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ABSTRACT 

The results of a three-year study of geologic problems in California are presented. 
The total projected loss attributable to property damage, life loss and loss of mineral 
resources, including both direct and indirect costs, caused by ten geologic problems in 
California from 1970 to 2000 is estimated to be $55 billion. Four problems-earthquake 
shaking, loss of mineral resources, landsliding, and flooding-account for 98 percent of 
the total projected loss. The remaining 2 percent of the estimated loss is due to erosion 
activity, expansive soils, fault displacement, volcanic hazards, tsunami hazards, and 
subsidence. 

The state of the art relative to measures to reduce losses caused by the ten geologic 
problems is reviewed and benefit:cost ratios are presented for each problem. An esti­
mated $38 billion of the $55 billion total projected loss could be prevented by appli­
cation of current state-of-the-art loss-reduction measures. The total cost of applying 
these measures is estimated at $6 billion, for an overall benefit:cost ratio of 6.2: 1. 
In addition, then, to satisfying the needs for increased public safety and the social and 
political concerns therefor, geologic hazards loss-reduction is also "good business." 

The degree of effectiveness of the various types of loss-reduction measures possible 
are reviewed and recommendations are presented. The most effective action that can 
be taken is for cities and counties to strengthen and diligently enforce existing grading 
ordinances and building codes. 

A methodology for setting priorities for the application of loss-reduction measures is 
presented. The study concludes that no single ranking of priorities with respect to locali­
ties, specific problems, or particular loss-reduction programs, is feasible; but the actions 
taken should commence in the more populated and the more hazardous areas. 
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SUMMARY OF FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS 

General Summary 
With the vigorous and widespread application of 

loss-reduction measures, most of which are econom­
ically attractive, the majority of the geologic losses 
projected below can be avoided or prevented. Other­
wise, given a continuation of present practices, it is es­
timated that property damage and the dollar equivalent 
of life loss directly attributable to geologic processes 
and conditions and the loss of mineral resources due to 
urbanization will amount to more than $55 billion in 
California between 1970 and the year 2000 (table 1, 
column 2). This loss compares closely with the esti­
mated total loss of $50 billion* due to urban and wild­
land fires in the state during the same period. The rela­
tive losses attributable to the ten geologic problems 
considered in this report, in order of decreasing per­
centage of the total $55 billion projected loss, are: 

Geologic problems 
Earthquake shaking -----------------------------­
Loss of mineral resources ------------------------­
Landsliding ---------------------------------------­
Flooding --------------------------------­
Erosion activity -----------------------------------­
Expansive soils ---------------------------------------­
Fault displacement ------------------------------­
Volcanic hazards----------------------------------­
Tsunami hazards----------------------------------
Subsidence -----------------------------------------------------

Percent 
ol total foss 

38 
30 
18 
12 

1 
0.3 
0.15 
0.1 
0.1 
0.05 

The relative percentage losses are shown graphi­
cally in figure 1 and the dollar values are given in table 
1, column 2. 

The recommendations for reducing losses from geo­
logic problems fall into two major categories: (1) 
those that propose to improve the state of the art by 
developing new capabilities, and ( 2) those that pro­
pose to extend the application of present state-of-the­
art procedures. In general, a sequence of steps is re­
quired for any effective action program to reduce 
losses due to geologic problems. First, the nature, ex­
tent, and severity of the problem must be recognized. 
Second, solutions for the problem need to be devised 
where possible. Third, contingency plans and prepa­
rations need to be made for responding to those prob­
lems that cannot be solved adequately. Fourth, long­
range recovery actions should be planned for the 
catastrophic problems. Often the key to whether loss­
reduction measures are adequately implemented is the 
degree of enforcement provided by local government. 
Some of the problems, such as expansive soils, tsunami 
hazards, landsliding, and loss of mineral resources, can 
be solved to a large extent by the application of cur-

* The fire loss figure has been extrapolated based on a value of 
$16 billion per year national loss from major structural 
fires and $7.5 million per year average fire loss to state re­
sponsibility wildlands in California. 

3 

rent state-of-the-art procedures. All that is needed 
is the requirement that appropriate known loss­
reduction measures be applied and that the require­
ment be effectively enforced. Effective mitigation of 
the other problems requires various degrees of im­
provement in the state of the art. 

If current practkes were upgraded to the current 
state of the art and all presently feasible loss-reduction 
measures were applied throughout California, an esti­
mated $38 billion reduction in projected losses could 
be realized. The total cost of applying the loss-reduc­
tion measures is estimated to be $6 billion, and the 
overall benefit: cost ratio 6.2: 1. The estimated benefits, 
costs, and benefit: cost ratios for each of the ten geo­
logic problems are given in table 1; figure 2 presents 
similar data graphically. 

In order to effect greater loss reduction, remedies 
other than those currently known and being applied 
would have to be devised and used. For example, 
breakthroughs in earthquake prediction and earth­
quake control could result in large reductions of pro­
jected losses due to earthquake shaking. Increased 
research by universities, governmental agencies, and 
private firms, therefore, is indicated. The benefit: cost 
ratios for loss-reduction by new or additional types 
of research are difficult to predict, but the potential 
for loss-reductions is enormous, and the possibilities, 
therefore, for large benefit: cost ratios are equally 
great. 

Losses can be reduced even further by vigorous 
enforcement of improved building codes that result in 
greater earthquake-resistant design of structures. The 
application of improved building codes, if begun in 
the design stage, generally adds only a few percent 
(typically 1 to 2 percent) to the total cost of the 
structures. Benefit: cost ratios relative to the enforce­
ment of improved building codes are difficult to assess 
because of the many variables involved. However, the 
benefit:cost ratios that apply to the reduction of 
structural damage are likely to be relatively low be­
cause, although the increased costs would apply to 
every new structure, relatively few buildings would 
be subject to extensive damage during their useful life. 

For existing hazardous structures, the cost of re­
medial work generally will amount to a relatively 
large percentage of the total value of a structure, and 
the benefit: cost ratio, therefore, may be relatively 
small when considering property damage alone. How­
ever, the improvement work would result in substan­
tial reduction to the threat of life loss and the social 
value alone should warrant carrying out such meas­
ures. The demolition of some hazardous buildings may 
be justified economically as well as socially, depending 
on the value placed on human life. Similarly, the 
strengthening or removal of hazardous parapets and 
appendages is almost always justifiable. An additional 
incentive is to reduce the possibility of law suits 
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Table 1. Projected losses due to geologic problems in California, 1970-2000 (estimated)* 

(Column 1) (Column 2) (Column 3) (Column 4) (Column 5) 

Benefit: Cost 
Projected Estimated total cost ratio if all 

total losses, Possible total loss reduction of applyina all feasible measures, feasible 
1970-2000, 1970-2000, applyina at current state of the art, measures were 

without all feasible measures 1970-2000 appZ,:ed and 
improvement all possible 

of existina loss reductions 
policies Percent of Percent of were achieved, 

Geologic problem and practices total loss Dollar amount total loss Dollar amount 1970-2000 

Earthquake shaking __________ $21,035,000,000 50** $10,517,500,000 10 $2,103,500,000 5 
Loss of mineral resources _____ 17,000,000,000 90 15,000,000,000 0.53 90,000,000 167 
Lan dsli ding _________________ 9,850,000,000 90 8,865,000,000 10.3 1,018,000,000 8.7 Flooding ____________________ 6,532,000,000 52.5 3,432,000,000 41.4 2,703,000,000 1.3 
Erosion activity _____________ 565,000,000 66 377,000,000 45.7 250,000,000 1.5 
Expansive soils _________ -- ___ 150,000,000 99 148,500,000 5 7,500,000 20 
Fault displacement ___________ 76,000,000 17 12,600,000 10 7,500,000 1.7 
Volcanic hazards _____________ 49,380,000 16.5 8,135,000 3.5 1,655,000 4.9 
Tsunami hazards _____________ 40,800,000 95 37,760,000 63 25,700,000 1.5 
Subsidence __________________ 26,400,000 50 13,200,000 65.1 8,790,000 1.5 

TOTALS _______________ -_ $55,324,580,000 69 $38,411,695,000 11.2 $6,215,645,000 6.2 

* See Appendix for explanation of the derivation of the data in this table. 
** 00 percent reduction of life loss. 

vtt.~un:Fn 2: Es~iJil;ated t<>tal dollar loss, 1970 to :woo for all 
of Calif9rnia; ab<>ut 95 percent of the loss would 
be urban areas, These values are based on the 
assuropti.ons that the number and severity of each 
type of· event occurs as estimated, and that no 
change in the 1970 type, effectiveness, or 
level of application of preventive and remedial 
measures. 

Column 3: total·los£Heduction in dollars and in 
percent of projected loss, for all of California, 
assuming an but reasonable degree of 
improvement the 1970 type and level of pre-
ventive and measures. Conservative im-
provements in the state of the art, application 
over wider area, and more effective application 
and follow-up of aU known types of loss-reduc-

leveled against local governments in the event of sub­
sequent damage Sheffet decision, Section 7, Ap­
pendix C). The courts are beginning to consider the 
liability of those responsible for the planning, design, 
construction, and permit approval where disasters have 
occurred rather than treating such catastrophes as 
"acts of God" (Hughes, 1971, p. 72). 

Land-use zoning can be a particularly effective loss­
reduction measure, yet is not fully used at present, 
partly because of concern for possible inverse condem­
nation lawsuits. Nonetheless, if anv doubt exists as to 
the safety of a proposed development, construction 
permits should not be issued or issued only after such 
doubts have been and removed. Public 
safety should be the primary concern. 

The addition of to the of planning, 
public works 

cities for 

tion measures over the nel.t 30 years are assumed. 
Column 4: Estimated total cost of applying losHeduction 

measures of the type, effectiveness, and enent 
visualized in column 3, for all of California, for 
the period 1970-2000 in dollars and in percent of 
projected total loss (column 4: column 2). 

CoLumn 5: Estimated benefit : cost ratio (column 3 : column 
4) based on the estimated cost, (column of ap­
plying the estimated loss-reduction measures to 
obtain the estimated reductions (column 3) of 
the estimated total losses (column 2). 

Data in table 1 were collected from the analyses of 
losses and loss-reduction costs for individual problems 
in Section 7, Appendix A, "Costs of Losses and Loss­
Reduction Measures". All figures are 1970 dollars. 

and on-site inspection of geologic conditions 
is recommended as an effective loss-reduction measure. 

As demonstrated by many jurisdictions in Califor­
nia, the single most effective action that can be taken 
to reduce losses due to geologic problems is for cities 
and counties to adopt and diligently enforce modern 
grading ordinances and building codes. 

Foreseeable advances in the state-of-the-art of loss­
reduction measures potentially could result in near­
zero life loss due to geologic hazards. Property damage 
could be reduced by as much as 90 percent. 

The of the geologic hazards problem in 
California and the degree to \vhich it is being resolved 

be subject to periodic review. It is recom­
mended that an annual status report be prepared by 

or agencies. The Gover-
Legislature's Com-
successor groups 
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GEOLOGIC HAZARDS IN CALIFORNIA 
TO THE YEAR 20QQ: 

A $ 55 BILLION PROBLEM 

LOSS OF 
MINERAL RESOURCES 

$ 17 Billion 

EARTHQUAKE SHAKING 
$ 21 Billion 

LANDSLIDING 
$9.9 Billion 

FLOODING 
$ 6.5 Bi Ilion 

EROSION $ 600 Million 
EXPANSIVE SOIL $ 150 Million 
FAULT DISPLACEMENT $ 76 Million 
VOLCANIC ERUPTION $ 49 Million 
TSUNAMI $41 Million 

'----SUBSIDENCE $ 26 Million 

5 

Figure I. Geologic hazards in California to the year 2000: a $55 billion problem. Estimated magnitude of losses due to ten geologic problems in 
California projected from 1970 to the year 2000, if current loss-reduction practices continue unchanged. 
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Figure 2. Estimated total losses due to each of ten geologic problems in California for the period 1970-2000, under current practices; amount of 
loss-reduction possible, if state-of-the-art practices were used; and cost of applying state-of-the-art loss-reduction practices. 
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be appropriate bodies to evaluate such reviews. 
Although not strictly a loss-reduction measure, in­

surance programs can provide an element of protec­
tion to property owners. Consideration should be 
given to the establishment of a broad-coverage, natu­
ral-disaster insurance program to include geologic 
hazards. Such a program could parallel that already 
initiated by the Federal Department of Housing and 
Urban Development with respect to flood and mud­
slide insurance. 

Earthquake Shaking 
A. FINDINGS 

Given a continuation of present conditions, it is 
estimated that losses due to earthquake shaking will 
total $21 billion in California between 1970 and the 
year 2000. Most of the and loss of 
occur in zones of known 
tures that do 
Field and 

with 50 
tiveness benefit: cost ratio of 

The greatest threat to and 
those structures that do not to the current 

Code relative to earthquake loading. 
Applying measures to these structures 
is a major challenge because of the political, social, and 
economic problems involved. Great benefit would be 
achieved in preventing life loss, but the benefit: cost 
ratio to property damage would be relatively 
low. reduction of the structural hazards such as 
strengthening or removing parapets and cornices 
reducing occupancy exposure by a lesser intensity of 
use will have higher benefit:cost ratios. 

A generally higher benefit: cost ratio can be achieved 
by applying loss-reduction efforts to areas undergoing 
rapid urbanization rather than to areas already devel­
oped. The urbanizing areas are largely on the margins 
of the Los Angeles metropolitan area and to lesser 
extents the southern San Francisco Bay Area near San 
Jose and the vicinity of San Diego. 

An effective earthquake prediction or warning sys­
tem could save numerous lives both in existing urban 
areas and in rapidly urbanizing areas. With current 
and projected levels of funding, it is possible that an 

effective prediction system may be devised in 5 to 10 
years. An effective earthquake control mechanism 
would result in tremendous reduction in property dam­
age as well as life loss, but such a system does not 
appear feasible in the foreseeable future. 

B. CONCLUSIONS 
Losses, especially life loss, due to shaking from 

future earthquakes can and should be reduced through 
a combination of measures involving geologic and 
seismologic research, engineering practice, building 
codes, urban planning and zoning, fiscal and taxation 
policy, and preparedness planning. Close coordination 
is needed bet\veen local, state, and federal agencies, 
universities, and the private sector, to accomplish the 
goal without duplication of effort. 

Priority efforts, such as strengthening, demolishing, 
or reducing to a lesser use, need to he applied to re­

life loss due to collapse of hazardous old 

of 
~ovember 1972, 

Division of Mines and 
recommendations will de­

work by the Council 
sections of those rec-

final report of the 
Joint on Seismic of the California 
Legislature will also contain recommendations, both 
complementary and supplementary to those of the 
Governor's Earthquake Council. Therefore, detailed 
recommendations relative to loss-reduction measures 
for earthquake are not repeated here. 

loss of Mineral Resources 
A. FINDINGS 

Loss of mineral resources due to urbanization be­
tween 1970 and the vear 2000 is estimated to total $17 
billion if current pn-lctices are continued. The mineral 
resources under greatest urbanization pressure are the 
construction materials, especially sand and gravel and 
crushed stone. The estimated losses are based largely 
on the added cost to the public due to increased trans­
portation costs, the cost of relocating mining opera­
tions farther from markets, and the use of lower grade 
deposits that require more processing. Some mineral 
deposits being threatened by urbanization are unique 



he 
California. 

ments should he aware of their future 
requirements to plan better for the use of 
available to them. 

landsliding 
A. FINDINGS 

Under present conditions, it is estimated that losses 
due to landsliding will total almost $10 billion in C~li­
fornia between 1970 and the year 2000. Loss of hfe 
is not expected to be great. Most of the damage will 
occur in the hillside areas of western California that 
are underlain bv Cenozoic and Mesozoic sedimentary 
rocks. The severity of the problem depends upon the 
local bedrock and soil conditions, including moisture 
content, vegetation, slope, and other factors. 

Although landslides and landslide-prone areas can 
be identified with about 90 percent accuracy by geo­
logic studies, only a small portion of the area subject 
to landslide damage has been mapped in sufficient de­
tail for local government land-use planning. Many 
local governments thus are not fully aware of the 
potential landslide hazards within their jurisdictions. 

gm·ernmcnt 
stages of 

necessary to 
is done. 

Local gm·ernment should enforce adequate grading 
ordinances 70. Building Code) by 
on-site inspection of deYelopments in landslide and 
landslide-prone areas by qualified grading inspectors. 
Certification should be required by design civil engi­
neers, soils engineers, and engineering geologists. 

Flooding 
A. FINDINGS 

It is estimated that losses due to flooding will total 
more than $6.5 billion between 1970 and the year 2000 
if the present level of flood-control measures is main­
tained. More than half of the estimated losses could 
be prevented by the prompt application of all eco­
nomically feasible control measures. The cost of the 
control measures would be slightly less than the esti­
mated cost of the flood damage. Flood control meas-
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ures that can be taken include: 
(1) construction and adequate maintenance of engineering 

works, such as dams, levees, unobstructed by-pass and 
overflow systems, and flood-control basins, 

(2) implementation of flood warning systems, 

(3) preparation of adequate evacuation plans for all areas 
subject to flooding by 100-year floods or by dam failure, 
and 

(4) adoption of flood plain zoning ordinances and regula­
tions to control the type of structures permitted in high­
risk areas, and requiring that st;uctures permitted in high­
risk areas are built in such a way as to minimize flood 
losses. 

B. CONCLUSIONS 
Most of the flood damage to urban areas takes place 

because flood plains provide much of the habitable 
area of the state. Development in these areas is often 
not regulated adequately to cope with runoff from 
infrequent intense storms in California. Natural drain­
age channels are filled, narrowed, or allowed to be­
come obstructed to the extent that they no longer 
accommodate even minor floods. The past federal and 
State policy of providing disaster relief to cover flood 
damage without any limitations on rebuilding has not 
discouraged the practice of building in flood-prone 
areas. The recent National Flood Insurance Program 
of the Federal Department of Housing and Urban 
Development is a step in the right direction, in that 
flood insurance payments will be made only once, and 
structures are not to be rebuilt in recognized flood­
prone areas. 

C. RECOMMENDATIONS 
Flood control projects such as those constructed 

by the Army Corps of Engineers in cooperation with 
local flood control districts should be encouraged 
where substantial benefit accrues to the public. Costs 
of the projects should be borne in proportion to bene­
fits to the beneficiaries. 

All cities and counties in should regulate 
construction in flood-prone areas the 
and diligent enforcement of realistic nr,or;_,.-, 

ing ordinances and building codes. 
should take the measures necessarv to 
National Flood Insurance Program of 

of Housing and U rbin 
The Department of \Vater Resources and the 

tional Weather Service evaluate the need to 
expand the flood service m 
areas covered. 

The of \Vater 
should coordinate federal and State agencies 
in detailed delineation areas in Cali-
fornia and 
local agencies. 

A. FINDINGS 

areas, the major costs of erosion activity are in remov­
ing sediment from public and private drainage sys­
tems. 

Coastal erosion is a special problem involving wave 
action and is most severe during storms. Engineering 
works such as those constructed by the Army Corps 
of Engineers can reduce coastal erosion problems 
locally, but too often, as in the past, the problems may 
just be transferred to another site. Coastal erosion 
studies can provide a basis for avoiding development in 
areas subject to this problem. 

B. CONCLUSIONS 
About two-thirds of the projected losses due to ero­

sion, siltation, and sedimentation in urban areas could 
be reduced by proper engineering design and construc­
tion practices. State codes and local regulations, such 
as grading ordinances, generally are adequate, but the 
main deficiency is lack of uniformly effective imple­
mentation. Losses due to coastal erosion can be reduced 
most economically by simply avoiding construction in 
areas subject to severe erosion. 

C. RECOMMENDATIONS 
All cities and counties should fully implement exist­

ing codes, ordinances, and regulations relative to grad­
ing (Chapter 70, Uniform Building Code), landscaping, 
and drainage by on-site inspection conducted by qual­
ified engineers and geologists. This will reduce damage 
to. property and protect cities and counties from law 
suits by citizens whose property otherwise might have 
been damaged. 

Cities and counties in coastal areas should inventory 
areas subject to coastal erosion, determine erosion rates 
for each such area, and govern land use therein accord­
ingly. These studies could be carried out in coopera­
tion with the Army Corps of Engineers. 

All construction projects designed to control coastal 
erosion should be carefully evaluated so that the cor­
rection of a problem in one area will not cause a prob­
lem in another. Similarly, prior to the construction of 
flood control facilities, the effect they have on coastal 
erosion trapping sand and gravel that v;ould other­
\vise be transported to beaches should be determined. 

Expansive Soils 
A. FINDINGS 

It is estimated that losses in California due to expan-
siYe soils will total $150 million between 
1 and the 2000 if present practices are con-

soils occur locally throughout Cali-
relatiYely large percentages of clay 

minerals are present in the soil. The general distribu­
tion of expansive soils is well known in about one-third 
of the state through recent soil mapping by the Soil 
Conservation Service. Losses due to expansive soils can 
be completely if the condition is recognized 
before construction and foundations are properly engi-
neered. controls exist for preventing damage 
due both in State codes and local 

Costs for corrective action 
but remedial action after 

10 percent or more the 
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B. CONCLUSIONS 
The principal reason that newly built structures sus­

tain damage attributable to expansive soils is that not 
all local governments apply existing codes and regula­
tions effectively. 

C. RECOMMENDATIONS 
All cities and counties should insure effective en­

forcement of existing codes and regulations through 
inspection of site soil conditions and foundation designs 
by qualified soils and foundation engineers. This will 
reduce property damage and protect cities and counties 
from lawsuits by citizens whose property otherwise 
might have been damaged. Losses can be greatly re­
duced by full implementation of Chapter 70, Uniform 
Building Code, or more stringent grading ordinances. 

Fault Displacement 
A. FINDINGS 

Losses from fault displacement are expected to be 
low compared to losses from earthquake shaking. It is 
estimated that between 1970 and the year 2000, under 
present conditions, fault displacement losses will reach 
a total of $7 6 million. 

These losses will occur primarily along well-recog­
nized faults in urban areas and at the margins of urban 
centers. However, past experience indicates that some 
active faults have not or cannot be recognized at the 
surface. Losses will result not only from displacement 
accompanying earthquakes, but also from fault creep, 
which displaces the ground along faults without vio­
lent earthquake shaking. 

Very little can be done to provide protection for 
structures presently in place across active faults, short 
of moving the structures. Reduction of future losses 
can be accomplished best by careful selection of sites 
for construction. Careful investigation and selection of 
sites will result in re-siting, prior to construction, of an 
estimated 85 percent of the structures that otherwise 
would be built across active faults. When the cost of 
site evaluation is compared to the value of future 
structures saved by re-siting, a benefit to cost ratio of 
about 9.7:1 results. 

B. CONCLUSIONS 
The benefits from safeguarding future construction 

against fault displacement justify requiring detailed 
site investigations in and near seismically active zones. 
Zoning and inspection can assist in providing protec­
tion to the public against future losses by prohibiting 
the building of structures across active faults. Where 
structures, such as pipelines, aqueducts, and highways, 
must be built across active faults, they should be de­
signed to accommodate the anticipated fault displace­
ments and creep. 

Insurance programs can provide an element of pro­
tection for owners of existing structures unknowingly 
built across active faults. 

C. RECOMMENDATIONS 
The identification and delineation of known and 

potentially active faults, as called for under the Al­
quist-Priolo Geologic Hazards Zones Act (Chapter 
7.5, Division 2 of the California Public Resources 

Code), should continue to be carried out rapidly by 
the California Division of Mines and Geology. 

Geologic site investigations should be required prior 
to consideration of approval for development in all 
seismically active areas, and construction setback re­
quirements should be required by local governments 
along all identified active and potentially active faults. 

Cities and counties should inventory existing struc­
tures across active faults. These structures should be 
removed or downgraded in level of use or occupancy, 
in accordance with some reasonable timetable. 

Consideration should be given to legislation that will 
require lending institutions to require fault displace­
ment insurance on residential properties as a condition 
to the granting of a loan on such properties. The fault 
displacement insurance could be included within a 
broad-coverage natural disaster insurance program. 
Insurance organizations should assure themselves that 
proposed structures are relatively free from potential 
fault displacement damage before insuring properties 
against such damages. 

Volcanic Hazards 
A. FINDINGS 

Under present conditions, it is estimated that losses 
due to future volcanic eruptions could amount to $50 
million between 1970 and the year 2000. Loss of life 
is not expected to be a large factor. Damage is most 
likely to occur in the vicinity of Mt. Shasta and Mt. 
Lassen and less likely at other Quaternary volcanic 
centers in California. General areas of potential hazard 
are known to geologists, but local government officials 
in the areas of concern may not be fully aware of 
the potential hazards. 

Nothing can now be done to prevent and little to 
control volcanic eruptions. The most effective loss­
reduction measure is to avoid vulnerable areas such 
as the natural drainage courses down slope from re­
cently active volcanic areas. Major volcanic eruptions 
are generally preceded by smaller events that can be 
detected instrumentally and can serve as warnings of 
coming eruptions. 

B. CONCLUSIONS 
The major urban areas of California are relatively 

safe from the threat of volcanic eruptions. Warning 
systems can greatly reduce the threat of life loss from 
volcanic eruptions and land-use zoning can, to a lim­
ited extent, be used to prevent potential property 
damage. 

C. RECOMMENDATIONS 
The known recent volcanic centers in California 

should be instrumented or otherwise monitored to 
assure adequate warning prior to a volcanic eruption. 
This program should be conducted by the federal 
government, either through the U.S. Geological Sur­
vey or the National Oceanic and Atmospheric Admin­
istration; major potential volcanic threats are on fed­
eral lands. 

Cities and counties in the areas of recent volcanism 
should evaluate the potential for damage to their juris­
dictions and zone or regulate the development in these 
areas in accordance with the relative risks involved. 
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These jurisdictions should also consider the develop­
ment of evacuation and other contingency plans. 

Some of the younger volcanic cones and the nearby 
be obtained for countv or 

the · 

(1) no permanently inhabited structures other than those ab­
solutely required be permitted within the 20-year recur­
rence runup zone, 

(2) low intensity uses only be permitted within the 50-year 
recurrence runup zone, 

(3) schools, hospitals, other critical facilities, and public build­
ings be located above the 100-year recurrence runup 
zone. 

A. FINDINGS 

urban areas. 

Subsidence 

that losses due to subsidence will 
uutav'u benveen 1970 and the vear 2000 

Most ·the losses 
withdrawal and 

and 

Cities and counties make evaluations of the 
potential areas of damaging subsidence due to hydro­
compaction within their jurisdictions and require cor­
rective or preventive measures before approving per­
mits for development of these lands. Geologic studies 
can determine if the potential for hydrocompaction 
exists. Detailed analyses of suspect areas should be 
made by a soils engineer. 
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INTRODUCTION 

History Project 

was to 
necessarv to avoid 
damag~ in urban 

processes and to reduce 
the loss resources to urbanization. Loss­
reduction measures having the most significant benefit: 
cost ratios were determined. 

\Voodward-Lundgren & Associates of Oakland was 
selected as the consultant for Phase I, and F. Beach 
Leighton and Associates. Inc., provided consulting 
services for Phase II. No private consultant was re­
quired for Phase III. 

The primary objective of the Phase I study was to 
denlop and apply a methodology for setting priorities 
for geologic investigations in the urban and urbanizing 
areas of California. Other objectives were to establish 
the best means of presenting geologic information for 
use by planners and engineers, and to identify agencies 
with functions and capabilities for the solution of geo­
logic problems in California. The objectives of Phase 
II were to test the methodology developed in Phase I, 
in five quarter quadrangles, to modify the methodol­
ogy as warranted, to determine benefit: cost ratios for 
specific loss-reduction measures, and to prepare a draft 
urban geology master plan. Phase III involved the re­
view. anc,i revision of the draft plan and, ultimately, the 
publicatiOn of the final project report. The methodol­
ogy for setting priorities which was developed in 
Phase I and modified in Phase II is presented in Sec­
tion 5. 
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Statewide loss Projections 
In order to estimate the magnitude of the total loss 

due to hazards in California. the estimated 
dollar life losses for each of the 10 geologic prob-
lems are for the period 1970-2000, 
and 1 . Total projected figures also are 

'-"3,,llLLu for amount of loss reduction, pos-
cost of loss-reduction measures. and benefit:cost 

ratios of measures. The , in table 1 are 
based on of the I and Phase II 
studies and Phase III. The derivation 

in Section 7, A. 
are to cause 

on the order of $55 billion to 
areas of California the 

planning, development 
and construction are 

m 
a proc­

guide 
efforts to reduce 

hazards in It is de-
of statewide planning. It does not 
or task-schedules for particular 

persons to do specific in a specified time 
schedule. The and local gov-
ernments and organizations concerned with spe-
cific problems have been listed ·where deemed appro­
priate, partly as a guide to sources of more detailed 
information. The details of the various loss-reduction 
measures cited are not presented; too many variables 
are involved for such a presentation here. 

This report presents some technical and administra­
tive information designed to be directly useful to many 
of the agencies that deal with geologic problems in 
California. However, some of these data, for example 
the geologic hazards maps sho\vn in figures 3 through 
12, are much too generalized to be used for local plan­
ning purposes. A principal function of these small­
scale maps is to indicate areas which require more 
detailed data and areas where the application of loss­
reduction measures would be most cost effective. 

The Urban Geology Master Plan attempts to speak 
to all persons and agencies who are concerned with 
the application of loss-reduction measures to geologic 
problems in the urban and urbanizing areas of Cali­
fornia. This includes the Legislature and executive 
branch agencies in State government; executive agen­
cies of federal government; planning, public works, 
engineering, and building and safety departments of 
local government; city councils; boards of supervisors; 
universities; developers; professional consultants; and 
the general public. This document is designed to be 
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GEOLOGIC HAZARDS IN CALIFORNIA 

Earthquake Shaking 
The largest losses of life and property in California 

due to geologic hazards have been caused by violent 
ground shaking during earthquakes. Earthquake shak­
ing is largely due to the release of seismic energy 
during periods of sudden displacement along a fault. 
Since 1812 a total of 26 damaging earthquakes have 
struck California, inflicting a total life loss of 1,020 
and dollar property losses in excess of $1 billion in 
dollar values at the time of the earthquakes (table 2), 
or more than $7 billion in 1971 dollar value. 

Table 2. Losses due to earthquake shaking in California.* 

Dollar loss** 
Lives at the 

Date Location lost time of the quake 

1812 ___ San Juan Capistrano _______ 40 --
1857--- Fort Tejon _______________ -- --1865 ___ San Francisco _____________ -- 500,000 
1868 ___ Hayward _________________ 30 350,000 
1872 ___ Owens Valley _____________ 27 250,000 
1892 ___ Vacaville _________________ -- 225,000 
1898 ___ Mare Island ______________ -- 1,400,000 
1899--- San Jacinto _______________ 6 --1906 ___ San Francisco _____________ 700 500,000,000 
1915 ___ Imperial Valley ___________ 6 900,000 
1918 ___ San Jacinto and Hemet_ ___ -- 200,000 
1925 ___ Santa Barbara____ ---"-- 13 8,000,000 
1933 ___ Long Beach_________ _ ___ 115 40,000,000 
1940 ___ Imperial Valley___ _ ______ 9 6,000,000 
1941___ Santa Barbara ____________ -- 100,000 
1941___ Torrance-Gardena _________ -- 1,100,000 
1949 ___ Terminal Island___ _ _ _ _ _ _ -- 9,000,000 
1951___ Terminal Island ___________ -- 3,000,000 
1952 ___ Kern County _____________ 14 60,000,000 
1954 ___ Eureka-Arcata ____________ 1 2,000,000 
1955 ___ Terminal Island ___________ -- 3,000,000 
1955 ___ Oakland-Walnut Creek _____ 1 1,000,000 
1957--- San Francisco _____________ 1,000,000 
1961___ Terminal Island ________ -- 4,500,000 
1969 ___ Santa Rosa ______________ -- 8,350,000 
1971___ San Fernando _____________ 58 504,950,000 

Totals _______________ 1,020 $1,155,825,000 

*After Coffman (1969) and the Los Angeles County Earth­
quake Commission (1971). 

**Figures reflect losses due to property damage and do not 
include other socio-economic costs. If converted to 1971 
dollars, the total loss would he $7,200,000,000 (:::\fukerjee, 
unpublished). 

At present it is impossible to prevent, control, or 
accurately predict earthquakes. Therefore, since severe 
earthquakes will continue to occur in California, our 
structures must be made capable of withstanding shak­
ing forces without serious failure and resultant injuries 
and loss of life. A severe earthquake does not have to 
be a disaster if our structures and cities are designed 
and built properly and if we are prepared to respond 
effectively to the event. The generalized distribution 
of maximum expectable earthquake intensity in Cali­
fornia is shown in figure 3. 
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The serious concern for earthquake shaking is re­
flected in California by a broad range of laws and 
codes that have been adopted at State and local levels. 
The Uniform Building Code, 1970 edition, contains a 
seismic zone map for the United States which cate­
gorizes the country into four zones: 

Zone 0-No damage 

Zone !-Minor damage. Corresponds to intensities V and VI 
of the Modified Mercalli scale (see table 3). 

Zone 2-Moderate damage. Corresponds to VII on the Modi· 
fied Mercalli scale. 

Zone 3-Major damage. Corresponds to VIII or higher on 
the Modified Mercalli scale. 

California lies entirely within Zones 2 and 3. 

The map is based on the known distribution of dam­
aging earthquakes and the Modified Mercalli intensities 
associated with these earthquakes; on evidence of 
strain release; and on considerations of major geologic 
structures and provinces believed to be associated with 
earthquake activity. The Uniform Building Code, 1970 
edition, in Section 2 314 describes strength and lateral 
force requirements for buildings in those various zones. 

Photo 1. Highway overpasses that collapsed during the San Fernanda 
earthquake of February 9, 1971. Photo courtesy Newhall Signal. 
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Concrete irrigation ditches damaged. 
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VII 
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Other efFects: Large landslides. Water thrown on 
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Underground pipelines completely out of service. 
Railroads bent greatly. 
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Photo 2. Aerial view of the damage at the Sylmar Veterans Administration Hospital caused by the February 9, 1971, San Fernando earthquake. 
Los Angeles Times photo. 

In recent years, many cities have enacted ordinances 
to deal with specific local problems. Parapet ordi­
nances, aimed at strengthening or removing 
tions and appendages on the tops and along 
of buildings, have been passed by the cities of Los 
Angeles and San Francisco. However, in San Fran­
cisco, funds have not been made available to allow 
implementation and enforcement of the ordinance. 
The City of Long Beach has extended its 
Code to include the inspection and evaluation of all 
buildings used for human occupancy. Buildings having 
inadequate resistance to lateral forces must be strength­
ened, demolished, or converted to a use involving a 
lower human-occupancy factor (Long Beach Munici­
pal Code Section 8100). 

State regulation with regard to building and earth­
quake shaking was begun following the 1933 Long 
Beach earthquake. The Field and Riley Acts were 
passed that year and the State Office of Architecture 
and Construction was established under the Depart­
ment of General Services. The Field Act (Education 
Code Section 15451-15466) placed the design of 
schools under the direct supervision of the Office of 
Architecture and Construction .The Riley Act (Health 

county 

placed 
human occu­

two families or 
act are enforced by 

More laws have been used as a 
method for damage. In 1971, the 
State enacted requiring cities and counties 
to include a safety element in their general 
plans (Government Code Section 65302). This ele­
ment consists of "an identification and appraisal of seis­
mic hazards such as susceptibility to surface ruetures 
from faulting, to ground shaking, to ground fatlures, 
or to effects of seismically induced waves such as 
tsunamis and seiches." 

Recommendations for reducing losses in future 
earthquakes have been developed by the Governor's 
Earthquake Council ( 1972); other recommendations 
are under development by the Joint Committee on 
Seismic Safety of the California Legislature. 

An enlightening report has recently been completed 
on the probable results of a major earthquake in the 
San Francisco Bay area (Algermissen et al., 1972). 
This study postulates earthquakes to magnitude 8.3 
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on the San Andreas and Hay\vard faults, with epi­
centers near the San Francisco and East Bay metro­
politan areas, and at different times of day. It con­
siders the probable effects and demands on medical 
resources including hospitals, supplies, laboratories, and 
ambulance services, as well as probable effects on pub­
lic needs such as communications, transportation, util­
ities, schools, and mercantile areas. Deaths and injuries 
are estimated for various earthquake magnitudes at 
different times of the day as follows (Algermissen, 
et al., 1972, table 50, p. 121). 

Magnitude Time 

San Andreas fault. 8.3 2:30a.m. 
2:00p.m. 
4:30p.m. 

7 2:30a.m. 
2:00p.m. 
4:30p.m. 

6 2:30a.m. 
2:00p.m. 
4:30p.m. 

fault. .... 8.3 2:30a.m. 
2:00p.m. 
4:30p.m. 

7 2:30a.m. 
2:00p.m. 
4:30p.m. 

6 2:30a.m. 
2:00p.m. 
4:30p.m. 

Deaths* 

2,850 
9,640 

10,360 
500 

1,640 
1,990 

25 
80 

100 

Hospitalized 
injuries 

10,800 
34,400 
40,360 

1,900 
6,200 

11,680 
100 
320 
390 

11,600 
28,500 
24,900 

3,860 
9,900 
8,160 
1,220 
2,600 
2,550 

portion of the total loss attributable to geologic 
problems. As urban expansion continues in California, 
useful minerals of all kinds are being covered by resi­
dential, commercial and public development and as 
such are removed from our inventorv of available ma­
terials. In other cases, access to and· from mineral de­
posits becomes difficult or impossible, with the same 
effect. Some minerals can be mined elsewhere, but 
usually at a greater cost. Other minerals, however, 
may not be found elsewhere or if they are found, may 
not be of sufficient quantity and quality to warrant 
exploitation. Figure 4 shows the generalized distribu­
tion of known significant mineral deposits in Cali­
fornia. 

In order to be conserved, significant mineral de­
posits must be recognized and protected prior to and 
during mining. Recognition and assessment of mineral 
deposits is the job of mining geologists who may be 
employed by private mining companies, the Califor­
nia Division of Mines and Geology, the U.S. Geo­
logical Survey, the U.S. Bureau of Mines, or the U.S. 
Bureau of Land ;\hnagement. Protection of important 
deposits becomes the responsibility of city and county 
government. 

Once a has been completed, sig-
nificant mineral deposits can be compared in value to 
the alternative land use options threatening them. 

of land use management may be fol­
in such instances by local government. These 

variations might include: 

1. The extraction of a mineral deposit and the subsequent 
use of the reclaimed kmd for some other purpose. For 
example, hillside quarries can be graded into building 
sites and open pits can be converted to recreational lakes, 
waste disposal sites, and other beneficial uses. 

2. Subsurface mineral extraction with the surface committed 
to other land use. For example, petroleum has been pro· 
duced from beneath the City of Los Angeles for many 
years without adverse effects, except for some subsidence, 
now alleviated, along limited sections of the coastline. 
Underground mining been conducted under many of 

Photo 3. Worked-out gravel pits in the livermore 
Valley. Some of these pits have been converted to 
recreation lakes after being depleted. Kaiser Indust­
ries photo. 
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the towns of the Mother Lode without adverse surface ef· 
fects. 

3. The protection of special mineral deposits. Some mineral 
deposits should be placed in protective mining use zones 
and reserved for this purpose. An example is the New 
Almaden mercury mine near San Jose. This mine has been 
the largest single producer of mercury in the United States 
(more than one-third of the national total) and consider· 
able low-grade ore remains. Although the deposit cannot 
be worked at present metal prices, ore resources should be 
reserved for future use. 

4. The setting aside of some mineral materials areas where 
mineral products are so low in unit cost yet so expensive 
to transport that they must be produced in areas located 
close to points of end use. Sand and grovel for concrete 
aggregate is a good example of this. As existing deposits 
are worked out or threatened by competing land uses, new 
deposits must be located at distances farther from places 
of use. Each such move increases the cost of the product 
about four cents per ton for each mile of truck transport. 
At 25 to 30 miles, the cost of transportation by truck, the 
most common means, may equal or exceed the value of 
the sand and gravel. For these reasons, it would be desir· 
able to protect specific deposits for mining use and main· 
tain access routes until deposits are depleted and the land 
can be reclaimed for alternative uses. 

It is the continuing policy of the State of California 
to foster and encourage the orderly development and 
utilization of the state's mineral resources (Section 
2650, Public Resources Code). Section 65 302 of the 
Government Code requires that the general plan of 
each city and county contain a conservation element 
for the conservation, development, and utilization of 
natural resources including minerals. Some counties 
and cities have established mineral or natural resource 
zones to protect and provide for the orderly develop­
ment of mineral deposits. 

No figures have been tabulated relating to the cost 
of mineral deposits lost to urbanization to date but, 
if known, amounts would certainly be substantial. The 
value of many mineral materials is sufficiently high 
that proportional costs of additional transportation are 
low or even negligible. These conditions do not apply, 
however, to low-cost materials used in construction. 
At points of production, sand, gravel, and crushed 
stone range in price from $1.25 to $2.00 per ton and 
haulage is a critical cost factor in production eco­
nomics. With continued loss of mineral properties to 
urbanization, it is estimated that most present pro­
ducers will have to move their operations to new 

Photo 4. An artificial island near long Beach used for petroleum production. Photo by City of Long Beach, Department of Oil Properties. 
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deposits averaging 25 miles farther from points of con­
sumer use by the year 2000 and that the transportation 
costs are estimated to increase to about nine cents per 
ton mile. The additional costs for truck haulage will 
thus be $3.50 per ton in the year 2000. 

Appraisals and inventories of important mineral de­
posits should be made throughout the state. Special 
attention should be given to construction materials so 
that future needs can be filled without unneeded ex­
pense. Mineral deposits needed for the continued eco­
nomic development of California should be provided 
with appropriate zoning and access protection. 

Appropriate ordinances should be adopted, to assure 
that 1) adjacent land is not adversely affected by the 
mining operation, and 2) the depleted mineral land is 
reclaimed after exploitation. 

landsliding 
A landslide is the downhill movement of masses of 

earth material under the force of gravity. Movement 
may be rapid or so slow that a change of position can 
be noted only over a period of weeks or years. The 
areal size of a landslide can range from several square 
feet to several square miles. Slide thicknesses may 
range from less than a foot to several hundred feet. 

Landslides are a common problem in the hillside areas 
of California and, in terms of dollar losses, are one of 
the more costly geologic hazards. Figure 5 shows the 
relative amounts of landslides throughout California. 

Damage due to landslides can be reduced in areas 
undergoing development by such alternatives as avoid­
ance, removal, or permanent stabilization of slide 
masses. In all cases, a first and critical step is to recog­
nize the existence of an old slide or the probability 
of a future slide. This is accomplished through detailed 
geologic mapping, trenching, drilling, and frequently 
the photo-interpretation of surface geologic condi­
tions. Old slides can be recognized by their lobe-like 
forms and the track-like hollows which they leave 
behind them. Probable future slides can often be an­
ticipated in areas where other landsliding has already 
taken place. Slopes covered with deep soils or hillsides 
heavily saturated with ground water are potential slide 
areas. Where bedding or jointing of rock materials and 
hill slope directions tend to be the same, slide possi­
bilities are greatly increased. Fault zones regardless of 
recency of movement are also generally potential land­
slide areas. 

Geologic mapping of landslides in California by 
field and photo-interpretation techniques is presently 

Photo 5. Landslide along the coastal bluffs in the city of San Clemente, Orange County. Photo by George B. Cleveland. 
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conducted by several groups of trained geologists in­
cluding: 

1. The California Division of Mines and Geology, the U.S. 
Geological Survey, and other public agencies. The results 
of studies by these organizations are used by local govern­
ment and developers to appraise the overall severity of 
landsliding in many areas of California. 

2. Consulting geologists. Detailed site studies for develop­
ments are conducted by consulting geologists hired by de­
velopers. In some jurisdictions these studies are required 
by planning or building safety officials of local government 
to assure public safety and to reduce or eliminate losses 
to roads and ather improvements maintained by local gov­
ernment when development is completed. 

After the landslide potential has been recognized 
and assessed at a site, future development is designed 
to take landslide hazards in the area into consideration. 
Much landslide damage can be avoided simply by leav­
ing hazardous areas undeveloped. Small landslides may 
be totally removed and soil materials used elsewhere 
as compacted fill. Stabilization may be accomplished 
by: 

1. Dewatering the slide by installing drainage devices. 
2. Buttressing slide toes and sides with compacted soil or re­

taining walls. 
3. Removing and redistributing some or all of the landslide 

debris, especially from the head of the slide. 

Some early efforts at chemical stabilization also 
show promise. 

Existing State legislation treats landslides, along with 
earthquakes, under the general category of geologic 
hazards. Section 15002.1 of the Education Code re­
quires the governing board of a school district to have 
proposed school sites studied in order to detect the 
presence of unfavorable geological characteristics. 
Section 65302.1 of the Government Code requires that 
each general plan include a safety element. This ele­
ment requires, among other things, protection of the 
community from geologic hazards and geologic hazard 
mapping in areas of known geologic hazards. 

Inspection and control of siting and development 
activities so as to prevent subsequent landslide damage 

Photo 6. Homes destroyed by landsliding of artificial fill on the north 
slope of Palos Verdes Hills, Los Angeles County. Photo by George B. 
Cleveland. 

should be and, in some areas, are carried out at the 
local government level through the adoption of some 
form of a grading ordinance. A common method is 
to adopt Chapter 70 of the Uniform Building Code, 
or more stringent grading ordinances adapted to local 
needs and circumstances. 

EXAMPLES OF LOSSES 
The Portugese Bend landslide is located on the Palos 

Verdes peninsula in southwestern Los Angeles County. 
An old slide was reactivated in 1956 on a 170-acre 
swath of land extending from near the western summit 
of the Palos Verdes Hills down to the Pacific Ocean. 
This slide has damaged or destroyed more than 200 
homes. In Februarv 1973, in the area of maximum 
movement, it was moving at an average rate of one 
foot per month. 

The affected homeowners banded together and filed 
suits (Los Angeles Superior Court Case No. 684595 
and consolidated cases) against the Los Angeles County 
Road Department, charging that the slide had been 
activated by an extension of Crenshaw Boulevard. The 
Court found that the County was liable and established 
two points: 

1. That road construction carried out by the County may have 
initiated movement on the slide. 

2. That the County was beller able to support the loss than 
were the individual home owners. 

The losses amounted to approximately $6,000,000 and, 
with accumulated interest, the final settlement was 
close to $7,000,000. 

When the County was charged with this suit, it 
found itself in the difficult position of having no in­
house staff to offer technical advice as to what had 
happened. In order to fill this void, an engineering 
geology section was established within the Desig?­
Division of the Office of the County Engineer. Th1s 
section, operating on an average budget of $75,000 
per year, now carries out geologic and engineering 
functions regarding building foundation conditions 
and advises on the geologic safety of road construc­
tion throughout Los Angeles County. 

Because of the relatively weak rocks and steep 
slopes found in many areas, the City of Los An~eles 
has had a long history of damage due to landshdes. 
When developed, these areas in the past have experi­
enced many slides, especially during periods of heavy 
and prolonged rainfall. The city met this problem by 
using grading ordinances which have, from their in­
ception in 1952 to the present time, become progres­
sively more comprehensive: Major tests of these grad­
ing ordinances occurred during the heavy rain years 
of 1952, 1957, 1962 and 1969. Major changes i~ the 
grading code were instituted in the following penods: 

1. Pre-1952-No grading code was in effect, therefore lillie 
or no soils engineering and no engineering geology was 
done. 

2. 1952-1962-A moderately effective grading ordinance was 
in effect requiring soils engineering but very limited geo· 
logic eva! uation. 

3. 1963 to present-A modern grading ordinance was in 
effect requiring soils engineering and engineering geology 
through all design and construction stages. 
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Data on these different stages were collected by 
Charles A. Yelverton, formerly of the Los Angeles 
Department of Building and Safety, based on the 
storm year of 1969; and James E. Slosson prepared 
cost and effectiveness figures. 

During the early stage, when no grading ordinance 
was in effect, approximately 10,000 hillside lots were 
developed. Of these, I ,040 failed in 1969 for a total loss 
of $3,300,000 during this single storm year. The aver­
age damage was $330 per developed hillside lot and 
failures occurred on 10.4 percent of the lots. In the 
1952-1962 period, 27,000 sites were developed. Of 
these, 3 50 were damaged in 1969 for a total loss of 
$2,767,000. The average damage was slightly over $100 
per developed lot and the failure rate had dropped to 
1.3 percent. After 1963, 11,000 sites were developed; 
17 (some of which were under construction) were 
damaged in 1969 for a loss of $182,400. The average 
loss per ,developed site was $7 and the loss rate was 
0.15 percent. 

These figures indicate that the loss rate can be 
reduced from 10.4 percent to 0.15 percent through 
the use of an effective grading ordinance. The per­
centage improvement is 98.6 percent. This improve­
ment involves some additional costs, however. The 
developer incurs additional design costs averaging $243 
per lot; additional grading costs average $500 per lot; 
and city inspection costs average $335 per lot for a 
total additional cost of $1,078 per lot or about 10 per­
cent of the average losses without control. This is sub­
stantially less than the 10.4 percent pre-1952 loss rate. 

The U.S. Geological Survey has compiled loss fig­
ures (Taylor and Brabb, 1972) for landslide losses in 
the S. F. Bay Area counties for the 1968-1969 storm 
year. The total losses, which they consider to be low 
by an unknown factor, were $25,393,956. In general, 
the Bay Area counties do not have geological staffs 
to review geologic reports or to inspect geologic con­
ditions at developments. 

Experience has shown that landslide losses can be 
reduced to about 1 percent by early recognition of 
potential problems and careful, controlled design. The 
steps needed to bring about significant reductions in 
losses are: 

1. The delineation of landslides and landslide-prone areas on 
a geologic map of the area on a scale of 1:24,000 or 
larger. Special attention should be given to surficial units 
and slope stability factors including weak rock types, slope 
angle, drainage, rainfall and vegetation type. 

2. The guiding of development, through the planning process, 
into those areas having the fewest economically uncorrect­
able problems. 

3. The requiring of the land developer to use engineering 
geology practices and sails engineering methods through· 
out his design. Existing or potential landslides should be 
corrected or avoided. 

4. The establishment of a grading division within the local 
government structure to enforce the grading ordinance 
(Chapter 70, Uniform Building Code) and to represent the 
city and county interests in safe development. This group 
should review and approve development plans from prelim· 
inary to the final stages and should inspect the grading 
to insure that design requirements are actually carried out. 

Flooding 
Flooding is one of the costliest natural hazards in 

California. National statistics show that California 
ranks as one of the major flood problem areas in the 
nation and that flooding is one of the principal factors 
to be considered in the overall development and use 
of land resources. Although existing flood control 
measures have, in general, been effective in controlling 
or reducing flood damages, flood problems have none­
theless continued to grow. The distribution of areas 
subject to flooding in California is shown in figure 6. 

The earliest recorded California flood was reported 
by Father Juan Crespi when a flood on the Los Ange­
les River caused the river to change its course in 1770. 
Between 1770 and 1950, 23 major floods have been 
recorded at various locations in the state, claiming 144 
lives in the 50 years from 1900 to 1950. The greatest 
of these were: 

1805 -The inundation of the entire floor of the Great 
Valley, causing great loss of life and destruction of 
Indian villages. 

1861-62-The inundation of the Great Valley, the Los An· 
geles basin, and other areas in the state. 

1907 -The flooding of northern California and the Great 
Valley. 

1909 -The flooding of northern California and over 300,· 
000 acres in the Great Valley. 

Since 1950 there have been 11 major floods with 
the loss of 222 lives and extensive damage to property 
(California Region Framework Study Committee, 
1971). 

Flooding events are of two main types: 
1. Off-site flooding, caused by rain or snow-melt water from 

up-stream watersheds. 

2. On-site flooding caused by the runoff of water in local 
areas. 

Off-site flooding may involve large volumes of water 
and is a frequent cause of flood damage in California. 
Federal, State and regional agencies have developed 
large and sophisticated programs to cope with this 
type of flooding on a long-term basis. On-site flooding 
is basically the responsibility of county and city gov­
ernments, commonly acting through local flood con­
trol districts. 

The numerous programs for reducing flood losses 
include both structural and nonstructural approaches, 
some directed at preventing floods, others at control­
ling those that cannot be prevented. Structural meas­
ures include flood-water storage systems such as 
dams, reservoirs, basins, and the construction of related 
facilities such as levees and channel developments. 
Watershed land treatment may also be carried out to 
reduce runoff, debris movement, erosion, and sedi­
mentation. Nonstructural measures include flood fore­
casting, zoning and subdivision regulations, the exclu­
sion of use in primary floodways, building code 
requirements. and the evacnation of flood areas. For 
many agricultural and developed urban centers, struc­
tural measures are most feasible; for emerging com­
munities, however, non-structural measures appear to 
be more effective. 
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The California Region Framework Study Commit­
tee (1971) has sketched out a multi-faceted program 
for controlling flood damage in California until the 
year 2020. This program is calculated to hold the 
level of unprevented :flood damage approximately con­
stant ($100-120 million per year), while program costs 
would decrease $100-64 million per year). Over the 
50-year period, in which California's population is ex­
pected to increase threefold, damages ·without the pro­
posed measures would otherwise increase sixfold. This 
program mainly foresees the continuation of estab­
lished measures under present agency responsibilities. 
Structural control measures ·would be the prime re­
sponsibility of the U.S. Army Corps of Engineers and 
the California Department of Water Resources. Flood 
forecasting would be conducted the National 
Weather Service and the Department of Water 
Resources. 

are other specific non-structural needs which 
would further reduce flooding losses. Improvements in 
weather science could allow quantitative, short-term 
precipitation forecasts in a particular watershed. The 

art of flood forecasting, based mainly on hydrology, 
is ahead of weather forecasting in the sense that flood 
crest times can be accurately predicted if precipitation 
distributions are known. 

There is a need for effective zoning procedures 
under which controls could be exercised over the uses 
permitted in designated :floodways. Zoning is primarily 
a political problem, and the authority to establish and 
enforce zoning laws effectively lies with local govern­
ment. Potential flood boundaries can be established, 
through techniques of hydrology, but authorities in 
local government must exercise control in the land 
use planning of hazardous areas. Local government 
should prohibit, by ordinance and/or zoning, urban 
or commercial development in a flood-prone zone un­
less flood control facilities are provided. 

Flooding has long been recognized as a serious 
problem in California and many laws relating to flood­
ing are now in effect ·within the state. The Subdivi­
sion Map Act specifies that the Division of Real Estate 
may refuse approval of a subdivision if it is threatened 

:flooding (Sec. 11551.5, Business and Professions 

Photo 7. The Sacramento River flooding Sherman Island, 1969. California Deportment of Water Resources photo. 
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Code) . Prospective school sites must have suitable 
engineering work done to assure that surface drainage 
conditions have been considered (Sec. 15002.1, Edu­
cation Code). Flooding must be considered in several 
elements of the general plan and these include: 

Land use element-requires the identification of areas subject 
to flooding. 

Conservation element-suggests considering the conservation 
aspects of flood control. 

Erosion Activity 
Erosion generally involves two somewhat distinct 

problems-the wear and removal of material from OJ?.e 
site and its deposition at another. The removal of sods 
through erosion can be damaging in situations of sheet 
and gully erosion of land surfaces; the wind-blown 
denudation of lands; the erosion of stream courses and 
banks; and the erosion of coastal cliffs, dunes and beach 
areas. Deposition damage affects flood plains, rivers, 
lakes, reservoirs, and may clog drainage structures. 
Activities by man frequently accelerate erosion-related 
damages and losses. 

Erosion-prevention measures and their costs are 
commonly included in the grading and land-engineer­
ing practices designed to prevent landsliding and ex­
pansive soil problems. Sediment removal costs rarely 
show whether a problem was caused by "erosion," 
"landsliding," or "flooding." Broad classifications have 
obscured the real costs of erosion damage and have 
also obscured the actual costs of prevention and con­
trol. The rendering of benefit:cost analyses of erosion 
problems, therefore, is made virtually impossible. 

Erosion is a relatively well understood and controlla­
ble problem insofar as it affects urban areas. The vul­
nerability of natural soil types to erosion (erodibility) 
has been mapped by the U.S. Soil Conservation Service 
and other soils surveys, especially in more recent proj­
ects completed since 1960. The generalized distribution 
of erosion activity in California is shown in figure 7. 
In most areas undergoing development, however, the 
natural erodibility of the soil is far less important in 
determining the severity of future erosion than is the 
type and amount of land-modification being per­
formed. 

The reduction of erosion losses in urban areas is the 
responsibility of both the developer who modifies the 
land surface by landscaping and construction of retain­
ing walls and drainage systems and the governmental 
agency which reviews and, to some extent, controls 
land modification. Following project completion, the 
user of the property assumes the continuing responsi­
bility of erosion control through maintenance of land­
scaping and drainage systems. 

Erosion problems in urban areas of California are, 
for the most part, well under control in those areas 
where appropriate engineering practices are properly 
applied. In localities where erosion cannot feasibly be 
prevented or controlled, moderate losses will continue 
to occur. Most urban areas however, have public 
works capabilities fully able to cope with erosion 
problems. 

The preventive costs of erosion are generally in­
cluded within flood control measures and in the over­
all costs of hillside development. Adoption of the pres-

Photo 8. Erosion associated with road construction. U.S. Soil Con· 
servation Service photo. 

ent state-of -the-art procedures for landslide prevention 
in hillside areas will, in most cases, eliminate losses 
brought about through erosion. 

Expansive Soils 
Expansive soils are earth materials which greatly in­

crease in volume when they absorb water and shrink 
when they dry out. Expansion is most often caused by 
clay minerals, primarily montmorillonite and illite. Al­
though not common, expansive rocks are also known; 
these are claystones or altered volcanic tuffs which 
contain large proportions of montmorillonite. The 
basic cause of expansion is the attraction and absorp­
tion of water into the expansible crystal lattices of the 
clay minerals. The water may be derived from mois­
ture in the air or ground water beneath the founda­
tions of buildings. When buildings are placed on ex­
pansive soils, foundations may rise each wet season and 
fall each dry season. Movements may vary under dif­
ferent parts of a building with the result that founda­
tions crack, various structural portions of the building 
are distorted, and doors and windows are warped so 
that they do not function properly. The generalized 
distribution of expansive soils in California is shown in 
figure 8. 

The adverse effects of expansive soils can be avoided 
through proper drainage and foundation design. In 
order to design an adequate foundation, however, the 
condition must be recognized through appropriate 
laboratory soils testing. Expansive soils are recognized 
through expansion tests of samples of soil or rock, or 
by means of the interpretation of Atterberg limits 
tests, a standard soils testing procedure. 

Expansive soils are studied on a regional basis ~y 
soils scientists of the U.S. Soil Conservation Servtce 
and the U.S. For est Service. Building site evaluations 
~re normally conducted by consulting soils or founda­
tion engineers retained by developers. 

Procedures employed in expansive soils testing are 
found in many codes and regulations. Chapter 70 of 
the Uniform Building Code requires that soils testing 
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Figure 8. Expansive sails in California. 
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be done on all graded building sites. Soils tests are also 
required by other local building codes and by lending 
institutions (including the Veterans Administration 
and the Federal Housing Administration) on new 
building sites. The Subdivision Map Act of the Busi­
ness and Professions Code (Section 11010) requires 
that on all tract developments of five lots or more, soil 
conditions be studied by a registered civil engineer 
unless waived by the local government building official. 
By following a variety of test procedures, a qualified 
engineer can detect the presence of expansive soils and 
recommend needed corrective measures. 

Once expansive soils have been recognized as a po­
tential problem, corrective measures can be designed 
into the foundation for little additional cost. Depend­
ing upon the soils situation, examples of corrective 
measures are as follows: * 

1. Compaction and water content of the building site can be 
designed to allow for some open spaces or voids. The 
voids will permit some expansion to take place within the 
soil mass and will prevent expansion of the entire graded 
section. Compaction to 85 percent of maximum optimum 
density with water contents several percent above optimum 
will commonly accomplish this. 

2. The moisture content can be stabilized by soaking the 
building site and maintaining this water content during 
and after construction. 

3. Concrete slab floors can be strengthened by increasing their 
thickness and including reinforcing steel. This will allow 
the foundation to rise and fall as a unit. 

4. Drains and water barriers can be installed around and 
under foundations to prevent water from entering the foun­
dation area. 

* Information supplied by Gery Anderson, Geomechanics Inc., 
Sacramento. 

Photo 9. Erosion control measures used in a 
southern California subdivision. Narrow ter­
races and pipes are being used to bring water 
from the building sites safely down the hill. 
County of Los Angeles photo. 

5. The building foundations can be extended downward by 
piers so that building structures rest on underlying non­
expansive materials. The piers can be tied together by 
grade beams that unite the foundation into a more rigid 
unit. 

6. Gravel blankets have been used under concrete slabs. 

The costs involved in recognizing and correcting 
expansive soils usually are not great. Using a 35-to-50 
home subdivision as a basis for evaluation, soil testing 
will average $6 to $10 per lot; grading $15 to $25 per 
lot; and soaking $4 to $5 per lot. Strengthening a slab 
floor costs approximately 30¢ per square foot or $450 
for an average structure of 1500 square feet. Pier and 
grade beams may not necessarily cost more than a 
standard foundation, although they may cost several 
hundred dollars more than a minimum acceptable 
foundation. 

Foundations in expansive rock can be comparatively 
expensive, because deep piers must be used to place 
building weights below zones of expansive rock mate­
rials. In some instances, "water blocking" may be 
required. Additional foundation costs of $2,000 to 
$8,000 can be involved, and engineering costs can run 
as high as $2,000. 

Corrective costs after construction can be high com­
pared to preventive costs carried out before construc­
tion. In some problem areas, chemical stabilization 
(such as lime injection) can be effective. More often 
a new foundation must be placed beneath the existing 
structure and costs can amount to 25 percent of the 
total value of the building. Nonetheless, new founda­
tions may be justified because damage due to expan­
sive soils can reduce the value 'of a building by 10 to 
80 percent. 
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Photo 10. Urban development along the San Andreas fault zone south of San Francisco. The foult zone extends from sag pond in lower left 
of photo to upper center. Photo by Marshall Moxom. 

At the present time, adequate techniques are in ex­
istence to control damage from expansive soils and 
expansive bedrock, but regulatory vigilance should be 
maintained and improved to assure that site investiga­
tions and, if warranted, proper engineering are car­
ried out before construction. If existing ordinances 
are rigorously enforced, losses to future construction 
could be reduced to near-negligible levels. 

Fault Displacement 
A fault is a fracture in the crust of the earth along 

which the sides have moved or been displaced, relative 
to each other, in a direction parallel to the fracture. 
Active faults are the main sources of earthquakes. 
Land use planners should consider the possible future 
effects of fault movement in conjunction with the 
placement and design of new structures. Two aspects 
of fault displacement should be considered: 

1. The effects that sudden displacement along faults may have 
on structures built across their traces. 

2. The relatively slow effects of fault creep-the gradual 
ground distortion and movement along a fault trace not 
accompanied by significant earthquakes. 

Fault displacements involve forces so great that the 
only means of limiting damage to man-made struc­
tures is to avoid areas along traces of active faulting 
or to design structures to accommodate the expected 
displacement. In order to avoid faults they must be 
recognized. All active and potentially active faults 
have not been located and mapped. This normally is 
done through geologic mapping and subsurface in­
vestigation. Although there are thousands of faults­
both large and small-in California, most of these are 
no longer active and are not likely to be subject to 
further displacement. Regional studies of fault activity 
are conducted principally by geologists of the Cali­
fornia Division of Mines and Geology, the U.S. Geo­
logical Survey and universities; detailed site investi­
gations are conducted by consulting geologists. Figure 
9 shows the distribution of faults in California which 
have had historic and Quaternary displacement. 
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Photo 11. Fault displacement resulting from the San Fernando earth­
quake of February 9, 1971. Photo by James E. Kahle. 

Once the trace of an active fault has been recog­
nized, the consulting geologist must advise the de­
veloper of the relative risks to developments con­
structed at different distances from the fault trace. 
It may be that certain high-risk areas should not be 
developed. Unfortunately, there are few 
guidelines because so little is known concerning the 
detailed effects of fault displacement. Swaths of no 
development along active fault traces, as narrow as 
20 feet and as wide as 350 have been recom­
mended. 

State legislation treats 
under general category of 
tion 65302 of the Government 
general plan to contain a seismic 
eluding, among other items, the 
appraisal of seismic hazards such as 
surface ruptures from faulting." Section 
the State Education Code requires the cr"'""rn1 
of any school district to have proposed school 
studied in order to detect the presence of 
geological characteristics. Both laws 
of surface ruptures from faulting, the 
the community from geologic 
mapping in areas of known "'"'nv'""" 

The recently '-Ua.--u .. u 

ard Zones Act (Chapter Division 2, 
sources · to reduce due to 
displacement. the State 
to delineate special studies zones 
and potentially active faults. Local government must 
require special studies within these zones per­
mitting structures for human 
real estate developments or structures 
human occupancy within the special study zones 
be approved by the city or county jurisdiction 
over such lands pursuant to policies and criteria to be 
established by the State Mining and Geology Board. 

The Uniform Building Code does not recognize 
fault displacement as a factor to be considered during 
development, but local ordinances are beginning to 
be enacted to ameliorate this problem. Los Angeles 
County was the first local jurisdiction to enact a 

fault ordinance (Earthquake Fault Ordinance No. 
10,3 62). This ordinance requires the County Engineer 
to maintain maps showing the location of active faults 
within the county. A proposal for any strucrure used 
for human occupancy must be evaluated in conjunc­
tion with the use of these maps. If a proposed building 
site lies within 50 feet of a known active fault, trench­
ing must be conducted at the site to determine whether 
an active trace is pr~sent. No building may be con­
structed upon an active fault trace. 

Losses from fault displacement tend to be relatively 
low, but it must be remembered that these do not 
include the extensive losses due to earthquake shaking. 
Major losses due to fault displacement have been lim­
ited to the San Fernando V allev area where an esti­
mated 200 houses (average value $25,000) and three 
commercial buildings (estimated value $200,000) were 
destroyed in 1971 for a total loss of $5,200,000. Struc­
tural losses due to fault displacement in the 26 other 
major earthquakes in California are unknown but were 
probably small, averaging perhaps $5,000 per event 
for an additional total of $130,000. Damage to roads, 
pipelines, canals, and other linear man-made facilities 
can be significant. Farmers in Kern County spent a 
substantial but amount of money repairing 

and fields by dis-
p1acerne11t on the \Vhite in the Arvin-

rupture or 
streets, and curbs. 

been in all cases 
are small. 

The present state the art is such 
can be identified and located 

mapping, study, u""'·""HJ''"'" 

the 

geophysical work. Although this may be ex­
pensive, it is possible to locate most active faults ac-

and guide so that 
to fault on known 

can be virtually 

effects of volcanic rank the most 
disasters to man. An area 

that has overwhelmed the an 
eruption may be totally destroyed, the of all who 
have not escaped lost, buiidings destroyed or rendered 
unusable, water supply or polluted; 
and, depending on the type of eruption, farmlands 
converted to sterile, rocky landscapes which may not 
be productive for decades or even hundreds of years 
to come. 

Volcanoes produce several kinds of products de­
pending upon the composition and properties of the 
material erupted. However, almost all volcanoes tend 
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similar materials with 
types of eruptions are: 

1. Pelean eruption. 
1902 eruption 
the Indies. 

place. 
less quietly, 

from the crater and 
the countryside 
1851-52 eruption of a basalt flow from 
cinder east of MI. Lassen 
!his type of volcanic activity (James 1966, 303). 
is abundant evidence in the geologic record that lava flows 
have taken place throughout the 

be expected in the future. 

3. cones. This type of eruption is normally contained 
within small The eruption cansisls of more or 
regular explosions of moderate intensity which throw out 
pasty, incandescent lava (scoria), accompanied by a vapor 
doud. The lava in the crater cools endl.lgh to crust over 
lightly and at regular intervals pent-up gases escape 
with explosions, hurling out dots lava and frag­
ments of the crust. Eruptions of this type are commonly 
associated with lava flows. Although no cinder cones are 
known !a have erupted in California since the of 
white settlers, numerous fresh cinder cones indicate wide­
spread activity of this type in the post few hundred years. 

4. Ash foiL The expulsion of solid fragments is one of the 
most spectacular phases of some volcanic eruptions. Millions 
of hot, frothy, dust or sand-sized fragments may be blown 
miles into the air and then swept away by oir currents 
and dropped many miles from their point of origin. The 
1883 eruption of Krakatoa, near Java, was one of the 
greatest volcanic eruptions of historic time. It is estimated 
that one cubic mile of material was blown to a height of 
seventeen miles and that dust from the eruption was car­
ried completely around the earth several times. Oust fell 
in quantities on ships 1600 miles away three days after 
the eruption. The intensity of the sun's rays reaching the 
earth's surface for the year following the eruption were 
only 87 percent of normal, and the products of this erup­
tion covered more than 135,000,000 square miles of the 
earth's surface. 

5. Volcanic mudflows. Eruptions may be accompanied by the 
release of large quantities of water which mix with loose 
volcanic materials to form swiftly moving mudflows. The 
water is derived from crater or caldera reservoirs or from 
melting snow or rain farmed by the condensation of moist 
air carried to cooler altitudes by updrafts, and to a limited 
extent by the condensation of steam released by the vol· 
conic eruption. The rapidly moving mixture of volcanic ma· 
!erial and water may farm a high-density slurry capable 
of transporting rocks weighing many tons. On coming to 
rest, these mudflows harden to form tuff-breccia rock mate· 
rials. 

Most of the products of volcanic eruptions produce 
the intrinsic heat within their rocks or by 

works of man beneath 

1914-1917 Lava flows, ash falls, and nuee ardentes from 
Mt. Lassen, Shasta County. 

1890 Eruptions beneath the surface of Mona Lake, 
Mono County. 

1857 An ash fall from either Mt. Lassen, Shasta 
County, or Mt. Shasta, Siskiyou County. 

1851-52 Formation of Cinder Cone and attendant lava 

1786 

±1470 

flows east of Mt_ lassen, Shasta County. 

Steam and ash from either Mt. Lassen, Shasta 
County, or Mt. Shasta, Siskiyou County. 

Surface eruption forming the cinder cones and 
flow of burnt lava flow, Siskiyou County. 

±1100-1450 Explosive eruptions at lnyo Crater, lnyo County. 

± 900 Extensive eruptions during the formation of 
pumice deposits, lava flows and obsidian domes 
at Big Glass Mountain, Siskiyou County. 

Volcanic eruptions cannot be controlled, although 
there have been successful attempts to divert lava 
flows. Obviously the effects of eruptions should be 
avoided and this is best achieved through advance 
warnings of an eruption by means of geophysical 
monitoring. The two methods that have been most 
successful are: 

1. Seismographs, which can detect earth tremors resulting 
from the subsurface movement of molten magma into con­
duits. Major eruptions ore commonly preceded by strong, 
local earthquakes. 

2. Tiltmeters, which con detect minute differences in earth in­
clination. Instrument readings on the Hawaiian volcanos 
indicate that volcano slopes swell outward before an erup· 
tibn and collapse inward following on eruption. 
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Figure 10. Areas of potential volcanic hazards in California. 
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Volcanic hazards are studied by geologists of the 
California Division of Mines and Geology and the 
U.S. Geological Survey. Priority for these studies is 
generally lower, however, than that for work on other 
geologic hazards. 

The most probable centers of future volcanic erup­
tions have been outlined by Chesterman ( 1971). These 
areas generally lie along the eastern margin of Cali­
fornia, with the greatest concentrations in north­
eastern California and along the eastern margin of the 
Sierra Nevada. Figure 10 shows the generalized dis­
tribution of potential volcanic hazards in California. 

For all of their destructive potential, there have been 
few losses in California from volcanic eruptions. Those 
few eruptions that have occurred did so in remote 
areas. There were some losses resulting from a mud­
flow from the 1915 eruption of Mt. Lassen. Several 
farm buildings \Vere destroyed and several persons 
barely escaped when a \vall of mud 12 feet high swept 
down Lost Creek Canyon (Hill, 1970). Monetary 
losses probably were no more than a few thousand 
dollars. 

It is not possible to estimate future statewide 
losses accurately. The sparsity of events in historic 
time hinders the making of statistical estimates of 
future events; 30-year losses could range from zero 
to many millions of dollars, depending upon factors 
of occurrence, kind, severity, location, and time. 

The use of land in the vicinity of volcanoes has 
greatly increased since the last eruption in 1917 and 
it is reasonable to assume that the low losses in the 
past will not be the rule in the future. Property losses 
would accompany an eruption at any time and if an 
unexpected eruption occurred during a summer tourist 
season, loss of life could be high. 

The most effective warning system would be ob­
tained by extending the State seismograph system to 
include all eruption-prone areas. A seismograph has 
been operating for many years at Mt. Lassen; others 
should be installed at Mt. Shasta, Lava Beds National 
Monument, Clear Lake, Mono Lake, and the Salton 
Sea. As other less populated areas become developed, 
stations should be added. 

In potentially hazardous areas that have not yet 
been urbanized, zoning or other land use controls can 
be effective in reducing future losses. 

Tsunami Hazards 
Tsunamis, or seismic sea waves, are great oceanic 

waves that are generated by earthquakes, submarine 
volcanic eruptions or large submarine landslides. The 
waves are formed in groups having great length from 
crest to crest and having a long period. In deep ocean 
areas, wave-lengths may be a hundred miles or more 
and wave heights, from crest to trough, may be only a 
few feet. Tsunamis cannot be felt aboard ships in deep 
water and normally cannot be seen from the air, but 
intrinsic wave energies are nonetheless impressive. As 
a tsunami enters shallower waters along coastlines, 
wave velocity diminishes and wave height increases. 
If a trough the initial crest, the 
tsunami is a gradual recession 
water; if a crest there is a rise in water 

Following this are large waves, some of which can 
crest at heights of more than 100 feet and strike with 
devastating force (U.S. Coast and Geodetic Survey, 
1955). Seiches are similar, but smaller, low-energy 
waves that form in smaller bodies of water such as 
lakes and bays. 

Tsunamis affect coastal areas and coastal water­
courses. Figure 11 shows the distribution of tsunami 
hazard areas in California. The forces involved are so 
great that the only positive means of protection is to 
avoid areas subject to tsunamis. The basic function of 
the seismic sea-wave warning system administered by 
the National Oceanic and Atmospheric Administration 
is to provide warnings of the approach of potentially 
damaging tsunamis. The system uses seismographs to 
detect and locate earthquakes; and tide gauges to de­
tect passing tsunami waves. Automatic alarms are 
triggered when a tsunami is detected. Methods for 
determining travel times have been improved so that 
arrival times now can be predicted to within a minute 
and a half per elapsed hour. Communication links 
have been established using the network facilities of 
the Federal Aviation Agency, Defense Communica­
tions Agency, National Aeronautics and Space Admin­
istration and U.S. Weather Bureau. Warning times 
vary with distances from the source, but periods of 
several to many hours usually are available to evacu­
ate populations to safe areas. 

The earthquake of 1812 was associated with the 
largest tsunami ever reported in California. The wave 
may have reached land elevations of 50 feet at Gavi­
ota, 30 to 35 feet at Santa Barbara, and 15 or more 
feet at Ventura (Wood and Heck, 1966). 

Damage due to tsunamis in California has almost 
always been greatest at Crescent City in Del Norte 
County, regardless of points of origin. Wave heights 
have been recorded as follows: 

Date Point of origin 

1947 ........ Aleutian Trench 
1952 ........ Kamchatka 
1957. . . . . . . . Aleutian Islands 
1960 ........ Chile 
1964 ........ Alaska 

Wave height 
at Crescent City 

5.9 ft. 
6.8 ft. 
4.3 ft. 

10.9 ft. 
13.0 ft. 

The high wave heights at Crescent City perhaps 
reflect circumstances of exposed coastal location or 
possibly some unknown peculiarity of bottom topog­
raphy. 

The most damaging tsunami of recent years followed 
the Alaska earthquake of 1964, and cost the lives of 11 
persons at Crescent City. Damage along the California 
coast was as follows: 

Crescent City ..................... . 
Long Beach ...................... . 
Los Angeles ..................... . 
Marin County .................... . 
No yo Harbor .................... . 

Total ..................... . 

$11,000,000 
100,000 
275,000 

1,000,000 
1,000,000 

$13,375,000 
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Photo 13. Tsunami damage at Crescent City, 1964. U.S. Army Corps of Engineers photo. 

Continued improvement can be expected in the ex-
warning system, but for the most part the sys­

tem adequate to meet present needs. Since it is im­
possible to control tsunamis, care should be taken to 
· development in areas that have been inundated 
in the past. 

Subsidence* 
Subsidence of the land surface, as a result of the 

of man, has been occurring in California for 
many years. Subsidence can be divided, on the basis 
of mechanisms, into four types: ground­
water withdrawal subsidence, oil or gas withdrawal 
subsidence, hydrocompaction subsidence, and peat oxi­
dation subsidence. The distribution of the four types 
of in California is shown in figure 12. 

GROUND-WATER WITHDRAWAL SUBSIDENCE 

rl-'·'""r"r withdrawal subsidence is the most ex-

*Based on material ,.,."n""·"li 
ward-Lundgren 

tensive and has been the most costly of the four types 
of subsidence in California. This type of subsidence 
has been observed only in valley areas underlain by 
alluvium. areas ·are, from north to south, 1) 
small areas near Arbuckle and Zamora in Colusa and 
northern Solano counties, 2) an extensive area in the 
delta of the Sacramento and San Joaquin rivers, 3) the 
Santa Clara Valley, 4) a very large area in the central 
San Joaquin Valley, 5) Pleasant Vallev in southwest­
ern Fresno County, 6) a large area at the south end of 
the San Joaquin Valley, 7) Antelope Valley, 8) a 
large area in southwestern San Bernardino County 
and eastern Los Angeles Countv called the La Verne, 
Chino-Riverside and Bunker Hill-Yucaipa area, 9) the 
Beverly Hills area, 10) the Watts area, 11) Santa Ana 
area and 12) the San Jacinto Valley-Hemet area. 

Ground surface effects, related to ground-water 
withdra\val, may take many forms. In tidal areas, 
flooding by sea water can be a major problem. Chang­

gradients have seriously affected the carrying 
capacities of drains, and sewers, and have 
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Photo 14. Oil withdrawal subsidence at long Beach for the period i 928 to 1972. Photo by City of Lang Beach, Department of Oil Properties. 

Photo 15. Hydrocompaction subsidence around a 
test pit on the west side of the San Joaquin 
Valley. California Department of Water Resources 

photo. 
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1. The magnitude of water level decline. 

2. The thickness of the alluvium tapped by wells. 

3. The individual and combined thicknesses and compressibil· 
ities of the silt and clay layers within vertical sections 
tapped by wells. 

4. The lengths of time during which water level declines are 
maintained. 

5. The number of occurrences of heavy withdrawals of water 
in any single area. 

In planning with reference to ground-water 
Withdrawal SUbSidence, it is mr\Ort"<1rll- tO COnsider tWO 
points: 1) the type of area in subsidence 
occur and, the amount or of subsidence 
which may occur in a particular has been 
found that the substantial and 
water levels in valley fill alluviums are the 
causes of withdrawal subsidence. Subsidence 
ened in areas of confined ground water and in areas 
having alluvial beds of compressible silts 
Studies of subsidence have been made and are 
continued, in a number of in the state, 
California Department of Water Resources, the U.S. 
Geological Survey, and the U.S. Bureau of Recla­
mation. 

In many portions of the state, potentials for 
ence are being stud~d and estimated by means 
determining 1) degrees of confinement, 
2) thicknesses of aquifer systems, 3) individual and 
total thicknesses of fine-grained beds, 4) 
bility of the fine-grained layers, 5) probable 
depth of wells, and probable future decline 
ground water levels. 

OIL AND GAS WITHDRAWAL SUBSIDENCE 

Twenty-two oil and gas fields in California are 
known to have experienced subsidence. The better 
documented of these fields are located in the Los An­
geles basin where considerable damage has occurred to 
the works of man. The most dramatic example of 
subsidence damage has taken place in the Wilmington 
field near Long Beach. 

area that subsided over the vVilmington is 
intensively industrialized and initially was only 5 to 10 
feet above sea level. 1966, subsidence had placed 
much of the area sea level and "v'r-"n'c"'"' 

of of dock 
Surface 

had caused 
and 

Differential 

horizontal subsid­
faulting (Yerkes 

IS the most common 
Subsidence centers 

areas and 

of the 
in much the same 

withdrawal. 
by 

the overburden load is gradually 
transferred to reservoir rocks and poorly consolidated 

and shale are compacted. 
In the case of oil fields. magnitudes of subsidence 

to those found in circumstances of 
withdrawal. The world subsidence rec­
thc Wilmington oil field where a 

of subsidence was recorded to 
was halted at Wilmington 

in conjunction with the secondary 
recovery of oil. The world record for subsidence may 
soon pass to the area 40 miles west of Fresno, along 
the \vest side of the San where a maxi-
mum 28 was re-
corded 1969. 

Subsidence due to gas withdrawal alone apparently 
does not reach magnitudes comparable to oil with­
drawal subsidence. Perhaps for this reason subsidence 
due to gas withdrawal is not widely recognized, and 
if subsidence is detected over a gas field, separation 
from other types of subsidence, which may be going 
on concurrently, may be difficult. 

In a of the Inglewood oil field, Castle, Yerkes, 
and Riley 1969) discovered an apparent linear rela­
tionship between net liquid production and subsidence 
in the Baldwin Hills area. Their findings show promise 
in the estimating of future subsidence in areas of oil 
and gas withdrawals. In their studies, the linear rela­
tionship between net liquid production and subsidence 
were found to be valid in three Venezuelan fields, in 
the Wilmington oil field during primary production 
stages, and in the Huntington Beach oil field. Success 
with the relationship in these fields suggests that this 
linearity may be a general phenomenon applicable for 
prediction in other oil fields. 
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HYDROCOMPACTION SUBSiDENCE 
Hydrocompaction is a phenomenon most common 

in desert environments, but it has been noticed in some 
of in southern 

and upper Santa Clara 
certain 

the San 
zones 
hundred 

this reason, it is also 
dence" in contrast to the 
vvith 

occur saturated 
water for the first time. 

areas. 

to the of man 
and short distances over 
common result is severe 

has de­
pipelines, 
In some 

been difficult. 
of land 

if irrigated; 
is common and more than 

e>u<J0il.!'-l.''-" has been recorded in some small 

occur 

the western side 
studied pri­
canals that 

studies in 

as types intermediate between the two. 
and mudflow fans are most commonly 

associated with whereas sedi-
ments tend to be nonsubsiding. 

during periods of high 
intensity rainfall. a mudflow travels valleyward, 
it becomes increasingly desiccated both through evap­
oration and through the dissemination of runoff water 
into surrounding dry soils. Desiccation and turbulent 
flow in the unit weight and the open-tex­
tured characteristics of mudflow soils. Soil strengths 
in flow materials are, furthermore, usually greatly 
diminished because of high clay and compositions. 

When water is later applied, either by irrigation or 
from canal leakage to soils susceptible to hydrocom­
paction, the soils in the \Vetted areas collapse. Collapse 
occurs as clay bonding and cohesive strengths in 
the soils surrounding the voids are weakened by water 
percolating through the deposit for the first rime. The 
amount of subsidence is dependent mainly on over­
burden loads, soil shear strengths, natural moisture 
conditions, and the amount and type of clay in the 
deposits. 

In attempting to remedy hydrocompaction problems 
encountered during construction of the California 
Aqueduct, the California Department of Water Re-

sources employed remedial procedure involving the 
ponding of water along the aqueduct route. The in-
filtration of water saturated underlying sedi-
ments and to until all signi-
ficant subsidence had taken of the 

then nr,e;rr>Pr1 

could be used prior to most 
construction in areas of potential hydrocompaction, 
but could be and in desert areas where water is 
a resource, might not be feasible. Experienced 
geologists can areas of potential hydrocom-
paction and soils can recommend remedial 
measures. 

PEAT OXIDATION SUBSIDENCE 
The delta of the Sacramento and San Joaquin Rivers, 

in the central portion of the Great Valley, is believed 
to comprise the second largest continuous body of 
peat lands in the United States, exceeded only by 
the Everglades in Florida. The delta consists of a num­
ber of islands, surrounded a network of waterways. 
The reclamation of swamp and island areas has led to 
an unusual subsidence problem in the delta. 

Prior to reclamation and development, the surface 
of the delta was at or above sea level and was 
inundated high tide or at times of 
river flood of the swamp was covered by 
a dense of with fringes of willows and 
other woody plants along the slightly higher stream 
banks. 

of: 
steps in the delta reclamation process consisted 

. The construction of levees around each of the islands. 

2. The burning of the dry tules. 

3. The construction of main drainage ditches and pumping 
systems. 

4. The plowing and cultivation of the delta surface to depths 
of 2 feet when soils became dry. 

Peat in delta range in thickness from a 
few inches to more than 40 feet. In the central delta, 
thicknesses between 20 and 40 feet. Subsidence 
is greatest at centers of the individual islands in 
the delta and with time manv islands have taken on 
bowl shapes. The average c~mulative subsidence to 
1952 appears to have ranged from 11 to 14 feet. 

Subsidence in peat soils is the result of several fac­
tors operating together. These factors include: oxi­
dation of the peat, burning, wind erosion, shrinkage 
from drying, and compaction by tillage machinery. 
Of these five factors, oxidation of the peat seems to 
be the single most important factor, and for this rea­
son, the phenomenon has been called "peat oxidation 
subsidence". 

In their virgin condition, the delta soils were almost 
completely submerged, and oxidation either did not 
occur or was greatly retarded. Oxidation is most likely 
the result of the action of aerobic bacteria above the 
water table. Other factors such as compaction by till­
age machinery, shrinkage by drying, burning, and 
wind erosion seem to be minor. 

It seems that subsidence will continue in the delta 
as long as the water table is maintained at a position 
lower than ground surface. As drainage goes hand in 
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hand with cultivation, it is unlikely that subsidence 
will stop until the peat has been completely oxidized. 
Greater subsidence the individual islands will place 

loads on the levees that the 
HllHlL<au,u~ lower VV eir ( 

ter 
Peat oxidation subsidence 
tural use and as a result 
fornia Agricultural Station, at Berkeley. 

The California Division of Oil and Gas directlv 
controls subsidence due to the withdrawal of oil and 
gas; additional control is provided in some southern 

California areas by local petroleum production ad­
ministrations. Nlost other types of subsidence are not 
regulated by law. Subsidence due to ground-water 
withdrawals 
local 

rhr>rPtnr•p important to 
tials for subsidence mav 
the possible ·of at 
before development is contemplated. 
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RECOMMENDATIONS FOR REDUCING GEOLOGIC HAZARDS LOSSES IN CALIFORNIA 

General Statement 
Section 3 of this report describes the ten principal 

geologic problems that threaten California: the geo­
logic nature of each problem; statewide distribution, 
by severity levels; history of losses; the most effective 
measures for reducing the losses from problems; the 
agencies I that 'deal with i the . problem; 1 and 'the state 
of the art in coping with each problem. Section 3 is, 
in effect, a capsule inventory of what we know about 
the problems. 

Section 4 lists, in broad form, the action programs 
that can be implemented to reduce future losses re­
sulting from each geologic problem. These action pro­
grams constitute the recommendations of the Urban 
Geology Master Plan for California. The recom­
mended programs are of two kinds: those that propose 
to improve the state of the art and to develop new and 
greater capabilities for dealing with California's geo­
logic problems on both the technical and the non­
technical levels; and those that propose to expand the 
application of present state-of-the-art procedures to 
reduce losses further. Many of the recommended pro­
grams are presently active to some degree, but need 
to be expanded or accelerated; others need to be in­
stituted. 

The recommended actions involve four broad 
types of objectives, arranged roughly by time­
sequence relative to the expected occurrence of par­
ticular geologic hazard events: 

1. Avoid or prevent damage from future events by ~ssessing 
the nature and location of probable events, taking steps 
to control those events, and guiding human activities away 
from hazardous areas in which it is not feasible to correct 
the hazards. 

2. Minimize unavoidable or unpreventable losses by requiring 
thorough analysis of the geologic environment prior to 
design, then provide safe design, construction, and main­
tenance practices by adequate codes and ordinances. 

3. Take emergency action to save lives and property during 
or immediately following any particular disastrous event. 

4. Take longer-range recovery action following a particular 
event, to study its lessons, reestablish normal life, and re­
build. 

Recommended action programs are listed or refer­
enced for each of the 10 urban geologic problems, to­
gether with recommendations as to which organiza­
tions should implement each program. 

Priorities-as to which problem should be consid­
ered first, in which localities actions should be started 
first, which loss-reducing actions should be initiated 
first, or which action organization should act first to 
initiate its programs-are considered in Section 5. 

Table 4, "Loss-reduction functions", lists the seven 
main functions that can and should be performed to 
reduce losses from geologic problems. All of the action 
programs recommended for specific geologic problems 
in the pages following table 4 fall within these seven 
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functions. The recommended actions are presented by 
problem, in the order given in table 4. 

The loss-reduction functions in table 4 and the 
recommendations that follow are not equally impor­
tant in reducing losses from each of the 10 geologic 
problems: a given function may apply only indirectly 
to certain geologic problems, or it may be adequately 
performed now. 

Loss-reduction functions cannot be compared to 
each other in importance for reducing the losses from 
any single geologic problem. The functions are basi­
cally sequential in application, like links in a chain of 
operation: none does the whole job itself, yet none 
can be neglected entirely. 

The variability of importance of the functions 
within and between the several geologic problems is 
apparent from the number and type of programs that 
are recommended within each function's heading, 
problem by problem. 

This classification of loss-reduction programs re­
peatedly emphasizes two separate types of actions that 
are necessary before a recommended function is in­
deed accomplished: 

I. DEVELOP CAPABILITY: 
Learn how to carry out the needed program. Develop the 
capability or improve the state-of-the-art, and develop or 
evolve a standard procedure for accomplishing the pro­
gram. This capability must be made available to those re­
sponsible for doing the job. 

2. DO THE JOB: 
Properly apply the capability to avoid, prevent, or correct 
the problem. 

The need for this obvious two-step approach is ex­
emplified in the recommendations to produce con­
sistent and complete socio-economic analysis informa­
tion for each geological problem. First, to develop 
needed capability, a standard terminology needs to be 
devised, and a standard format developed for collect­
ing and recording the needed kinds of data, in terms of 
the units to be used; a standard procedure needs to 
be devised designating sources to be canvassed and 
organizations responsible for collecting, collating, and 
storing the information. Otherwise the record will 
continue to be made up of fragmentary data about 
various kinds of losses, which may otherwise be com­
bined in unknown ways with other loss (or loss-re­
duction) data, and may contain unexpressed assump­
tions and incompatible units which are incomplete or 
overlapping in some time-spans or localities. This pro­
cedure should be developed with broad participation 
so as to be generally acceptable, and then made avail­
able to all concerned. 

Second, the many agencies responsible under the 
developed procedure must effectively perform the 
indicated tasks to collect the socio-economic data in 
the accepted manner. 
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TQole 4. toss~redlidion functions. 

Recommended Programs 
The following section presents the action programs 

recommended for immediate implementation to reduce 
losses from the ten geologic problems considered in 
the Urban Geology Master Plan project. Collectively, 
these recommendations constitute the principal end 
product of the California Urban Geology Master Plan. 

The ten geologic problems are arranged in de­
scending order of potential total dollar loss in the 
state, including dollar-equivalent life-loss, property 
damage, and intangible losses, from 1970 to the year 
2000 if no change is made in the type and level of 
loss-reduction measures being taken in 1972. (See table 
1, in Section 1.) To the extent the amount of potential 
loss represents the potential benefit if loss-reduction 
measures could be 100 percent successful, this ranking 
represents one approach to an order of priority for 
implementing Urban Geology Master Plan recom­
mendations. 

The reco_mmended programs are classified according 
to the outhne presented in table 4. Detail varies from 
heading to heading and between geologic hazards, ac­
cording to the nature of the hazard and the applica­
bility or effectiveness of the several types of recom­
mendations. 

The numbers in parentheses following each recom­
mended program indicate: 

{1) This is a new program. 

(2) This is an enlargement of a program now active in some 
places or to some degree in California; it should be ex· 
panded in scope, or extended to other jurisdictions, or 
accelerated to completion, above its 1972 levels by at 
least 100 percent. 

(3) This represents a continuation of a program now active, 
at about its 1972 scope, coverage, and emphasis. 

Recommendations in bold-face tvpe are the Major 
Recommendations of the Urban Geology Master Plan 
-those programs that stand to produce the largest 
amount of loss in each if pursued 
vigorously. • 

E. ENFORCE'MEh"T FUNCTIONS 

1. Governing.bQdY 
. ··.ma.~ml$t. 

2. Operational insl;>.ed:i!)il 

Abbreviations Used in This Section 

STATE AGENCIES 

CDF California Division of Forestry (in Department 
of Conservation) 

CDH California Division of Highways (in Department 
of Public Works) 

CDMG California Division of Mines and Geology (in 
Department of Conservation) 

CDOG California Division of Oil and Gas (in Depart-
ment of Conservation) 

CIR California Council on Intergovernmental Rela-
tions 

DC California Department of Conservation 

Dl California Department of Insurance 

DGS California Department of General Services 

DHCD California Department of Housing and Commu-
nity Development 

DNOD California Department of Navigation and Ocean 
Development 

DPR California Department of Parks and Recreation 

DPW California Department of Public Works 

ORE California Department of Real Estate 

OVA 

DWR 

GEC 

JCSS 

MGB 

OAC 

OES 

OIM 

OPR 

SLD 

California Department of Veterans Affairs 

California Department of Water Resources 

California Governor's Earthquake Council 

Joint Committee on Seismic Safety of the Cali­
fornia Legislature 

State Mining and Geology Board 

California Office of Architecture and Construe· 
tion (in Department of General Services) 

California Office of Emergency Services 

Office af Intergovernmental Management 

California Office of Planning and Research 

California State lands Division 
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FEDERAL AGENCIES 

BLM U.S. Bureau of Land Management 

DCPA U.S. Defense Civil Preparedness Agency 

EPA U.S. Environmental Protection Agency 

FHA 

FIA 

HUD 

NASA 

NOAA 

NSF 

OEP 

ONR 

scs 
USBR 

USCE 

USCG 

USDA 

U.S. Federal Housing Administration (in De­
partment of Housing and Urban Develop· 
ment) 

U.S. Federal Insurance Administration (in De­
partment of Housing and Urban Develop­
ment) 

U.S. Department of Housing and Urban Devel· 
opment 

U.S. National Aeronautics and Space 
Administration 

U.S. National Oceanic and Atmospheric 
Administration 

U.S. National Science Foundation 

U.S. Office of Emergency Preparedness 

U.S. Office of Naval Research 

U.S. Soil Conservation Service 

U.S. Bureau of Reclamation 

U.S. Corps of Engineers (in Department of 
Defense) 

U.S. Coast Guard 

U.S. Department of Agriculture 

USFS U.S. Forest Service 

USGS U.S. Geological Survey 

LOCAL GOVERNMENT AND PRIVATE SECTOR 
ORGANIZATIONS 

AEG 

AlA 

AIME 

AlP 

ASCE 

CSAC 

CSLL 

DWP 

FAIR 

ICBO 

LCC 

MWD 

PG&E 

SCE 

SEAOC 

Association of Engineering Geologists 

American Institute of Architects 

American Institute of Mining, Metallurgical, and 
Petroleum Engineers 

American Institute of Planners 
American Society of Civil Engineers 

County Supervisors Association of California 

California Savings and Loan League 

Los Angeles City Department of Water and 
Power 

Fair Access to Insurance Requirements 

International Council of Building Officials 

League of California Cities 

(Los Angeles Area) Metropolitan Water District 

Pacific Gas and Electric Company 

Southern California Edison Company 

Structural Engineers Association of California 

loss-Reduction Programs 

I. EARTHQUAKE SHAKING 

The Governor's Earthquake Council has recom­
mended a comprehensive program to reduce losses 
from seismic events in "First Report of the Governor's 
Earthquake Council, November 21, 1972". 

The Joint Committee on Seismic Safety of the Cali­
fornia Legislature is conducting various investigations 
and has issued several progress reports directed pri­
marily to possible legislative actions to reduce losses 
from seismic events. A number of pieces of seismic 
safety legislation were passed in 1971 and 1972 reflect­
ing the Joint Committee's work, and more are ex­
pected to be enacted in 197 3 and future years. The 

Recommended Programs 

A-F. {Not applicable} 

G. OVERALL COGNIZANCE AND COORDINATION FUNCTIONS 

final Joint Committee report is due July 1, 1974. 
Rather than duplicate the recommendations of these 

organizations, the Urban Geology Master Plan refers 
to the above publications and endorses their recom­
mendations. 

One additional recommendation of the Urban 
Geology Master Plan is to extend the scope of the 
successor body (Governor's Earthquake Council 
Recommendation 26 in the First Report, page 55) to 
consider, in addition to seismic hazards, all the other 
geologic problems covered in this report except loss 
of mineral resources and flooding. 

Recommended Agencies* 

Extend scope of successor body to GEC and of JOSS after June 30, 1974 
(Recommendation 26 in GEC, 1972, page 55) to provide continuing cog­
nizance over loss-reduction programs for all geologic problems except loss 
of mineral resources and flooding. 1 

(body to be established) 

1 Essentially a new program * = Lead or co-lead agency. 
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Recommended Programs 

11. 

A. DATA FUNCTiONS 

L Research programs data on 

a. that cause mineral 
to loss-reduction.) 

i. Statewide scale: 

m. Detail 
deposits, 

ii. For every urban region in California and for those 
that have mineral resources urban areas, "v''""'""'"'" 
ard economic report, demand 
the problem (Or potential problem) Of Of m1'nA1'<> 

procedure established under recommendation A-1-c-i.2 

d. Develop research on associated with 
loss of mineral resources. 

Determine prqbabilities or limitations of possible development of 
each mineral (or mining) district, considering limits of valuable mate­
rial, and removal problems. Consider also forecasts of market demand 
and any potential engineering problems facing removal of the valuable 
materials.2 

e. Case-study projects: Conduct research study of major cases where 
mineral resources have been or threatened to be lost, due to 
urbanization processes (e.g., one study in southern California area, 
one in San Francisco Bay area). 

2. Information-dissemination programs. 
a. General public information program. 

Prepare and distribute basic educational materials about the eco­
nomic, environmental, and social relationships of mineral resources to 
urban development. 

b. Information clearinghouse and data-bank program. 

1 Essentially a new program * =Lead or co-lead agency. 

Bull. 198 

Recommended Agencies 

UJJHHT. USBM*, USGS, 
Mining associations, 
Counties 

CDMG*, USB1vL, Minerals 
industry, City and county, 
planning departments 

CDMG*, USBM, USGS, 
Minerals industry 

• Expansion of 1972 programs 
3 Continue program at 1972 level 

Bold-face type = Major recommendation of 
Urban Geology Master Plan 
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Recommended Programs 

1. Continue to serve as clearinghouse and provide data bank service 
for all information on California mineral resources.2 

n. Expand the types of mineral resource information covered in the 
data bank to include those recommended in this section.2 

B. PLANNING FUNCTIONS 

1. Land-use planning. 
a. Produce publication describing problems of mineral deposit loss due 

to blocking of access before the valuable materials can be removed, 
and the implications of this problem for land-use planning and public 
policy.1 

b. Adopt practice of using mineral resource information in determining 
land-use capability and in the land-use planning, zoning, and permit­
ting procedures of local governments and land-custody agencies. 
Strengthen mineral resources aspects of conservation elements in gen­
eral plans, and emphasize their application.2 

2. Recovery planning. 
Apply long-range 

mineral resource lands in 
ning procedures.2 

C. ENGINEERING FUNCTIONS 

Improve 
materials 

D. ENABLING FUNCTIONS 

conservation, reclamation, and reuse of 
community and land-custody plan-

to enable the removal of mineral 
with minimum adverse effects. Also 

of se-

1. Political and administrative actions. 

a. Provide and guidance. 
i. Adopt strengthened conservation element of general plans, incorpo­

rating long-range approach to mineral resource utilization.s 
ii. Adopt mineral resources zoning ordinance and procedures and prac­

tices for making it effective.2 

b. Provide resources (funds and manpower) to enable effective adminis­
tration of the strengthened mineral resources element in the general 
plan and the mineral resources zoning ordinance. 

2. Coordination and operational guidance. 
a. Develop and make information available to land-usc zoning 

administrators, and mineral for de-
veloping and mineral urban areas, applying 
available and socio-economic information about mineral 
deposits. aim is to minimize undesirable to the physi-
cal, economic and social both and long-range, 
of and Include considerations of design-
ing the quarry and the long-range rec-
lamation depleted will be for high-demand 
urban uses.2 

b. Establish 
servation '""""''"'" 

' Essentially a new nr<>!1'r:am 

and 
the 

for effective con­
treats problems 

* = Lead or co-lead agency 
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Recommended Agencies 

CDMG*, USBM 

CDMG*, USBM, USGS 

CDMG*, USBM, USGS, AlP, 
CIR, OPR 

City and county planning* 
departments 

Land-custody agencies: 
BLM, USBR, DPR, SLD 

CDMG, USBl\f, City and 
county planning 
departments * 
Land-custody agencies, 
BLM, USBR, SLD 

USBM*, CDMG, Minerals 
industry- firms and 
associations, Universities, 
Cities, Counties, AIME 

councils, 
Boards of Supervisors 
City councils, 
Boards of Supervisors 

councils, 
Boards of Supervisors 

USBM, AIP, AEG, 
Cities, Counties, CSAC*, 
LCC 

CIR*, OPR 

• Expansion of 
• Continue program at level 

= Major recommendation of 
Urban Geology Jl.!aster Plan 



56 CALIFORNIA DIVISIO::o< OF MINES AND GEOLOGY 

Recommended Programs 

of mineral r,esource conservation; also suggestions for effective ad­
ministration of that element.2 

c. Provide model of mineral recovery zone ordinance ( cf. Riverside 
County's MR zone), and guidelines for administering it effectively.2 

d. Produce case-studies or other guidance for applying mineral resource 
information in environmental impact considerations.2 

E. ENFORCEMENT FUNCTIONS (Not applicable) 

F. EMERGENCY ACTION FUNCTIONS (Not applicable) 

G. OVERALL COGNIZANCE AND COORDINATION FUNCTIONS 

1. Make periodic evaluation of progress on recommendations in this section 
and publish annual status reports. 1 

Ill. LANDSUDING 

A. DATA FUNCTIONS 

1. Research programs to develop data on landsliding. 

a. Research into geologic and other natural processes and conditions that 
cause or relate to slope stability and landslide movement and their 
interrelationships. 

i. Develop state of the art, 
analysis of old landslides 
movement, and their ,.,...,~nc.n 

to enable 
of 

ii. Develop and improve the state of the art and instru-
ments for predicting and renewed movement 
in known landslides for 

iii. Devise workable procedure and criteria to determine the relative 
stability of slopes. The criteria must be applicable in the field, and 
should relate the stability characteristics to the uses to which the 
area can be put.2 

b. Evaluate the varying degrees of slope instability in the urban areas 
of California. 

i. Compilation (statewide) scale program (1: 250,000-1: 1,000,000) .1 

ii. Oounty/re,gional scale program (1 :62,500-1 :125,000).1 

iii. Detail or quadrangle scale program (1: 12,000-1: 24,000). 2 

iv. Project-scale mapping for land-use permit decisions or construction 
purposes (1: 1200-1: 12,000).2 

c. Develop socio-economic information and analyses. 
1. Establish standard procedure for gathering and compiling figures 

on landslide damage loss and costs of remedial efforts, for accurate 
and comparable statistics; devise a form that can be used and 
compiled statewide, and designate an information clearinghouse.l 

* = Lead or co-lead agency 

Bull. 198 

Recommended Agencies 

CDMG, AlP, Cities, 
Counties 

CDMG, AIP,CIR*, OPR, 
Cities, Counties 

CIR, OPR*, CDMG, Cities, 
Counties 

CDMG*,OPR 

CDMG*, USGS*, 
Univ.ersities, AEG, DWR, 
USBM, CDH 
USGS* 

DWR 

CDMG*, USGS*, AEG, 
Cities, Counties 

CDMG*, USGS 

CDMG*, USGS, County 
consultants 
CDMG*, USGS*, Cities, 
Counties, Consultants 

Consultants for local gov­
ernments or developers 

ICBO,* AEG, ASCE, LCC, 
CSAC, OES, SEAOC, DI, 
CIR 

1 Essentially a new program 
2 Expansion of 1972 programs 

Bold-face type = Major recommendation of 
Urban Geology Master Plan 
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Recommended Programs 

ii. For every reportable landslide occurrence, complete a standard report 
for permanent record and clearinghouse use.1 

d. Perform engineering response research. 
1. Investigate behavior of surficial materials at proposed construction 

sites to determine safe design of foundation and structure. Con­
sider effects of site-preparation work and control accordingly.2 

ii. Investigate design and construction standards for foundation and 
structure to be built at any proposed site, relative to the expect­
able stability of the geologic setting.2 

e. Event,study opportunities. 
i. Whenever a landslide moves significantly, or damages a founda­

tion or structure, conduct detailed study of the geologic materials 
and, if present, foundations and structures. Make information on 
results of studies readily available.2 

n. During any post-earthquake investigation, search immediately for 
incipient landslides that may be triggered by aftershocks.2 

2. Information-dissemination programs. 
a. General public information program. 

Prepare and distribute basic educational materials about landsliding 
in general, emphasizing local and regional applications, and what the 
homeowner should know and do about landslides, both before and after 
they occur.2 

b. Information clearinghouse and data-bank program. Gather, store and 
disseminate all pertinent information on landsliding.1 

B. PLANNING FUNCTIONS 

1. Land-use planning programs. 

Develop procedures and pursue practice of incorporating landslide and 
slope-stability information into procedures used to determine land-use 
capability, and apply in local government and land-custody agency land­
use planning procedures (e.g., strengthen safety element and emphasize 
its application) .2 

2. Recovery planning programs. 
Conduct study to evaluate public and private landslide-insurance pro­

grams in California, considering combination with insurance for all nat­
ural disaster losses; recommend alternatives for improvement.l 

C. ENGINEERING FUNCTIONS 

In planning and designing public works structures, adopt standard pro­
cedure of considering threat of landslide, and modify structure as nec­
essary.3 

1 Essentially a new program * = Lead or co-lead agency. 
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Recommended Agencies 

City and county agencies 
and/or officials 

Consultant for local gov­
ernment site-approval sec­
tion, Consultant for 
builder, Universities, AEG, 
ASCE 

Local government site-ap­
proval section, 
Consultant for builder 

CDMG*, USGS*, 
City and county building 
officials, Clearinghouse 

CDMG*, USGS, 
City and county personnel 

CDMG*, USGS, CSLL, DI, 
AEG, ASCE, DRE*, FHA 

CDMG*, USGS 

AIP, LCC, CSAC, CIR*, 
OPR, CDMG, AEG, USGS, 
ASCE, City and county 
planning departments, 
Land-custody agencies 
(e.g., BLM, USFS, DPW, 
DPR, SLD, DGS, CDF) 

DI*, FIA*, DWR (Insur­
ance coordinator), DRE, 
FAIR, DHCD, JOSS, 
DV A, FHA, Insurance 
associations 

Dam-building agencies 
(USCE, DWR, BLM, 
USBR, USFS), 
Road-building agencies 
(DPW) 

2 Expansion of 1972 programs 
3 Continue program at 1972 level 

Bold-face type = :\fajor recommendation of 
Urban Geology Master Plan 
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Recommended Programs 

D. ENABLING FUNCTIONS 

1. Political and administrative actions. 
a. Provide authority, policy guidance. 

i. Adopt strengthened safety and seismic safety elements in general 
plan, incorporating improved landslide considerations.2 

ii. Adopt latest, improved version of grading ordinance (see A-4-a, b) .2 

b. Provide funds and staff to make land-use plan effective, and to enable 
zoning and grading ordinances to be enforced.2 

2. Coordinated, informational guidance. 
a. Produce model safety element for local general plans, especially as it 

deals with slope-stability problems.1 

b. Periodically update model grading ordinance, especially as it deals 
with landslide problems, with guidance on how it can be applied ef­
fectively, including case studies of successful grading ordinance en­
forcement practice. 2 

c. Assemble and distribute case-studies, and other informational ma­
terials on applications of landslide information in environmental im­
pact considerations, including case studies of successful practice.2 

d. Produce interpretive publication, alerting and orienting planners and 
and administrators to the significance and usefulness of geotechnical 
information on landsliding and on the engineering response, and on its 
application in land-use planning and decision making.1 

E. ENFORCEMENT FUNCTIONS 

1. Administrative follow-through; management control. 
a. Strengthen local government programs and capabilities for effective 

inspections of grading practices, including requirement of pre-con­
struction geological study of slope stability conditions at site.2 

b. Maintain integrity of zoning and grading ordinances (as they apply 
to landsliding) in arriving at individual land-use decisions.2 

2. Conduct on-site inspections of building sites as necessary to assure that 
the various actions to prevent damage from landsliding are properly 
taken, as required by safety regulations, and zoning and grading ordi­
nances.2 

3. Public and private lending institutions should require either a geologic 
report on the stability of structural sites or a policy of landslide insur­
ance prior to the approval of financing in areas subject to landsliding.1 

F. EMERGENCY ACTION FUNCTIONS (Rarely applicable) 

G. OVERALL COGNIZANCE AND COORDINATION FUNCTIONS 

The status of landslide hazards in California should be determined and 
reported upon annually by the appropriate State agency or agencies. 
Landsliding should be included among the geologic hazards to be con­
sidered by the successor body to the GEO and JOSS after June 30, 1974 
(Recommendation 26 in GEO, 1972, p. 55).1 

* = Lead or co-lead agency 

Bull. 198 

Recommended Agencies 

City councils, Boards of 
Supervisors 

City councils, Boards of 
Supervisors 

City councils, Boards of 
Supervisors 

OIR*, OPR, ODMG, OSAC, 
LOO,AEG 

lOBO*, ODMG, OIR, CSAO, 
LOO, AEG, ASOE 

USGS, ODMG, OPR*, 
AEG, ASOE, OIM, CIR 

ODMG*, USGS, AEG, 
ASCE 

City councils, Boards of 
Supervisors 

City councils, Boards of 
Supervisors, Appeals 
Boards 

City and county grading 
inspectors; Foundation and 
construction inspectors 

FHA, DV A, Private 
lending institutions 

ODMG*,MGB 

1 Essentially a new program 
• Expansion of 1972 programs 

Bold-face type = Major recommendation of 
Urban Geology Master Plan 
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Recommended Programs 

The natural causes and processes of flooding lie 
mainly in the fields of weather science and hydro­
logic engineering, largely outside the field of strictly 
geotechnical science, so are treated only generally in 
the Urban Geology Master Plan. On the other hand, 
the methods and responsibilities for reducing life and 
property losses from flooding are similar in many 
respects to those for several of the other geologic 
problems included in this study. The magnitude of 
expectable flooding losses-$6.5 billion by 2000, 
fourth among the 10 geologic problems considered 
in this study-justifies further consideration of all 
feasible loss-reduction actions. 

It is recommended that the Department of Water 
Resources, in coordination with other State, federal, 
and local agencies, make an assessment of existing 
flood damage prevention measures, future needs, and 
programs to meet the needs. Loss-reduction meas­
ures which should be considered include : 

• Weather research. 

• Hydrologic research. 

• Flood zone mapping, at various scales. 

• Consistent, complete socio-economic data on flood damage. 

Recommended Programs 

A. DATA DEVELOPMENT FUNCTIONS 

1. Develop research data on erosion. 

• Improved design and construction practice for dams, levees, 
weirs. 

• Improved public information, especially about "drainage 
problems" (local flooding) 

• Flood information clearinghouse, statewide. 

• Flood-zone ordinances. 

• Flood insurance policy and practice. 

• Flood-zone construction lending policies and practices. 

• Traditional government policies regarding: emergency fund 
grants, low-cost recovery loans, tax-forgiveness. 

• Standards for feasibility studies prior to authorizing flood­
control works (e.g. Framework Study Program). 

• Indemnification of flood-zone landowners for reduced land­
use capability under more restrictive flood-zone regula­
tions. 

• Model language to permit inclusion of flood and drainage 
problems in general plan, safety elements. 

• Measures for enforcing flood zone regulations. 

• Standards for "floodproof" construction. 

• Guidance for local governments to include flooding and 
drainage problems in their emergency-response planning. 

• Provide for ongoing top-level cognizance, coordination of 
all measures ta reduce losses from flooding. 

• Public purchase of flood-prone areas for open space and 
park land in lieu of construction of flood-control works. 

Recommended Agencies 

a. Research into technical, scientific processes that cause or affect erosion. 
I. The geologic processes that contribute to erosion are relatively well 

known and do not warrant high-priority research programs. The 
erosion and sedimentation problems that accompany flooding, land­
sliding, and volcanic events should be considered during research 
in those problems.3 

ii. Coastal erosion processes are more specialized and require research 
into basic processes and factors aimed at prevention and control 
measures, especially in urban areas.2 

iii. The many factors that contribute to erosion problems of surficial 
geologic units under various conditions, and their relationships, 
should be identified and listed for systematic application in studies 
of erosion problems in California, including local government 
planning projects.3 

b. Extend inventory of knowledge about erosion in California, includ­
ing coastal erosion. Those types of soils and rock units that are espe­
cially susceptible to erosion under natural, undisturbed conditions 
should be mapped and described throughout California, and especially 
in areas subject to coastal erosion. 

'Essentially a new program * = Lead or co-lead agency 

Appropriate 
research 
agencies 

USGS, USCE*, DNOD, 
CDMG, Universities 

scs 

scs•, useE• 

2 Expansion of 1972 programs 
• Continue program at 1972 level 

Bold-face type = Major recommendation of 
Urban Geology Master Plan 
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60 CALIFORNIA DIVISION OF MINES AND GEOLOGY 

Recommended Programs 

i. Statewide compilation scale (1: 250,000-1: 1,000,000) .1 

ii. County ;regional scale (1: 62,500-1: 125,000) .2 

iii. Detail or quadrangle scale, especially in coastal erosion areas 
(1: 12,000-1: 24,000) .2 

iv. Project-scale mapping, for land-use permit decisions or construc­
tion purposes (1: 1200-1: 12,000) .2 

c. Develop socio-economic analysis information. 

i. Develop a standard procedure for collecting erosion-loss figures 
separate from landslide and flooding-loss figures.1 

ii. Collect and compile reliable figures (per A-c-i) on losses due to 
erosion, and the costs of erosion-preventive and remedial measures, 
for standard reporting areas and periods.1 

d. Research into engineering response to erosion. Standard engineering 
practice and state of the art, in predicting erosion danger and in de­
vising measures to control it, is effective and should be applied without 
exception, considering erosion caused by construction projects, and 
ongoing erosion in adjacent areas that threatens those projects.3 

2. Information-dissemination program. 
a. General public information. 

Produce an updated, interpretive general purpose primer discussing 
California's erosion problems as geological hazards. Emphasize the 
geotechnical nature of the problem, related factors, what can and 
should be done to reduce losses, and what all this means to the urban 
area in general, and the homeowner in particular.2 

b. Information clearinghouse, data-bank program. 
Improve present information-handling capability and procedures and 

establish regular ongoing function as clearinghouse for all informa­
tion about erosion in California.2 

B. PLANNING FUNCTIONS 

1. Land-use planning. 
a. Erosion-prone conditions of the undisturbed surface are rarely threat­

ening enough to influence land-use planning. However, procedures for 
dealing with those rare situations in which an important erosion threat 
is inherent in local surficial conditions should be made known to all 
planners.2 

b. Procedures should be develop.ed for dealing with land-use implica­
tions of erosion of coastal cliffs and near-shore features, and model 
language proyided to all planning agencies.2 

2. Recovery planning. 
a. Include erosion-damage loss among the geologic losses covered by rec­

ommended broad-coverage natural disaster insurance program.1 

C. ENGINEERING FUNCTIONS 

I. M:ake erosion prevention and control considerations part of design and 
construction practice for drainage works (e.g., storm drains, culverts, 
bypass or ov.erflow channels). 2 

2. Plan, design, and build coastal erosion control structures (e.g., seawalls, 

• = Lead or co-lead agency 

Bull. 198 

Recommended Agencies 

SCS*, USCE* 

SCS*, USCE* 

SCS*, USCE* 

Consultants for local 
governments, Developers 

scs 

Local government 

Universities, AEG, ASCE 

SCS*, USDA 

scs 

SCS*, CIR, OPR, AIP, LCC, 
CSAC,AEG 

OPR, CIR*, USCE, AIP, 
LCC, CSAC, USGS, CDMG, 
AEG 

FIA*, DI*, FHA, DVA, 
Insurance industry 

Public works agencies, 
all levels of government, 
Contractors 

USCE*,DNOD 

1 Essentially a new program 
• Expansion of 1972 programs 
• Continue program at 1972 level 

Bold-face type = Major recommendation of 
Urban Geology Master Plan 
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Recommended Programs 

groins, revetments) that have been determined to be necessary and 
feasible.3 

D. ENABLING FUNCTIONS 

1. Adopt improved land-use plans, grading ordinances, and building codes 
that incorporate model provisions for dealing with erosion, and provide 
sufficient funds to carry out work programs.2 

2. Improve guidelines and models for proper consideration of erosion in 
grading ordinances and building codes; include model proc.edures for 
enforcing the ordinances and codes; include considerations of potential 
erosion damage in environmental impact procedures.2 

E. ENFORCEMENT FUNCTIONS 

Carry out inspection procedures relative to erosion problems, to enforce 
compliance with building codes and grading ordinances.3 

F. EMERGENCY-RESPONSE FUNCTIONS (Not applicable) 

G. OVERALL COGNIZANCE AND COORDINATION 

The status of erosion problems in California should be determined and 
reported upon annually by the appropriate State agency or agencies. Ero­
sion activity should be included among the geologic hazards to be considered 
by the successor body to the GEC and JOSS after June 30, 1974 (Recommen­
dation 26 in GEC, 1972, p. 55). 

The Subdivision Map Act requires that soils reports be made before sub­
divisions are approved unless the requirement is waived by local govern­
ment. Soils reports include detection of .expansive soils so that proper action 
can be taken. The measures that practically eliminate danger of structural 
damages in expansive soils are relatively inexpensive, well known, and 
reliable. As long as local officials are adequately funded and diligent in re­
quiring that the soils report information be used properly, losses due to 
expansive soils can be minimized. 

Detailed recommendations of programs to reduce losses from expansive 
soils are unnecessary in the Urban Geology Master Plan. 

The recommendations of the Governor's Earthquake Council to reduce 
losses from seismic events (GEC, 1972) also cover losses from fault dis­
placement. 

Likewise, the work of the Joint Committee on Seismic Safety of the Cali­
fornia Legislature to generate legislative and other actions to reduce losses 
from seismic events will also cover losses from fault displacement. 

In 1972, Chapter 7.5, the Alquist-Priolo Geologic Hazard Zones Act, pro­
posed by the JOSS, was added to Division 2 of the Public Resources Code. 
Its purpose is to establish policies and criteria to assist cities, counties, and 
state agencies in providing for public safety in hazardous fault zones. In 
1973, special studies zones are being delineated to encompass potentially 
hazardous faults in California by the State Geologist. By December 31, 1973, 

• Expansion of 1972 programs 

Recommended Agencies 

City councils, Boards of 
Supervisors 

CIR*, OPR, SCS, ASCE, 
AEG 

61 

City and county building 
and grading department 
inspectors 

(body to be established) 

• Continue program at 1972 level 
* =_Lead or co-lead agency 

Bold-face type = Major recommendation ot 
Urban Geology Master Plan 
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Recommended 'Programs 

the State Mining and Geology Board will have developed policies and cri­
teria to be used in approving all proposed new real estate developments or 
structures for human occupancy to be placed in the designated special 
~tudies zones. 

Rather than duplicate these efforts, the Urban Geology Master Plan refers 
to the publications of the GEC, JOSS, and the Alquist-Priolo Act project 
and endorses their recommendations and procedures. 

A. DATA DEVELOPMENT FUNCTIONS 

1. Research programs to develop data on volcanic hazard phenomena. 
a. Field and laboratory research in geotechnical processes involved in 

volcanism and the forms of volcanic phenomena that occur in Califor­
nia. Apply results of volcanic research conducted outside California 
in reducing potential volcanic losses in the state. Develop procedures 
and instruments necessary for a volcanic warning system.2 

b. Update and refine maps and text descriptions of potential volcanic 
hazard areas in California. Develop data on probable recurrence and 
projected damage levels, wherever damage is possible.3 

1. Statewide scale: update as feasible 
(1: 250,000-1: 1,000,000) 1 

11. County /regional scale program 
(1: 62,500-1: 125,000) 1 

iii. Detail or quadrangle scale program 
(1: 12,000-1: 24,000) 1 

c. Gather socio-economic information and analyses. 
Develop standard procedure for gathering consistent and meaning­

ful data on volcanic hazard losses. \¥henever volcanic events occur, 
gather and analyze the necessary socio-economic data.1 

d. Whenever volcanic eruptions occur in California or nearby states, 
study site and surrounding region to understand the processes in­
volved and to improve capability for predicting that type of event.1 

2. Information dissemination programs. 
Prepare and distribute basic educational materials about volcanic 

hazards in general, emphasizing local and regional applications and what 
local residents should know and do about them.2 

Establish a clearinghouse and data-bank program for information on 
volcanic hazards( 

B. PLANNING PROGRAMS 

1. Land-use planning. 
Volcanic hazards in California occur primarily in rural areas where 

land-custody agencies and utilities should consider the threat in their 
land-use plans.1 

2. Long-range recovery planning. 
Extend natural disaster insurance program to cover damage from vol­

canic phenomena.2 

1 Essentially a new program 

Bull. 198 

Recommended Agencies 

USGS*, Universities, 
CDMG 

CDMG, USGS, 
Universities, DWR, 
National Weather Service 

CDMG 

CDMG, USGS* 

CDMG*, USGS, 
Universities, All agencies 

Local government, 
All agencies, Universities 

CDMG, USGS*, 
Universities 

CDMG*, USGS 

CDMG*, USGS 

BLM, USFS, USBR, SCS, 
DWR,SLD 

DI*, FAIR, FIA*, 
Insurance industry 

• Expansion of 1972 programs 
• = Lead or co-lead agency 

Bold-face type = Major recommendation of 
Urban Geology Master Plan 



1973 URBAN GEOLOGY MASTER PLAN 

Recommended Programs 

C. ENGINEERING FUNCTIONS 

In designing dams down-drainage from possible volcanic mudflows or 
within potential ash fall region, consider possible ways to protect vulnerable 
parts (intakes, generators, valves) from potential volcanic debris. 1 

D. ENABLING FUNCTIONS 

Produce handbook for planners and administrators to make them fully 
aware of volcanic hazards and their implications for land-use planning, and 
how to apply available geotechnical and other information on the subject.1 

E. ENFORCEMENT FUNCTIONS (Not applicable) 

F. EMERGENCY-ACTION FUNCTIONS 

Include volcanic hazards among the natural dangers considered by all 
emergency-action plans in areas that are potentially vulnerable to this 
threat.1 

G. OVERALL COGNIZANCE AND COORDINATION 

The status of volcanic hazards in California should be determined and 
reported upon annually by the appropriate State agency or agencies. Vol­
canic hazards should be included among the geologic hazards to be con­
sidered by the successor body to the GEC and JCSS after June 30 1974 
(Recommendation 26 in GEC, 1972, p. 55).1 ' 

A. DATA DEVELOPMENT FUNCTIONS 

1. Research programs to develop data on tsunamis. 
a. Research into geologic and seismic processes and bathymetric and 

coastal configurations that cause or affect seismic sea waves. 
i. Investigate the geologic and seismic processes involved in the gen­

eration and transmission of seismic sea waves . .Aim is to develop 
capability to reduce damage from them, and to improve capability 
to predict them.3 

ii. Survey and analyze the coastal shelf of California, to define and 
understand the relationship of bathymetric and coastal configura­
tions to tsunami effects on the coastline . .Analyze the relationship 
of local detail of bottom configuration to expectable local tsunami 
damage.2 

iii. Conduct field and laboratory investigations of seiche processes, 
and other wave-resonance phenomena to evaluate potential for 
seiche damage at vulnerable points of California's coast and interior 
lakes and reservoirs.1 

iv. Establish a system of reliable tide gages specifically to detect and 
measure tsunami and seiche waves. Instruments must measure 
minor as well as major events and remain operable in calamitous 
events.2 

~tially a new program 

63 

Recommended Agencies 

Dam building agencies : 
DWR, USCE, USBR, 
USFS, SCS, Power 
companies: PG & E, DWP, 
MWD, SCE 

CDMG, USGS* 

OEP, OES*, DCP .A, USGS, 
CDMG, Cities, Counties, 
Utilities, Law enforcement 
(.All agencies concerned 
with disaster planning) 

USGS, CDMG* 

NO.A.A *,USGS, ONR, 
Universities 

USCE, NO.A.A*, USGS, 
ONR, DNOD, Universities 

USCE, NO.A.A*, USGS, 
ONR, USBR, DWR, 
Universities 

NO.A.A *, ONR, USCE, 
Universities 

• Expansion of 1972 programs 
• = Lead or co-lead agency 

Bold-face type = Major recommendation of 
Urban Geology Master Plan 



64 CALIFORNIA DIVISION OF MINES AND GEOLOGY 

Recommended Programs 

v. Correlate tsunami-generation research with fault-displacement and 
seismic research in the Channel Islands area. Develop means for 
predicting, or at least detecting swiftly, the kinds of fault move­
ment there that could repeat the monstrous sea waves that report­
edly overran the Channel Coast in 1812.1 

b. Distribution of seismic sea wave problems. 
1. Gather complete historic record of tsunamis and seiches that have 

been detected in California. Analyze historic and newly occurring 
seiches to determine probable recurrence rates of events of vary­
ing severity at vulnerable locations.2 

ii. Prepare tsunamijseiche hazard map of California, using historic 
data and bottom configuration analysis data. 

Compilation scale program (1: 250,000-1: 1,000,000) 
Update, improve detail on CDMG map (1: 1,000,000, July 1972; 
figure 6, this report).s 

County/regional scalP program (1: 62,500-1: 125,000) 
Emphasize threats for which local government should prepare.2 

Detail or quadrangle scale program (1: 12,000-1: 24,000) 
Delineate in detail conditions of threat at those localities facing 
appreciable threat.1 

Project-scale mapping, for land-use permit decisions or construction 
purposes (1" = 100' to 1" = 1,000'). Delineate past and possible 
future runup areas, and depths. Indicate topographic factors that 
could divert waves and surges. Relate to expectable variations in 
tide and sea-state conditions.1 

c. Develop socio-economic information and analyses. 
i. Develop standard procedure, for local government use, for gather­

ing complete and consistent socio-economic data on the costs of 
seismic sea waves, including costs of damage and of preventive or 
remedial measures.1 

ii. Produce reliable statistical data on seismic sea-wave costs (per 
procedure 1-c-i above) both for past events, by analyzing historical 
data, and for each new event that occurs.1 

d. Research into engineering response to tsunamis. 
i. Investigate behavior of waterfront structures, such as channels, 

breakwaters and seawalls, wharves, and mooring basins, in re­
sponse to tsunami experience in California and elsewhere. Develop 
standards for "tsunami-proofing" typical waterfront structures.1 

ii. Investigate means of preventing or controlling runup and other 
expectable sea-wave and seiche effects, or at least reducing dam­
age, by building structures (e.g., seawalls, groins) .2 

e. Event-study projects. 
i. Whenever a tsunami causes damage to California, conduct detailed 

study of the nature of the wave itself, and its effects and damage 
to protective structures. Analyze the performance of utilitarian 
structures for their resistance to that event, and analyze wave­
control structures for their effectiveness in reducing damage from 
that event.2 

1 Essentially a new program * = Lead or co-lead agency 

Bull. 198 

Recommended Agencies 

NOAA*, Universities, 
USGS, CDMG 

NOAA*, USGS, 
Universities, DNOD, DWR 

CDMG 

NOAA*, USGS, USCE, 
DNOD, CDMG 

NOAA, USGS*, USCE, 
CDMG, DWR, DNOD, 
County consultants 

NOAA, DWR, Local 
government* (consultants) 

Local government 
(consultants) 

Universities, NOAA, USGS, 
CIR*, DNOD, USCE 

Local government, NOAA*, 
USGS, CDMG, DNOD, 
USCE 

AIA, USCE*, ICBO, DNOD, 
ASCE, ONR, USCG 

USCE*, DNOD, DWR 

NOAA, USCE*, ASCE, 
Universities, ONR, USCG, 
DNOD,AEG 

' Expansion of 1972 programs 
3 Continue. program at 1972 level 

Bold-face type = Major recommendation of 
Urban Geology Master Plan 
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Recommended Programs 

ii. After event, analyze effectiveness of the event-study procedures, 
instrumentation, and other detection and response measures.2 

2. Information-dissemination programs 
a. Produce basic public information on tsunami processes and their im­

portance for California. Aim for schools, government officials, and 
broad public audience. Include: "What to expect from tsunamis and 
how to survive them.2 

b. Devise clearinghouse and data-bank program for all information on 
seismic sea waves.2 

B. PLANNING FUNCTIONS 

1. Land-use planning. 
a. Produce interpretive general-use manual to apprise planners of sea 

wave hazards in general, and of vulnerable localities in particular. 
Describe the potential dangers and possible land-use planning actions 
to reduce losses, including standards for exclusion zones, permissible 
activities, and "tsunami-proof" construction. List the available maps, 
materials, and services, and describe their applications.1 

b. Adopt standards and procedures for the land-use planning process 
that require adequate consideration of tsunami and seiche hazards. 
Revise general plans as necessary to incorporate effective model of seis­
mic sea wave hazard element (within seismic safety element), employ­
ing current state of the art. 1 

2. Recovery planning 
Extend natural disaster insurance program to cover seismic sea wave 

damage.1 

C. ENGINEERING FUNCTIONS 

1. If and when feasibility studies prove them to be desirable, build local 
sea-wave control structures (sea-walls, breakwaters, diversion levees) to 
stop or divert water surges, and reduce casualties and damage to onshore 
facilities and structures, and shipping.2 

2. Apply "tsunami-proof" design and construction principles to structures 
that need to be in zones threatened by sea waves so they can be removed 
or made impervious to tsunami damage on short notice.1 

D. ENABLING FUNCTIONS 

1. Political and administrative actiom; 
a. Provide authority and policy guidance. Adopt tsunami and seiche pro­

visions in local government land-use plans (general plan) and adopt 
zoning and other ordinances and regulations necessary for implemen­
tation.3 

b. Provide resources. Approve funding and manpower to carry out in­
spections, reviews, and other actions required to accomplish the pur­
poses of the plans, codes, ordinances and regulations.1 

2. Coordinative, information guidelines 
a. Produce guidelines for treating sea-wave danger in the seismic safety 

element of general plans, including model language.1 

1 Essentially a new program • = Lead or co-lead agency 

Recommended Agencies 

All event- study agencies 

CDMG*, USGS, NOAA, 
USCG,DNOD 
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NOAA* All tsunami 
information~producing 
agencies. All tsunami 
information'-using agencies. 

NOAA, USGS, AIP, CIR*, 
DNOD, CDMG 
(information) 

City and county 
planning departments, 
Regional government, 
r_.and-custody agencies : 
SLD, DPR, BLM 

DI*, FAIR, FIA*, 
Insurance industry 

USCE*, DNOD,Harbor and 
port districts 

USCE*, DNOD,Harbor and 
port· districts, Shipping and 
sea-front industries 

City councils, Boards of 
Supervisors, Land-custody 
agencies, Utility agencies 

City councils, Boards of 
Supervisors, Land-custody 
agencies, Utility agencies 

CIR*, OPR, 1CDMG 
:(information) 

• Expansion of 1972 programs 
• Continue program at 1972 level 

Bold-face type = Major recommendation of 
Urban Geology Master Plan 
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Recommended Programs 

b. Produce model "Sea-wave hazard zone" ordinance, and procedure for 
enforcing it.1 

c. Develop guidelines and interpretive information on the effects of sea­
wave hazards on environmental impact decisions.1 

E. ENFORCEMENT FUNCTIONS 

1. Executive and administrative control 
a. Apply appropriate safety principles in approving construction and use 

permits in areas subject to seismic sea waves.1 

b. After a realistic deadline, require that specified actions to reduce 
tsunami losses be effectively taken by local jurisdictions in coastal 
areas before granting further funds to those jurisdictions for coastal 
studies, coastal planning and related activities.1 

2. Operational inspection 

a. Inspect construction and other developments in locations subject to 
seismic sea wave hazards as necessary to assure compliance with safety 
regulations, and zoning, grading, and building ordinances.1 

3. Insurance organizations should require evidence that seismic sea-wave 
dangers have been properly considered and loss-reduction measures taken 
before insuring structures in tsunami hazard areas.2 

4. Construction and development loans should not be approved for struc­
tures in tsunami hazard areas until lending institutions are assured that 
proper damage avoidance or prevention action will be taken.1 

F. EMERGENCY-RESPONSE FUNCTION 

1. Provide overall guidelines and coordination to help local governments 
and land-custodial agencies cope with tsunami emergencies. Develop and 
disseminate guidelines for local governments and land-custody agencies 
on the use of the federal Seismic Sea Wave Warning System in disaster­
readiness procedures. Include guidelines for tsunami preparedness 
measures.1 

2. Develop contingency plans 
a. Include consideration of seismic sea wave and seiche hazards in emer­

gency planning procedures of local governments, land-custody agen­
cies, and public utility type agencies; produce clements of emergency 
response plans that properly prepare to cope with these hazards. 1 

b. Adopt emergency-r~sponse plans, and carry out the pre-event prep­
arations called for therein.2 

3. When tsunamis occur, activate contingency plans.a 

1 Essentially a new program • = Lead or co-lead agency 

Bull. 198 

Recommended Agencies 

OPR*, CIR, AlP 

OPR*, CIR, EPA, OIM 

Local government 
Planning commissions, 
City councils, Boards of 
Supervisors 

Funds-dispensing agencies : 
HUD*, CIR, NSJ<',OEP, 
OES 

Local government 
grading, foundation, and 
construction inspectors, 
Land-custody agencies, 
Utility agencies 

Insurance companies, 
Board of Underwriters 

FHA*, DVA*, Lending 
organizations 

NOAA, USGS, OEP, OES*, 
DCP A, AlP, AEG 

OES*, CIR, OPR, LCC, 
CSAC, Local government 
emergency-planning 
agencies: Police, Fire, 
Sheriff; Communications 
media, induding private 
sector 

City councils, Boards of 
Supervisors, Land-custody 
agencies, Utility agencies 

All ag~Jncies 

• Expansion of 1972 programs 
'Continue program at 1972 level 

Bold-face type = Major recommendation of 
Urban Geology Master Plan 
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Recommended Programs 

G. OVERALL COGNIZANCE AND COORDINATION FUNCTIONS 

The status of tsunami hazards in California should be determined and 
reported upon annually by the appropriate State agency or agencies. Tsuna­
mis should be included among the geologic hazards to be considered by the 
successor body to the GEC and ,JOSS after June 30, 1974 (Recommendation 
26 in GEC, 1972, p. 55) .1 

A. DATA FUNCTIONS 

1. Research programs to develop data on subsidence. 
a. Basic research into processes that cause or influence subsidence in 

California. Develop capacity to predict where and how severe sub­
sidence will be under various types of use. Devise and improve ways 
to prevent subsidence, ameliorate damage from it, and to detect it in 
incipient stages.2 

b. Map and describe areas of actual and potential subsidence in Cali­
fornia. 

1. Statewide compilation scale (1: 250,000-1: 1,000,000) .3 

ii. County /regional scale (1: 62,500-1: 125,000) .2 

iii. Detail or quadrangle scale especially in areas of groundwater 
withdrawal and potential hydrocompaction (1: 12,000-1: 24,000) .2 

2. Data-dissemination programs. 
a. Produce and disseminate educational information on subsidence for 

g.eneral public use, emphasizing regional and local occurrences.2 

b. Establish clearinghouse and data-bank functions for all subsidence 
data and information of use in California.2 

c. Socio-economic analysis research. 
Develop procedures and gather data, in consistent units and format, 

for evaluating losses due to subsidence, and the costs of loss-reduction 
measures. One aim is to determine where subsidence is actually damag­
ing, and damage costs.1 

d. Research into engineering response to subsidence. 
i. Continue to investigate the response behavior of local surficial ma­

terials in subsidence-prone localities to various types of construc­
tion, so that structures can be located and designed to avoid 
damage.2 

n. Investigate design and construction standards for foundations (in­
cluding site preparation) and for structures to be placed in locali­
ties subject to subsidence, including public utility and industrial 
structures.2 

e. Event-study research: Continue to investigate known subsidence situa­
tions, with the aim of determining the cost-effectiveness of loss-reduc­
tion measures.2 

1 Essentially a new program * = Lead or co-lead agency 
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Recommended Agencies 

(body to be established) 

USGS*, DWR*, Universities, 
SCS, CDOG*,Oil and gas 
industry, .Geothermal 
industry 

USGS*, CDOG*, CDMG, 
SCS,DWR* 

DWR*, CDMG, USGS* 

CDMG, DWR*, USGS*, 
CDOG* 

DWR*, CDOG*, USGS*, 
SLD 

DWR*, CDMG, USGS, 
CDOG*,Education agencies, 
Mass media 

DWR*, CDMG, CDOG*, 
USGS, All data-producing 
agencies, All data-using 
agencies 

Universities (economics 
depts.), CDOG*, DWR*, 
USGS*, Cities, Counties, 
Land-custody agencies 

USGS*, DWR*, AEG, 
ICBO, ASCE, SEAOC 

ICBO*, ASCE, SEAOC 

DWR*, USGS*, CDOG*, 
Oil and gas industry, ASCE, 
AEG, Universities 

• Expansion of 1972 programs 
• Continue program at 1972 level 

Bold-face type = Major recommendation of 
Urban Geology Master Plan 
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Recommended Programs 

B. PLANNING FUNCTIONS 

1. Land-use planning. 
Prepare handbook for planners, interpreting what is known of the 

process and local detail of subsidence in terms of its impact for land-use 
planning procedures. The handbook should develop effective procedures, 
including model languag.e, for incorporating pertinent subsidence hazard 
information into the land-use planning procedures of local governments 
and land-custody agencies. It should consider the subsidence threat in 
relation to use-capability of land, zoning procedures, and conditions to be 
imposed on development or use; in effect, incorporating subsidence con­
sideration, when appropriate, into the geologic hazards considered in the 
preparation of safety elements of general plans.2 

In areas undergoing, or subject to, subsidence, prepare or improve the 
provisions of general plans that deal with subsidence hazards.2 

2. Recovery planning. 
Develop procedure and practice of including subsidence among the 

geologic hazards covered under a natural disaster, broad-coverage insur­
ance program.1 

C. ENGINEERING FUNCTIONS 

Specialized engineering works for dealing with subsidence include injec­
tion/repressuring well systems at some oil or geothermal fields; sea-control 
dikes in some water front lowlands; special pilings, foundation extensions, 
and anti-submersion provisions for fixed activities in some coastal lowlands; 
special preparations necessary for developing spreading grounds for ground­
water recharge; and canal-level adjustment provisions for some canal-route 
subsidence localities. 

The agencies responsible for designing, constructing, and monitoring the 
performance of these structures should continue to review the effectiveness 
and feasibility of each installation and compare these factors with those 
for alternate methods of reducing subsidence losses, in terms of local costs 
and benefits, both short and long-term.2 

D. ENABLING FUNCTIONS 

Authority and responsibility for oil field and geothermal field-r.elated 
subsidence are sufficient to deal with the problem, once it is recognized. 
Groundwater withdrawal subsidence is part of the major problem of ground­
water basin management, which requires comprehensive concern for water 
quality and quantity. Except for water quality control efforts under the 
Porter-Cologne Act, controls on groundwater removal in California are 
exercised only by a few local governments without direct State control. 

Hydrocompaction and peat soil subsidence, as essentially surficial prob­
lems, are coped with in various degrees by the owners of the local surface 
rights without direct control by government at any level. 

E. ENFORCEMENT FUCTIONS (Not applicable) 

F. EMERGENCY-RESPONSE FUNCTIONS (Not applicable) 

G. OVERALL COGNIZANCE AND COORDINATION FUNCTIONS 

The status of subsidence problems in California should be determined and 
reported upon annually by the appropriate State agency or agencies. Subsi­
dence should be included among the geologic hazards to be considered by the 
successor body to the GEC and JCSS after June 30, 1974 (Recommendation 26 
in GEC, 1972, p. 55).1 

1 Essentially a new program 
2 Expansion of 1972 programs * = Lead or co-lead agency 

Bull. 198 

Recommended Agencies 

DWR, CDMG, USGS, OPR, 
CIR*, LCC, CSAC, CDOG, 
·City and county planning 
departments 

City and county planning 
1 departments 

FIA*, DI* 

DWR, CDOG,USBR, USCE, 
Cities, Counties, Special 
districts 

(body to be established) 
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PRIORITIES FOR lOSS-REDUCTION PROGRAMS 

General Statement 
A primary objective of the Urban Geology Master 

Plan project is to examine the problem of setting pri­
orities among the possible loss-reduction programs, 
an? ~o estab_lish a practical method for improving the 
pnonty-settmg process. 

One conclusion derived from the project was that 
several priority-setting systems are necessary. The fac­
tors affecting the setting of priorities are discussed in 
this section, but specific projects are not itemized in a 
priority listing. This project is too limited in authority 
and knowledge of the work programs of the affected 
organizations to permit the development of such a 
detailed plan. 

Priority decisions need to be made with respect to 
the following factors: 

1. Locality (city, county, or region). 

2. Geologic problem (for o chosen locality or for a county­
wide or statewide project). 

3. Particular loss-reduction measures (for a chosen geologic 
problem, or for a chosen locality). 

The major determinants for priority decisions par­
allel these three priority factors. A decision as to the 
locality where loss-reduction measures should be ap­
plied first requires evaluation of the magnitude of need 
for loss-reduction work. The need for loss-reduction 
work closely reflects the magnitude of loss that threat­
ens the locality. This is the basic approach of the pri­
ority methodology developed in Phase I of the Urban 
Geology Master Plan project (California Division of 
Mines and Geology, 1971). That methodology evalu­
ates, in terms of dollar loss, first the magnitude of the 
threat of damage inherent in the number and severity 
of all the geologic problems present in any given lo­
cality, second the number of people to be exposed to 
those problems in that locality, and third the timing of 
projected population growth there. 

Geologic Hazard Threat 
During Phase I of this project, statewide maps show­

ing the location and degrees of severity of the I 0 geo­
logic problems were compiled at a scale of 1: 1,000,000. 
Indicators of the severity zones for each problem were 
then digitized on a rectangular grid with the cell size 
corresponding to 7 Yz -minute (latitude and longitude) u:.s. Geological Survey topographic quadrangles. 
Ftgure 13 shows the composite of severity ratings for 
all 10 geologic problems. 

Each geologic problem was then given numerical 
ratings in every quadrangle indicative of its dollar 
loss potential for destruction of life and property for 
each degree of severity. Because actual loss experience 
has not been documented adequately in California for 
all of the geologic problems, a simulative approach 
was required in order to provide a common basis for 
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comparative evaluation of the threats. A hypothetical 
urban area, called the "urban unit," of 3,000 popula­
tion, and $90,000,000 total value (average $30,000 per 
resident) was devised as a standard typical unit against 
which to measure the simulated impact of each sever­
ity level of each problem. 

By simulating placement of the "urban unit" in each 
severity zone of each geologic problem and calculating 
the dollar costs of expectable damage, considering loss 
per event and average recurrence period between 
events, and assigning a value of $7 5,000 per life lost 
(California Division of Mines and Geology, 1971, p. 
3-22), a numerical value was assigned that represents 
the expectable average annual loss to any resident in 
each severity zone of each problem. This numerical 
value, expressed as "Geology Points" (GP), then be­
comes a relative weighting factor for that type of 
problem for any quadrangle in the indicated severity 
zone. The sum of the geology points for the different 
types and degrees of threat present in any specific 
quadrangle expresses the average dollar loss that the 
average resident of that quadrangle might expect to 
suffer per year from all geologic problems. 

A representative area of southern California, show­
ing the Geology Point method, appears as figure 21. 
The rationale and details of the methods used to ob­
tain the Geology Points for all 10 problems are de­
scribed in Section 7, Appendix A, of this report. 

Population Impact 
Also during Phase I of this study, the concept was 

developed that two independent aspects of the popu­
lation characteristics of each area contribute (along 

Geology Points * 

Problem 

Earthquake shaking .......... . 
Loss of mineral resources ..... . 
Landsliding ................ . 
Flooding .................. . 
Erosion activity ............. . 
Expansive soils ............. . 
Fault displacement .......... . 
Volcanic hazards ........... . 
Tsunami hazards ............ . 
Subsidence ................ . 

High 
severity 

31 
22 
53 

290 
3 
3 
5 

57 
144 

0.34 

Medium 
severity 

27 

35 
96 

2 
2 
0.50 

10 
14 

0.02 

Low 
severity 

14 

1 
0 
0.06 
3 
1 
0 

~OTE: In this report. where Geology Point values are used in 
priority calculations and dollar-loss estimations, those 
GP values larger than 1 are rounded to the nearest 
whole number, and those smaller than 1 are rounded 
to one significant figure. 

* Geology Point values correspond to anticipated average annual 
per capita loss in dollars. 
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CALIFORNIA OIVISlON OF MINES AND GEOLOGY 

Figure 13. Summary of geologic problem maps. 

SUMMARY OF 
PROBLEM 

GEOLOGIC 

MAPS 

EXPLANATION 

VALUE Of NUMBER SIGNIFIES 
SEVERITY Of PROBLEM 

3 ~ HIGH OR POSSIBLE* 

2 -MODERATE 

Blenk NONE OR NOT RATED 

~Of NUMBER 
IDENTifiES PROBLEM 

A EARTHQUAI<E SHAKING 
8 FLOODING* 
c VOLCANIC ERUPTION 
0 - TSUNAMI 

E - FAULT DISPLACEMENT 
F - LANDSLIDE 
G - SUBSIDENCE 

H - EROSION ACTIVITY 
I - EXPANSIVE SOIL 

J - LOSS OF MINERAL RESOURCES* 

to•n••my cl eooh ge<>k>9>o p<obio"' no~ed too 
g.!de.llitl><tud~p<>ni!IO hl;II••' .. ••"'Y rat"'V'..,._ 
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I URBAN GROWTH PROJECTIONS 

- FOR CALIFORNIA: 1980,1990,2000 -

~ MAJOR NONDEVELOPABLE AREAS I -
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c:-
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Area ---.l 
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. . 1. 
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. . 
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Figure 14. Urban growth projections for California: 1980, 1990, 2000. North Central Volley region. 



74 CALIFORNIA DIVISION OF MINES AND GEOLOGY Bull. 198 

San Francisco 

Limit of projected Area 
Location :.:.,_~~- urban development -+---t---t 

10 0 10 20 

MILES 

URBAN GROWTH PROJECTIONS 
FOR CALIFORNIA: 1980,1990,2000 

I 
MAJOR NONDEVELOPABLE AREAS 

1970 URBANtOVER 5,000 /DSM) 2 

1970 URBAN (OVER 1,000/ OSM) 3 

1980 URBAN (OVER 1,000/ DSM) 

1990 URBAN(OVER 1,000/ OSM) 

~ 2000 URBAN (OVER 1,000/0SM) 

D 2000 NONURBAN (UNDER 1,000/DSM) 

1,2,3 SEE"NOTES" FIGURE 14 

Monterey 

Figure 15. Urban growth projections for California: 1980, 1990, 2000. San Francisco Say region. 

by year 2000 
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Figure 16. Urban growth projections for California: 1980, 1990, 2000. Middle Central Valley region. 
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Monterey 
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Figure 17. Urbon growth projections for California: 1980, 1990, 2000. Central Coastal region. 
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Santa Bar bora 
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Figure 19. Urban growth projections for California: 1980, 1990, 2000. West Southern California region. 
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San Diego 
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CALIFORNIA DIVISION OF MINES AND GEOLOGY 

Figure 20. Urban growth projection for California: 1980, 1990, 2000. East Southern California region. 
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with Geology Points) to the overall priority of that 
area for geologic study. The projected population 
levels and densities for the decade years 1970, 1980, 
1990, and 2000 were developed for 3 X minute grid 
cells (quarters of the 7 ~ minute quadrangles) and 
depicted on 1:250,000-scale maps of the urban areas 
of the State. (Population projections for the urban 
areas of California are depicted on figures 14-20. De­
scription of the method used in the projection process 
appears in Section 7, Appendix B, of this report.) 

The two fundamental aspects of population con­
sidered in this study are ( 1) the level of population 
present in any area, and (2) the timing of the buildup 
in that area to the level that irreversibly commits any 
area to become "urban" (considered to be 1,000 resi­
dents per developable square mile). The population 
level is expressed in "Person-Years" exposure (PY), 
defined as the average number of residents projected 
to be in the area during the three decades considered 
in this study: 1970-1980; 1980-1990; and 1990-2000. 
The timing of population growth is expressed as "Im­
mediacy Factor" (IF), a number that expresses the 
rate of projected growth during the three decades, 
times a discount factor for present worth at 8 percent 
per annum, that gives a weight of 4.67 to population 
growth that takes place in the first decade, and 2.16 
and 1.00, respectively, for population growth in the 
second and third decades. 

Areas that had reached full urban development by 
1970 (considered to be 5,000 residents per developable 
square mile) were given an Immediacy Factor of 
zero (hence zero Priority Points) in Phase I because 
in these areas it was considered to be already too late 
to avoid construction in hazardous spots, or to over­
come known risks by design and construction mea­
sures. In calculating the simulated losses due to the 
10 geologic problems, only the impact on residential 
areas and their supporting structures were considered. 
No attem~t was made to estimate losses to agriculture, 
forests, urumproved land, or works of man outside of 
the urban areas. 

Priority Points 
The Phase I methodology was to multiply the total 

Geology Points value for a specific quadrangle or lo­
cality, times the Person-Years factor for that locality, 
times the Immediacy Factor for that locality, to yield 
an overall value called "Priority Points" (PP): GP X 
PY X IF = PP. The relative ranking of these Priority 
Point values, computed for every locality, then would 
indicate the relative priority among quadrangles or 
localities in California to receive geotechnical investi­
gation. These factors were digitized, by 7 ~-minute 
quadrangle grid cells for geologic factors and 3%­
minute grid cells for population factors; and computer 
programs were devised to record the many values and 
to combine them rapidly in various configurations to 
indicate precise numerical priority values. 

Revised Values for Priority Point Factors 
The numerical values derived in Phase I for Geol­

Points (Section Appendix A) were revised fol-
further of Phase I and 

based on 

in selected quadrangles studied during Phase II. A 
major factor of the revision was to increase the life­
loss factor from $75,000 per death to $360,000 per 
death, based on a sampling of court awards in indem­
nity suits for death and permanent injury, plus hos­
pital costs for associated expectable injuries. 

Another major revision was to devise a separate fac­
tor for catastrophic losses-an arbitrary "Disaster Fac­
tor" that reflects the potential of the more destructive 
geologic hazards events of possibly disastrous problems 
such as earthquakes and volcanic eruptions, to escalate 
into regional catastrophes with far-reaching secondary 
loss effects, including social and political impact. If 
life-loss potential is 1 to 10 deaths per single event, a 
Disaster Factor of 1.1 was assigned (e.g., landslides 
and fault displacements of high severity); if 11 to 100 
lives could be lost, a factor of 1.5 was used (volcanic 
hazards and earthquakes of low severity); if 101 to 
1,000 lives could be lost, the factor was 2 (volcanic 
eruptions and earthquakes of medium severity); for 
events that could kill more thas 1,000, the disaster fac­
tor was 3 (volcanic eruptions and earthquakes of high 
severity). 

A third major revision during Phase II of this study 
was the recognition that the dollar loss due to direct 
physical damage caused by any geologic problem event 
is matched by an approximately equal dollar loss due 
to socio-economic, or secondary consequences of that 
event, such as lost employment, loss of job productiv­
ity, lost purchasing power, and other out-of-locality 
impacts; also legal costs, delays, psychological trauma, 
losses due to industrial, utility, and infrastructure dis­
ruption, and otherwise decreased efficiency before re­
covery is complete. 

A fourth revision was the assignment of an Im­
mediacy Factor value of 1 to all areas that were al­
ready urban by 1970, replacing the Phase I value of 
zero. This gives those considerable areas, such as down­
town San Francisco and Los Angeles, Priority Point 
values indicative of their potential geologic problems, 
instead of zero. These revised values better indicate the 
need for certain geologic and seismologic investiga­
tions in those places to assist in guiding further devel­
opment or redevelopment, regardless of their present 
urban nature. 

Combining Phase I methodology and Phase II modi­
fications of values, the Urban Geology Master Plan's 
final priority factors are: 

GP = Geology Points for oil problems in thot locolity 

OF = Oisoster Factor for those problems in that locality 

PY = Person-Years exposure for that locality 

IF = Immediacy Factor for that locality 

These factors multiplied give the overall Priority 
Points value, indicating priority to receive geologic 
loss-reduction work, for any quadrangle or other local­
ity: 

GP X OF X PY X IF = PP 
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computed for quadrangles in the state's two main ur­
ban areas: the San Francisco Bay area in northern 
California, and the Los Angeles~San Diego area in 
southern California. Only the threats of the five geo­
logic problems within the main capabilities of the 
Division of ~ines and Cieology were considered in 
computing these Priority Points, namely, earthquake 
shaking, loss of mineral deposits, landsliding, fault dis­
placement, and volcanic hazards. The updated Cieol­
ogy Point values, which include all modifications re­
sulting from Phase II studies, were multiplied by the 
appropriate Disaster Factors (see below), Person­
Years exposure, and Immediacy Factor. 

Disaster Factor 
High Moderate Low 

Earthquake shaking... . . . . . . . . 3 
Loss of mineral deposits....... 1 
Landslides. . . . . . . . . . . . . . . . . . 1 .1 
Fault displacement. . . . . . . . . . . 1.1 
Volcanic hazards. . . . . . . . . . . . 3 

2 
1 
1 
1 
2 

1.5 
1 
1 
1 
1.5 

The resulting lists of 3 % minute quadrangles indi­
cate priorities for loss-reduction work, considering 
only the numerical factors used for this method. 

Priority 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Priority 
number 

1 
2 
3 
4 

5 
6 
7 

8 

9 
10 

Southern California 

Quadrangle County 

Laguna Beach NE 1,4 Orange 
Orange SE 1,4 Orange 
Orange NE 1,4 Orange 
Newhall SW 1,4 Los Angeles 
Tustin SW 1,4 Orange 
Orange SW 1,4 Orange 
Newhall SE 1,4 Los Angeles 
Tustin NE 1,4 Orange 
Laguna Beach NW 1,4 Orange 
Yorba Linda NW 1,4 Los Angeles 

and Orange 

Northern California 

Quadrangle County 

Morgan Hill SE 1,4 Santa Clara 
Niles SW 1,4 Alameda 
Palo Alto NW 1,4 San Mateo 
Palo Alto NE 1,4 San Mateo 

and Santa Clara 
San Mateo SW 1,4 San Mateo 
Morgan Hill SW 1,4 Santa Clara 
Calaveras Reservoir 

sw IJ4 Santa Clara 
Benicia NW 1,4 Contra Costa 

and Solano 
San Jose East SW 1,4 Santa Clara 
Santa Teresa Hills 

NE '.4 Santa Clara 

Priority 
points 

50 500 
48,400 
45.200 
42,700 
37,400 
36,750 
36,500 
36,200 
34,950 

34,700 

Priority 
points 

22,650 
21,300 
20,100 

19,600 
17,600 
17,000 

16,300 

16.100 
14,200 

13,900 

Figure 21 illustrates the Cieology Points (revised 
values) and Disaster Factors for a representative seg­
ment of the Los Angeles area distributed according 
to Phase I geologic problems-severity zone maps. Fig­
ure 22 illustrates Priority Points for the same area, 
combining Cieology Points, Disaster Factor, Person-
Years, and Immediacy Factor values. From figure 22 
it is seen that the Priority Point rankings are far 
more sensitive to variations in the population factors 
than they are to variations in the Cieology Points. 

Comparison computations were made for two test 
areas, one in northern and one in southern California. 
These comparisons showed that if the Phase I Geology 
Points were used instead of the revised values obtained 
in the Phase II study (the Phase I values average about 
50 to 100 percent change in values both higher and 
lower than those obtained in the Phase II study), and 
all 10 geologic problems were included, instead of 
just the five of Division of ~ines and Cieology's prime 
interest, while the population factors were left un­
changed, about two-thirds of the quadrangles fell in 
the "top ten" lists produced using both methods. An­
other computation comparing the same areas but using 
only the population factors (IF X PY) and ignoring 
Geology Points and the Disaster Factor altogether 
produced "top ten" lists with 85 percent overlap, 
ranked in approximately the same priority order. Both 
these comparisons indicate that the Priority Points 
method of selecting priorities gives far more emphasis 
to the population factors, and mainly to the rate of 
population buildup in a locality (IF), than to the num­
ber and severity of geologic problems that are present. 

Needed Refinements of Priority Points 
The Priority Point methodology developed during 

Phases I and II of this project can be further refined 
by updating and improving the geotechnical detail 
of the input maps that show what problems are pres­
ent, and their severity, in each locality. The maps also 
could be improved by resolving the ambiguity present 
in many localities, whether "no problem is present" 
or "we don't know whether a problem is present or 
not." Another refinement would be to indicate the 
places where loss-reduction measures have already 
been taken. In considering the Priority Point method 
as a guideline for decisions as to where to conduct 
actual loss-reduction projects, it is clear that some loss­
reduction actions may be best done miles away from 
the site of damage; for instance, distant dams prevent 
local floods. Although the Priority Points method 
gives reliable guidance to localities where problems 
are most severe and threaten the most people, other 
factors still are needed to determine priorities as to 
which of several threatening problems should first 
receive organized statewide attention, or which among 
several feasible loss-reduction measures should be ap­
plied first at a threatened locality. 

Priority Considerations by Geologic Problem 
Top political and administrative decision makers 

face the relatively long-range question, "Which among 
the several geologic problems that face California 
should receive the most emphasis?" Having a rela­
tively fixed sum to spend on all geologic problems, 
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AREA 
LOCATION 

CALIFORNIA DIVISION OF MINES AND GEOLOGY 

10 0 10 Miles ,_,_ ___ l!.-15iiliiiiiiiiiiiiiiiiii~1 

Scale 1'500,000 

1----:G~E:..:::OLOGY POINTS (GP) AND DISASTER FACTORS(OF) 
Earthquake Fault Volcanic Loss of 

Severity Zone Shaking Displacement Land sliding Hazards MineraI Deposits 
GP OF GP OF GP OF GP OF GP OF 

High 31 3 5 1.1 53 1.1 57 3 22 -

Moderate 27 2 I - 35 - 10 2 none -

Low 14 1.5 0 - I - 3 L5 none -

Nil none - 0 - 0 - 0 - 0 
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should it be committed evenly among all the prob­
lems, or should the amount of expenditures be pro­
portioned to the varied importance of the different 
problems? This is related to the traditional public 
budgeting decision-which functions should be em­
phasized? ( e;g., education or social welfare or geologic 
safety?) 

The results of this project indicate at least three 
independent approaches to this problem: 

1. Ranking by total damage: The 10 geologic prob­
lems can be given priority ranking in the order of 
magnitude of damage they will cause over extended 
future time unless significant action is taken. Table 1, 
in Section 1, shows the projected total dollar loss from 
each problem in the 30-year period 1970-2000, if loss­
reduction actions continue unchanged at their 1972 
scope and level. The order of magnitude-of-loss list­
ing is used throughout most of this report in discussing 
the 10 geologic problems: 

Geologic problem 

1. Earthquake shaking ------------------------------
2. Loss of mineral resources --------------------
3. Landsliding ------------------------------------------
4. Flooding ---------------------------------------
5. Erosion activity -----------------------------
6. Expansive soils ------------------------------------
7. Fault displacement ------------------------------
8. Volcanic hazards ----------------------------------
9. Tsunami hazards ----------------------------------

1 0. Subsidence -------------------------------------------

Total loss, 
1970-2000 
($billion) 

21 
17 
10 
6.5 
0.5 
0.15 
0.08 
0.05 
0.004 
0.003 

It is logical, in assigning priorities, to consider that 
those problems that offer the greatest total threat to 
the collective welfare deserve the most attention in the 
form of public agency loss-reduction programs. 

2. Ranking by magnitude of possible loss-reduction: 
The 10 geologic problems can be given priority rank­
ing in the order of the magnitude of the loss-reduction 
that can be achieved for each problem if 1972 loss­
reduction measures are expanded significantly. 

Table 1 (Section 1) also indicates (column 3) the 
dollar amounts by which the projected loss caused by 
each problem could be reduced over the 30 years 
1970-2000, if all feasible loss-reduction measures were 
applied. 

This ranking also suggests prioritv for overall con­
centration of public agency effort on those problems 
where the amount of public benefit stands to be 
largest. This ranking expresses the relative effectiveness 
of feasible loss-reduction measures. 

Geologic problem 

Possible 
loss-reduction 
1970-2000 
($billion) 

1. Loss of mineral resources -----------------
2. Earthquake shaking -------------------------------
3. Landsliding ---------------------------------------
4. Flooding ---------------------------------------
5. Erosion activity ----------------------------------
6. Expansive soils ----------------------------------
7. Tsunami hazards -------------------------------------
8. Subsidence ----------------------------------------------
9. Fault displacement -------------------------------

10. Volcanic hazards ----------------------------------

15 
10 
9 
3 
0.4 
0.15 
0.04 
0.013 
0.013 
0.008 

The priority logic of this ranking is also sound: 
Public expenditure should go first toward those prob­
lems that promise the most results. 

3. Ranking by benefit:cost ratio: The ten geologic 
problems can be given priority ranking in the order of 
the benefit: cost ratios that can be achieved using avail­
able loss-reduction ratios. 

Table 1 also indicates (column 5) the benefit:cost 
ratio of performing feasible loss-reduction measures 
for the 10 problems (costs), in terms of loss-reduction 
results (benefits) that would be obtained. This rank­
ing reflects the relative efficiency of loss-reduction 
efforts spent on the several problems. 

Benefit:cosf 
Geologic problem ratio 

1. Loss of mineral resources ------------------------------------- 170:1 
2. Expansive soils ------------------------------------------------------- 20:1 
3. Landsliding ------------------------------------------------------- 9:1 
4. Earthquake shaking ----------------------------------------------- 5:1 
5. Volcanic hazards ------------------------------------------- 5:1 
6. Fault displacement -------------------------------------------------- 1.7:1 
7. Subsidence ---------------------------------------------------------- 1.5:1 
8. Tsunami hazards ----------------------------------------------- 1.5:1 
9. Erosion activity ------------------------------------------------- 1.5:1 

10. Flooding ------------------------------------------------------- 1.3:1 

The priority logic of this ranking also is sound: It is 
most efficient to concentrate expenditures where the 
public would get the most for its money. 

In summary, this study has presented several valid 
approaches to help set priorities for concentrating or 
accelerating loss-reduction efforts on a single geologic 
problem, statewide. In practice, all of these approaches 
should be considered, in conjunction with other 
factors, since none of them clearly outweighs the 
others. However, it should be noted that earthquake 
shaking, loss of mineral resources, and landsliding are 
in the top three in the first two rankings and in the 
top four in the third ranking. 

Priority Considerations by Loss-Reduction Programs 
Many loss-reduction measures are available for at­

tacking one or more of the several geologic problems, 
but shortage of resources to pursue all of them forces 
a priority selection as to which to emphasize. Given a 
particular locality that requires priority effort, or the 
particular problem ( s) that need to be worked on in 
one locality or as a regional or statewide project, the 
main problem becomes "Exactly what action or ac­
tions should be taken first?" 

In the long run, those actions that enable other ac­
tions must be completed first: the organizations who 
must perform basic research into the nature of each 
problem, or to advance the state of the art for coping 
with it, must press these responsibilities. Organizations 
that must adopt enabling statutes, or provide funds, or 
develop model language for ordinances, and like ac­
tions, must accomplish these things before other meas­
ures that depend on these actions can be taken. 

In the short run, however, each of the many orga­
nizations with loss-reduction capabilitv is faced with 
the responsibility of doing what ·it can· do now, within 
existing limits of organization, means, and expertise. 
This has been the basic thrust the recommendations 
m 4 of 
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When faced with priority choices between pro­
grams for which it is equally capable, each organiza­
tion should consciously favor priority for those of its 
programs that offer the most needed help to its ulti­
mate constituency; that is, the citizens that select the 
legislative body that funds the organization and that 
select the executive officer or officers who, with their 
appointed officials, set administrative policy. 

Hopefully, studies such as the Urban Geology 
Master Plan will help to place geologic problems in 
their proper context, both among each other and, 
taken as a whole, with other kinds of public problems. 
With this kind of information, program priorities can 
be determined on a rational basis. 

Summary 
Several principles regarding priority-setting have 

emerged in the course of this study. 
1. The concept of "Geology Points" is helpful in guiding 

geotechnical agencies to localities and/ or types of geologic 
problems that need their expertise. The specific Geology 
Point values arrived at in Phase I of this study are subject to 
improvement in areas where more detailed knowledge is 
available, especially where "no data" should be distinguished 
from "no danger" in assigning severity ratings. 

2. Geology Points are most helpful when used to guide 
single agencies planning work programs to cope with spe­
cific geologic problems. The cumulative total Geology Points 
from all 10 problems indicate where total geologic hazards 
threats are highest in California, for general interest. But, 
for loss-reduction program planning, geotechnical organiza­
tions will be most helped by the Geology Points for just 
those problems with which they are concerned. 

3. Priorities must be set essentially independently within 
each organization, at all levels of government and the pri­
vate sector, to perform those actions within its capabilities. 
Program priority decisions must be made in the context of 
time and circumstances that prevail at the time the decision 
is made. Local governing bodies, with a given locality of re­
sponsibility and limited capabilities, must decide from local 
criteria which geologic problem to attack first, which loss­
reduction measures to apply first, where in their jurisdiction 
to work first, and which action agency to assign to the task. 
Geotechnical agencies, also with fixed manpower, budget, 
capabilities, and expertise, and with limited mobility, must 
decide within those limitations which of their capabilities to 
emphasize, in which locality to work first, and which problem 
to tackle first. 

4. Statewide and regional investigations of geologic prob­
lems in California are needed (a) to improve understanding 
of hazards processes and variables; (b) to locate and study 
regional problems that affect local uses but that can be 
studied best in off-site localities; (c) to develop the state of 
the art of detecting, evaluating, and overcoming problems; 
and (d) to provide data for regional decisions, such as the 
placement of utility and transportation lines. 

5. The nature of the land-use decision process, in actual 
practice, is for the landowner to decide where he wants to 
place a given activity, largely ignoring potentially unfavor­
able geologic factors, then to take such engineering and 
structural measures as are required to make the site safe for 
the selected use. To serve this general practice of overcoming 
rather than avoiding geologic hazards, the types of geologic 
information collected, the degrees of detail required, the 
types of interpretation needed, and the methods of presenta­
tion should be designed to serve the engineer at least as well 
as the planner. 

6. The definition of "undevelopable" localities should be 
kept very flexible, and geotechnical work should not be ex­
cluded from them without local consideration. Roads, build­
ings, and utility lines are often, of necessity, built on sites 
that are very unfavorable topographically and geologically, 
hopefully after engineering and structural measures have been 
taken to neutralize the natural geologic risk. 

7. The most practical guideline as to where agency geo­
logic work will be most useful is "Work in advance of popu­
lation, in those areas expecting the largest and most immediate 
development." The concepts of "Person Years" and "Immedi­
acy Factor," developed in Phase I of this study, ore valid 
guidelines for planning priorities for geotechnical studies. 

The overriding truth is that the collective geologic 
hazards problem in California is immense, and neither 
the knowledge nor the means are now available to do 
all that needs to be done if losses are to be reduced to 
the minimum level that is technologically possible. 

This study has presented several approaches to guide 
the setting of priorities for loss-reduction work pro­
grams, but it is beyond its scope to dictate work­
program priorities for other organizations to follow. 
The responsibility for making program-priority deci­
sions remains with each organization involved in geo­
logic problems, where the capability for making those 
decisions, based on its interpretation of the needs of 
its constituency belongs, along with the responsibility 
for conducting the needed programs. 





, Section 6 

References 
and 

Bibliography 





REFERENCES AND BIBLIOGRAPHY 

References Cited 
Adair, J. D., and Iungerich, R. (1972) Insuring the 

earthquake hazard. Los Angeles Bar Bulletin, vol. 47, 
no. 4, pp. 155-163, Feb. 1972. 

Algermissen, S. T., Rinehart, W. A., and Dewey, 
James ( 1972) A study of earthquake losses in 
the San Francisco Bay area: Data and analysis. U. S. 
Dept. of Commerce, National Oceanic and Atmos­
pheric Administraion, Environmental Research Lab­
oratories. A report prepared for the Office of Emer­
gency Preparedness, 220 p. 

Brock, Leonard (1971) Fiscal 1970-71 Annual Re­
port. City of Long Beach, Dept. of Oil Properties, 
23 p. 

Bullard, F. M. (1962) Volcanoes in history, in the­
ory, in eruption. University of Texas Press, 441 p. 

California Division of Mines and Geology ( 1971) 
Urban Geology Master Plan for California-Phase 
I: A method for setting priorities. Open-file report 
72-24, ca. 500 p. 

California Region Framework Study Committee 
( 1971) Comprehensive Framework Study, Califor­
nia Region, Appendix IX-Flood Control. Prepared 
for the Pacific Southwest Inter-Agency Committee, 
Water Resources Council, June 1971. 

Castle, R. 0., Yerkes, R. F., and Riley, F. S. (1969) 
A linear relationship between liquid production 
and oil field subsidence. Association Internationale 
d'Hydrologie Scientifique. 

Chesterman, C. W. ( 197 I) Volcanism in California. 
C~lifornia Division of Mines and Geology, Califor­
nza Geology, vol. 24, no. 8, pp. 139-147. 

Cluff, L. S., et al. ( 1971) Methodology for setting 
priority for geologic investigations in Urban Geol­
ogy Master Plan for California-Phase I. California 
Division of Mines and Geology open-file report 
72-24. 

Coffman, Jerry L. ( 1969) Earthquake investigations 
in the United States. Coast and Geodetic Survey 
Special Publication No. 282, revised edition, 57 p. 

Corps of Engineers ( 1971) National shoreline 
study, California Regional inventory. U. S. Army 
Engineer Division, South Pacific, Corps of Engineers, 
630 Sansome Street, San Francisco, California, Au­
gust 1971. 

Crumlish, J. D., and Wirth, G. F. (1967) A pre­
liminary study of engineering seismology benefits. 
U. S. Coast and Geodetic Survey, Rockville, Mary­
land. 

Duke, C. Martin ( 197 I) The Great Los Angeles 
earthquake. Keynote talk for conference on earth­
quakes and their problems for a concerned citizenry. 
C_?r:tinuing educa~ion in Engineering and Science, 
Umversity of Cahfornia Extension Los Angeles. 

Earthquake Council (1972) First Re-
port of the Council, No-

89 

vember 21, I972. Available from the California 
Division of Mines and Geology, P.O. Box 2980, 
Sacramento, California 958 I 2, for $ 1.50. · 

Hill, M. R. ( 1970) Mt. Lassen is in eruption and 
there is no mistake about that. California Division 
of Mines and Geology, Mineral Information Service, 
vol. 23, no.11, pp. 211-224. 

Hughes, Thomas H. ( 1971) Risks of earth move­
ment and liability that result therefrom. in Joint 
Committee on Seismic Safety (see below, 1971a) p. 
71-75. 

Ja~es, Davi? E. (1966) Geology and rock magnet­
Ism . of Cmder Cone lava flows, Lassen Volcanic 
National Park, California. Geological Society of 
America Bulletin, vol. 77, no 3, p. 303-312. 

Joint Coll!mittee on Seisll!ic S~fety ( 1971 a) Earth­
qu.ake. nsk, State of Cahforma. Joint Committee on 
Setsmtc Safety, 777 North First Street Suite 600 
San Jose, California 95112'. ' ' 

Joint Committee on Seismic Safety (1971b) The 
San ~erna?do earthquake of February 9, 1971 and 
pubh~ P?hcy. State of California, Joint Committee 
on Setsmtc Safety, 777 North First Street Suite 600 
San Jose, California 95112. ' ' 

Los Angeles County Earthquake Commission ( 1971) 
Report of the Los Angeles County Earthquake 
Commission, San Fernando Earthquake, February 9, 
1971. 45 p. 

McHarg, Ian (1969) Design with nature. American 
Museum of Natural History. Natural History Press, 
Garden City, N. Y. 11530. 

Mitko, Francis C., and Stock, John A. (no date) 
The mineral industry of California, preprint from 
1970 Minerals Year book, U. S. Bureau of Mines. 

Mukerjee, Tapan (1972) The economics of opti­
mal adjustments to earthquakes-!. Unpublished pa­
per presented at the 4th Annual Conference of the 
Western Economics Association, Santa Clara, Cali­
fornia, August 23-25, 1972. Available from the au­
thor at Department of Economics, University of 
the Pacific, Stockton, California 95204. 

Radbru~h, D. H., and Crowther, K. C. (1970) Map 
showmg relative amounts of landslides in California. 
U. S. Geological Survey Open-File Report, 1970. 

Tahoe Regional Planning Agency (no date) The 
plan for Lake Tahoe. Tahoe Regional Planning 
Agency, P. 0. Box 8896, South Lake Tahoe Cali-
fornia 95705. ' 

Taylor, F. A., and Brabb, E. E. (1972) Maps show­
ing dis.tribution ~nd c.ost by counties of structurally 
damagmg landslides m the San Francisco Bay re­
gion, California, winter of 1968-69. U. S. Geologi­
cal Survey Map MF-327. 

U.S. Coast.anq Geodetic Survey (1965) The story 
of the se1sm1c sea-wave warning system. 46 p. 

U. S. For est Service ( 1971 Lake Tahoe Basin: 



90 CALIFORNIA DIVISION OF MINES AND GEOLOGY Bull. 198 

Planning for environmental quality. United States 
Forest Service, P.O. Box 8465, South Lake Tahoe, 
California 95705. 

Weir, W. W. (1950) Subsidence of peat lands of 
the Sacramento-San Joaquin Delta, California. Cali­
fornia University Agricultural Experiment Station, 
Hilgardia, vol. 20, no. 3, pp. 37-56. 

Wood, H. 0. and Heck, N.H. (1966) Earthquake 
history of the United States. Part II, Stronger earth­
quakes of California and western Nevada. U. S. 
Coast and Geodetic Survey, 48 p. 

Yerkes, R. F. and Castle, R. 0. (1969) Surface de­
f~mn~tion asso~iated with oil a?d. gas field opera­
tio.ns I? the Umted States. Assoctatwn d'Hydrologie 
Scienttfique, Actes de Colloque de Tokyo, Affaisse­
ment de sol, pp. 5 5-66. 

Algermissen, S. T., Rinehart, W. A., and Dewey, 
James (1972) A study of earthquake losses in 
the San Francisco Bay area. A report prepared for 
t~e Office of Emergency Preparedness by the En­
VIronmental Research Laboratories of the National 
Oceanic and Atmospheric Administration, 220 p. 

A series of scenarios describing effect of a future 
earthquake on various facilities for health care utili-
ties, and water storage. ' 

Coffman, J. L. ( 1969) Earthquake investigations in 
t~e Unit~d ~tates. Coast and Geodetic Survey Spe­
Cial Pubhcatton No. 282, revised edition, 57 p. Avail­
able from the Superintendent of Documents Gov­
ernment Printing Office, Washington, D.C.' 20402, 
for 35¢. 

Iacopi, Robert ( 1964) Earthquake country. Lane 
Books, Menlo Park, California. 

A non-technical presentation on faults, fault mo­
vement, and earthquake damage in California. 
Los Angeles County Earthquake Commission ( 1971) 

Report of the Los Angeles County Earthquake 
Commission, San Fernando Earthquake February 9 
1971. ' ' 

Steinbrugge, K. V. (1968) Earthquake hazard in 
~he San. Fran~isco Bay Area: A continuing problem 
m pubhc pohcy. Institute of Governmental Studies 
University of California, Berkeley, California. $1.50: 

Steinbrugge, K. V., chairman (1970) Earthquake 
hazard reduction. Executive Office of the President 
Office of Science and Technology Washington' 
D.C. ' ' 

Steinbrugge, K. V., Schader, E. E., Bigglestone, H. C., 
and Weers, C. A. (1971) San Fernando earth­
quake, February 9, 1971. Insurance Services Office 
(for:nerly Pacific Fire Rating Bureau), 465 Cali­
forrua Street, San Francisco, California. 

Descriptions of losses to buildings and utilities. 
VV:iegel, R. ~., editor ( 1970) Earthquake engineer­

mg. Prentice-Hall, Inc., Englewood Cliffs, New 
Jersey. 

A source book with excellent papers and bibli­
ographies. 

Wood, H. 0., and Heck, N.H. (1966) Earthquake 
history of the ,Unit~d States: Part II, Stronger earth­
quakes of Cahfornta and western Nevada. Environ­
mental Science Services Administration Coast and 
Geodetic Survey. Available from the Superintend­
ent of Documents, Washington, D. C. 20402, for 30¢. 

A brief listing of earthquakes from 1769to1963. 

Cloud, Preston, chairman (1969) Resources and 
m~n. A study and recommendations by the Com­
mittee. on Resourc.es and Man, National Academy 
of Sciences- Natwnal Research Council. W. H. 
Freeman and Company, San Francisco, California. 

Landerman, N. J., Schwartz, S., and Tapp, D. R. 
( 1972) Community resource: the development­
reh~bilit~tion of sand and gravel lands. Southern 
Cahforma Rock Products Association, 1811 Fair 
Oaks, South Pasadena, California. $6.00. 

A description of methods that can be used to 
J?rotect, utilize and reclaim sand and gravel produc­
mg lands.· 

Park, C. F., Jr. (1968) Affluence in jeopardy-Min­
erals and the political economy. Freeman, Cooper 
and Co., San Francisco, California. 368 p. 

The book discusses the dependence of our so­
ciety 1on the availability of mineral resources. The 
fir.st two ch~pters present a view of why known 
mmeraldeposits must beconserved through utilization. 

Cleaves, A. B. ( 1961) Landslide investigations. A 
~eld handbook for use in highway location and de­
stgn. U. S. Department of Commerce, Bureau of 
Public Roads, 67 p. U. S. Government Printing 
Office, Washington, D. C. 20402, for 30¢. 

A useful handbook describing kinds of land­
slides and methods of correcting them. 

Highway Research Board (1958) Landslides and en­
gineering practice. Highway Research Board, Spe­
cial Report 29, 232 p. 

A basic reference on landslides. 
Slosson, J. E. ( 1969) The role of engineering ge­

ology in urban planning. The Governor's Confer­
ence on Environmental Geology, Colorado Geologi­
cal Survey Special Publication No. 1, pp. 8-15. 

Describes the record of improvement in land­
slide losses following enactment of the City of Los 
Angeles grading ordinance. 

Taylor, F. A., and Brabb, E. E. (1972) Maps show­
ing distribution and cost by counties of structurally 



1973 URBAN GEOLOGY MASTER PLAN 91 

damaging landslides in the San Francisco Bay Re­
gion, California, winter of 1968-69. U. S. Geological 
Survey Map MF-327. 

Zaruba, Q. and Mend, V. (1969) Landslides and 
their control. Elsevier Press, Amsterdam, 205 p. 

California Region Framework Study Committee ( 1971) 
Comprehensive Framework Study, California Re­
gion, Appendix . IX-Flood Control. Prepared for 
the Pacific Southwest Inter-Agency Committee, Wa­
ter Resources Council, June 1971. 

Powell, M. D., Winter, W. C., and Bowditch, W. P. 
(1970) Community Action guidebook for soil ero­
sion and sediment control. National Association of 
Counties Research Foundation, 1001 Connecticut 
Avenue, N.W., Washington, D. C. 20036. 

Portland Cement Association (no date) Recom­
mended practice for construction of residential con­
crete floors on expansive soils. Volume II available 
from the Association for $2.63 at 520 S. LaFayette 
Park Place, Los Angeles, California 90057. 

A general but useful handbook describing meth­
ods of testing for expansive soil, treatment of soils, 
and foundation design. 

Cluff, L. S. (1968) Urban development within the 
San Andreas fault system. Proceedings of Confer­
ence on Geologic Problems of San Andreas Fault 
System, Stanford University Publications in the 
Geological Sciences, vol. XI, pp. 5 5-69. 

Cluff, L. S., Slemmons, D. B., and Waggoner, E. B. 
(1970) Active fault zone hazards and related prob­
lems of siting works of man. Proceedings of the 
Fourth Symposium on Earthquake Engineering, 
University of Roorkee, India. 

Mader, G. G., Danehy, E. A., Cummings, J. C., and 
Dickinson, W. R. (1972) Land use restrictions 
along the San Andreas fault in Portola Valley, Cali­
fornia. Proceedings of the International Conference 
on Microzonation for Safer Construction, Research 
and Application, University of Washington, Seattle, 
Washington. 

Slemmons, D. B. (1972) Microzonation for surface 
faulting. Proceedings of the International Confer­
ence on Microzonation for Safer Construction, Re-

search and Application, University of Washington, 
Seattle, \Vashington. 

All of these articles discuss the need for setback 
distances from active faults and give some exam­
pies. 

Bullard, F. M. (1962) Volcanoes in history, in the­
ory, in eruption. University of Texas Press, 441 p. 

Chesterman, C. \V. ( 1971) Volcanism in California. 
California Geology, vol. 24, no. 8, pp. 139-147, 
August 1971. 

Crandell, D. R. and Mullineaux, D. R. (1967) Vol­
canic hazards at Mount Rainier, Washington. U. S. 
Geological Survey Bulletin 1238. 

Crandell, D. R. and Waldron, H. (1969) Volcanic 
hazards in the Cascade Range. Geologic Hazards 
and Public Problems, Office of Emergency Prepar­
edness, pp. 5-18. Available from the Superintendent 
of Documents, Washington, D.C. 20402, for $2.75. 

Hill, M. R. (1970) Mt. Lassen is in eruption and 
there is no mistake about that. Mineral Information 
Service, vo!. 23, no. 11, pp. 211-224, November 
1970. 

Waldron, H. H. (1967) Debris flow and erosion 
control problems caused by the ash eruptions of 
lrazu Volcano, Costa Rica. U. S. Geological Sur­
vey Bulletin 1241-1. 

Contains descriptions of the types of damage re­
sulting from an ash eruption similar to those that 
have happened in California. 

Heck, N.H. (1947) List of seismic sea waves. Bul­
letin of the Seismological Society of America, vol. 
37, no. 4, pp. 269-286. 

The author describes 270 tsunamis through 1947 
but considers the list to be incomplete due to lack 
of information. 

U.S. Coast and Geodetic Survey (1965) The story 
of the seismic sea-wave warning system. 46 p. 

Wiegel, R. L. ( 1964) Oceanographical engineering. 
Prentice-Hall Inc., Englewood Cliffs, New Jersey, 
532 p. 

Wiegel. R. L. (1970) Tsunamis. Chapter II in 
Earthquake engineering, Prentice-Hall Inc., Engle­
wood Cliffs, New Jersey, pp. 253-306. 

Wood, H. 0., and Heck, N.H. (1966) Earthquake 
history of the United States. Part II, Stronger earth­
quakes of California and Western Nevada. U. S. 
Coast and Geodetic Survey, 48 p. 

Castle, R. 0., Yerkes, R. F., and Riley, F. S. (1969) 
A linear relationship between liquid production 



92 CALIFORNIA DIVISION OF MINES AND GEOLOGY Bull. 198 

and oil field subsidence. Association Internationale 
d'Hydrologie Scientifique. 

Lofgren, Ben ( 1965) Subsidence related to ground 
water withdrawal. In Landslides and Subsidence­
Record of proceedings of conference sponsored by 
The Resources Agencv of California, pp. 105-110. 
Available from the California Division of Mines 
and Geology, P.O. Box 2980, Sacramento, Califor­
nia 95812, for $1.00. 

Lucas, Cliff ( 1965) Shallow subsidence studies for 
the California Aqueduct. Landslides and Subsidence 
-Record of proceedings of conference sponsored 
by The Resources Agency of California, pp. 111-
116. Available from the California Division of Mines 
and Geology, P.O. Box 2980, Sacramento, Califor­
nia 95812, for $1.00. 

Mayuga, M. N. (1965) How subsidence affects the 
City of Long Beach. In Landslides and Subsidence­
Record of proceedings of conference sponsored by 
The Resources Agency of California, pp. 122-129. 
Available from the California Division of Mines and 
Geology, P.O. Box 2980, Sacramento, California 
95812, for $1.00. 

Weir, W. W. (1950) Subsidence of peat lands of 
the Sacramento-San Joaquin Delta, California. Cali­
fornia University Agricultural Experiment Station, 
Hilgardia, vol. 20, no. 3, pp. 37-56. 

Yerkes, R. F. and Castle, R. 0. (1969) Surface de­
formation associated with oil and gas field opera­
tions in the United States. Association d'Hydrologie 
Scientifique, Actes de Colloque de Tokyo, Affaisse­
ment de Sol, pp. 5 5-66. 



Section 7 

Appendices 
A 
B 

and 
c 





APPENDIX A 

Costs of Losses and Loss-Reduction Measures 

A basic factor in the Urban Geology Master Plan 
(UGMP) project is the magnitude of loss from each 
geologic problem, mainly from property damage and 
life-loss and injury. Table 1 (Section 1) summarizes 
total expectable losses, as extended totals for the 30-
year period 1970-2000. The priority factor "Geology 
Points" (Section 5) also requires that dollar values be 
determined to indicate the magnitude of expectable 
loss in the several severity zones for each problem, 
in dollars per person per year. 

Loss data for geologic problems are at best frag­
mentarv and inconsistent in the available literature; 
for most geologic problems the historic data provide 
only isolated examples which are often poorly suited 
to extrapolation, combination, or generalization. Dol­
lar-loss data have been collected for different aspects 
of different events of the same problems (e.g., various 
earthquakes) varying with time and place, and pur­
pose of the data collectors. The inconsistency is even 
stronger when losses are compared between different 
kinds of geologic problems. Many data are blurred 
as to apportionment between related problems: e.g., 
earthquake shaking and fault-displacement loss data 
merge; flood loss figures often include erosion and 
landslide data. 

Faced with these limitations on the type, format, 
and reliabilitv of available loss data, the Urban Geol­
ogy Master Plan project was forced to develop esti­
mated figures for annual expectable loss and 30-year 
loss totals using the best means available. 

The Phase I study (California Division of Mines and 
Geology, 1971) developed the concept of a hypo­
thetical "urban unit"-a typically developed urban 
area of about one-third of a square mile, with a popu­
lation of 3000. The magnitude of loss from each prob­
lem was derived by hypothetically placing the urban 
unit in the various severity zones of each problem. By 
simulating the amounts of damage-loss that would oc­
cur over a representative time interval, a trial set of 
Geology Points was obtained (California Division of 
Mines and Geology, 1971, table 3-23). 

During Phase II of the UGMP study, many refine­
ments were made of the Phase I rationale, method, and 
particular dollar values for each problem, mainly by 
adjustment in comparison with case histories de­
veloped during this project by study of five local 
areas. Most of the Phase I geology points were modi­
fied significantly, as were their extensions into expect­
able annual and 30-year loss totals. 

The main rationale, assumptions, and calculations 
used to obtain the Geology Points and loss figures used 
in the Urban Geology Master Plan are summarized in 
this Appendix. 

95 

EVALUATION OF EARTHQUAKE SHAKING LOSSES 
Based on earthquake-shaking losses actually experi­

enced in the several quadrangles analyzed in detail 
during Phase II of the UGMP study, the following 
values were reached, showing the expectable average 
per capita annual loss, in dollars, to each resident of 
the severity zone in question: 

Earthquake 
shaking 
severity 

zone 

High ........... . 
Moderate ....... . 
Low ............ . 

Property 
damage 

component 
(one-half 

public 
sector 

one-half 

Geology 
Points 

Life-loss (expectable 
Intangible and total 

loss InJUry average private 
sec or)1 componen!1 component1 loss rate)1 

14 + 
13 + 
7 + 

14 + 
13 + 
7 + 

3 
1 
0 

31 
27 
14 

1 Average cost per person living in this severity zone, per year, 
in dollars. 

Statewide totals to the year 2000 were obtained: 
( 1) for expected losses at 1970 levels of loss-reduc­
tion; (2) for the amount by which that loss could 
possibly be reduced; and (3) for the amount such 
loss-reduction efforts would cost. (See Section I, ta­
ble 1). The 30-year total loss was estimated by mul­
tiplying the expectable per capita per year dollar loss 
times the total number of people expected to be in 
the quadrangles of each severity zone between 1970 
and 2000. 

If 1972 state-of-the-art techniques for reducing the 
losses due to earthquake shaking were applied to the 
fullest degree feasible over the period 1970 to 2000, 
earthquake dollar loss is estimated to be reducible by 
50 percent. Of this total reduction, engineering seis­
mology measures should reduce the loss by 41 percent 
(Crumlish and Wirth, 1967, p. 36-37), and all other 
measures should reduce the loss by an additional 9 
percent. 

SO% X $21,035,000,000 = $10,517,500,000 

Based on experience and data gathered in selected 
areas during Phase II of this study, feasible loss re­
duction measures should cost 10 percent of total loss. 

10% X $21,035,000,000 = $2,103,500,000 

Combined, these figures indicate a benefit: cost ratio 
of 5:1 ($10,517,500,000:$2,103,500,000), which argues 
strongly in terms of economics, for implementing ef­
fective earthquake reduction measures. In addition to 
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Earthqua.ke severity zone1 

High .......................... . 
Moderate ...................... . 
Low •.......................... 

Number of 
urban 71f2 minute 

quadrangles of 
each severity 

181 
242 

57 

Estimated 
percent 
of total 

population2 

Estimated 
person-years 

exposure 
1970-2000 

289,050,000 
385,400,000 
96,350,000 

770,800,000 

Geology Points 
(expectable total 
average loss rate) 

(dollars per capita 
per year) 

31 
27 
14 

Projected 
total loss 

1970-2000 

$9,280,000,000 
10,406,000,000 

1,349,000,000 

$21,035,000,000 

1 Three degrees of estimated earthquake severity in California (California Dh·ision of ~[ines and Geolog~-. 1971, fig. 3-4; p. 312-322). 
2 Total population (rwrson-years) in California for 30-year period 1970-2000 from Livingston and Blayney's population projections 

(California Division of Mines and Geology, 1971, p. 5-1 to 5-11). 

the nee?s for increased public safety and the social nual per capita haulage cost represents the added cost 
and pohtical concerns therefor, earthquake safety, on to every California resident due to the near-market 
balance, is also "good business". deposits being lost to use because of urbanization 
EV AWAT/ON OF LOSSES OF MINERAL RESOURCES pressures. 
(DUE TO URBANIZATION) The Geology Points for loss of mineral resources are 

The Geology Points (California Division of Mines thus on~-~alf of 44, or. 22, corresponding to the aver-
and Geology 1971 p. 3-59) for Loss of Mineral Re- age addrtwnal per caprta cost of haulage for the 30-
sources were changed from the Phase I value of $44 year .period, 1970 to 2~00. No life loss and injury cost 
to $22 during the Phase II analysis on the basis of the or drsast~r factor are r~volved. . . 
following rationale. The loss of mineral resources due . Stat~wrde total ~oss, rf 1972 practice regardu~g s~v-
to urban development is taken as the increase in cost mg mmeral deposrts from losses due to urbamzatwn 
of minerals to each California resident due to the in- were to continue unchanged, is estimated by multiply-
creased haul distance. The main mineral resources that ing the expectable average loss rate for the 30-year 
are in conflict with urbanization pressures in California ~eriod ($2~ per. capita per year)_ by the total popul~-
are the common construction materials-sand and non of Cahforma 1970 to 2000, m person years (Cab-
gravel, cement, clay, and stone products. The tonnage fornia Division of Mines and Geology, 1971, p. 5-1 to 
of these materials produced (and consumed) in Cali- 5-11): 
fornia in 1970 is about 200,000,000 tons, valued at 
about $2.20 per ton (Mitko and Stock, no date, p. 2). 
~or the 1970 population of a~out 20,000,000, consump­
tion averages 10 tons per caprta per year. For the pro­
jected population of about 34,000,000 at year 2000 
(California Division of Mines and Geology, 1971, ta­
ble 5-l), the projected consumption of about 400,000,-
000 tons of these minerals (U.S. Bureau of Mines, 
written communication, January 2 2, 1971) will amount 
to 12 tons average annual consumption per capita. 

In 1970 the average haulage distance for these ma­
terials is estimated to be about 25 miles, whereas by 
2000 more distant deposits will be in use, requiring an 
estimated average haulage of about 50 miles. 

In 1970 the cost of haulage is about $0.04 per ton­
mile, but by 2000 it is estimated that this will increase 
to about $0.09 per ton-mile. 

Thus, in 1970 the average per capita cost of 
hauling mineral materials was whereas by 2000 
it will have jumped to an $54 as shown in 
the calculations below. The $44 difference in the an-

1970 ... . 
2000 .. . 

Average 
haulage 
distance 
in miles 

25 
50 

Average 
annual 

per capita 
consumption 

in tons 

X $0.04 X 
X $0.09 X 

10 
12 

Averaqe 
annual 

per capita 
cost of 

$10 
$54 

$22 X 770,800,000 $16,957,600,000 total expectable 
30-year loss in California 

That loss could be reduced by an estimated 90 per­
cent ($15 billion) if methods known and available in 
1972 .were to. b_e rigorously applied: identify those 
deposrts that he m the path of urbanization, and place 
them in zones to protect them and their processing 
plants and access routes until they are vv-orked out. 

The cost of these loss-prevention practices would 
be about $90 million: an estimated average of 30 man­
years of local government zoning effort per county, 
and 30 man-years of mineral resources specialist effort 
per county in the period 1970-2000. Required person-
nel may be full-time, or short-term and 
either public or The nec~ssarv 
effort in each citv or countv will vary from near-zero 
to several man-years. It should be stressed that these 
average . are used purposes of 
at an estimated total cost. 

The benefit: cost ratio would be aboul170 :1. 

EVALUATION OF LANDSLIDE LOSSES 
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Number 
of urban 

quadrang es 
of each 

Landslide severity zone severity 

High........................... 200 
Moderate. . . . . . . . . . . . . . . . . . . . . . . 700 
Low........................... 900 

Estimated 
percent 
of total 

population 

7 
25 
32 

Geology, 1971, figure 3-11) under 1972 loss-reduction 
practice, averages about $53 for all physical and in­
tangible damage loss. Life loss and injury loss from 
landslides has been negligible, but since life can be lost, 
a disaster factor of 1.1 has been used. The $53 expec­
table loss is a mean between loss figures from several 
typical high severity landslide areas where loss-reduc­
tion measures are being applied quite differently. For 
example, in parts of Orange County, where 1972 state­
of-the-art measures are routinely applied, the expec­
table loss per person per year is about $3.30; in com­
parable landslide-prone localities in other regions 
where relatively little is being done to prevent losses, 
the corresponding loss figure is about $104 per capita 
per year. For Landslide-moderate severity zones, an 
estimate of two-thirds the high severity threat level is 
used, or $35 per capita per year. In Landslide-low 
severity zones, an arbitrary minimum loss figure is 
used: $1 per capita per year. 

Statewide totals to the year 2000 were projected: 
( 1) for expectable overall losses if 1972 practices of 
loss-reduction continue unchanged; (2) for the amount 
by which that loss could possibly be reduced if all 
1972 state-of-the-art landslide loss-reduction measures 
were rigorously applied; and (3) for the amount that 
such application of loss-reduction measures would cost. 
(See Section 1, table 1). 

The 30-year total loss is estimated to be $9,852,000,-
000, arrived at by multiplying the expectable per capita 
per year dollar loss times the total number of people 
projected to be in the quadrangles of each severity 
zone between 1970 and 2000. 

The possible reduction of that 30-year loss if all 
measures available in 1972 are applied , rigorously . is 
estimated to be 90 percent, or $8,865,000,000. 

The cost of applying 1972 state-of-the-art loss-pre­
vention measures was determined to average $4.70 per 
capita per year for those living in the hillside areas 
studied during Phase II of this project, and the benefit: 
cost ratio to be 8.7: 1. Applying this ratio to the possi­
ble "benefit" of $8,865,000,000 that can be saved, we 
obtain the figure $1,018,000,000 for the 30-year cost of 
applying those measures. 

EVALUATION OF FLOODING LOSSES 
To calculate Geology Points for the complicated 

threats of flood hazards to urban areas requires large­
scale flood-potential maps that show local drainage 

Person-years 
exposure 

(to year 2000) 

53 956,000 
192,700,000 
246,656,000 

Geology Points 
(expectable total 

loss rate) 
(dollars per capita 

per year) 

53 
35 

1 

Projected 
total loss 

1970-2000 

$2,859,000,000 
6,745,000,000 

247,000,000 

$9,851,000,000 

problems, as well as river runoff overflow areas. Flood­
control dams and levee systems should be shown, too, 
and designed overflow bypasses should be distinguished 
from planned dry areas. 

The Geology Points (California Division of Mines 
and Geology, 1971, p. 3-23 to 3-25) for Flooding­
high severity ($127 damage loss, plus $7.50 life loss, for 
total $134.50 loss per capita per year-hence Geology 
Point value of $134.50) apply to major river flood 
areas, but not to the minor streams and designed by­
passes also shown as "flood hazard areas" on figure 3-7 
of that report. 

Flooding-moderate severity value, estimated to be 
YJ of the high severity value, applies to areas threat­
ened by minor stream overflows and local drainage 
flooding. 

The Phase I Geology Point values need two-fold 
modification to allow for intangible losses, and 4.8-fold 
increase in the life-loss and injury value, as determined 
in the Phase II analvsis, as follows: 

Geology Points for flooding are: 

Flooding 
severity zone 

Property 
damage 

component 
(one-half 

public 
sector, 

one-half 
private 
sector)1 

Geology 
Points 

Life-loss (expectable 
Intangible and average 

loss InJUry annual 
component1 component1 loss-rate)1 

High............ 127 + 127 + 36 290 

Moderate......... 42 + 42 + 12 96 

1 Average costs per person living in this severity zone, per year, 
in dollars. 

Projected statewide flood losses, 1970 to 2000, were 
adjusted in proportion to that time interval from data 
developed by California Region Framework Study 
Committee (1971, pages 9-20). According to the 
Framework Study Committee, if the 1965 type and 
extent of flood prevention and flood control measures 
are maintained until the year 2000 without change, the 
total statewide loss due to flooding would total $6,532,-
000,000. 
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If all feasible flood loss-reduction measures available 
in 1970 and recommended in the Framework Study 
were put into effect, the 30-year loss could be reduced 
by $3,432,000,000 (52%) to $3,100,000,000, according 
to that study. 

The estimated cost of installation and operation of 
the measures recommended by the Framework Study 
for the 30-year period is $2,703,000,000, for a benefit: 
cost ratio of about 1.3: I. 

EVALUATION OF EROSION LOSSES 

Estimates of erosion loss are based partly on the dif­
ferential natural propensity of California soils to ero­
sion (California Division of Mines and Geology, 1971, 
p. 3-46 to 3-49), and partly on analysis during Phase II 
of this study. Data on coastal erosion is taken from 
the U.S. Army Corps of Engineers, "National Shore­
line Study-California Regional Inventory" ( 1971, ca. 
220 pages). 

Geology Points, indicating the expectable annual 
average dollar loss due to erosion per person in the 
several erosion severity zones in California, are based 
on the erosion potential of undisturbed areas, recog­
nizing soil profile type, natural vegetation, and slope 
of natural surface (California Division of Mines and 
Geology, 1971, fig. 3-13). The Phase I estimates of 
expectable dollar loss (California Division of Mines 
and Geology, 1971, page 3-47, and figure 3-13) (Ero­
sion activity-high severity: $1.50;-moderate sever­
ity: $1.11; and-low severity: $0.36) are doubled to 
account for inherent intangible costs as determined in 
Phase II of this study, and rounded to yield these Geol­
ogy Points: (life-loss and injury, and disaster factor 
are both nil.) 

Erosion loss-high severity : 3 
-moderate severity: 2 
-low severity : 1 

Unfortunately these Geology Points do not account 
for the very substantial costs (estimated $6 million per 
year in California) of coastal erosion (figure 3-13 in 
California Division of Mines and Geology, 1971, does 
not indicate its threat). Further, they do not reflect 
the fact that the urbanization process tends to modify 
the undisturbed surface materials, and the resulting 
erosion effects, in unpredictable ways: soil profiles are 
homogenized by bulldozers, vegetation is destroyed 
or replaced, and natural slope and local drainage are 
variously altered. 

Statewide loss estimations, assuming that 1972 level 
and type of loss-reduction actions continue for 30 
years unchanged, are arrived at as follows. Recogniz­
ing that both theoretically and practically, "erosion" 
damage, erosion-preventive actions, and erosion-dam­
age cleanup actions are inextricably intermingled with 
the damages, actions and costs commonly labeled 
"flooding" and "landsliding", Yuo of flood and land­
slide damage has been arbitrarily selected as "erosion": 

(Flooding): 1/50 X $4,230,000,000 
(Landsliding): 1/50 X 9,850,000,000 

$84,600,000 
197,000,000 

$281 .600,000 
(197Q-2000) 

Erosion damage to roadbeds and other structures 
public and private (although damage suffered by pri­
vate landowners is largely undeclared), is estimated at 
$50,000 per county per year, or $90,000,000 ( 1970-
2000). 

Cleanup of erosion debris is estimated to cost about 
$25,000 per county per year, or $45,000,000 ( 1970-
2000). 

Coastal erosion will result in losses costing an esti­
mated $148,500,000 over the 30 years to 2000. This is 
estimated as follows: 

a) The Corps of Engineers (1971, p. 109) estimates $99,000,-
000 cost, to year 2000, of the projects they recommend as 
needed. 

b) In their benefit:cost determinations, the Corps of Engineers 
uses the ratio of 1:1 to determine feasibility. Therefore the 
benefits of the needed work are estimated to equal the 
proposed cost: $99,000,000. 

c) The proposed projects will not reduce losses to zero, but 
will still leave an estimated Va of the loss as an unavoid­
able residual. The loss even after the projects are done 
will still be about $50,000,000; but if nothing were done, 
the estimated total loss over the next 30 years would be 
about $148,500,000. 

So total loss due to all forms of erosion to year 2000, 
if 1972 loss-reduction practices remain unchanged in 
type and degree, will be on the order of $565,000,000. 

Loss reduction, assuming that ~ of that total loss 
can be prevented by rigorously applying all feasible 
loss-reduction measures over the next 30 years, would 
be $377,000,000. 

Costs of this estimated 30-year erosion prevention and 
control program would include Yuo of the costs of 
flooding and landslide loss prevention (l/;; 0 X $265,-
000,000) or $5,300,000 for flooding, plus (l/;; 0 X $1,-
018,000,000) or $20,360,000 for landsliding. 

The 30-year program costs would also include an 
estimated $121,800,000 for increased grading and en­
gineering works (estimated $70,000 per year, in 58 
coul!ties, over 30 years); and $99,000,000 for coastal 
erosiOn measures. 

Total estimated costs are $247,000,000. The bene­
fit:cost ratio would be $377,000,000:$247,000,000, or 
about 1.5: I. 

EVALUATION OF LOSSES DUE TO EXPANSiVE SOILS 

Geology Points, indicating the expected annual av­
erage dollar loss per person living in areas subject to 
damage from expansive soil, are based on analyses of 
actual experience in representative localities, during 
Phase II of this project. For Expansive soils-high 
severity zones, the expectable per capita per year loss 
is $2.52; with life-loss and injury costs and disaster 
factor both nil, the Geology Points figure rounds out 
to 3. The same investigations and reasoning suggests 
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a Geology Point figure for Expansive soils-:moderate 
severity zones of about 2, and for low seventy zones, 
nil. 

Because the available maps showing distribution of 
expansive soils (California Division of Mines and Ge­
ology, 1971, figure 3-14) are too generalized to u~e 
directly with the Geology Point values ~o obtam 
statewide totals, another approach was requ~red. ~he 
equivalent, estimated, of some 500 structures u:ciudmJS 
buildings, roads, airports, etc., are damaged m Cali­
fornia each year by expansive soils, by an amount es­
timated at $10,000 each. This yields an estimated 
30-year total damage, if 1972 procedures are continued 
unchanged, of $150,000,000. 

That loss could be reduced almost completely if 
known and available loss-reduction methods were ap­
plied rigorously over the next 30 years to all building 
sites with expansive soils; at an assumed 99 percent 
effectiveness, the loss reduction would be $148,500,000. 
These methods would cost an estimated average of 
$500 per structure, or $7,500,000, and the benefit: cost 
ratio would be about 20: I. 

EVALUATION OF FAULT DISPLACEMENT LOSSES 

The Geology Points developed in Phase I (Cali­
fornia Division of Mines and Geology, 1971, p. 3-3 5 
to 3-37) representing per capita per year. losses f~om 
fault displacement (Fault displacement-high sever~ty: 
9.00;-moderate severity: 0.09; and-low seve~Ity: 
0.002) were modified during Phase II of this prOJect. 
The recurrence rate estimated in Phase I of this proj­
ect for damaging fault movement in California was 
reduced % to one movement every 5 years, to meet 
experience after the San Fernando earthquake of 1971 
and other fault movement events. The estimated dollar 
loss per damaging fault movement was decreased 7), 
from $1 880 000 to $620,000 on the basis of what is 
known ;bou~ fault damage loss in California. The life 
loss per fault movement was decreased % from 12 
deaths every event to 3 on the basis of experience in 
actual California fault movement losses. On the other 
hand, the new life-loss and injury figure of $360,000 
per life loss (4.8 times the $75,000 per death used .in 
California Division of Mines and Geology, 1971) Ill­

creases the expectable loss; the physical damage value 
was doubled to allow for concomitant intangible 
(non-structural, socio-economic) loss as determined 
from a study of a local area in the San Fernando Val­
ley; and a disaster factor of 1.1 was introduced, ap­
plying to Fault displacement high severity. 

A decreasing recurrence interval is the only variable 
between high, moderate, and low severity. zones ~f 
fault displacement. A 1000-year recurrence mterval 1s 
estimated for prehistoric Quaternary faults . (moderate 
severitv zone) reducing the Geology Pomts to 0.5 
(rounded to 1 'to keep whole numbers) for Fault dis­
placement-moderate. Similarly, the recurrence inter­
val for damaging movement of pre-Quaternary (low 
severity) faults is estimated to be 10,000 years reduc­
ing the Geology Points for Fault displacement-low 
severity to nil. • 

Geology Points for fault displacement are: 

Fault 
displacement 

severity 
zone 

High ....... . 
Moderate ... . 
Low ........ . 

Property 
damage 

component 

Life loss 

(one-half 
public 
sector, 

one-half 
private 
sector)1 

Intangible and 
loss injury 

component1 component1 

.60 + .60 

.06 + .06 

.01 + .01 

+ 3.75 
+ 0.38 
+ .04 

Geology 
Points 

(expectable 
average 
annual 

loss rate)1 

5 
1 
0 

1 Average costs per person living in this severity zone, per year, 
in dollars. 

Statewide totals to the year 2000 for expected losses 
if 1972 levels of loss reduction continue unchanged are 
based on projections developed in Phase II studies. 

As of 1970 an estimated 1,300 private and 250 
public structu;es have been built astride active faults 
that have an estimated recurrence interval of 100 years. 
Over the next 30 years, by 2000, an estimated addi­
tional 520 private structur~s-residential a~d comme.r­
cial-and 130 more pubhc structures Will be bmlt 
astride active faults, if present practice continues. As­
suming that 30 percent of the 100-year recurrence 
faults will move during the next 30 years, 30 percent 
of the now existing structures and 15 percent of those 
yet to be built will be damaged during that time 
interval. At the assumed average cost of $40,000 per 
private structure damaged, private structural losses 
will total $19,000,000; at the assumed average cost of 
$200,000 per public structure damaged, the corre­
sponding loss to the public sector will also be $19,-
000,000, for a total tangible loss of $38,000,000. 

Adding an equal amount for assumed non-stru<;tural, 
socio-economic losses, we get a grand total proJected 
loss due to fault displacement in California of $76,000,-
000 for the period 1970-2000. 

The hundreds of structures already built on active 
faults cannot be made safe from fault displacement, 
but by avoiding any further construction <_:>n known 
active faults it is possible to save an estimated 85 
percent of ~he 105 new structures both public and 
private that otherwise would be built and damaged 
before 2000, for a loss-reduction of about $12,600,000 
-$6.3 million tangible, and $6.3 million non-structural, 
socio-economic. 

The cost of future loss-reduction measures lies 
mainly in site investigations, which for practical pur­
poses may be considered in two steps: 

1. Preliminary or general investigations, to determine the 
general localities where active faults are believed to 
exist and fault displacement damage is considered to be a 
potential danger. 

2. Final, or detailed investigations of all proposed building 
sites within the potential fault-displacement zones delin­
eated in the preliminary investigations. The detailed in­
vestigation is to determine whether an active fault really 
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exists within the designated locality, and if so, to pinpoint 
its position, including possible laterals and offshoots. 

The preliminary type of fault investigations, such 
as the California Division of Mines and Geology map­
ping of speCial studies zones along the traces of major 
active faults under Chapter 7.5, Division 2, Public Re­
sources Code (Alquist-Priolo Geologic Hazard Zones 
Act) are relatively low in cost per building site. In 
the thirty-year period from 1970 to 2000 such studies 
will cost an estimated $80,000 per year, or about 
$2,375,000 totaL 

Detailed fault investigations, required only in the 
limited areas delineated as special studies zones, require 
intensive field study, usually including trenching, and 
are much more expensive per building site. Detailed 
investigations of residential building sites cost an esti­
mated average of $200 per site; detailed investigations 
of public structure building sites cost an estimated 
average of $5,000 per site, but may be much higher 
for major structures like dams or bridges. 

If one out of three detailed fault investigations re­
sults in preventing construction on an active fault, the 
cost of these investigations per private structure saved 
would be $600, and $15,000 per public structure saved. 
Applied to the numbers of buildings projected to be 
built where active faults will damage them during the 
period 1970-2000, and assuming 85 percent of these 
potential losses would be prevented, the total costs of 
detailed fault investigations to year 2000 will be about 
$2,000,000-about $300,000 total for private building 
site studies, and about $1,700,000 total for public con­
struction sites. 

If we assume these investigations reduce the land 
value by $5,000 at each of the 5 52 sites where con­
struction is prevented, due to restrictions on building, 
the additional "loss" to property values would total 
about $2,500,000. 

The total costs of these programs for reducing fault 
displacement losses in California, 1970 to 2000, are 
approximately $7,500,000. 

The indicated benefit: cost ratio on applying these 
measures is about $12.6 million:$7.5 million, or about 
2:1. 

EVALUATION OF VOLCANIC HAZARDS LOSSES 

Volcanic hazards are unique among the problems 
treated in this document in that their threats are pri­
marily outside the state's urban areas. Therefore this 
analysis of potential losses and loss-reduction measures 
is on a "whole-state" basis with respect to such things 
as estimated population data, and land and improve­
ment values. 

The Phase I Geology Points (California Division 
of Mines and Geologv, 1971, p. 3-29), Volcanic haz­
ards-high: 400;-mo.derate: 6; and-low: 0.06 were 
modified during Phase II studies to a lower recurrence 
rate of damaging eruptions, fewer people in areas 
actually threatened, smaller areas destroyed per event, 
and lower value to property destroyed; but to a higher 
value for life lost and a much closer degree of damage 
between high, moderate, and low severity zones. 

The resulting Geology Points are: 

Volcanic 
hazards 
severity 

zone 

High ....... . 
Moderate ... . 
Low ........ . 

Property 
damage 

component 
(one-half 

public 
sector, 

one-half 
private 
sector)1 

4.50 
2.75 
1.00 

Life-loss 
Intangible and 

loss injury 
component1 component1 

+ 4.50 
+ 2.75 
+ 1.00 

+ 48 
+ 4.80 
+ 1.00 

Geology 
Points 

(expectable 
average 
annual 

loss-rate)l 

57 
10 

3 

1 Average costs per person living in this severity zone, per year, 
in dollars. 

Statewide totals to the year 2000 were projected 
for: ( 1) expectable overall losses if 1972 practices of 
loss reduction continue unchanged; (2) the amount 
by which that loss could possibly be reduced if all 
1972 state-of-the-art loss-prevention measures were 
rigorously applied; and (3) the amount that such ap­
plication of loss-reduction measures would cost (See 
Section 1, table 1.) 

The 30-year total loss is estimated to be $49,380,000, 
derived by multiplying the expectable annual per 
capita dollar loss times the total number of people 
projected to be in the quadrangles of each severity 
zone between 1970 and 2000. 

Geology 
Points 

(expectable 
total 

Number Estimated average 
Volcanic of person- loss rate) Projected 

hazards quadrangles years (dollars total 
severity of each exposure per capita loss 

zone severity 1970-2000 per year) 1970-2000 

High ........ 21 315,000 57 $17 955,000 
Medium ..... 115 1,725,000 10 17,250,000 
Low ......... 315 4,725,000 3 14,175,000 

$49,380,000 

Possible reduction of that loss is estimated to be 
$8,135,000, obtained by estimating 25 percent of tan­
gible property value and 50 percent of life loss and 
injury costs could be saved if all measures known and 
available in 1972 were to be rigorously applied. 

The costs of applying that effort (ill!-
proved advance warning of events, recogm-
tion of local dangers, improved communications and 
planning) would total an estimated for the 
30-year period. The cost be about 
5:1. 
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Number 
of urban 

71/2-minute 
quadrangles 

of each 
Subsidence severity zone severity 

High........................... 196 
Low.................. . . . . . . . 1;453 

Estimated 
percent 
of total 

popula!ion1 

7 
52 

Estimated 
person-years 

exposure 
1970-2000 

53,956,000 
400,816,000 

Geology Points 
(expectable 

total average 
loss-rate) 

(dollars per capita 
per year) 

0.34 
0.02 

Projected 
total loss 

1970-2000 

$18,345,000 
8,016,000 

$26,361poo 

1 Total person-years in California 1970-2000 projected to be 770,800,000. 

EV AWATION OF TSUNAMI HAZARDS LOSSES 
Tsunami threat is unique among the geologic prob­

lems being considered in this Urban Geology Master 
Plan in that it exists only along seacoasts and even 
there only at a few well identified localities. Therefore, 
the concept of Geology Points as an indicator of loss to 
the average citizen of coastal quadrangle must be modi­
fied: a more concentrated threat applies to inhabitants 
of the actual coastal and none to backshore 
inhabitants of the or to anv inland 

The of ' to 
H"",..'"" vessels must be dispersed among owners who 

miles away. 
Phase I Geology Points 

Mines and 197 

all other coastal areas the Tsunami-
low applies. Its is estimated to be 1/100 
of Tsunami-high: l/100 216 = 2. 

Total tsunami damage to California, 1970 to 
2000, if 1972 measures to reduce that loss continue 
unchanged, is estimated at $40,800,000. This figure is 
the sum of three elements: $15,700,000 losses to north­
ern California facilities from tsunamis emanating from 
Alaskan earthquakes; $4,720,000 losses to southern 
California localities from tsunamis emanating from 
Chilean earthquakes; and $20,400,000 losses to Santa 
Barbara Channel shore localities if a catastrophic sea 
wave like that of I 812 (presumably caused by vertical 
movement on one of the active Channel faults) should 
be repeated. 

Possible reduction of that 30-year loss, if all meas­
ures known and available in 1972 were to be rigor-

ously applied, is estimated to be 95 percent, or $37,-
7 60,000, mostly by zoning to exclude all vulnerable 
activities and structures from the areas accessible to 
tsunami waves, and tsunami-proofing those facilities 
that must remain. 

Cost of those measures are estimated to be $25,700,-
000, mostly one-time costs of indemnifying present 
owners of threatened property for its enforced re­
duced usefulness. The benefit: cost ratio would be 
about 1.5. 

EV AWA TION OF SUBSIDENCE LOSSES 
Geology Points (Subsidence-high severity: 0.17 ;­

low severity: 0.01) developed in Phase I of this study 
(California Division of Mines and Geology, 1971, p. 
3-42 to 3-45) were doubled to account for the inher­
ent intangible non-structural socio-economic factors. 
Life-loss and costs and disaster factor arc both 

Points are: 

Subsidence-high 0.34 
Subsidence-low 0.02 

Statewide, total 1970-2000, assuming the 
1972 and level of loss reduction actions continues 
unchanged, is in the table above . 

subsidence-stabilization practices have 
proven to be effective in preventing further 
subsidence loss in the state's principal subsidence-threat 
localities, 'Wilmington (Long Beach) oilfield, south 
San Francisco Bay margin in northern Santa Clara 
County; and California Water Project west-side aque­
ducts. Therefore most of the expected loss until 2000 
will occur in other areas where subsidence is not yet 
perceived to be an urgent problem. An estimated 50 
percent of the projected 30-vear subsidence loss can 
be prevented by new, feasible. programs; the total pos­
sible loss reduction, 1970-2000, is estimated to be $13,-
180,000. 

Costs of subsidence-abatement and prevention pro­
grams are almost impossible to isolate from the costs 
of concurrent programs intended to produce other 
benefits, without arbitrary cost apportionment. 

For instance, about $80 million has been spent on 
water injection plants, wells, operating costs, and sub­
sidence-monitoring costs in the subsiding part of the 
Wilmington (Long Beach) oil field from 1958 to 1971. 
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But the additional oil recovered by the repressuring 
and water-flooding action (estimated 80 percent of the 
36,000 barrels per day recovered from this area in 1971 
would not have been produced otherwise; Brock 1971, 
p. 13) has more than paid for all \vater-injection costs. 

In another example, in Santa Clara County an exten­
sive aquifer recharge program and the switching from 
underground to surface water supplies, has practically 
terminated subsidence. Both actions can be justified 
on the basis of water-supply economics alone. If it 
were important to charge a share of the costs of those 
programs against the subsidence-abatement benefit, 

10-25 percent is estimated to be a reasonable share. 
Practically, benefit: cost ratios of subsidence abate­

ment programs range from about 1: 1 where damage is 
repaired with few side benefits and the repair costs 
equal the damage costs (e.g., the 1 0-year program of 
repairing 90 miles of west-side aqueduct, at $141,000 
per linear mile, or a total of $12,700,000-Golze, 1966), 
to localities like Long Beach and Santa Clara where an 
incalculable multiplier factor increases future land 
values by enabling high-value uses to proceed. Bene­
fit: cost ratios of 100: 1 and more arc easily visualized, 
over extended time. 

APPENDIX B 
Population Projections* 

A fundamental principle throughout the Urban 
Geology i\hster Plan is that priority for study of geo­
logic hazards must be given to areas where the works 
of man will be built during the next 10 to 20 years. 
Although some large public works projects and ex­
tensive transportation and utility facilities are located 
outside urban areas, these usually are built after ade­
quate geologic investigation. The major hazards to life 
and property are where people live (which, at the 
scale of this study, is also where they work). Critical 
development decisions in areas about to be urbanized 
or in the early stages of urban development are made 
by individuals acting without sufficient knowl-
edge geologic hazards or the hazard 
that will tesult from conversion of several thousand 
acres to urban use. Thus, the urban growth studies 
focus on areas that are not yet completely built up 
but will be experiencing rapid development in the 
near future. 

* Sli~!:htly modified from Section 5. Phase I report (California 
Division of ::\fines and Geology, 1971). 

CALIFORNIA URBAN GROWTH PROJECTIONS 

The 1970 census data for counties, cities, and census 
countv divisions were used to determine the present 
distribution of population throughout the state, and 
1950 and 1960 census reports were analyzed to deter­
mine growth trends over the past two decades. The 
1960 and 1970 census figures for all counties in Cali­
fornia are shmvn on table 5. Growth projections 
made bv Livingston and Blayney in April 1971, for 
each California county for 1980, 1990, and 2000 are 
also shown on table 5. These projections show the dis­
tribution of population if present development trends 
continue. The projections assume a year 2000 popula­
tion of 33,900,000 for the state as projected by the 
California Department of Finance in its January, 1970, 
Provisional Population Projections. The Department's 
September, 1971, revised projection for 2000 is 3 2,-
267,000. These projections are lower than tbe Cali­
fornia projections through 1985 prepared by the 
Bureau of the Census (Series H-B, Revised Projections 
of the Population of States, prepared in 1967), re­
flecting the impact of declining birth rates during the 

Table 5. Regional population projections (condensed from table 6). 

1970 1990 1990 

Projection Projection 
Livingston Department 

and Blayney of Finance 
Census Percent (6/71) Percent (9 /71) Percent 

(in thousands) of state (in thousands) of state (in thousands) of state 

Los Angeles (5 counties) ................. 9,971 50.0 14,820 51.1 13,802 49.5 
San Diego (2 counties) ................... 1,432 7.2 2,137 7.4 2,240 8.0 
Northeast (8 counties) .................... 294 1.5 388 1.3 363 1.3 
North coast (5 counties) .................. 194 1.0 212 0.7 245 0.9 
San Francisco Bay area (9 counties) ......... 4,628 23.2 6,572 22.7 6,507 23.4 
Central coast (5 counties ................ 762 3.8 1,266 4.4 1,182 4.2 
North central (15 counties) ................ 1,504 7.5 2,126 7.3 2,120 7.6 
South central (9 counties) ................. 1,168 5.9 1,479 5.1 1,430 5.1 

Total state .......................... 19,953 100.0 29,000 100.0 27,888 100.0 



1973 URBAN GEOLOGY MASTER PLAN 103 

Table 6. California population projections to the year 2000. 

Adv. Report Dept. Finance 
Regional Census Agencies 1960 1970 1980 1990 2000 1990 1990 Region (thousands) ~ (thousands) Increase (thousands) ~ (thousands) Increase (thousands) (9/15/71) (,thousands) ~ 

LOS ANGELES 
SCAG(l) Ventura 199 177 376 301 677 399 1 ,076 409 1,485 902,100 1.170 Los Angeles 6,039 993 7,032 869 7,901 952 8,855 917 9. 770 8 ,663, 700 9,400 SCAG Orange 704 716 1,420 704 z ,124 544 21668 458 3,126 2,445,300 2,850 SCAG San Bernardino 504 180 684 209 893 292 1,185 355 I ,540 1, 064,600 1,230 SCAG Riverside 306 153 459 zzo 679 359 1,038 409 1,447 726,200 997 SCAG 

Total 7. 752 z ,219 9,971 z ,303 lZ ,274 z ,546 14 ,820 z ,548 17,368 13,801,900 15,647 SCAG I 49.31 52.41 50.01 54.11 50.71 53.01 51.11 52.01 51. Zl 49.51 

SAN DIEGO 
San Diego 1,033 325 1,358 313 1,671 366 z ,037 378 1,415 Z' ,141,500 2,350 S.D. Co. Plan Imperial 72 z 74 9 83 17 100 IS 115 98,100 101 SCAG 
Total 1,105 327 I ,432 323 1,7 ss 382 z ,137 393 z ,530 2. 239,600 

' 7.01 7. 71 7. 21 7.61 7.2\ 8. 01 7.41 8.0\ 7. 51 8.01 

NORTHEAST 
Siskiyou 33 0 33 1 34 1 35 z 37 36,300 Modoc 8 -I 7 0 7 I 8 I 9 7,800 Shasta 60 18 78 zo 98 18 116 18 134 109,100 
Lassen 14 I 15 1 16 0 16 1 17 19,500 Teha11a 25 4 29 4 33 4 37 5 42 33,800 Glenn 17 1 18 0 18 z 20 1 21 18,200 
B~tte 82 20 102 21 123 19 142 19 161 125,400 Pluaas 12 0 12 0 12 2 14 z 16 13,100 
Total 251 43 294 47 341 47 388 49 437 363. zoo 
' 1. 61 1.01 1. 51 1.11 1.41 1.01 1.31 1.01 1.31 1.31 

NORTH COAST 
Del Norte 18 -3 15 -z 13 13 14 16,600 Humboldt 105 ·5 100 0 100 102 106 117,800 Trinity 10 -2 8 ·1 7 8 10 8,400 Mendocino 51 0 51 5 56 62 70 68,800 
Lake 14 6 20 4 24 27 30 33. zoo 
Total 198 -4 194 6 zoo 12 212 18 230 244,800 
I 1. 3\ 1.01 0.11 8. Zl 0.31 0.71 0.4\ 0.71 0.91 

BAY AREA 

ABAG( 4) /BATSC(S) Sonoma 147 58 205 49 254 62 316 74 390 370,000 361 Napa 66 13 79 10 89 zz Ill 33 144 147,300 140 ABAG/BATSC Solano 135 35 110 30 200 48 248 60 308 287,400 316 ABAG/BATSC Marin 147 59 206 69 275 69 344 81 425 3331200 409 ABAC/BATSC San Franc is co 740 ·24 716 80 696 15 711 14 725 716,300 827 ABAC/BATSC San Mateo 444 112 556 116 672 122 804 111 915 676,800 873 ABAG/BATSC Contra Costa 409 149 558 ISO 708 182 890 212 1,102 849,700 1,080 ABAG/BATSC Alameda 908 165 1,073 149 l,Z2Z 180 1,402 !82 1,584 1,368,400 1,681 ABAC/BATSC Santa Clara 642 423 1,065 382 1,447 299 1,746 242 1,988 1,7S7,SOO 1,785 ABAG/BATSC 
Total 3,638 990 4,628 935 S,S63 1,009 6,572 !,009 7,581 6,506,600 1,477 ABAG/BATSC I 23.21 23.41 23.21 22.0\ 22.91 21.01 22.71 20.6\ 22.41 23.41 

CENTRAL COAST 
lOS 40 245 Santa Cruz 84 40 124 38 162 43 208 ,600 

Monterey 198 sz 250 60 310 75 385 74 459 340,400 340 Mont. County San Benito 15 3 18 5 23 4 27 6 33 Z7 ,600 
San Luis Obispo 81 25 106 26 132 39 166 52 208 171,700 
Santa Barbara 169 95 264 100 364 119 483 102 585 433,600 
Total 547 215 762 ZZ9 991 275 1,266 274 1",530 1,181,900 
I 3. 5\ 5.11 3.81 5.41 4.11 s. 71 4.41 5.61 4. 51 4.2\ 

NORTH CENTRAL 
1 14 Colusa 12 0 12 0 12 1 13 13,400 

SRAPC(6 ) Yolo 66 26 92 22 114 29 143 31 174 155,600 165 Sutter 33 9 42 8 so 8 58 9 67 57,900 66 SRAPC 
Yuba 34 11 45 8 53 9 62 12 74 51,900 
Sieria z 0 z 0 z 1 3 I 4 2, 700 
Nevada 21 5 26 5 31 5 36 6 42 37.200 
Placer 57 20 77 26 103 33 136 40 76 123,900 165 SRAPC El Dorado 29 15 44 19 63 26 89 33 122 67,000 120 SRAPC Amador 10 z 12 z 14 z 16 z 18 16,400 
Sacramento 503 128 631 117 748 120 868 122 990 852,100 1,010 SRAPC San Joaquin 250 40 290 33 323 46 369 58 427 392,400 
Calaveras 10 4 14 3 17 4 Zl 5 26 20,300 
Stanislaus 157 38 195 35 230 45 275 54 329 Z92 ,400 
Tuolumne 15 7 zz 7 29 7 36 8 44 36,400 
Alpine 0 0 0 0 0 1 1 0 1 700 
Total 1,199 305 1,504 285 1 t789 337 z ,126 382 2 ,SG8 2,120,300 
I 7.61 7. 21 7. 51 6. 71 7.31 7.01 7.3\ 7.81 7.41 7.61 

SOUTH CENTRAL 
23 158 Merced 90 15 105 12 117 18 135 125,400 

Mariposa 5 I 6 z 8 2 10 3 13 9,900 
Madera 41 1 42 2 44 3 47 4 51 42,800 
Mono 2 z 4 0 4 I 5 1 6 9,100 
Fresno 366 47 413 49 462 75 537 93 630 503,900 850 (I) 
Kings 50 15 65 6 71 12 83 14 97 74,100 
Tulare 169 19 188 17 205 30 235 40 275 236,400 
In yo 12 4 16 0 16 1 17 I 18 24,600 
Kern 292 37 329 31 360 so 410 58 468 403,600 sos (2) 
Total 1,027 141 1,168 119 1,287 192 1,479 237 1,716 1,429,800 
I 6. 51 3.31 5.91 2.8\ 5.31 4. 01 5.11 4.81 5.11 5.11 

STATE TOTAL (added) 15.717 4,236 19,953 4,247 24,200 4,800 29,000 4,900 33,900 21 ,au .too 
1001 

(I) Grunwald 1985 extended to 1990 
(2) Kern Co. Planning Commission 1985 extended to 1990 
(3) Southern California Association of Governments 
(4) Association of Bay Area Governments 
(S) Bay Area Transportation Study Commission 
(6) Sacramento Regional Area Planning (:ommission 
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last decade. Department of Finance unpublished pro­
jections 1 were analyzed for each county. Livingston 
and Blayney prepared projections for eight regional 
groupings of California counties for 1980, 1990, and 
2000. The 1990 projections, shown on table 6, illus­
trate the differences between the Livingston and Blay­
ney and the Department of Finance projections. 

The regional differences are based on the following 
assumptions and judgments: 

1. The greater Las Angeles metropolitan area (Los Angeles, 
Ventura, San Bernardino, Riverside, and Orange Counties) 
has the most diversified and resilient economy and will 
continue to grow faster than the state as a whole as long 
as expansion land is available without crossing major geo­
graphic barriers. Ventura, Riverside, and San Bernardino 
counties have vast amounts of contiguous undeveloped 
land. 

2. San Diego County will increase its share of the state total 
slightly with a rate of growth about the same as that of 
the greater Los Angeles metropolitan area. 

3. The San Francisco Bay area will decline slightly as a per· 
centage of the state total in keeping with the trend in 
recent decades. Although the numerical growth will be sub­
stantial, the more rapid growth of southern California 
urban areas will reduce the San Francisco Bay area's 
share. 

4. Despite substantial growth in the Sacramento metropolitan 
area, the 15-county North Central region will decline 
slightly as a percentage of the state for much the same 
reasons as the San Francisco Bay area. 

5. The Central coast area (five counties) will increase its share 
on a small base (762,00Q-1970) because of available 
land and the high desirability of the coast. Santa Barbara, 
Monterey, and Santa Cruz counties were assigned substan­
tially higher populations than the Department of Finance 
projections. 

6. All other portions of California will have a declining per­
centage of the state because there will be little or no in­
crease in employment in their agricultural, forest products, 
or tourist-oriented economies. Numerical growth will be 
modest, and in the North Coastal region, population is 
expected Ia remain nearly constant. 

California's seven southernmost counties accounted 
for 62.4 percent of the state's population growth be­
tween 1950 and 1970, increasing from 52.5 percent 
of the state's total in 1950 to 57.2 percent in 1970. The 
projections assign 60.9 percent of the 1970-2000 in­
crease to these counties, increasing their share of the 
state-wide population count to 58.7 percent by the 
end of the century ... Barring unforeseen changes in 
employment patterns, southern California will con­
tinue to grow at a faster rate than the rest of the 
state. Projections for many of the counties are lower 
than locally prepared growth forecasts because recent 
experience shows these have been high and because 
the aggregate of locally prepared forecasts exceeds 

1 Unofficial, unpublished projections for each county, prepared 
by the Department of Finance, were provided for analysis. 
These projections were made before complete 1970 census 
data were available and were adjusted September 15, 1971, 
after the Livingston and Blayney projections were com­
pleted. For six of the eight regional groupings, Livingston 
and Blayney projections are closer to the Department of 
Finance's September figures than to the Department's Jan­
uary provisional projections. 

reasonable allocations or statewide projections to re­
gions and counties within the state. 

URBAN AREA DATA 
Population forecasts and expected patterns of popu­

lation distribution within counties and urban areas over 
the next three decades were developed by Livingston 
and Blayney after review of Department of Finance 
county projections, current plans, and projections of 
county and regional planning agencies, and judgments 
based on prior planning experience and knowledge of 
development trends in communities throughout the 
state. The projected distribution of population gen­
erally follows the expectations of local and regional 
planning agencies as to the directions of urban 
growth, although large open areas shown on some 
local plans are not assumed to remain open in the ab­
sence of implementation programs. 

National forest lands and major military installations 
(notably Camp Pendleton) are assumed to be nonde­
velopable. Specific data sources for major urban re­
gions are described below: 

San Francisco Bay Region (Nine Counties) 
County projections to 1990 and population distribu­

tion patterns projected by the Association of Bay Area 
Governments and the Bay Area Transportation Study 
Commission were examined. Data on vacant develop­
able and nondevelopable lands within each county 
were studied. Population projections and land-use 
plans of the individual counties were reviewed. Major 
nondevelopable areas were delineated. By using county 
population projections by Livingston and Blayney, the 
probable pattern of growth was determined by allo­
cating population to grid units on the basis of avail­
able land, existing trends, county and regional plans, 
and known development proposals. 

los Angeles Region (Five Counties) 
Population projections for counties and subunits of 

counties compiled by the Southern California Associa­
tion of Governments (SCAG) (Southern California 
Regional Development Guide report) from plans and 
projections of county and city planning agencies were 
analyzed. SCAG data on vacant developable and non­
developable land and on existing population densities 
within the five counties also were reviewed. Major 
nondevelopable areas were mapped, and the projected 
population for each county prepared by Livingston 
and Blayney was allocated to grid units, taking ac­
count of local (county and SCAG) plans, current 
development trends, land availability, and major 
known development proposals. 

San Diego County 
County Planning Department projections of popu­

lation for various planning areas within the county 
were reviewed, and county general-plan data were 
examined to ascertain likely directions of urban expan­
sion. Location of major nondevelopable lands was de­
termined, and projected population (Livingston and 
Blayney projections) was allocated to grid units based 
on community plans, current development trends, and 
land availability. 
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Sacramento-Stockton Urban Area (Six Counties) 

Projections of 1990 population and distribution by 
the Sacramento Regional Area Planning Commission 
(SRAPC) for five counties and by San Joaquin 
County were examined. SRAPC projections made in 
1968 are now believed by its staff to be too high, and 
Livingston and Blayney projections for the region are 
lower. The projected population was allocated to grid 
units within the urban portions of the six counties 
based on present patterns, known development pro­
posals, and probable development trends indicated by 
available planning studies. 

Fresno and Kern Counties 
Projected Fresno County population was assigned to 

grid units, primarily following present patterns of 
grovvth. Principal sources of data were the 1985 
County General Plan, and recent population and 
growth alternative studies reported by the Central 
Fresno County \Vater and Liquid Waste Study, Vol­
ume II. 

Kern County projections were provided by the 
county planning department, but these were admit­
tedly too high. Lower projections by Livingston and 
Blayney were used to estimate future growth patterns 
in the Bakersfield urban area grid units. 

Santa Cruz and Monterey Counties 

The amount of developable land in Santa Cruz and 
northern ,Monterev counties was determined, and Liv­
ingston and Blayney projections of county population 
were distributed to grid units following the general 
growth patterns anticipated by the planning depart-
ment county. 

URBAN DEVELOPMENT DATA PRESENTATION 

in city cores. Typical urban development character­
ized bv the extensive portions of the San Fernando 
V allev· and the Santa Clara V allev that have been ur­
banized in the last 25 years has a gross density of about 
4,000 persons per square mile. \Vhile about half of the 
state's population resides or works in areas already 
fully developed, these offer the least opportunity for 
ne\\" or corrective measures to reduce or eliminate 
geological hazards and minimize damage. The greatest 
benefits of the studv will be in areas vet to be devel­
oped or areas not yet completel:r built up. The lowest 
priority for study would be in areas that are not ex­
pected to see significant development during the next 
30 years. Accordingly, it was determined that a thresh­
old definition of "urban" as 1,000 persons per devel­
opable square mile would be used because it indicates 
commitment of land to urban use, and is used by the 
U. S. Census. In most instances, an average existing 
density of 1,000 persons per square mile does not 
result from very large lots or widely scattered devel­
opment. Rather, it usually indicates that 20 to 25 per­
cent. of a grid is developed at the typical urban fringe 
densities of 4,000 to 5,000 persons per square mile 
achieved where single-familv houses are the dominant 
building type. · 

Population projections for counties were allocated to 
each grid unit on the basis of present ( 1970 census) 
population, developable square miles, and probable 
development patterns assuming no major governmental 
intervention that would alter present trends. The 1970 
census data for census count\" divisions and incorpo­
rated cities were used, and 19SO, 1990, and 2000 popu­
lation within counties was allocated ou the basis of 
local plans and a "trends" assumption that continued 
the present growth pattern. Inability to predict the 
sequence of development within adjoining grids and 
the necessarily rough estimate of the area of develop­
able land require that the individual grid projections be 
vie,,·ed as rough approximations. However, there can 
be a level of confidence in the projections for 
groups of grids surrounding an urban area. 

all areas of concentrated employment arc 
residential areas. Looking at 15-

the residential is the con-
that 15,000 or more 

or more residents. A refinement 
the of this (or neces-

be to add · and 
ULdlCL,HiJ in each 
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in 1970, 1980, 1990, and 2000 were completed and are 
held as office maps by the Division of Mines and 
Geology at their Headquarters Office, Sacramento. 

A 1: 1,000,000 scale map of the state (California Divi­
sion of Mines and Geology, 1971, figure 5-1) shows the 
locations of areas covered by the detailed grid maps. 
This figure also shows the location of communities 
having 5,000 or more population in 1970 that are not 
located in areas classified as urban by the 1,000-persons­
per-square-mile definition or in areas covered by the 
grid maps. Communities projected to reach 5,000 in 
1980, 1990, and 2000 were not located, because the in­
ability to project small-area growth with sufficient 
accuracy, and the small exposure to hazards in com­
parison with larger urban areas, surely would result 
in a low priority for study. 

The total area covered by the grids contains a 1970 
population of 18,881,000 representing 95 percent of the 
state's 19,953,000 residents. The same area by 2000 is 
expected to house 32,247,000 persons, holding at 95 
percent of the state total. 

CONCLUSIONS 

The growth analysis indicates that population 
growth will occur mainly on the fringes of present 
urban areas, for the most part in areas already recog­
nized for their growth potential and "in the path" of 
outwardly spreading subdivision activity. Extensive 
new urban development outside the present metropoli­
tan areas will not be required to accommodate the 
projected state population, and large new towns or 
accelerated growth of small freestanding communities 
will result only if public policy actively restrains and 
redirects growth of present urban areas. There are no 
signs that such policies will be adopted in the near 
future. No attempt has been made to predict the loca­
tion of new towns in non-urbanizing regions. Neither 
was any significant population allocated to the many 
recreational and wilderness-oriented subdivisions that 
are being promoted throughout the state. 

The trends projection shows that by 2000 southern 
California urbanization will cover virtually all the de-

velopable portions of Ventura and Orange Counties, 
and will be occurring in the Palmdale-Lancaster portion 
of the Mojave Desert. Urbanization of the San Ber­
nardino-Riverside area will, by then, have merged 
fully with the easterly spread of the Los Angeles area, 
and the new fringe of the metropolitan region will be 
reaching San Gorgonio Pass and into the northwestern 
portion of the Perris Valley. Most of western San 
Diego County from the Mexican border north to Camp 
Pendleton and Fallbrook will fall within the urban 
definition by 2000. Virtually all the coastal shelf ad­
joining Santa Barbara will be urbanized. Between San 
Luis Obispo and San Diego, urbanization will occupy 
about twice the land area now defined as urban, but 
much of the area will be only partially developed. 

San Francisco Bay Region growth also is expected 
to follow predictable courses, with the spread of con­
tinuous urban area northward into southern Sonoma 
County, easterly to Antioch and Livermore areas, and 
south through the Santa Clara Valley to Gilroy. Other 
growth areas will be the Santa Cruz-Watsonville and 
the Monterey-Salinas areas on Monterey Bay, and 
southern Solano County. 

In the Sacramento and San Joaquin Valleys, the ex­
pected pattern of expansion will enlarge existing urban 
areas, but fusion of presently identifiable, discrete ur­
ban areas into continuous urban strips is not expected. 
The largest single metropolitan area in the Central 
Valley will be the Sacramento-Roseville-Folsom area. 

Outside the areas covered by the grid maps, only 
Eureka, South Lake Tahoe, Madera, and El Centro 
have populations large enough to approximate urban 
areas within the gridded areas, but none is expected to 
contain a central city of 50,000 by 2000. 

If added urban development were to be the sole 
criterion for study priority, and the areas that will 
reach urban density by 1980 were rated most crucial, 
first priority study areas would include Ventura 
County, Orange County, and the Ontario-San Bernar­
dino-Riverside area of southern California, and the San 
Francisco Bay area's southern Santa Clara Valley. 

APPENDIX C 
Summary of Significant Court Decisions 

and Legislation 

In recent years there have been many attempts by 
government to reduce losses from geologic hazards. 
The following summaries are some of the more im­
portant ones. 

COURT DECISIONS 
1. Sheffet decision (Los Angeles Superior Court Case 

No. 32487): Declared that a public entity is liable 
for damages to adjacent property resulting from 
improvements planned, specified or authorized by 
the public entity in the exercise of its governmental 

power. (The State Supreme Court refused to re­
hear this decision, which establishes a judicial prec­
edent.) 

2. L. A. County Superior Court (Case No. 684595 
and consolidated cases) : This decision found the 
County liable for damages which may have resulted 
from roadwork and the placement of fill by the 
County. This case was in regard to the Portuguese 
Bend landslide, Palos Verdes Hills, Los Angeles 
County, California. 
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3. City of Bakersfield vs. Miller (48 Cal. Rptr. 889), 
heard in the State Supreme Court 1966: This de­
cision affirms that the city may declare an older 
structure not in compliance with the newly adopted 
Uniform Building Code to be a public nuisance. 
Further the city may enforce abatement of the non­
conforming condition even though to do so may 
require the building to be demolished. 

4. Burgess vs. Conejo Valley Development Co. (Con­
nor vs. Great Western Savings and Loan Associa­
tion) (73 Cal. Rptr. 369) heard in the State Su­
preme Court in 1968, concerning damage to tract 
homes from expansive soil in Thousand Oaks, V en­
tura County: This decision affirmed that the home 
buyer, both first buyer and all subsequent ones, 
has the right to protection from negligent construc­
tion practice leading to damage. In this case, neither 
contractor, county inspectors, nor representatives 
of the major lending institution acted to ascertain 
expansive soil conditions, or to prevent damage 
from them. 

5. Oakes vs. The McCarthy Co. (California Appellate 
Reports, 2d Series, 267, 1968) the court held that 
in the Palos Verdes area, Los Angeles County, a 
developer and soils engineering company could be 
liable in negligence for damages to a home resulting 
from using improper (clay) fill material and im­
properly compacting that fill so that earth move­
ment resulted. Also, the court awarded punitive 
damages against the developer for fraudulent con­
cealment of material facts concerning the property, 
i.e., failure to volunteer to the prospective buyer 
that the house was built upon fill. 

LEGISLATION 
Public Resources Code 

Section 660-662 and 2 621-2 62 5: These sections 
require the State Geologist to delineate special 
studies zones encompassing potentially and re­
cently active fault traces. It requires cities and 
counties to exercise specified approval authority 
with respect to real estate developments or 
structures for human occupancy within such 
delineated zones. 

Section 2700-2708: These sections require the Di­
vision of Mines and Geology to purchase and 
install strong-motion instruments (to measure 
the effects of future earthquakes) in repre­
sentative structure and geologic environments 
throughout the state. 

Section 2750: Establishes a state mining and min­
erals policy which, among other things, encour­
ages wise use of mineral resources. 

Education Code 
Section 15002.1: This section requires that geo­

logical and soils engineering studies be con­
ducted on all new school sites and on existing 
sites where deemed necessary by the Depart­
ment of General Services. 

Section 15451-15466: These sections constitute 
the Field Act and require that public schools 
be designed for the protection of life and prop­
erty. These sections, enacted in 1933 after the 
Long Beach earthquake, are enforced by the 
State Office of Architecture and Construction 
in accordance with regulations contained in 
Title 21 of the California Administrative Code. 

Health and Safety Code 
Sections 15000 et seq.: These sections require that 

geological and engineering studies be conducted 
on each new hospital or additions affecting the 
structure of an existing hospital, excepting 
therefrom one story Type V buildings 4000 
sq. ft. or less in area. 

Sections 19100-19150: These sections constitute 
the Riley Act and require certain buildings to 
be constructed to resist lateral forces, specified 
in Title 24 California Administrative Code. 

Section 17922, 17951-17958.7: These sections re­
quire cities and counties to adopt and enforce 
the Uniform Building Code, including a grading 
section (chap. 70), a minimum protection against 
some geologic hazards. 

Business and Professions Code 
Section 7800-7887: These sections provide for the 

registration of geologists and geophysicists, and 
the certification of certain geologists in the 
specialty of engineering geology. 

Section 11010: This section requires that a state­
ment of the soil conditions be prepared and 
needed modifications be carried out in accord­
ance with the recommendations of a registered 
civil engineer. 

Section 11100-11629: These sections require stud­
ies in subdivisions to evaluate the possibilities of 
flooding and unfavorable soils. 

Government Code 
Section 8589.5: This section requires that inunda­

tion maps and emergency evacuation plans be 
completed for areas subject to inundation by 
dam failure. 

Section 65 300-65 302.1: These sections require 
that each city and county shall adopt the fol­
lowing elements: 

Seismic safety element consisting of the iden­
tification and appraisal of seismic hazards 
including an appraisal of landsliding due to 
seismic events. 

Conservation element including the conser­
vation, development and utilization of min­
erals. 

Safety element including protection of the 
community from geologic hazards includ­
ing mappmg of known geologic hazards. 
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