforced Cone Tonk

- TOTALS

N«mb«. 

 1 

Don>«

3

2

5

HEIGHT IN t/ETRES

7-lS

3

1

4

ISJS

1

1

41-Up

HEIGHT IN FEET

6-«9 SO.U? 150-Up

CAPACITY IN CUtIC METRES X 1?'

70.170

1

1

170 
1 700

3

1

4

! iCC
i:rc

i«7 :c:
iri.aoo

|i;; oou
&&.r. 0

CAPACITY IN ACRE- FEET

15-99 IGO-vT? i crx
99T,

;o:cc-
99.99?

10: &x-
£O«-

VOLUME IN CUBIC UEI REV x ID'
>x»r-

I
4i i-JZ 3S76

1

1

76230
3BC- 
7M5

760- 
3EOO

3 eCO 
& 0>r'

VOLUME IN \ G73-CU3IC YARDS

uror-

5
5--.0 10-SC SUICC IOU1-X1 XC

1 OOC
1.000- 
5C-OC

S.OCC
&CVrr

o
JL

' 1

4

VENTURA COUNTY

TYPES

G'OTity

ConStont RoriillS AicK

VcnoMe Ro4««M AicK

Multiple ArcK

Ee.tK

Eo'iK end Rock

Rock F.ll

H rdioulic Fill

FloiSboo.d & Butties*

Slob & Buttress

Crib

Reinforced Cone Tonk

TOTALS

Numbr 

el 

Dom»

1

2

8

11

HEIGHT IN t/ETRES

715

1

1

4

6

15-15

3

3

41-Up

1

1

2
HEIGHT IN FEET

6-47 30- U? 150- Up

CAPACITY IN cutsc METRES * t?-

70- !?0

3

3

I7C-
1 700

1

3

4
CAPACITY

IS-99 100-979

: >it. 
i: c:«:

1

1

2

i: cc:
IJi OO'j

1

1

i;;ooc- 
&&> »

1

1

IN 1CRE-FEE7

ica
99V,

IC'.OC- 
^..9'A

lOt.OOC-
t o 

o
VOLUME IN CUBIC METRES X 10*

>«*  
t

1

I

48

1

1

  3£

1

?

3

35.76

1

1

763oO

1

1

2K- 
760

760
;soo

?

2

3i)CO
& o.«- o

1

1

  .

2
VOLUME IN i o:;-cu3ic Y*RD*

l>oc-

5
S-'.O 10- SC SU1K 1CC-SOC

500
1 OOC

I OO- 
S.MO

5.000 
^.Cw«

O Capacity not specified O Volume not specified



TABLE E-2 

CLASSIFICATION OF DAMS WITHIN FEDERAL JURISDICTION

FRESNO COUNTY

TYPES

Gio*ily

Consioni Rad>us AicK

VctioHle Rodiu* Arcn

Multiple Atck

EoriK

Eo'iH end Poc«

Rock Fill

Hyd'Oul'C Fill

Fleshboo'd & Buttress

Slob & BgMress

Cr.b

Reinforced Cone Tonlt

TOTALS

NumS«> 

 1

D«-«

2

1
2

5

HriCKT IN METRES

2IS

1

1

ISJS

1

1

2

<VU»

2

2
HEIGHT IN FEET

6-49 iO-U? ISO- Up

CAPACITY IH CUBIC METRES s :: 

70-1 JO
170 
1.700

\ : :<, 
i:r<

1
1

2

«7 :c: -I'.;; :<*,. 
i:-.yol t u-

1

1

2

2

o

CAPACITY IH AC3E FEET

IV99 100-999
1 MC. 
99T.

1C-MC- 
99.99S

OC OOC- 
& Ox-'

VOLUME IH CUBIC UETREV x 13'
Jntr-

t
'.t   Ji 35-76 71 :oO 

<     

JSC- 
760

760 
2 ECO

JeOO
t O.r-

2!

2  

4
VOLUME IH i Oj:-cusic YARDS

kvvr- 

5
5-:o lasc S^KX JOC-S-X

SOC 
1 COC

1.000. 
SXfi

50X 
&CWr<

o

..1

1

1

KERN COUNTY

TYPES

Gronly

Constonl Radius Arcri

VcnoMe Ro4iv. Arch

Multiple Arch

Eorlk

Eo'tK end Pock

Rock Fill

HydtCuliC Fill

FlosSbocrd i Buiiress

Slob L Buttress

Cr,b

Reinforced Cone Tontt

TOTALS

Nv«Sr. 

 1 

Dom,

1

1

HEIGHT IN METRES

MS IS-lS <1U>

1

1

HEIGHT IN FEET

6-49 SO.U9 150-U,

CAPACITY IN CUBIC METRES i ir-

70-170
:?c. 

« /oc
! i'X
;r c:-:

i: :t: 
i?j acvj

i.; KC- 
to 

1

1

o

CAPACITY IH 4C»f.FEET

IS-W 100-999 i ca 
»«r.

K '.o:- 
V'.'rr.

IK.W..
to 

VOLUME IH CUBIC METRES X 13 J

wlor-
«

<6 BJC :j.?6

VOLUME IH I 05?.

l*T»»-

t
S-'.O IO.SC JUIX

u:sO 35C- 
760

760.
?.E:O

1

1

cusic YARDS

lOC-iuC iuC
100C

i ocy> 
s:oo

3»CO 
 , CVr- o

 

iOOO 
F. O-rr

O Capacity not specified O Volume not specified



.
TABLE E-2 (Continued) 

CLASSIFICATION OF DAMS WITHIN FEDERAL JURISDICTION

KINGS COUNTY

TYPES

GiO'ily

Constant Radius ArcK

Vonohlr Rodiui AreK

Multiple ArcK

EariK

Eo'iK and Poc*

Rock Fill

Hrdioulic Fill

Flcshboo'd & Buttress

Slab & Buiiiess

Crib

Remfoiced Cane Tank

TOTALS

Nw«.!»*. 
 1 

D«~.

-

0

HEIGHT IN »£TtES

7li 15-45 45-U.

HEIGHT IN FEET

o-«9 53.U? ISC-Up

CAPACITY IN CUBIC MET3ES Z C'

70-173
J7i

1 700
! i'X

ircrcj
M? ::: |i;c :cc-
I:;DOO| t G.T- O

CAPACITY IN *CSE FEET

15-W 100-979 1 CO. 
99T,

;cco:-
95.«>«

icr.ox-
£ Ur<

VOLUME IN CUBIC UETIES x o'
>«»   

« 4-S  -je 35 76 762oO
JSC- 
740

760
?£M

JcOO
t O-r. 0

VOLUME IN i o;;.cusic VAPOS
i^ar-

5
5-:o 10- Si- 5C^ICC ia,5rJC

50C
1 COC

1.000. 
ICOO

5.000
&0,r:

LOS ANGELES COUNTY

TYPES

Gro*i*r

Constant Radius ArcK

VcnoKle Ro<ii^ ArcK

Muliipie AicK

EortK

Eoiih and Pock

Rock Fill

HydrculiC Fill

Floshboc/d & Bwtiren

Slob & Butiress

C,,b

Reinforced Cone Tank

TOTALS

 I

1

6

7

HEIGHT IN l/ETREi

7-15 15JS

1

5

6

«S4*

1

1

HEIGHT IN FEET

6-4? 50-149 ISO-Up

CAPACITY IN cusic METRES i !? 

70-170
170- 

1 700

1

1

2
CAPACITY

15-99 10X979

1 AC.
;r c:c

5

5

.':V», £.0.^ O

IM AC»E.FEET
1 CO. 
99^ ££ to 

VOLUME IN CUBIC METRES X 19 J

4
44

1

1

5^£ 3S.76 76.^0

1

1

?3C- 
760

760

2

2

VOLUME IN i c;;-cusic Y*»OS
l>«r-

5
5--.0 10. SC 5t~ix. IOC-JOC 50C 

IOOC 5 tCC

: ioo
4 CW-

3

3

O

  ._

5.000

O Capacity not specified Volume not specified



TABLE E-2 (Continued) 

CLASSIFICATION OF DAMS WITHIN FEDERAL JURISDICTION

MONTEREY COUNTY

TYPtS

G'Oviiy

Con»tont Rodmt Aicb

VoiioMe Ro4.u* ArcK

Multiple AicK

EonK

Eo'iK end Poc«

Rock F.It

Hyd-oul.c F.ll

Floihbooid & BuMress

Slob t Bu'iien

C.ib

Reinforced Cone Tonk

TOTALS

Nw~S>«. 
 1 

Domt

0

HEIGHT IN »ETtES

7 IS IS-tt 45-U.

HEIGHT IK FEET

6-49 50-149 ISO-Up

CAPACITY IK cueic METRES s ::-

70170
170 
t 700

i ;-.c 
ircc

n? ::: in; yx-
i::yoi & o O

CAPACITY iw ACRE-FEET

15-99 IOO-TW J  »:
99T,

;oc«x-
99.99?

icc-.oa-
iO/r.

VOLUME IM CUBIC uETRES X I3 J

>*  
4

4.1 sie 3S76 /i3sO 
<     

2SC- 
7iO

    

-

760 
3£CO

JeCO 
6 CV.r>

    

O

- -

VOLUME IM «.oj:-cusic YAPDS
i.*«er

5
v.o 10-SC SO.IOC IOC-5-JC SuC

1 OOC
1.000- 
iXC

5.000
&CWr

ORANGE COUNTY

TYPCS

Gro*,«r

Constant RodiuS Aicn

VcnoHle RO^I-J'- AicK

Multiple Arch

Eorlh

Eo'tK ond Pock

Rock F.tl

Hyd.CullC Fill

FloiKbocrd I Buttress

Slob L BuH'ess

Cr,b

Reinforced Cone Tonfc

TOTALS

Oom,

3

3

HEIGHT IN MEtRCS

715

1

1

I5J5

2

2

41-U

HEIGHT IM FEET

6-4? 50-147 ISO-Up

CAPACITY IM CU£IC UETSES J 1?'

70-I70 i ;co

1

1

\j£. i: sc:
«:;oa^

1

1

i;; KC-
£.0 

1

1

O

CAPACITY IN ACRE-FEET

15-99 100-999 1 CQC 
99V,

ic :< :- iOT COC- 
& O*^»

VOLUME IN CUBIC METRES X 10 J

*> » 
4

4-S 536 3S-76 76-2-

1

1

jjr 

760 ?5So

1

1

3-.00
I Ove.

.     

1

1

O

 

VOLUME IM I.G:;. CUBIC YARDS

i S-'.O 10-56 5UIOC UU*
50C 

1 OCC
IOM-
5UC

5.000

O Capacity not specified O Volume not specified



TABLE E-2 (Continued) 
CLASSIFICATION OF DAMS WITHIN FEDERAL JURISDICTION

RIVERSIDE COUNTY

TYPES

C>a<r<ly

Co« siont Radius ArcK

Variable Radius Arch

Multiple Arch

Earth

Eo"K end Pock

Reck Fill

H rd>eul.c Fill

Floshbecrd & Buttress

Slab I Buttress

Cnb

Reinforced Cane Tank

TOTALS

 i

2
1

3

HEIGHT IH METRES

MS

1

1

2

 SJS

1

1

4SU»

HEIGHT IN FEET

6-49 S3-U9 iSO-Up

CAPACITY IH cuetc METRES x ;? 

70-170
I7C 
I 700

! i'X

1

1

117 :c: |i;;yx- 
i:; xvjj t c 

1

1

o

1

1
CAPACITY IH ACRE-FEET

1S-99 100.999 1 MC
9971

! COX- 
99.99?

icr.oa-

VOLUME IH CUBIC METRES x io j
>»*  « I* 38-76

1

1

7tIoO

1

1

740

1

760

r   

1

1

6 CW. O

VOL'JUE IH 1 033-CUSlC YARDS

Lnor-
s V.O 10- st ^ 10US-JC

1 COC
1.0CO- 
1200

5000

i

SAN BENITO COUNTY

TYPES

Gravity

Constant Ron1 . US Arch

Vcnohlr KoA-j: Arch

Multiple Arch

Earth

Eoith end Pack

Rock Fill

Hydrculic Fill

Floshbocrd *, Buttress

Slob L Buttress

Crib

Reinforced Cone Tank

TOTAL*

el

0

HEIGHT IH METRES

7 IS IS-»S 4i-Un

HEIGHT IH FEET

6-4? SO-149 ISO- Up

CAPACITY IH cusic METRES x i?-

70.170
1 700

CAPACITY

IS-99 100-9W

i i'X
iS

'i'ut
O

IH ACRE-FEET

1 COC 
99",

ww" loc.ccr.- 
«. o^-

VOLUME IH CUBIC METRES x «o'
>«*  

c

48 S.3I

VOLUME

S-:o I0.5C

25.76

IH 1 GJ;

«.«

76:90

C-J3.C

w

2K
760

YARDS

sec
1 OCC

760
?.c:o

i.OW-
s:oo

I .

    

   -

saoo
X.O.e.

O

O Capacity not specified Volume not specified



i TABLE Er2 (Continued) 

CLASSIFICATION OF DAMS WITHIN FEDERAL JURISDICTION

SAN BERNARDINO COUNTY

TYPES

Gto'iir

Constonl Radius Arck

Vor.oHle Ko<t.v\ ArcK

Mull. pie Arch

Eorth

Eo'th end POCK

Rock F.ll

H rd'oul>c Fill

FloiKbood £. Buttress

Slcb I Busies*

C.,b

Reinforced Cone Tank

TOTALS

N«.-b..

 1 
D.-»

1

2

3

HEIGHT IN vETRES

7 li

1

1

liJi

1

1

<SU»

1

1

HEIGHT IN FEET

6-«9 S3-U9 150-Up

CAPACITY IN cueic METRES i :r-

70-170 I7C 
1 700

! iCC-
irc'c

1

1

i«? ::: |ii: :'x- 
i:; x>j 1 1 c-f

~T

1

o

1

1
CAPACITY IN AC*E.FEET

li-99 100-979 ! 00.
99T/ ?".«»;

IOT.O/.- 
«. i/~-

VOLUME IN CUBIC METRES x 13'
**r-

t
' 1   it M.76 /iJsO

JSC 760
7'jO 1 ; E:C

1

I

1

1

I 1

1

JeOO
t O.r-

1

1

O

-

VOLUME IN i o:;-cusic YARDS
1^3 r-

5
5-:o 10- SC s^ia, ico-sa 50C

ICOC

1.000- 

1XC
5.000
t O-c-

1

SAN DIEGO COUNTY

TYPES

doily

Constant Rsdiul ArcK

Vc ..ohl» Ro-l.v-. ArrK

Multiple ArcK

Eorth

Eo«'K or.d Pock

Rock Fill

H r drcul.c F.ll

FloiKbocid *> Suttiess

S'ob L BuMiess

C..b

Reinforced Cone Tonk

TOTALS

rj um bc
 1

Dom,

0

HEIGHT IM METRCS

? 15 IJJS «i-Ur.

HEIGHT IN FEET

6-4? SO-U9 150-Up

CAPACITY IN cusic METRES x u-

:o.i:o :?c.
1 ?CC

CAPACITY

ISW 100-979

! i-.C
:r c:c

i: :t:
l?i»'j

i; k ooc-
i o.- O

IN »CRE.FEfT

» we »« / ,
ic : : :-
^.r/;

loc ? >:- 
to/--

VOLUME IN CUBIC METRES K 13'
^«w-

< 4(   ̂ :»?6 76:90
J3C
760

760
?.£»

2 -CO
i CXe. o

--

VOL'JWE «M i c;:-cusic Y»I?OS
rvt-

j
v.o 10. it suioc IX- SGC

sec
I OCC

i «/ >
S'.00

s.ooo
C. O.e»

O Capacity not specified O Volume not specified



TABLE E-2 (Continued) 
CLASSIFICATION OF DAMS WITHIN FEDERAL JURISDICTION

SAN LUIS OBISPO COUNTY

TYPES

Gio*ily

Consign' Rodigi Arch

Venehle Rodm* Arch

Mult. pie ArcK

Eortk

Eo'th end Poc'i

Rock F.ll

H r d.owt.c F.ll

Flc&hbocrd & Buttress

Slob £ Butnesi

C.ib

Reinforced Cone TenV

TOTALS

N«~b«, 

 1

D.«.

1

1

MCICIIT IN METRES

?li IMS <S-U»

1

1

HEIGHT IN FEET

6-49 50.IJ9 ISO-Up

CApftciTr IN cueic METRES i ir-

TaiTO
170 

1 700
1 i'X
i: c-c

17 :c: |t;; :<*,-
t:; xo 1 1 u-

1

1

O

CAPACITY IN 4C»E FEET

15-99 IGG.999 1 OOC. 
9.9T,

 .COjC- 
W.ftW

iw.oa-
&0~'

VOLUME IN CUBIC METRES x 19'
>xfc"

4
J4   Ji 3o-76

1

1

7(290
2». 
700

760 
3eK

3eCO
t O.r» O

  -

vot'jvif IM i o;;-cu5ic YAKDS
Lroc-

3
S-'.O 10- SC 5^1 OC ICC-MC

50C
1COC

!.«/V
i :oo

5.000
&CWr

SANTA BARBARA COUNTY

TYPES

Gro»iljr

Constant Radius Arch

Vcnohle RO<<"J'- Arch

Multiple Arch

Ee.th

Eoith and Pock

Rock F.ll

H r drcwlic F.ll

Floi^bocrd 4 Bwit.ess

Slob L Butiiess

C.ib

Reinforced Cone Tonk

TOTALS

 i
D.m,

5

1

6

HEIGHT IN METRES

7-15

2

2

I5JS

2

2

<U*

1

1

2
HEIGHT IN FEET

6-4? 50-U9 ISO-U*

CAPACITT IN CUBIC METRES I IV

70-1:0

2

2

'.30. 
1 7CC

2

2

;: c:c
i: a: 'rd^

i
i

2

0

CAP/kCITT IN ACRE. FEET

15-99 100.979 1 CCC
Vi.fr,

IK.CO:-

VOLUME IN CUBIC METRES X I5 J

4
4»   »

1

1

:»76 763,0

2

2

760

1

1

760-
?.E:O

  

vOL'JvE IN i c;;.cusiC Y»P.OS

I 5-:o 10. SC 5^100 ».» 5CC 
IOCC

I (X>> 
5100

JoOO 
( CX."

1 

1

2

O

5000

O Capacity not specified Volume not specified



TABLE E-2 (Continued) 
CLASSIFICATION OF DAMS WITHIN FEDERAL JURISDICTION

TULARE COUNTY

TYPES

GIO»HT

Connoni Radius A«cK

VonaKle RoJ.u* AreK

Muli. pie Arch

Eo.ik

Earth and Pack

Rack Fill

Hrdioul.c Fill

FloiKboord & Buttress

Slab & Buttress

Gib

Reinforced Cane Tank

TOTALS

Nu.»t>«'

 I 
D.m.

1

1

2

HEIGHT IN METRES

Mi ISJ5

1

1

<vu»

1

1
HEIGHT IN FEET

6-49 S&U9 150-Up

CAF-4CITY IN CUBIC METSES X :?'

TaJTO
IJC, 

1 700
! <<X-
irc.Cj

117 :c: I 1.;; c-oc- 
\:\,-jKj\ & u-

1

1

1

1

o

CAPACITY IN AC»E-F£ET

IS-99 I00.9W i orx
99T.

;cc«y-
99.89?

irc.ox-
&lr~.

VOLUME IN CUBIC METRES x ID'
Jndr-

4
44 8 5Z 3e76 7£:sO

J^C- 
710

760- 
3£M

|

JeCC 
£. O.r>r~

i
i

2
VOLUME IN i o3:-cu9ic YARDS

vjnecr

5
V.G IO-5C x-ia jotsa soc

1 OOC
1 000-
t:co

5.000
&o«.

o

TYPES

Gravity

Constant RorfiuS ArcK

VcnoMe Ro-l.-j'. AreK

Multiple ArcK

Eo.tK

Ea'tK and Pack

Rock Fill

HydrcJiC Fill

FlasKbocrd & Buttreis

Slob L Buttress

Crib

Reinforced Co«c Tank

TOTALS

Number 

 1 

0«m»

1

1

2

YENTURA COUNTY
HEIGHT IN METRCi

7.IS

1

1

15-iS <S-U>

1

1

HEIGHT IN FEET

*-«? XLW ISO-U,

CAF-4CITY IN CUEIC METRES * «?'

JO- 1 70

1

1

;jc-
1 200

CAPACITY

15.W 100-999

1 i-X.
;r c>:

17. :c: 
ix-ooj

i:;?x- 
t c  -

1

1

O

IN »C»E FEET
1 CO,
99^.

ic :< :-
Vi.tr,

iK.oa-
i.O 

VOLUME IH CUBIC METRES X JO 1

.>«*  

4
<4   'Jt,

I

1

:«?6 76 "sO
22C-
7rX>

760
? ECO

: «>
'. CXe-

...1.

1

0

 

vot'jvE IM i o::.-custc YAPDJ
*^»c-

5
5--.0 10. St SU100 IK, SCC

sec
1 OOC

l.OCC- 
S'.OC

iOOO 

fcCWr

O Capacity not specified o Volume not specified



o

APPENDIX F 

Detailed Structure Information for Los Angeles Area*

*Data in this appendix were taken from U.S. Department of Commerce, National 
Oceanic and Atmospheric Administration, Environmental Research Laboratories,
A Study of Earthquake Losses in the Los Angeles, California, Area t 1973.
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TABLE F-2 

AQUEDUCTS CROSSING 

SAN ANDREAS AND SAN JACINTO FAULTS

Aqueduct 

Owens Valley

Colorado River 

Colorado River

Owner* Location (Fault)

LADWP

MWD

MWD

California Water CDWR

California Water CDWR

California Water CDWR

Lake Elizabeth 
(San Andreas)

Near Whitewater 
(San Andreas - 
Mission Creek)

Near San Jacinto 
(San Jacinto)

Near Quail Lake 
(San Andreas)

Near Palmdale 
(San Andreas)

Nr. San Bernardino 
(San Andreas)

Description

Unreinforced concrete 
tunnel, 250 feet deep.

Shallow buried re­ 
inforced concrete box.

Part in open charm el and 
part in shallow buried 
steel pipe with some flexi­ 
bility.

Open channel.

2 places, in open channel.

Steel pipe.

Source: Information furnished by respective utilities.

*LADWP: Los Angeles Department of Water and Power. 
MWD: Metropolitan Water District. 
CDWR: California Department of Water Resources.
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FIGURE F-9 MAJOR SEWAGE LINES, OUTFALLS, AND TREATMENT PLANTS.



APPENDIX G

Population and El Distribution 
for Cities of the Study Area



FRESNO COUNTY

APPENDIX G

CITY

r it y A   Uw w

CLOVIS 
COAUtNGA 
FIREBAUGH
FOWLER 
FRESNO
HURON 
HERMAN
KINGS8URG 
MENDOTA 
ORANGE COVE
PARLIER
REEDIEY 
SANGER
SAN JOAQUIN
9ELMA

1975 
POP.

 
20750 
6175 
3420
2250 

175900
2140 
3370
4380 
3470 
3720
2130
9100 
10250
1660
8325

1970 3-OIGIT 1»OIGIT 
POP. *I El

5191
13956 
6161 
2517

  
165972

  
2667
38U3 
2705 
3392

(P

8131
10088

"
7«59

,a,a 4«
,a,4 «- 
»5,5 5-
,a,fl a-
,a,« a- 
,fl.« « 
,*,* 5-
,fl,a fl-
« il Urn

. »*» **

,fl,a «  
fl.J 3
A ll A« , » *  *"
,a,a «  
f a,a a.
,0,4 4-
,4,4 4-



APPENDIX 6 (CONTINUED)

KERN COUNTY

CITY

ARVIN
BAKERSFIELD
DEIANO
EDMRD   U
LAMQNT » U
MARICQPA
NCFARLANO
NOJAVE   U
OILOAlE . U
3HAFTER
TAFT
TEHACHAPI
WA3CO

1975
POP.

5325
76400
15250

 
 

700
4310

 
 

6050
4160
4200
6625

1970
POP.

5199
69515
14559
10331
7007

 
4177
2573

20897
5327
4265
4211
6269

3-DTGIT 
El

4,*, 4
4,S,5
3,5,<»
4,5,4
4,?, 4
S,7,7
3,4,4
4,^,5
4,S,4
4,6,5
*,*,7
4,5,6
4,6,5

1-OISIT 
El

4 +
5»
4
44
U +
6f
a«
5-
44
5
64-
5
5



APPENDIX G (CONTINUED)

KINGS COUNTY

CITV
!        

AVENAU   
CORCOHAN 
HANFORO 
LE*OORE

STATION   U

   

1

1975
POP.
« «    »»<

5700
775A 
5475

 

1970 3-0
POP.
          
J035 « 
52«9 *i
15179 li 
U219 *i
9210 3

,|GIT 1-DIGIT
«I ",.            
,*,* »*
. M 11»5i« a
« a a' ' f 7,%,« ;i^i« a



APPENDIX G(CONTINUED)

LOS ANGELES COUNTY

CITY
.»«.»                       '
ALHAMBRA
ALONDRA PARK   U
ALTADENA   u
ARCADIA 
ARTESIA
AVALON
AVOCADO HEIGHTS   U
AZUSA 
BALDWIN PARK
BELl 
BELIHOWER
BELL GARDENS 
BEVERLV HILLS
BRADBURY 
BURBANK
CARSON 
CERRITOS 
CLAREMONT 
COMMERCE 
COMPTON 
COVINA 
CUOAHY 
CULVER CITY
DIAMOND BAR   u
DOHINGUEZ   U 
DOWNEY 
DUARTC
E LA MIRADA   u
E COMPTON   U
E LOS ANGELES   U 
EL HQNTE 
EL SEGUNDOFLO«ENCE«GRAHAM . u
GARDENA 
GLENDALE 
GLENDORAHACIENDA HEIGHTS   u
HAWAIIAN GARDENS 
HAwTHORNE 
HERMQSA BEACH
HIDDEN HILLS 
HUNTINGTON PARK
INDUSTRY

1975
onpr U" ,

»   »  «   «  '
60500

46400 
15200 
1510

  
25600
43650 
21250
51700 
27300 
32400 

830
85000 
78300
41400 
24950 
9825

68700 
32750 
16250 
37700

 
  

85900 
14900

 

  
66600 
15400

4U350 
132700 
32700

9550 
56000 
19050 
1550

32000 
600

1970
POP,

  »        
62125 
12193
42415
42868 
14757

 
9800

25217
47285 
21836
51454 
29308 
33416

 
88871 
71150
15856 
23464 
10536 
78611 
30380 
16998 
31035 
12234
5980
88445 
14981 
12339
5853

10503}
69837 
15620 
42900
41021 
112752 
31349 
35969 
9052 

53304
17412

 
33744

 

3-DTGIT
fl

!»       

4,5,5 
3,5,5
4,5,5
4,6,5 
3,5,5 
3,4,3
4,5,5
4,6,5
4,6,5 
4,5,5
3,5,5
4,5,5 
4,5,5 
4,6,6
4,5,5 
4,5,5
4,5,5 
4,6|6 
4,5,4 
4,5,5 
4,6,5 
4,5,5 
1,5,5 
4,5,4
4,5,5
4,5,5
4,5,5 
4,5,4
3,5,5
4,5,5
4,5,5 
3,5,5
4,5,5
3,5,5
4,5,5 
4,6,5 
4,5,5 
3,5,5 
3,5,5 
3,5,4 
3,4,4
4,5,5 
4,5,5

1-OIGIT
El

        
5-
4 +
5-
5
44 
34
5-
5
5 
5-
4 + 
5- 
5- 
5*
5- 
5-
5- 
5*
4 +
5-
5 
5- 
5-
4 +
5-
5- 
5-
4*
44
5-
5-
44 
5-
4 + 
5« 
5 
5-
44 
44 
4 
4*
5- 
5-



APPENDIX G (CONTINUED)

LOS ANGELES COUNTY

CITY

INGLCWQOD
IRwlNDALE
LA CANADA.FLINTRIOGE - U
LA CRECENTA   ULADERA HEIGHTS » u
LANCASTER   U 
LAKEwOOD
LA HIRADA 
LAPUENTE
Ik VE«NE 
LAWNOALI 
LENNQX « U 
LOHITA 
LONG BEACH 
LOS ANGELES 
LVNfcOOD 
MANHATTAN BEACH
MAYHOOO
MONROVIA 
MONTEBELLO 
MONTEREY PARK
NExHALL   U
NQRtaALK
PALMDALE
*ALOS VEROES E
PALOS VERGES PENINSULA * U
PARAMOUNT
PASADENA
PICO RIVERA
POMONA
RANCHO SANTA CLARITA   u 
ROOONDO BEACH
ROLLING HILLS 
ROLLING HILLS ESTATE 
ROSEMEAD
ROWLAND HEIGHTS   u
SAN DIMAS 
SAN FERNANDO 
SAN GABRIEL 
SAN MARINO 
SANTA FE SPRING 
SANTA MONICA
SIERRA

1975
POP.

, «  « »    
86000

740
 
»
 

81200 
38800 
29600 
17350 
23750

 
19350

339600 
2720600 

38250
33600
16600 
29000 
45650 
48350

 
86500
10800 
14b50

30950 
109400
53300 
80900

 
64400 
2040
7550

39450
 

17050
15300 
28750
13600
16000 
93000
12050

1970 J»OtGlT
POP. fl                        
89985 5,5,5

j« j K  4,6,5

2 0714 **l'l
19620 «t*i2
6535 *,*,5
30948 5,7,7
82973 !»*»* 
30808 a*%|| 
31092 «!« ' 
12965 «,*»* 
24*25 3,5,5
16121 I'*'*
19784 3,5,4

358633 l'l»* 
2816061 «»5»* 

43353   ;»* 
35352 5,5,5
16996 *, **2 
30015 *** * 
42807 *f5,5 
49166 4,5,5
6951 <»'*»*
91827 «,* *
8511 *»»i 8 
13641 3,4,1
38914 IfJ.J
34734 <»^»' 
113327 «*;»5
54170 tt,5i« 
87384 4,6,6 
4860 4,5,5
56075 5,S,4 

3,4,3
7545 3,4,1
U0972 «,5,5
16881 «,5,5
15692 «»5,5
16571 < »* * 
29176 «i5»*
14177 «»«f5
1«750 <»,50 
1^8289 3, 5, j|
12140 *»»* '

1-DIGIT 
El

,       
4t 
5
5»
5
44
64 
44
44
5- 
5*
44 
44
4

5- 
5-
44 
5-
5- 
5- 
5- 
5*
5-
7*
3* 
3*
5-
5- 
5-
5* 
5-
4 
3* 
3*
5«
5-
5- 
S
5- 
5-
5-
4 
S



APPENDIX G (CONTINUED)

LOS ANGELES COUNTY

CITY

SIGNAL HILL
3. EL HONTE
S. SAN GABRIEL   U 
SOUTH GATE 
S. PASADENA 
S. SAN JOSE HILLS   U 
S WHITTIER   U 
TEMPLE CITY 
TOPRANCE
VALENCIA   U
VALINDA   y
VERNQN 
VIEW PAR««W1ND30R MILLS - U 
WALNUT 
WALNUT PARK   U 
w ATHENS   U 
fa CARSON   U 
W CQMPTON   U 
WEST COVINA
« HOLLYWOOD   u
fcESTMQNT - U 
* PUENTE VALLCY   U 
w WHITTIER   U 
WHITTIER 
WILLOW BROOK   U

1975
POP.

5625 
14100

 
54100 
22950

»

30050 
134100

  
  

230
 

7075
  
  
  
 

74400
  
  
  
  

71500

1970 
POP.

5588 
13443 
5051
56909 
22979 
12386 
46641 
29673 
134584 

4243
16837

»
12268 
5992
8925 
13311
15918 
5605 
68034 
29448 
29310 
20733 
20845 
72863 
28705

3-DTGIT 
11

3,5,5
4, ,5 
4, ,5
4, ,5 
4, ,5 
3, ,5 
4, ,5 
4, ,5 
3, ,4 
4, ,6
4, ,5 
4, ,5
4, ,5 
4, ,5 
4, ,5 
3, ,5 
4, ,5 
3, ,5
4, ,5
4, ,5 
4, ,4 
4, ,5 
4, ,5 
4, ,5 
4, ,5

1-DIGIT 
El

4 + 
5- 
5-
5« 
5-
4 + 
5- 
5-
4 
5*
5- 
5-
5- 
5- 
5-
4 + 
5- 
4* 
5- 
5- 
4 
5» 
5- 
5- 
5-



APPENDIX G (CONTINUED)

MONTEREY COUNTY

CITY

CARMEL 
CARMEL VALLEY   U 
CASTROVILLE » U
DEL REY OAKS 
GONZALES 
GREENFIELD 
KING CITY 
MARINA   U 
MONTEREY 
PACIFIC GROVE
SALINAS
SAND CITY 
SEASIDE 
SOLEDAD

1975
POP.

4700
  
 

1760 
2660 
3360 
4320

29250 
16600
66600

210 
33950 
4760

1970
POP,

4525 
3026 
3235

2575
2606 
3717 
6343 

26302 
13505
56696

  
35935 
4222

1-DIGIT 1-DIGIT 
*I El

*,?i2 
2,3, 
.1.
»*»
*"» 
*«  
*«* 
l^i 
,3,i 
,?,i

! 2 
3- 
3- 
3-
3* 
3* 
3* 
3* 

2 2*
2 2  * _

2,^,3 *-
2,!li3 3- 
9t1t* 3-
3,4,4 4-



APPENDIX G (CONTINUED)

ORANGE COUNTY

CITY

ANAHEIM
BREA
BUENA PARK
CAPISTRANQ BEACH . u
COSTA MESA
CYPRESS
DANA POINT * U
EL TQRQ   U
EL TORO STATION   U
FOUNTAIN VALLEY
FULLERTON
GARDEN GROVE
HUNTINGTON BEACH
1RVINE
LACUNA HILLS « u
LAGUNA NIGUEL
LACUNA REACH
LA MABRA
LA PAL"A
LOS ALANITOS
HISSION VIEJO   U
NEWPORT BEACH
ORANGE
PLACENTIA
SAN CLEWENTI
s J CAPISTRANO
SANTA ANA
SEAL BEACH
S LAGUNA » U
STANTON
TU3TIN
VILLA PARK
WESTMINSTER
YQRBA LINDA

1975
POP.

19J800
22450
63300

m

77500
40700

 
 
 

51100
92*00
119600
146400
50850

 
 

15150
43800
14750
11750

 
60300
66100
30250
20650
11750

I7a600
27300

 
23250
26050
6200

69200
20700

1970 3-DTGIT 
POP. II

166701 4,?,S
16447 4,3,4
63646 4,3,5
4149

72660
11026
4745
6654
6970
31626
65626
122524
115960

^
13676
4644

,4,4
,5,4
,3,5
,4,4
,3,5
,3,5
,3,4
,5,3
,
,
,
,
,

14350 3,
41350 4,
9667 4,
11346
11933
49422
77374
21946
17063
3761

156601
24441
2566
17947
21176

,
,
,
f
,
,
,
,
,
,
,
 

2723 4,

,5
,«
,5
,5
,3
,«
,«
,«
,5
,«
i«
,«
,5
,3
,a
,5
i«
,3
,5
,5
,5

39865 3,5,5
11A56 4,3,4

1«DIGIT 
El

5-
44
5-
4*
4
44
4»
4 +
4 +
4
5-
44

4
44
44
3*
« 
44
44
44
4
4
5-
* 
3
4»
44
4
3*
44
44
5»
44
44



APPENDIX G (CONTINUED)

RIVERSIDE COUNTY

CITY
»               
BANNING
BEAUMONT
CATHEDRAL CITY
COACHELLA
CORONA
0, HOT SPRINGS
EL3INQRE
GLEN AVON
HEWET
HEMET E   U
HOME GARDENS  
INDIAN *EUS
IND10
MIRA LOMA   u
NORCO

DESERT 
SPRINGS

PERRIS 
RIVERSIDE
RUBIDOUX   u
SAN JACINTO 
SUN CITY   U
SUNNYMEAD   U

U

IQ75
POP.

12000 
5*50

 
7950

30000

3BOO
 

16700

IttOO 
17*00

  
16250

27350
5025

I5iaoo

5025

1*70 
POP. 

«»»»  >  
1203U 
5U8U 
36UO 
B353 
27519 
3728 
3530 
5759 
12252 
B598 
5116 

 
1«U59 
BOB2
1U511 
6171
20936
4226

140069
13969 
U365 
5519 
6708

3-DTGIT 
 1

fl,5,5

3i5|5

1-DIGIT 
El

a»
a-
5-
a-
3*
5-
a*
a
5»
a- 
« 
5- 
5-
a- 
« 
5- 
5- 
5-
0* 
5-



APPENDIX G (CONTINUED)

SAN BENITO COUNTY

1975 1970 3-DTCIT 1-DIGIT

CITY POP.
»   «»    « «      «   «             » <
HOLIISTER 8575 
S J BAUTISTA



APPENDIX G ^CONTINUED)

SAN BERNARDINO COUNTY

CITY

AOELANTO 
BARSTOW 
BIG BEAR   U 
BLOOHIMGTQN   U 
CHINO 
COLTON
CREST FOKEST «u
CUCAMQNGA   U 
FPNTANA 
FORT IRWIN . U
GEORGE   U
GRAND TERRACE « U
HESPERIA   U
HIGHLAND
L ARROWHEAD   U
LEN*OOD   U
LO*A LINDA   U
MQNTCLAIR
MUSCOY   u
ONTARIO
REDLANOS
RIALTO
SAN 9ERNARDINO
29 PAL«S   U
29 PALMS BASE   U
UPLAND
VICTHRVILLE
YUCAIPA   U
YUCCA VALLEY   U

1975
POP.

22C 
1861

m

?65«
203C

235

10 
 0
1 

1

iO 
10

0

22200
 

60000
37500
31700
106300

 
m

36000
12650

 
 

1970 
POP.

  
17002 
5268
11957
20011 
19970 
3509 
5796 
20673 
2991
7004
5901
4592
12669
2662
3634
9797

22506
7091

64118
36355
28370
100251

5667
5607
32551
10805
19261
3893

3-DTGIT 
*I

4 9 6,6 
3*4,0 
4*4,4 
4*6*6 
4,6*6 
4*6.6 
4*6,6 
*,6*5 
5*7,6 
4*4,4
4*6,4
4, ,6
5* *5
4* ,6
4, ,4
3* *5
4* ,6
4* ,6
5* *6
4* **
4* ,5
5* *6
5* *6
1* *4
3*4,4
4*6,6
4*6*5
4,5,5
3*4,3

l-DIGIT 
El

54 
0» 
0 
54 
54 
54 
54 
54
6
0
5-
54
54
54
04
04
54
54

6
54

5
6»
6*
4*
4»
54
5
5-
34



APPENDIX G (CONTINUED)

SAN DIEGO COUNTY

CITY

CAPUSPAD 
E3CONOIDO 
OCEANSIDE 
3AN MARCOS 
VISTA

1975
POP.

20000 
48050 
54900 
9400 
86600

1970 3-DTGIT 
POP. fl

149UU 
36792
aou9a

2U666

,a,a 
fill
fO|4 
»S»3 
,3,3

t-DIGIT 
II

a* 
3 
a* 
3 
3-



APPENDIX fi (CONTINUED)

SAN LUIS OBISPO COUNTY

CITY
, ««      « »«« *«    »    * 
ARRQYQ GR4NHE
ATA3C40ERO   U
8AY*000»LOS OS09   U|
EL PASO ROBLES
GROVER CITY
MORRO BAY
NIPO*O - u
OCEANO - U
PI3*0 PEACH
SAN LUIS OBISPU

1975 
POP. 

      «       
6525

 
 

8050
7325
6675

 
 

4850
34550

1970 3-DTGIT 
POP.  1

!          «       

7454 4,5^5
10290 4,5, U
3487 4 f 5i5
7168 4,S,5
5939 4,S,5
7109 3*4,4
3642 4,5,5
2564 4,5,5
4043 3,4,4

26036 1,4,4

1-DIGIT
El

  »  »» 
5-
4f
5-
5-
5-
4-
5-
5-
4«
4«



c

APPENDIX G (CONTINUED)

SANTA BARBARA COUNTY

CITY

CABPlNTfcRIA
E ENCANTQ H » U
GUAOALUPE
LHMPOC
LOMPAC N   U
LOMPAC **   U
SANTA BABBAQA
SANTA MARIA
SANTA "A*!* SOUTH » U
VANDEN8URG - U

1975
POP.

10200
 

3230
25450

 
»

7UOOO
34250

 
 

1970
POP.

6982
6?25
3145

25284
2699
4674

70215
32749
7129
13193

3-DTGIT 
fl

4,5,5
4,*, 5
3,5,5
3,5,4
3,5,4
3,5,4
4,5,5
4,5,5
«,5,5
3,4,4

1-OIGIT 
El

5-
5-
4 +
4
4
4
5»
5-
5-
4*

1(00



APPENDIX G (CONTINUED)

TULARE COUNTY

CITY

CUTLER   U 
DINUBA
EARLIHART   U
E PORTERVILLE   U 
EXETER
FARMERSVILLE 
LINDSAt 
PORTERVILLE
PORTERVILLE NW U
PORTERVILLE * U 
0*081   U
TULARE 
VI8ALIA
WOODLAKE

1975 
POP.

  
8850

 
  

4970
3780 
5625 
14350

 
  
 

18100 
34750
3800

1970 3-OTGIT 
POP, fl

2503 
7917
3080
4042 
4475
3456 
5206 
12602
2517
6200 
2757
16235 
27268
3371 :

.3,3

.4,4

.*.<*

.3.3

.*.«
,4,4 
.4,3
.4,4
,4,4
.4,4 
,4,4
.4,4 
.4,4
1.^.3

1-DIGIT 
El

3
4*
4
3
4*
4»
3*
4»
4*
4* 
4*
4« 
4«

3

1(01



VENTURA COUNTY

APPENDIX G (CONTINUED)

CITY 
»» »»»   «  
CAMARILLO 
EL RIO » U

HOORPARK   U
OAK VIEW   U
OJAI
OXNARD
PORT HUENEME
SANTA PAULA 
SIMI VALLEY 
THOUSAND OAKS
VENTURA

1975
POP.

24600
 

7750
 
 

5650
65100
17750 
16250
69100 
53700
62900

1970 3-DI 
POP. ?

19219 4,
6173 4,
6265 4*
3380 4,
4672 4,
5591 4,
71225 3,
14295 3, 
16001 A*
56464 4, 
36334 4,
55797 4,

GIT 
I

,5
,5
,5
,5
,5
  5
  0
.5 
,5
,* 
,5
,5

L«Dlbl
El

5-
5-
5-
5-
5-
5«
4
41 -A.44
5-
5« 
5-
5-


