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INTRODUCTION

Utah is traversed by several active earthquake faults as shown

on Figure 1. The Wasatch fault is the most important single

active fault because of its proximity to the major areas of

population and the industrial development located along the

Wasatch front. This leads one to ask the following questions:

What are the consequences of future fault displacements? Does

living near and along an active earthquake fault pose serious

problems in regard to potential hazards to life and property?

If so, what are and where are these hazards and can they be

evaluated in terms of taking positive action to minimize the

hazards to an acceptable level? There are no simple answers

to these questions.

Many variables influence the degree of risk that may be associ

ated with urban development near and across an active fault,

These variables include geologic factors such as: the exact

location of the fault, type of fault, direction of displacement

(horizontal or vertical), amount of displacement, magnitude and

location of the resultant earthquake, and the near surface geo

logic and soil conditions. Land-use factors such as building

occupancy, building height, structural system, and design and

quality of construction also influence the degree of risk.

The purpose of this report is three-fold; first, to briefly

explain the various hazards that are related to active faults

and earthquakes; second, to more precisely delineate the location
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of the Wasatch fault and indicate the potential hazards that

exist along it; and third, to recommend specific steps that

can be taken to minimize these potential hazards.

In order to accomplish these objectives this report has been

organized and prepared as follows: The first portion briefly

comments on potential hazards related to the Wasatch fault,

more or less from a philosophical point of view. The next

section explains the purpose, scope and methods of this inves

tigation and evaluation. The following section presents the

results of the study including (1) a series of maps showing

the location of the Wasatch fault from near Draper north to

Brigham City, (2) conclusions and recommendations, and (3) exam

ples of ordinances from other areas located near earthquake

fault zones.

A section entitled, "General Discussion of Faulting and Earth

quakes," is presented as Appendix A of this report. Persons

not familiar with active faults, associated earthquake problems,

and related land-use planning problems should read Appendix A

to ensure a common understanding.

Sudden displacement of the ground surface by fault movement

represents a hazard of considerable engineering significance.

Rapid fault displacements in historic time on active faults

during a single event have reached amounts as great as 35 feet

vertically and 2S feet horizontally. It is significant that

almost all such displacements have occurred as discrete breaks

WOODWARD·ClYOE & ASSOCIATES
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along faults that had been or could have been recognized had

sufficient studies been conducted to locate them. Many dis

placements have occurred along faults that had clearly recog

nizable evidences of earlier historic or prehis~orlc breaks

along the same line. Also, in recent years there has been

increasing awareness of the problem of slow fault slippage.

A number of faults in California as well as other parts of

the world have been studied in detail from this point of view.

It is evident that a considerable amount of nonseismic fault

creep motion is occurring in many regions traversed by active

faults. These slow fault motions have~ in some cases~ been

the cause of considerable damage to structures built astride

the fault zone,

During a quiescent period of an active fault~ when there has

been no significant fault movement, there is,unfortunatel~ a

tendency for a complacent "it can't happen here'l attitude to

develop along with the feeling that active faults and earth

quake hazards have been overrated and that they do not really

pose an important problem. The risk from fault displacement

depends not only on the location of the fault and seismic

activity of the region, but also on the population density

and economic development along the fault. If the fault dis

places the ground through an unpopulated area, it does not

constitute a hazard; if an earthquake strikes in an undeveloped

area, it cannot cause an economic disaster. These hazards are

potential hazards to areas where development is contemplated
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along and across an active fault. In these respects, the

active fault problem in Utah is becoming more serious because

a major portion of the population of Utah is located along

and across the active Wasatch fault. Therefore, future plan

ning can avoid or reduce the risk that is associated with

future fault movements along the Wasatch fault.

As population increases, there is a tendency to build on

marginal land or to use less desirable sites. These land-use

problems are becoming increasingly serious along the Wasatch

fault, however, it is not clear precisely how they should be

treated. It would seem unwise to make large development

and construction investments on sites that will almost cer

tainly be destroyed during the next major fault movement. But

n~ither would it be prudent to prohibit use of all land within

and immediately adjacent to the fault zone. At present, these

hazards and risks are not defined to the extent that value

judgments can be made concerning practical solutions to the

fault risk problem. Knowing that future fault displacements

are likely to occur along the Wasatch fault, precautions must

be taken to minimize the loss of property and life from the

effects of fault movement. Public welfare along the Wasatch

fault depends upon answers to the following questions: Where

is the Wasatch fault? What will happen as the result of future

fault displacements? What will be the location and extent of

surface ground rupture from fault movement? How frequently

will fault displacements occur? How much displacement is
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reasonable to expect in a single fault movement? How can

planning, zoning, development, and construction be controlled

to minimize and reduce the hazards? The answers to questions

such as these are required if rational .decisions are to be

made to reduce the risk to an acceptable level.

The fault risk problem is not a simple question of either plan

ning or designing for complete protection or ignoring the fault

altogether, From the point of view of society, neither of these

alternatives is acceptable. To establish an acceptable, effi

cient, and practical solution will require a greater knowledge

of the Wasatch fault and its potential effects on works of man.

The most recently active portion of the Wasatch fault, along its

entire length, has never been sufficiently mapped nor its exact

location and extent known. Accurate determination of the Wasatch

fault and full evaluation of its significance can only be accom

plished by extensive geologic investigations followed by inter

disciplinary evaluations involving the disciplines of geology,

engineering, and planning. The geologic investigations must

utilize various new techniques that have been developed within

the last few years. These methods include: special low 5un

angle aerial photography, field mapping, and subsurface inves

tigation ..

A comprehensive investigation and evaluation to fully determine

the exact location and significance of all active fault features

and related hazards would entail the following steps:

WOODWARD·CLYDE & ASSOCIATES
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A. Preliminary Regional Geologic Investigation and Evaluation

1. Special low sun-angle aerial photography.

2. Preliminary aerial photo interpretation,

3. Preliminary field reconnaissance.

4. Preparation of maps showing approximate location and

extent of active fault zone and related hazards.

s. Preliminary regional evaluation of risk from faulting.

Upon completion of the above, sufficient preliminary information

exists to establish general regional land-use planning guides.

This will allow urban development to proceed on a regional basis

while indicating where potential hazards exist so that more detailed

investigations can be undertaken to more fully evaluate their mag

nitude, extent and significance.

B. Detailed Investigations and Evaluation

1. Detailed aerial photo interpretation.

2, Detailed field mapping,

3. Preliminary subsurface investigations including

WOODWARD·CLYDE & ASSOCIATES
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geophysical methods (refraction seismic, magnetic

and resistivity); and selected trenching and

drilling.

4. Evaluation of fault related features in conjunction

with structural engineering considerations.

5. Preparation of fault risk zone maps and a corre

sponding guide to land-use planning taking into

consideration (a) type of occupancy or land use;

(b) type of construction; (c) structural systems

and height which will house the occupancy.

Upon completion of Step B, sufficient information will exist to

determine the feasibility of certain types of land use and build

ing occupancy. The next step may warrant even more detailed

investigations and evaluations of sites for specific land use or

building occupancy.

C. Detailed Site Investigation and Evaluation

1. Detailed extensive subsurface investigations utilizing

mainly trenching and drilling.

2. Detailed structural engineering evaluation.

WOODWARD·CLVDE & ASSOCIATES
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Upon completion of Step C,a specific site or proposed land use

could be fully evaluated from all aspects of active faulting and

related hazards.

Ideally, the above investigation and evaluation (Steps A through

C) is what should be completed along the entire length of the

Wasatch fault if high density urban development is desired. How

ever, because of the time and costs involved our present study

was limited to Part A "Preliminary Regional Investigation and

Evaluation" of the northern portion of the Wasatch fault.

WOODWARD·CLYDE & ASSOCIATES
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AREA OF INVESTIGATION

The present investigation emcompasses the "northern portion" of

the Wasatch fault extending from just south of Draper to Brigham

City as shown on Figures 1 and 2. Two areas were chosen for

more detailed study; 1) Corner Creek to Little Cottonwood Canyon,

and 2) North Ogden. These areas were chosen for two reasons;

1) the lack of high density development makes identification of

fault features easier, and 2) both areas are potential areas

for future expansion of urban development. It is reasonable

to assume that the other areas that have not received as

detailed a study would show similar degrees of faulting and

related ground disturbance. It is also important to point out

that because of extensive grading, construction, and develop

ment along certain portions of the Wasatch fault, the geomorphic

and topographic features diagnostic of recent fault activity

have been obliterated and destroyed.

The results of our investigation are presented on a series of

maps as follows: (1) there are 16 separate 7~ minute Quad maps;

(2) these 7~ minute maps have been systematically segmented

into 21 separate 11 by 17 map sheets that are bound within

this report. These 21 sheets cover the overall segment of

the fault under study at a scale of 1:24,000. The two areas

chosen for more detailed analysis are shown on two enlarged

map sheets as well as 8 segmented map sheets A through G.

Sheets A-G are also bound in this report.

WOODWARD·CLYDE & ASSOCIATES
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METHOD OF INVESTIGATION

Our method of investigation entailed the following steps: (1)

review of existing published and unpublished information, (2)

special low-sun angle aerial photography, (3) photo interpre

tation, (4) reconnaissance field study, and (5) preparation of

maps and report.

Review of Existing Data

We reviewed all existing available published and unpublished in

formation pertaining to the northern portion of the Wasatch

fault. The main purpose of this review was to establish the

width of the area to be photographed. Information pertaining

to the location of the Wasatch fault shown by previous workers

was not utilized in the final preparation of the maps accompanying

this report. The main sources of information included puhlished

and unpublished work by Dr. Ray Marsell,-previous unpublished

mapping by L, S. Cluff for Woodward-'Clyde & Associates, Utah

Geological and Mineralogical Survey published and unpublished

work, and published information by the U.S. Geological Survey.

Special Low Sun Angle Aerial Photography

Over the past few years we have developed a new technique of

aerial photography that enables one to see fault features and

patterns of faulting unrecognizable on conventional aerial

photographs. This new technique was developed in 1967-1968 by

Cluff and Slemmons (Amer. Geoph. Union, Transactions, V50, May 1969)
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and uses low angle sun illumination to accentuate fault features.

The object is to use shadowing and lighting effects produced by

optimal sun illumination conditions. This is done by photograph

ing. at the ideal time of day and year to enhance characteristic

features which are difficult or impossible to see on conventional

aerial photos.

The results of this new photography along the Wasatch fault are

illustrated in Figures 3 through 18. Figure 3 is a reproduction

of a conventional vertical aerial photograph taken along the

Wasatch fault just south of Bells Canyon. Figure 4 is a vertical

aerial photograph utilizing the low sun-angle technique of the

same area as Figure 3.

Photographs for the present project were flown in both winter

and spring, and in the morning and evening at 1:12,000 to assure

maximum coverage. In addition, photos are special scales

(1:6,000; 1:5,000) were flown of specific areas chosen for more

detailed study.

Aerial Photo Interpretation

The aerial photographs were studied in stereo pairs and faults

and related features were mapped on clear plastic overlays.

The most significant of these fault-related features were then

optically plotted on the 7~ minute Quad Sheets.

WOODWARD·CLYDE & ASSOCIATES



-12-

Field Reccnnaissance

A brief field reconnaissance was conducted to field check the

photo interpreted features. It is important to emphasize that

because of time limitations, the scope of this investigation

did not permit comprehensive field verification of all photo

interpreted features. However, we have plotted only those

features that we feel confident may possibly be fault-related

in context with the defined map symbols.

WOODW~LYDE.. ASSOCIATES
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RESULTS OF INVESTIGATION AND EVALUATION

Upon completion of all aerial photo interpretation and field

checking, a series of maps and a report were prepared as dis

cussed earlier. The map legend discussion is reproduced here

for continuity.

All lineaments were mapped using special low sun-angle illumina

tion aerial photographs taken especially for this project. The

basic scale of the photographs is 1:12,000 (1 inch = 1,000 feet)

althougn' scales of 1:5,000 and 1:6,000 were flown for detailed

investigation of specific areas. Fault related features were

optically transferred from photographs to 7~ minute topographic

base maps using a vertical sketchmaster and were checked by

inspection and scale dividers.

Accuracy

Fault related features plotted on the map generally have a lateral

accuracy of ±100 feet. In areas of high relief or where cultural

development such as roads, fence lines, and other similar features

are lacking, the accuracy may be no better than ±200 feet. In

urbanized areas the fault features have been modified and obscured

by city development. In these areas only the most obvious scarps

are plotted and more detailed studies are needed to locate the

less prominent secondary faults.

Purpose of Maps

These maps are intended as an aid for general regional land-use
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planning. The information presented is intended to provide

a framework for more detailed investigations and evaluations.

We are confident that the features plotted as Class I faults

are the locations of the most recent surface fault ruptures.

The Class I features have significant vertical relief or ex

tend from surface ruptures having significant vertical relief.

It is our belief that all the Class I lineaments are well

defined topographic features that mark the most recent surface

fault ruptures. They are believed to have been mostly pro

duced by rapid fault displacements associated with strong

earthquakes. Most Class I ruptures are undoubtedly the result

of repeated fault displacements that are concentrated along

previously established planes of weakness. Therefore, the

Class I faults are the most likely candidates for significant

future movements. Some fault movement along the Wasatch fault

may be by slow tectonic creep as has been documented along

other active faults.

The Class II features are probable surface faults. They have

little vertical relief and may be secondary fault-related

features associated with ground failure or graben development.

The Class III features are possible surface faults. They have

little or no vertical re'lieL' Most of them appear to be re

lated to the Class I and II fault features; however, some Class

III features may represent erosional fault line features or
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shoreline features and this should be taken into considera

tion in more detailed investigations. The Class III features

are shown because we feel they are possibly fault related and

are important enough to be considered for further investiga

tion and evaluation. Our confidence level decreases from

Class I to III.

It is important to understand that some minor fault breaks

may not have been identified or recognized or they may be

confused with shoreline features, again emphasizing the need

for more detailed surface mapping and subsurface investigations.

The most recent movements on the Wasatch fault are predomin

antly vertical, with the mountain block being displaced rela

tively upward in respect to the valley block. Because of the

vertical movement and the geometry of the fault plane, past

movements along the Wasatch fault have produced grabens, and

tilted blocks adjacent to the main fault break. Future move

ments are expected to also produce tilted blocks and this

should be given serious consideration in locating high-rise

buildings or other structures that cannot tolerate tilting or

changes in lines of level. Tilting should be of prime concern

in more detailed investigations and evaluations.

Landslides are common along portions of the Wasatch fault.

Many of them are outlined on the prepared maps. Some are

presently active and some appear to be in a state of equilibrium.
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The landslide debris deposits are important because, even

though some appear not to be presently moving, they are

potentially unstable, especially if they are altered or dis

turbed. Disturbances by earthquakes, fault movements, man

made cuts or heavy rainfall could re-activate the slide mass.

Therefore, detailed investigations must be carried out before

development is allowed near these landslides.

VVCK)DVVARD·CLYDE & ASSOCIATES
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DESCRIPTION OF FAULTING BY AREA

Jordan Narrows to Corner Canyon

From Jordan Narrows to Corner Canyon the faulting appears subdued

exhibiting dips or slopes of less than 20 degrees. All fault

features have been modified by post-faulting Lake Bonneville

erosion, and consist of vegetation lineaments, tonal changes,

fault-controlled drainage and anomalous breaks in slope. The

most obvious escarpments in this area are three arcuate

escarpments trending from Corner Canyon to approximately the

State Prison. Erosional differences between the top or upper

feature and the lower feature suggests that the faulting has

been modified by lake erosion. They- appear to transect contour

lines when plotted on topographic maps. The subtle nature of

the scarps in this area dictated the Class III classification

and suggests that the area has been active less recently than

areas to the north. The major faulting directly related to the

Wasatch fault appears to cross the hills near Corner Canyon.

Many of the Class III features may be the result of ground

failure caused by strong shaking.

Corner Canyon to Big Cottonwood Canyon

The faulting between Corner Canyon and Big Cottonwood Canyon is

characterized by high, steep scarps (generally greater than 35

degrees); intense shattering; tilting and graben development;

and spring activity along some of the major scarps. This area

was chosen for detailed study because of its .complexi ty and
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extremely fresh nature of faulting Mud flows and landslides

which could have resulted from earthquakes have been subsequently

faulted and displaced. In places, relatively large areas have

been faulted and tilted eastward toward the Wasatch Range, in

one case forming an area of internal drainage which is now

being utilized as a pasture area and turkey ranch.

Several periods or episodes of faulting are represented in this

area, particularly at Bells Canyon where the younger, steeper

scarps are found progressively outward from the range. The

total accumulated vertical displacement measured along one of

the moraines was 110 feet. This is thought to be the result of

more than one displacement (probably several).

Big Cottonw~od Canr~n to Fort Douglas

Faulting in this area has been largely modified by construction

and urban development and appears as a large escarpment trending

from approximately Tolcats Canyon through the Cottonwood Mall

Shopping Center, up to and around the brick kilns and ending

just northwest of the University of Utah. This fault is repre

sented on our map by a single Class I line placed at the base of

the slope. During future fault rupture, faulting may occur in

a wide zone along the fault not unlike the faulting observed to

the south near Bells Canyon Reservoir.
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Fort Douglas to Centerville

Faulting between Fort Douglas and Centerville exhibits character

istics similar to the faulting between Jordan Narrows and Corner

Canyon. The fault scarps have been modified by lake erosion

and appear to be older than the two areas immediately south.

Several linear features indistinguishable from beach or bar

deposits were noted on our photographs west of the Union Pacific

Railroad tracks extending from Beck's Hot Springs to Centerville.

These features were not topographically prominent enough to

place undue importance on them by plotting them on the map.

However, they do coincide with the projected continuation of

the Wasatch fault through Beck's Hot Springs, and the possibility

that they are fault related should not be completely overlooked

with respect to future development in that area.

Centerville to North Ogden

The fa~lting between Centerville and North Ogden exhibits many

of the same characteristics as those between Corner Canyon and

Big Cottonwood Canyon, without the intensity of shattering.

Several large landslides also exist with spectacular examples

in Ogden at the mouth of Ogden Canyon and northeat of North

Ogden near Rice Creek Spring. Ancient landslides may also exist

and may explain the nonlinear nature of the faulting in many

places. In some instances, the fault scarps diverge westward,
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out from the range for several hundred feet then move back to

rejoin the base of the range. These features may have

been landslides of a fluid nature and the possibility that the

faulting actually trends linearly across instead of around the

toe should not be overlooked.

The feature cutting diagonally through Ogden is a break in slope

which was given a classification of III and has heavy cultural

development along it. This break joins the main fault near

Waterfall Canyon and warrants careful investigation as we believe

it is fault related.

North Ogde~_!o ~~

Faulting in the area between North Ogden and Nerva appears more

subdued and less recently active than the area south, with the

exception of a complex zone of faulting in the pole patch area.

The patterns .and complexity in this area suggest that secondary

effects (ground failure) such as landslides and/or liquefaction

may have played important roles in the present geomorphic features.

This possibility dictated the Class II lines on the map.

Nerva to Brigham City

This area is similar to the area between Corner Creek and Big

Cottonwood Canyon, but not as intensely faulted. Tilted blocks,

en echelon fault scarps, graben development and large fresh

scarps are evident. The Class I faulting starts east of Nerva

and continues almost continuously to Willard. From Willard to

WOODWARD·CLVDE & ASSOCIATES



-21-

Brigham City, the faulting develops more en echelon features and

becomes less continuous.
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CONCLUSIONS

1. The Wasatch fault is part of a zone of active faults ex

tending from southern Utah into Idaho and Montana. ThIS zone

has been associated with strong earthquake activity in the

past and major earthquakes are expected in the future. Signifi

cant fault displacements are anticipated along the presently

known active faults.

2. The Wasatch fault is considered active on the basis of

geologic and seismologic evidence. The faulting along the

length of the Wasatch fault exhibits fault features typical

of recently active faults.

3. It is probable that future fault displacements will follow

the most recently developed planes of weakness. The most likely

locations for future major surface fault ruptures will be along

lines marked on the accompanying maps as Class I. Minor dis

placements due to branch or splinter faulting or ground failure

will most likely occur along Class II and Class III lines.

4. Vertical deformation may take place as a result of dis

placement during fault movement. Such deformation may uplift,

depress or tilt the land surface for considerable distances

(as much as several hundred feet) on either side of the causative

fault. Several instances of tilted ground were found along the

study area near the fault and in planning stages this should

be considered as a definite hazard to malti-story or high-rise

construction.
WOODWARD-CLYDE & ASSOCIATES
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S. Aside from surface fault rupture, the area may be sub

jected to other earthquake effects such as strong shaking

and ground failure. These effects are directly related to

the intensity of shaking and the response of the foundation

soils to the earthquake vibrations. The proximity of a

particular site to an active fault is not as important as

the ground conditions beneath the site, Therefore, It is

possible to have a site located near an actlve fault that may

be comparatively safer than a site having poor soil conditions

located several miles from the fault,

6. Several landslides exist along the Wasatch Range front

coincident with the Wasatch fault. An earthquake of the size

which is capable of occurring there could cause slides and

rock falls of large proportions, primarily affecting the areas

adjacent to the range front.

7. The opinions and conclusions set forth in this report and

the resulting recommendations attempt to set guidelines for

general regional land-use planning near the Wasatch fault in

order to avoid the most dangerous areas, and to minimize poten

tial damage during a major earthquake.
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RECOMMENDATIONS

Before development is allowed along the Wasatch fault, compre

hensive geological and engineering investIgations and evalua

tions should be required. These investigatIons should define

the locations of surface fault ruptures and other geologic

hazards on or near the proposed development Once these fea

tures have been accurately defined, an estimate should be made,

with appropriate supporting data, as to the extent and magni

tude of movement which should be anticipated for design purposes

and the estimated probability of occurrence.

Attention should be given to evaluate the overall site stability

to assure that the site can be expected to remain substantially

intact during and subsequent to the maXImum credible earthquake

or fault displacement. Although some cracking of the ground

and cracking of pavements might occur, it should be expected

that there would be no large fissures, offsets, lateral

movements or vertical slide movements of more than a few inches.

In evaluating landslide potentials, as well as locations of

soil strata which might be subject to reduction of strength

or liquefaction potential, it is recognized that complete

certainty in the locations of such strata and in the evalua

tion of behavior during an earthquake is not practically

feasible. Therefore, the studies should be carried to a degree

of thoroughness which would indicate a high order of depend

ability of the overall conclusions. The recommendations
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reached should include an appropriate evaluation of the limits

of confidence which might be expected based on the extent of

studies madeo

Schools, hospitals, fire houses, and other buildings of high

socio-economic importance should not be built over earth

quake faults, High-pressure transmission lines such as water,

gas, petroleum, chemical, and other volatile products should

avoid crossing the Wasatch fault if possible. Where these

transmission lines must cross the fault, they should do so

near the surface and at right angles to the strike of the

fault. They should encorporate such safety features as flexible

joints and automatic shutoff valves to be activated immediately

if the lines are damaged by fault movement or earthquakes.

In view of the many different uses which may be planned for

land areas along the Wasatch fault and the variations in the

geologic, soil, and foundation problems which require consid

eration, it is not feasible at this time to prescribe specific

investigations, tests, or analyses which would be appropriate

for all of these varied requirements. The object of the fore

going discussion, therefore, has been directed toward outlin

ing the nature of the problems which might require considera

tion in any specific land use. It is believed that the imple

mentation of policies required to answer these problems will

require the formulation of a highly competent Review Board

which will be charged with the responsibility of evaluating

WOODWARD·CLYDE & ASSOCIATES



-26-

the appropriateness of the specific investigations and

analyses which may be required for any particular land use

or project. The appropriate scope and extent of such in

vestigations and studies should be sufficient to enable the

knowledgeable professional geologists, engineers, and other

specialists on the Board of Review to ascertain that the

severity of each particular type of problem has been reason

ably evaluated, ,and the margins of safety provided are appro

priate in relation to the consequence of occurrence of the

particular problem under consideration. It is expected that,

as work is carried on under this program, there will develop

a sound body of information concerning investigative and

design and construction procedures. This will enable desir

able projects to be carried out with an optimum balance be

tween the factors of cost, risk, and function; this can be

accomplished while encouraging a continued improvement in

the "state of the art" regarding application of technical

knowledge to advantageous use of the properties concerned.

The responsibility of the Board should be as follows: 1) es

tablish and revise safety criteria for the Wasatch fault and

structures therein with respect to risk zoning; 2) review all

proposed development projects for the adequacy of their

specific safety criteria, and to make recommendations concern

ing these criteria; 3) gather and make available data developed

from specific projects under their jurisdiction; and 4) to
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complement the functions of local building departements and

local city and county planning departments.

The organization of the Interdisciplinary Consulting Review

Board should consist of an equal number of geologists, soil

engineers, and structural engineers. An architect and a

planner should also be on the Board. Of the total member

ship, no more than half of the members should have principal

employment in one of the following fields: 1) private employ

ment, 2) academic employment, and 3) governmental employment.

It is recommended that this same investigation and evaluation

be completed for the southern portion of the Wasatch fault

(Corner Canyon to Gunnison).
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Figure 1 Utah's active fault zones.
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Figure 2 Map showing limits of present study.
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Figure 3 Conventional vertical aerial photograph of the Wasatch fault south of
Bells Canyon. Approximate scale 1:10,000.
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Figure 4 - Low sun-angle vertical aerial photograph of same area as Figure 3.
Approximate scale 1:12,000.
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Figure 5 Aerial oblique of area shown in Figures 3 and 4.



Figure 6 ~ View looking south along strike of fault
from Lower Bells Canyon Reservoir to Corner
Canyon.
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Figure 7 Vertical aerial
scale 1:12,000.

photograph of Lower Bells Canyon Reservoir.
Early morning photograph.
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Figure 8 - Vertical aerial photograph of Lower Bells Canyon Reservoir.
scale 1:6,000. Late afternoon photograph.

Approximate
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Figure 9 - Aerial view looking east at faulting between Big Cottonwood Canyon and
Little Cottonwood Canyon.



Figure 10 - Aerial view looking northeast showing fault near Highland Drive.
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Figure 11 - Aerial view of East Bench fault in Salt Lake City. Looking northwest.
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Figure 12 - Vertical aerial photograph of East Bench fault in the vicinity of
2nd South 11th east.
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Figure 13 Vertical aerial photograph of approximately the same area as Figure 12.
Approximate scale 1:5,000.
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Figure 14 Aerial view of Salt Lake City looking southeast, showing the approximate
location of the Wasatch fault.
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Figure 15 Vertical aerial photograph of faulting south of Kaysville.
scale 1:12,000.

Approximate



I
JIJ
o
n...
-<o
1ft

go

~
~
m
(It

Figure 16 Vertical
of Weber

aerial photograph of
Canyon. Approximate

faulting near Hobbs
scale 1:12,000.

Reservoir just south
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Figure 17 - Vertical aerial photograph of landslides at mouth of Ogden Canyon.
Approximate scale 1:12 t OOO.
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Figure 18 - Vertical aerial photograph of landslide northeast of North Ogden.
Approximate scale 1:12,000.



APPENDIX A

GENERAL DISCUSSION OF EARTHQUAKES AND FAULTING

GENERAL STATEMENT

The following discussion is given primarily for persons not
familiar with active faults and earthquake related problems.
We encourage such individuals to read and study this discus
sion to ensure a common understanding.

WORLD-WIDE SEISMICITY AND CAUSES OF EARTHQUAKES

While small earthquakes occur widely over the surface of the
Earth there are certain regions where large to moderate earth
quakes occur frequently. The greater part of the ocean basins
are devoid of earthquakes as are Antarctica and the relatively
stable Pre-Cambrian shields of Africa, India, Siberia, Australia,
Canada, and Brazil. Earthquakes marginal to these shield areas
do occur however; for example, the 1663 St. Lawrence Valley
earthquake and the 1968 Western Australia earthquake (magnitude
6.9) which partly wrecked the town of Mekering.

The most dense occurrence of earthquakes is found in the Circum
Pacific belt around the margins of the Pacific Ocean, and the
Alpide belt, that traverses a comparatively broad area includ-
ing the East Indies, the Himalayas, Iran, Turkey, and the Balkans.
Highly localized concentrations of earthquake foci as shown in
Figure A-I also occur along the world-encircling system of mid
oceanic rises such as the Mid-Atlantic ridge and the East Pacific
ridge. Wherever there are ocean trenches such as off the Aleu
tians, Japan, Chile, and Tonga-Kermadecs, and the eastern
Carribean, there are earthquakes. The location of these zones
of high seismic activity is shown in Figure A-I. This seismic
map indicates those places where tectonic forces are now actively
deforming the crust of the Earth. It should be noted that, on
a global scale~ California seismicity along the San Andreas fault
system is an extension of the activity on the East Pacific Rise
extending northward from the Gulf of California. The strong
concentration of seismic activity trending from Southern Utah,
bisecting Utah, and into Idaho and Montana is known as the
Western Rocky Mountain Seismic Belt. This belt of seismic
activity trends along the north-south boundary between the
Rocky Mountain-Great Basin-Colorado Plateau physiographic
provinces.

When the mechanical properties of the sources of world-wide
earthquakes are studied in detail a great deal of variation is
found. Not only does the size of earthquakes (in terms of energy
released into seismic waves) vary enormously as shown in Figure
A-2, but also the depth of the source of the waves ranges from
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of all earthquake epicenters (1961 through 1967).
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near the Earth1s surface (less than 10 miles) to depths of
450 miles or so. Earthquakes are often classified as shaZZow~

intermediate~ and deep. From the standpoint of earthquake
risk, shallow earthquakes can be taken as those originating
at a depth of less than about 40 miles. Deep shocks are those
below about 200 miles. Deep-focus shocks are almost entirely
restricted to a few regions such as Indonesia, Tonga, Japan
Sea, and South America. Frequency of occurrence, as a world
average, decreases rapidly with depth; over three-quarters of
the average seismic energy released is due to shallow-focus
earthquakes. Even when geographically near to developed areas,
deep shocks are rarely destructive, one reason being that the
source of the seismic waves is over 40 miles from the ground
surface so that the wave amplitude is greatly attenuated.
Another reason is that deep sources are not efficient genera
tors of the seismic waves which travel only through the upper
most rocks of the Earth ("surface waves") and cause most of
the sustained ground motion; nor do they generate tsunamis
("seismic sea waves") .

Recent precise work in California and other parts of the
western United States has indicated that earthquake foci along
the coastal regions are not generally deeper than 9 miles in
the crust and most are no more than 5 miles deep. The 1906
California earthquake was probably associated with a rupture
no deeper than 10 miles over most of the ruptured-fault length.
The 1811-1812 New Madrid Missouri earthquakes also probably
originated in the crust and there is no evidence that the
great 1964 Alaskan earthquake was associated with a rupture
deeper than 40 miles. It should be noted, however, than even
in the class of shallow-focus earthquakes, variations in focal
depth are often sufficient to produce rather different surface
effects. For example, the focus of the 1965 Seattle earth-
quake of April 29 (Richter magnitude 6-3/4), like many earth
quakes in the region of the Puget Sound, had a depth of about
30 to 40 miles. As a consequence of the depth, the earthquake
was felt widely but damage was only moderate with only a few
deaths and about $12,000,000 damages estimated by the Washington
State Civil Defense Department. This magnitude exceeds that of
the 1933 Long Beach earthquake (magnitude 6.3) whose focus was
probably at less than 10 miles in depth; it caused 120 deaths
and over $40,000,000 damage. Because damaging earthquakes are
shallow, the remainder of this paper will be restricted primarily
to discussion of shallow-focus earthquakes.

It cannot yet be claimed that there is only one cause of all
earthquakes. A minor cause of earthquakes is volcanic activity.
Some deeper earthquakes may perhaps be related to sudden changes
in rock properties due to motion deep within the Earth's mantle.
However, most destructive, shallow-focus earthquakes appear to
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be associated with a sudden rupturing (faulting) of the Earth's
crust. (The crust is a rock layer of varying thickness, rang
ing from 30 miles under continents to 3 miles under oceans,
which is found world-wide and is composed of mainly basaltic
and granitic rocks.) The resulting earthquakes are caused by
the sudden release of accumulative strain energy. The rupture,
or break, is called a fault and is generally accompanied by
displacement of blocks either vertically or horizontally or
both, on opposite sides of the fracture.

This mechanical explanation of the creation of strong ground
shaking, or an earthquake, only became widely accepted after
the 1906 California earthquake. It is based on the "elastic
rebound theory" of Professor H. F. Reid. Before Reid's time
a common explanation was in terms of explosion-like phenomena
at depth, often associated with the movement of hot magma
(molten rock). In the 1906 earthquake, large-scale and con
tinuous fault rupture was evident in the field. Of great
importance, geodetic surveys of the region existed before and
after the earthquake. The U. S. Coast and Geodetic Survey had
made triangulation measurements across the San Francisco Bay
region in 1851-65, 1874-92, and 1906-07. Reid interpreted
these surveys as showing between the first and third surveys
(a) little change in elevation, (b) significant horizontal
right-lateral displacements of the crust parallel to the San
Andreas fault, and (c) relative displacement of distant points
on opposite sides of the fault of about 11 feet.

Reid stated, "It is impossible for rock to rupture without
first being subjected to elastic strains greater than it can
endure. We conclude that the crust in many parts of the Earth
is being sZowZy displaced and the difference between displace
ments in neighboring regions sets up elastic strains, which
may become larger than the rock can endure. A rupture then takes
place and the then strained rock rebounds under its own elastic
stresses, until the strain is largely or wholly relieved. In
the majority of cases, the elastic rebounds on opposite sides
of the fault are in opposite directions."

The seismic waves which are generated when the fault ruptures
arise from the movement of the rocks in the vicinity of the
fault.

At any point on the Earth's surface near to the fault, the
wave motion will be complex. The dupation of shaking at the
point will depend roughly on the amount of displacement and
largest linear extent of fault rupture. The variation of
intensity of shaking with time will depend on the smoothness
or otherwise, of the rupture and also on the position of the
observer or building on the surface relative to the fault break;
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if the fault ruptures toward the point the intensity may grow
and then decline in some uneven way as the rupture moves away
from the point. The ground motion will contain waves of many
periods (or wave lengths). The higher frequency waves will be
damped out by the rocks more quickly than the longer-period as
the distance increases from the rupturing fault. In the epi
central area, the energy present in waves shorter than one
second period may be quite high; at considerable distance from
the epicenter, seismographs may detect mainly only waves with a
period of over 5 seconds. The energy in such long waves is an
indication of the extent of the source, but, of course, does
not lead to response by either humans or most structures.

SIZE OF EARTHQUAKES

Two measures of earthquake size have been found to be useful,
intensity and magnitude. Unfortunately, these terms are often
confused and sometimes even used synonymously. Magnitude
attaches a single number to an earthquake which is independent
of the distance from the earthquake center and independent of
geological and soil conditions. For a measure of the variation
of ground motion from point to point, an intensity scale is used.
The intensity value is assigned by an experienced observer using
a descriptive scale. Both measures are too simple to describe
the full complexity of an earthquake and should be used
judiciously. Numerical relations between the two measures have
been considered but, as the seismological literature shows,
these must be taken only to establish an order of magnitude.

In discussions of earthquake hazard, the term seismic risk has
been introduced. In its correct usage, seismic risk is the
likelihood of damage from an earthquake. Quantitative studies
of seismic risk are few and, like the other two measures of
earthquake size, the word risk is often used loosely in this
context.

Intensity Scales

Intensity is a rating of the severity of the ground motion at
a specific location. The scale of measurement is based upon
the sensations of persons, the behavior of natural objects,
and upon physical damage to natural and man-made objects.
Intensity scales came into being long before magnitude scales
because intensity does not require instrumental observation.
Over the years, different intensity scales have been devised.
The scale must reflect the type of structure which is common
to a particular region. The most widely accepted intensity
scale in the United States is the Modified Mercalli Intensity
Scale. This scale is given on the following page. It goes
from I to XII on a twelve-point scale, usually denoted by
Roman numerals.

WOOOWARO·ClYOE & ASSOCIATES



CLUFF and BOLT

A-6

MODIFIED - MERCALLI INTENSITY SCALE OF 1931

Not felt by people, except under especially favorable circumstances. However, dizziness or nausea may be experienced.
Sometimes birds and animals are uneasy or disturbed. Trees, structures, liquids, bodies of water may sway gently, and
doors may swing very slowly.

II Felt indoors by a few people, especially on upper noors of multi'story buildings, and by sensitive or nervous persons.
As in Grade I, birds and animals are disturbed, and trees, structures, liquids and bodies of water may sway. Hanging
objects swing, especially if thcy arc delicately suspended.

III Felt indoors by several people, usually as a rapid vibration that may not be recognized as an earthquake at first. Vibration is similar
te that of a light, or ligh tty loaded trucks, or heavy trucks some distance away. Duration may be estimated in some cases.

Movements may be appreciable on upper levels of tall structures. Standing motor cars may rock slightly.
IV Felt indoors by many, outdoors by few. Awakens a few individuals, particularly light sleepers, but frightens no one except those

,,,prehensive from previous experience. Vibration like that due to passing of heavy, or heavily loaded trucks. Sensation like a heavy
body striking building, or the falling of heavy objects inside.

Dishes, windows and doors rattle; glassware and crockery clink and clash. Walls and house frames creak, especially if
intensity is in the upper range of this grade. Hanging objects often swing. Liquids in open vessels are disturbed slightly.
Stationary automobiles rock noticeable.

V Felt indoors by practically everyone, outdoors by most people. Direction can often be estimated by those outdoors. Awakens
many, or most sleepers. Frightens a few people, with slight excitement; some persons run outdoors.

Buildings tremble throughout, Dishes and glassware break to some extent. Windows crack in some cases, but not gener
ally. Vases and small or unstable objects overturn in many instances. and a few fall. Hanging objects and doors swing
generally or considerable. Pi tures knock against walls, or swing out of place. Doors and shutters open or close abruptly.
Pendulum clocks stop, or run fast or slow. Small objects move, and furnishings may shift to a slight extent. Small
amounts of liquids spill from well-filled open containers. TIees and bushes shake slightly.

VI Felt by everyone, indoors and outdoors. Awakens all sleepers. Frightens many people; general excitement, and some persons
run outdoors.

Persons move unsteadily. Trees and bushes shake slightly to moderately. Liquids are set in strong motion. Small bells
in churches and schools ring. Poorly built buildings may be damaged. Plaster falls in small amounts. Other plaster
cracks somewhat. Many dishes and glasses, and a few windows, break. Knick-knacks, books and pictures fall. Furniture
overturns in many instances. Heavy furnishings move.

VII Frightens everyone. General alarm and everyone runs outdoors.
People find it difficult to tand. Persons driving cars notice shaking. Trees and bushes shake moderately to strongly.
Waves form on ponds, lakes and streams. Water is muddied. Gravel or sand stream banks cave in. Large church bells
ring. Suspended objects quiver. Damage is negligible in buildings of good de.~ign and oonstraction; slight to moderate
in well-built ordinary buildings; considerable in poorly built or badly designed buildings adobe houses, old walls (especi
ally where laid up without mortar). spires, etc. Plaster and SOme stucco fall. Many windows and some furniture bleak.
Loosened brickwork and tiles shake down. Weak chimneys break at the roomne. Cornices fall from towers and high
buildings. Bricks and stones are dislodged. Heavy furniture overturns. Concrete irrigation ditches are considerably
damaged.

VIII General fright, and alarm approaches panic.
Persons driving cars are disturbed. Trees shake strongly. and branches and trunks break off (especially palm trees). Sand
and mud erupts in small amounts. Flow of springs and wells is temporarily and sometimes permanently change.d. Dry
wells renew flow. Temperatures of spring and well waters varies. Damage slight in brick structures built espeCially to
withstand earthquakes; considerable in ordinary substaJ1tiai buildings. with some partial collapse; heavy in some wooden
houses, with some tumbling down. Panel walls break away in frame structures. Decayed pilings break off. Walls fall.
Solid stone walls crack and break seriously. Wet grounds and steep slopes crack to Ollle extent. Chimneys.columns,
monuments and factory stacks and towers twist and fall. Very heavy furniture moves conspicuous.ly or overturns.

IX Panic is general.
Ground cracks conspicuously. Damage is considerable in masonry structures built especially to withstand earthquakes;
great in other masonry buildings - - some collapse in large part. Some wood frame houses built especially to withstand
earthquakes are thrown out of plumb, others are shifted wholly off foundations. Re ervoirs are seriously damaged and
underground pipes sometimes break.

X Plnic is general.
Ground, especially when loose and wet, cracks up to widths of several inches; fissures up to a yard in width run parallel
to canal and stream banks. Landsliding is considerabl{1 from river banks and steep coasts. Sand and mud shifts horizon·
tally on beaches and nat land. Water level changes in wells. Water is thrown on banks of canals, lakes, rivers, etc. Dams.
dikes, embankments are seriously damaged. Well-built wooden structures and bridges are severely damaged, and some
collapse. Dangerous cracks develop in excellent brick walls. Most masonry and frame structures, and their foundations,
are destroyed. Railroad rails bend slightly. Pipe lines buried in earth tear apart or are crushed endwise. Open cracks and
broad wavy folds open in cement pavements and asphalt road surfaces.

XI PlIlic is genual.
Disturbances in ground are many and widespread, varying with the ground material. .Broad fissures, earth slumps, and
land slips develop in soft. wet ground. Water charged with sand and mud is ejected in large amounts. Sea waves of signi·
ficant magnitude may develop. Damage is severe to wood frame structures, especially near shock centers. great to dams,
dikes and emb3llkments, even at long distances. Few if any masonry structures remain standing. Supporting piers or
pillars of large, well-built bridges are wrecked. Wooden bridges that "give" are less affected. Railroad rails bend greatly
and some thrust endwise. Pipe lines buried in earth are put complete!)' out of service.

XII PlIlie is general.
Damage is total, and practically all works of construction are damaged greatly or destroyed. Disturbances in the ground
are great and varied. and numerous shearing cracks develop. Landslides, rock falls, and slumps in river banks arc numer
ous and extensive. Large rock masses arc wrenched loose and torn off. Fault sUps develop in fum rock, and horizontal
and vertical offset displacements are notable. Water channels, both surface and underground, are disturbed and modified
greatly. Lakes are dammed, new waterfalls are produced, rivers are deflected, etc. Surface waves are seen on ground sur
faces. Lines of ight and level are di torted. Objects are thrown upward into the air.
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Intensity ratings are bound to be subjective, as reported in
tensities may take on several meanings, depending on who re
ports them and the type of construction in an area, The
reported intensity may be the maximum intensity at the built
up area nearest the epicenter, or it may be what the intensity
should have been, at the epicenter based on observations at a
center of population some distance away, Many circumstances
arise making it difficult to assign intensities, The lack of
precision in the intensity index should be recognized, Basi
cally, intensity refers to the measure of earthquake effects
of all types at a specified place, It is not based on the
true measurement, but is a rating assigned by an experienced
observer using a descriptive scale, with grades indicated by
Roman numerals,

Because intensity is defined by the observed effects on the
Earth's surface, such as landslides or underground pipes broken,
the intensity of an earthquake on a mid-oceanic rIdge might be
taken as zero, On the other hand, a smaller shock centered
near weak man-make structures on poor ground might yield a
high intensity, For a given earthquake, intensity differs
between localities depending upon the distance from the source,
the duration of shaking, the geologic foundation and the quality
of design and construction,

The subjective nature of intensity ratings makes it important
that the observer report in detail the evidence upon which
the rating was estimated, Engineers and others can then draw
their own conclusions at a later time, In the United States,
ratings are routinely gathered by the U, S, Coast and Geodetic
Survey and the data are reported in "United States Earthquakes"
which began in 1928.

In order to remove some of the subjectivity in assigning in
tensity, a dense network of strong-motion seismoscopes and
seismographs would give quantitatively the distribution of
ground motion, Only in the Los Angeles area is this now partly
feasible. There are more than 130 strong motion seismographs
and 75 seismoscopes located in the Los Angeles area. In the
entire San Francisco Bay Area, there are only 34 strong motion
seismographs and 48 seismoscopes.

Magnitude Scales

Magnitude is based on ground motion as recorded by distant
seismographs. The most commonly used method of calculating
magnitude in the United States for large earthquakes is that
of C. F. Richter. (Other magnitude scales are, however, widely
used by seismologists, both in the United States and in other
countries, sometimes leading to what appears to be conflicting
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magnitudes.) In order to use this scale, suppose that there
is a particular kind of seismograph (called a Wood-Anderson
instrument) at a distance of 60 miles from the epicenter. The
instrument will produce a seismogram. A ruler with a centimeter
scale is taken and the half-width ("amplitude4) of the largest
wave is measured and converted to microns (10 microns = 1 em.),
The logarithm (to base 10) of this number is the Richter magni
tude of the earthquake. For example, if the maximum amplitude
measured is 1 em, the Richter magnitude is 4.0. Numerical tables
provide the necessary adjustment when the seismograph is not at
60 miles epicentral distance or when other types of seismographs
are used.

From the definition, the magnitude scale, unlike the intensity
scale, has no greatest and smallest limit. Currently, more sen
sitive seismographs are available than when Richter defined
magnitude in 1935; such instruments can record tiny earthquakes
with minus or negative magnitudes, say -1.0. Large magnitudes
have been recorded from the greatest earthquakes of the century.
The 1964 Alaskan earthquake had a magnitude of about 8.6. Some
of the early seismographs in Europe recorded the 1907 California
earthquake and gave its magnitude to be near 8-1/4. .

There is reason to believe that the largest earthquake which
is mechanically possible under present geological conditions
would have a magnitude less than about 9.0. The largest earth
quakes recorded since the scale was devised are the Sauriku
earthquake in Japan on March 2, 1933 with an estimated magni
tude of about 8.9, and the earthquake centered off the west
coast of South America, near Colombia in 1906, with perhaps a
magnitude of 8.9.

Because the earthquake energy comes from elastic strain energy
stored in the rocks, the total seismic energy released will
be proportional in some way to the area of fault which ruptures.
For great shallow-focus earthquakes, the depth of dislocation
(say less than 30 miles) is small compared with the observed
rupture length (of the order of hundreds of miles). Since the
finite strength of crustal rocks limits the strain energy
which they can store, the total energy release would thus
appear to be bounded by the length of fault available to rupture.
The geography of seismically active regions shows that there
is a limit on this. Among the largest fault ruptures ever
observed or estimated was 270 miles (California, 1906) and
perhaps over 500 miles for the 1960 Chilean and 1964 Alaskan
earthquakes.

While magnitude is a simple measure for ordering of earthquakes
roughly according to size or total energy released, there is
evidence that magnitude alone is often given too much weight in
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urban planning and engineering design. This misuse comes from
a failure to take into account the way that the partition of
wave energy into various frequencies changes with the earthquake
size and the great variation in rock and soil properties from
place to place.

As an example, in Anchorage, after the 1964 earthquake, it has
been pointed out that vibrational damage alone mainly affected
only the tall high-rise buildings that respond to the longer
frequency waves. An even more striking example is the Caracas,
Venezuela earthquake, of 1967, where more than 200 lives were
lost because of the collapse of five high-rise apartment build
ings that were designed to be earthquake resistant. The
Caracas earthquake was only a moderate-magnitude shock (Richter
magnitude 6.5) and located approximately 30 miles from Caracas.

Consider, for example, structures which respond mainly to vibra
tions with periods of about 1/2 to 3/4 of a second; they will
be most affected by that part of the earthquake which has simi
lar periods. Due to relative attenuation in the rocks, however,
the proportion of energy in waves with such periods falls with
increased length of path so that waves corning from distant parts
of the rupture will be mainly rich in longer periods. In simple
terms, damage to small structures in a city from a large
magnitude earthquake nearby (long fault rupture) might be ex
pected in general to be mainly a result of waves generated by
the closest segment of the rupturing fault. Much the same
wave energy might in the high frequency waves arise locally
if only this local section of the fault ruptured (i.e., a
smaller-magnitude earthquake occurred).

A number of empirical formulae linking magnitude and energy
release have been worked out. For practical purposes, and
particularly for the shallow earthquakes in California, the
formula 10glO E = 11.4 + 1.5 M is recommended, where E is the
energy in ergs, and M is the Richter magnitude.

Because of the factor 1.5, the increase of a unit in magnitude
indicates an increase in energy of 32 times so that there is
an enormous range of energy between the smallest and largest
size earthquake. An attempt to indicate the great spread is
shown in Figure A-2 where the energy in an earthquake is plotted
as a multiple of that in the 1933 Long Beach earthquake.

Seismic Risk Scales

Risk may be thought of in context with its everyday meaning
which is similar to hazard. Unlike hazard, however, risk has
the connotation of probability or chance of loss (e.g., as
used in the insurance industry). This meaning is valuable for
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setting a degree of likelihood of future earthquake damage
and should be most carefully preserved.

Seismic (or Earthquake) Risk (SR) may be defined as the likeli
hood of damage or injury from an earthquake within a given
time interval (design period). SR is normally given as a state
ment of probability. Like magnitude, there are different seismic
risk scales. For example, statistical work on risk has been
done in Mexico by Esteva and Rosenblueth and in Chile by C.
Lomnitz and his coworkers. In a study for Santiago, Chile by
F. Guzman, it was estimated that, in any 10-year period, the
probability that the design acceleration of 10 percent of
gravity will be reached or exceeded is about 60 percent.

A related measure of earthquake susceptibility is ReZative
Seismic Risk (RSR). The RSR scale replaces the probabilities
of the SR scale by relative weighting factors. The scale
usually ranges from 0 (no probability of damage) through 1,
2, 3, etc., with the highest number designating the region
where risk is greatest. RSR weights or "seismic zone numbers"
have been much used to modify r~quirements for lateral earth
quake forces on structures as established by the California
Earthquake Building Code. Relative seismic risk does not,
however, show the statistical nature of risk as a function of
time.

EARTHQUAKE ASSOCIATED DAMAGE

It is a commonly held misconception that distance from the sur
face trace of an active fault is the best assurance against
earthquake damage. Experience has shown that the intensity of
an earthquake is not necessarily highest at the surface trace
of the earthquake-generating fault. If the structure is not
astride an active fault, it matters little whether it is along
side the fault trace or several miles away, because energy
reaching the surface will be almost the same at the two points,
everything else being equal.

Earthquake damage depends on many variables: earthquake magni
tude, epicentral location, depth of focus, duration of shaking,
intensity of shaking, near-surface soil and geologic conditions,
structural type, and design. Damage related to foundation con
ditions depends upon material density, shear strength, thick
ness, and water level. Thus, proximity to an active fault should
not be given undue weight when deciding where to build; more
consideration should be given to ground conditions and struc
tural design.

Earthquake associated damage is usually manifest in four separate
forms: (1) fault displacement; (2) strong ground motion (shaking);
(3) ground failure; and (4) tsunamis (seismic sea waves).
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Faulting

Faulting, as the movement or fracturing along faults is called,
may have horizontal and vertical components of displacement
and may vary from a fraction of an inch to many feet. In the
California earthquake of April 18, 1906, horizontal offsets
along the San Andreas fault averaged from 8 to 15 feet and C·
occurred from just north of San Juan Batista to north of Point
Arena, a distance of more than 200 miles.

Fracturlng and shearing associated with faulting is often ob
served in the field to be of a multiple and en echelon character,
with several planes of displacement being formed through geo
logic time (millions of years)'; thus the term fault zone is a
more realistic designation. The exact location and character
istics of a fault zone are of vital concern in estimating the
hazard from faulting. Once a fault is formed, it constitutes
a plane of weakness that localizes further adjustments. Active
faults usually are associated with one or more of the follow-
ing: an historic record of faulting, the occurrence of earth
quakes along their courses, evidence of geologically recent
movement (the last few thousand years), and slow fault slippage.
A fault should be considered active if it has displaced recent
alluvium or other recently formed deposits, whose surface effects
have not been modified to an appreciable extent by erosion, which
has earthquakes located in the near vicinity, and whose recurrence
of movement is expected.

Some fault zones, such as the San Andreas, are more than a mile
wide in places, containing many "fault traces" within the broad
zone. One might ask, "What is the relative risk of developing
or locating structures within such wide active fault zones?"
Assigned risk (SR or RSR) need not always be extreme. It de
pends upon factors such as type of development, intended land
use, type of structure, and site location with respect to the
active fault traces. The broad fault zones have been formed
over long periods of geologic time and in some future geologic
time (millions of years) not only may the present fault traces
be reactivated, but new traces may be formed. However, if we
consider this problem from the standpoint of "engineering design
time," (of the order of 100 years say) the probability of fault
movement is much higher along the most recent fault traces that
lie within the broad fault zone. In such risk assessments per
haps weak soil conditions which may arise from crushed rock or
gouge in a fault zone would turn out to be more crucial factors
than concern over the exact positions of future faulting.

It is often believed that assurance against earthquake damage
is directly proportional to the distance from the surface trace
of a known active fault or fault zone. There is much evidence
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that the intensity of an earthquake is not necessarily highest
at the surface trace of the earthquake-generating fault. If
the structure is not astride an active fault trace, so that
displacement may shear it in two, 'it may not be decisive as a
damage factor whether it is alongside the fault trace or
several miles away; wave energy reaching the two sites may be
comparable. Damage resulting from faulting occurs only where
works of man are located astride the fault traces that move.
Figure A-3 shows damage to a fence that was across the 1906
fault trace. Note the undamaged buildings of wood-frame, low
story construction located near the fault. They are also
located on stable ground. By contrast, buildings located 10
to 20 miles from the fault, such as in Santa Rosa and San Jose,
on relatively less stable ground were almost completely des
troyed in the 1906 shock.

FIGUREA-3. Fence separated by displacement along
the San Andreas Fault, April 18, 1906.
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Avoidance of damage from fault dislocation can be achieved by
recognizing the most active fault traces and either locating
structures elsewhere, or allowing for fault movement in the
design. This is a significant hazard only in a few localities.

Strong Ground Motion (Shaking)

Damage from strong ground motion (shaking) is caused by the
transmission of earthquake vibrations from the ground into
the structure. Figure A-4 shows damage to the Mijagua1 apart
ment building in Caracas, Venezuela from the 1967 earthquake.
The main variable factors that determine the extent of vibra
tional damage are: type of ground, earthquake-resistant design,
quality of materials and construction, and intensity and dura
tion of shaking.

FIGURE A-4. Mijagual high-rise apartment building
in Caracas, Venezuela, showing total
pancake collapse.

WOODWARD·CLYDE & ASSOCIATES



A-IS

Different kinds of ground respond differently to seismic load
ing. The relation between soil and basement rock conditions
and earthquake shakIng is not clearly known. Estimates can
be calculated if soil and basement rock properties are known
but should be used with caution for risk estImation until more
testing under actual earthquake conditions is done. The ground
motion associated with a great earthquake (similar to the 1906
California shock) has never been recorded instrumentally.

Many urban areas are presently located along and near active
faults. For example, along the San Andreas fault, throughout
its length from Northern to Southern California, along the
Calaveras fault near Pleasanton, along the Hayward fault in
the East Bay Cities, along the San Jacinto and Inglewood faults
in Los Angeles and southern California, and the Wasatch fault
near Salt Lake City, Utah. ContInuing urban growth is bringing
about a constant increase in the use of land near actIve faults
that will most likely be associated with substantIal earthquakes.
Outside the city areas, industrial and utilItIes development is
frequently considered for sites close to active faults. A case
which gave rise to strong public controversy is the Bodega Head
site north of San Francisco considered a few years ago for a
nuclear power reactor.

In these circumstances the following question is becoming in
creasingly frequent: "In what ways, if any, does the strong
ground motion differ near the fault from the ground motion some
distance away?" No strong motion records were obtained of the
large 1960 Chilean earthquake nor in Alaska from the 1964 shock.
A widely used strong-motion record in engineering design is the
E1 Centro record, It, however, was obtained about 6 miles from
the Imperial Valley fault along which displacements were ob
served in the 1940 earthquake, magnitude 6.9. In 1966, an array
of strong-motion Instruments was operational across the San
Andreas fault near Cholame. These instruments recorded the
earth movements at the time of the June 27, 1966 Parkfield earth
quakes. A record of ground acceleration was obtained within the
fault zone about 200 feet from a fault trace that contained a
slippage crack that appeared across Highway 46 where it inter
sects the San Andreas fault zone. These records are the
closest to an earthquake source (active faUlt) yet obtained.
(The records showed that the vertical and horizontal motions
of the ground differed considerably In theIr frequency content
and structure.) There was a large ground motion (which amounted
to a displacement af 10 inches) perpendicular to the fault
trace. The maximum horIzontal ground acceleration was one-half
the acceleration of gravity (0.5g), i.e., about 16 feet/sec 2 .
The duration of the strong ground motion was extremely short,
lasting only about 1 second.
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Although the record gives valuable information it is unclear
whether the effects mentioned above could be scaled upwards
for a large earthquake. The Parkfield main shock had a magni
tude of 5.6 and the length of fault rupture observed was some
what less than 20 miles. Very little damage was reported
along the fault zone even though the short duration peak
acceleration was surprisingly quite high. It is not clear
whether a much larger magnitude earthquake might produce
significantly greater accelerations near the fault; a longer
interval of ground shaking (dur2ltion) is, however, quite likely.

FIGURE A-5. Earthquake damage resulting from ground
failure. Turnagain Heights landslide,
Anchorage, Alaska, March 27, 1964.
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Because we lack direct observations, forecasts of ground motion
must be largely based on extrapolation from experiments in the
laboratory, from visual observations of past earthquakes, and
upon suggestions from theoretical models. Certain likely proper
ties of the ground motion near a fault can be stated for risk
estimation, subject to the necessary caution implied by the
above statement of our lack of current observational information.

Damage from Ground Failure

Damage from ground failure may occur in several different forms;
1andsliding, liquefaction, and settlement. Figures A-S and A-6
illustrate damage from landsliding and liquefaction.

FIGURE A-6. Earthquake damage resulting from ground
failure: Liquefaction. Niigata, Japan,
1964.
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If the proper geological conditions exist on the ocean floor,
subaqueous landslides or turbidity currents may be generated
of sufficient force to affect offshore and onshore structures.
In 1929, an earthquake in the North Atlantic triggered a high
velocity, high-density turbidity current that is believed to
have led to the shearing of 11 Trans-Atlantic communication
cables. The sea floor over which this flow occurred had no
more than a 2% to 5% slope. Numerous subaqueous landslides
occurred during the 1964 Alaska earthquake causing extensive
damage to nearby areas especially from large water waves that
were generated by the 1ands1iding. Saturated granular layers
located at shallow depth below the surface may be susceptible
to liquefaction during an earthquake. This phenomenon has
frequently been observed in the past, notably in Niigata,
Japan, in 1964 and Chile in 1960 as shown in the photograph,
Figure A-6. In general, the greater the depth and the rela
tive density of a submerged sand layer, the less is the danger
of liquefaction. Shallow loose saturated sands appear to be
most liquefiable, deep dense sands least liquefiable.

TSUNAMIS (SEISMIC SEA WAVES)

Tsunami {Seismic Sea Waves}--Water waves may be generated in
the ocean by large submarine earthquakes. The mechanism is
probably rapid vertical displacement of part of the ocean floor
through faulting or, sometimes, by submarine landslides. Such
waves are called tsunamis or seismic sea waves.

In the open ocean, tsunamis are characterized by long wave
length (on order of hundreds of miles), long periods of oscil
lation (about an hour), high velocities (more than 600 miles
per hour), and low wave heights (no more than a few feet).
Shoaling begins as the ocean becomes shallower than one-half
the wave length of the acting wave. Tsunamis, therefore, begin
to react as they approach the shore by decreasing velocity and
increasing wave height. Their approach is typically indicated
by water withdrawal followed by a series of wave surges. Some
surges have attained heights of 75-100 feet. Recorded surge
heights of 50 feet are not uncommon along the Hawaiian shores.
An earthquake in the Aleutian trench on April 1, 1946 generated
a tsunami which impinged on the California coast and forced
water to 11 feet at Half Moon Bay and 12 feet at Santa Cruz.
The 1964 Alaskan earthquake generated a tsunami which resulted
in damage in a number of places in the Pacific. The tsunami
was disastrous at Crescent City, California, where it reached
a height of 20.7 feet above mean sea level killing 11, injur
ing 35, and causing about $8,500,000 in property damage.

Mendocino County reported damage to fishing boats in Noyo
Harbor, with 10 sunk. In Marin County, $1,000,000 damage
occurred to small boats and berthing facilities. There was

WOODWARD·CLYDE & ASSOCIATES



A-19

damage to docking facilities in Los Angeles County and Long
Beach Harbor. California had a longer time to prepare for
the onslaught of the sea wave than other Pacific states. How
ever, there was lack of sensible response among the public.
Newspapers estimate 10,000 curious people waited on the San
Francisco beaches to watch the tsunami arrive.

EARTHQUAKE RISK ESTIMATION AND DAMAGE CONTROL

There is no way known to predict exactly where, or when, the
next sudden fault displacement will occur, or how strong the
resulting earthquake will be. However, provided sufficient
geological and seismological information is available, the
prediction of the general level of earthquake activity for a
given region may be attempted. This is the starting point for
the estimation of the seismic risk (SR) or relative seismic
risk (RSR) throughout the region. In seismic regions such as
the San Francisco Bay Area, minor perceptible earthquakes of
Richter magnitude less than 5.0 may be expected yearly. A
large percentage of the earthquakes will fall within this harm
less level, and will seldom result in substantial ground break
age along an active fault, or in damage to adequately designed
structures. Every so often an earthquake of greater magnitude
(from 5.0 to 6.0) may occur, causing some damage in localized
areas, especially to structures not designed to resist shaking
(or to structures located on poor ground), but will not adversely
affect properly designed structures. Earthquakes having a
Richter magnitude above 6.5 usually occur many years apart,
and are usually associated with significant surface ground
ruptures along the fault, destruction of inadequately designed
and constructed structures, and damage to structures astride
the displaced fault trace. It is largely a task for the future
to prepare detailed SR and RSR maps of California, based on
seismicity as well as geologic and soil conditions.

Although exact time and location of the next earthquake in a
seismic region cannot now be predicted from past experience and
recently acquired knowledge, the general effects can be reason
ably predicted provided there is knowledge and understanding of
the main variable factors that influence earthquake effects and
damage. These factors include: (1) size (Richter magnitude),
and depth of the earthquake, (2) epicentral distance or distance
to the ruptured fault, (3) duration and frequency content of
strong ground motion, and (4) underlying geological and soil
conditions. A further factor is the extent to which precautions
have been taken by industry, governmental agencies, school boards,
planning commissions, and private individuals to reduce the damag
ing effects through proper planning, design, and construction.
The last may be the most important because it is the one factor
man can hope to control.
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In conclusion, it is important to recognize the interdisciplinary
nature of solving problems associated with earthquake hazards.
The solution to many of these problems will be dependent upon
the ability of the seismologist, geophysicist, geologist, and
earthquake engineer to evaluate and delineate the basic causes
and. effects of earthquakes and communicate this information in
practical terms. The result of such work can only be translated
into effective action by the cooperation of planners, engineers,
public officials and contractors, to reduce life loss and property
damage in the next major earthquake. Broad public and govern
mental support must also exist.
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APPENDIX B

CALIFORNIA CITY, COUNTY, AND STATE ORDINANCES

RELATING TO ACTIVE FAULT AND GEOLOGIC HAZARDS

The following are excerpts from selected city, county, and

state ordinances where active faults and other geologic hazards

have been taken into consideration. These are presented as

examples of how other cities, counties, and states are facing

these problems.

LOS ANGELES COUNTY

Ordinance No. 10,037

"An ordinance adding Section 310 to Ordinance No. 2225, the
Building Code, relating to building sites within potentially
active earthquake fault zones.

"The Board of Supervisors of the County of Los Angeles do
ordain as follows:

"Section 1. Section 310 is added to Ordinance No. 2225 en
titled 'Building Code,' adopted March 20, 1933, to read:

"SEC. 310. EARTHQUAKE FAULTS.

"If a building site is within a potentially active fault
zone, and the County Engineer so finds, geological or
engineering records submitted in connection with the
evaluation of each site shall contain information pertain
ing to the safety of such building site with respect to
the probability of surface fractures occuring during an
earthquake on the fault zone. Such reports also shall
contain a recommendation as to the magnitude of ground
shaking to be assumed in determining the aseisamic design
of the building. -

"For the purposes of this section, potentially active
earthquake faults shall be those within the San Andreas
Fault zone which enters the county at a point southeasterly
from Big Pines and extends across the county in a north
westerly direction leaving the county near the inter
section of the boundaries of the Counties of Kern, Los
Angeles, and Ventura; and the Newport-Inglewood Fault
zone which extends in a generally northwesterly direction
through the cities of Long Beach and Signal Hill, and
traversing the Baldwin Hills to the north.

"The County Engineer shall maintain maps showing the
location of faults within potentially active fault zones
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when such faults have been accurately located by geologic
investigation, and such information has been filed with
the County Engineer.

"Buildings shall not be constructed over a potentially
active fault.

"Exception:

"Light-frame buildings not over one (1) story or twelve
(12) feet in height, having an area of not more than
one thousand (1000) square feet and not used for human
occupancy, may be constructed over such a fault when an
agreement has been recorded in the office of the County
Recorder relieving the county, its officers and employees
of liability for damage or loss which may result from
the construction or use of such building. The agreement
shall be binding on successors of interest in such
property.

"Buildings within a potentially active fault zone shall
be designed to resist the earthquake forces prescribed
by this code or those recommended in the geological or
engineering reports, whichever is greater.

"Section 2. This ordinance shall be published in the Journal
of Commerce and Independent Review, a newspaper printed and
published in the County of Los Angeles.

"(seal)
"ATTEST:
"JAMES S. MIZE,
"Executive Officer - Clerk of the Board of Supervisors of

the County of Los Angeles.

"I hereby certify that at its meeting of June 16, 1970, the
foregoing ordinance was adopted by the Board of Supervisors
of said County of Los Angeles by the following vote, to wit:

"Ayes: Supervisors Frank G. Bonelli, Kenneth Hahn and Burton W.
Chace.

"Noes: None.

"(seal) JAMES S. MIZE,
"Execu t i ve Offi cer - Cler 1: of the Board of Supervis ors of

the County of Los Angeles.

"Effective Date July 17, 1970."

WOODWAAD-CLYDI!. ASSOCIATES
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Ordinance No. 4478

"Sec. 94.

"(t) If the Advisory Agency finds that a geological
report is necessary to determine whether the property
to be divided is subject to-an existing or potential
geological hazard, a written report stating how the
geological conditions will affect the proposed develop
ment may be required. The report shall be prepared by
a geologist experienced in engineering matters and
qualified by the County Geological Qualification Board."

"Sec. 158. (9071 4-22-66) LAND SUBJECT TO FLOOD HAZARD,
INUNDATION, OR GEOLOGICAL HAZARD. If any portion of the
land within the boundaries shown on a tentative map of a
division of land is subject to flood hazard, inundation,
or geological hazard and the probable use of the prop
erty will require structures thereon, the advisory agency
may disapprove the map on that portion of the map so
affected, and require protective improvements to be con
structed as a condition precedent to approval of the map.

"If any portion of a lot or parcel of a division of
land is subject to flood hazard, inundation, or geological
hazard, such fact and portion shall be clearly shown on
the final map or parcel map by a prominent note on each
sheet of such map whereon any such portion is shown.

"Sec. 159. LAND SUBJECT TO OVERFLOW, PONDING OR HIGH
GROUND WATER. If any portion of such land is subject to
sheet overflow or ponding of local storm water or should
the depth to ground water be less than ten feet from the
ground surface the Regional Planning Commission shall so
inform the State Real Estate Commissioner.

"Sec. 160. (9071 4-22-66) NATURAL WATER-COURSE
DESIGNATION. In the event that a dedication of right of
way for storm drainage purposes is not required, the
Regional Planning Commission may require that the loca
tion of any water-course, channel, stream or creek, be
shown on the final map or parcel map."

Los Angeles County Uniform Building Code, 1970

"SEC. 308 -- PROHIBITED USES OF BUILDING SITES

"(a) Flood Hazard. Buildings housing occupancies
classified as A, B, C, D, H, or I are not permitted in
an area determined by the County Engineer to be subject
to flood hazard by reason of inundation, overflow or
erosion. This prohibition shall not apply when pro
vision is made to eliminate such hazard to the satis
faction of the County Engineer by providing adequate
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drainage facilities, by protective walls, by suitable
fill, by raising the floor level of the building, by a
combination of these methods or by other means.

"(b) Unsafe Building Site. Work requiring a building
or grading permit by this Code is not permitted in an
area determined by the County Engineer to be subject to
hazard from landslide, settlement or slippage. This pro
hibition shall not apply when the hazard has been elimin
ated to the satisfaction of the County Engineer as set
forth in (1) of this Subsection, or the condition is not
found to be unsafe for the proposed use by the County
Engineer as set forth in (2) of this Subsection.

"1. By modification of topography, reduction of
subsurface water, buttressing, a combination of these
methods or by other means.

"2. The applicant has submitted a geological and/or
engineering report or reports complying with the pro
visions of Section 309 which report or reports show
that the proposed use of the site will not be unsafe.
If a geological report indicates.that the site appears
to be safe for the proposed use but is located in an
area subject to a hazard of geological nature, before
a permit is issued the owner first shall record in the
office of the County Recorder the finding of such re
port or reports, and an agreement relieving the County
and all officers and employees thereof of any liability
for any damage or loss which may result from the issu
ance of such a permit. This agreement shall provide
that it is binding on all successors in interest of the
owner and shall continue in effect until the County
Engineer records in the office of the County Recorder
a statement that he finds such hazard no longer exists.

"(c) Fills Containing Decomposable Material. Buildings
or structures regulated by this Code shall not be con
structed on fills containing rubbish or other decomposable
material unless provision is made to prevent the accumula
tion of decomposition gases within or under enclosed por
tions of such buildings or structures and to prevent
damage to structure, floors, underground piping and
utilities due to uneven settlement of the fill. One-
story light-frame accessory structures not exceeding 400
square feet in area nor 12 feet in height may be con
structed without special provision for foundation stability.

"(d) Conditional Use. Work required by this Section
as condition for the use of the site shall be performed
prior to the connection of the utilities or occupancy of
the building.
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"SEC. 309 -- GEOLOGICAL ENGINEERING REPORTS

"The Building Official may require a geological or
engineering report, or both, where in his opinion such
reports are essential for the evaluation of the safety
of the site. A geological report shall be prepared by
an engineering geologist, qualified by the Los Angeles
County Engineering Geologist Qualification Board. The
report shall contain a finding regarding the safety of
the building site for the proposed structure against
hazard from landslide, settlement or slippage. An
engineering report shall be prepared by an engineer
experienced in soil mechanics. When both a geological
and an engineering report are required for the evalua
tion of the safety of a building site, the two reports
shall be coordinated before submission to the County
Engineer."

ALAMEDA COUNTY

Hayward Municipal Code

"SECTION 3-6.03 DEFINITIONS"

* * *
"10. ENGINEERING GEOLOGIST shall mean a geologist
licensed by the State of California to engage in the
practice of engineering geology.

"11. ENGINEERING GEOLOGY shall mean the application of
geologic knowledge and principles in the investigation
and evaluation of naturally occurring rock and soil for
use in the design of civil works."

* * *
"15. GEOLOGICAL REPORT shall mean a report prepared by
an engineering geologist, based on a study and investi
gation of the site by an engineering geologist, including
such geological structures and characteristics as fault
line, fault creep, and land slide, and shall include
recommendations for the execution, testing, and control
of all grading operations proposed."

* * *
"18. HAYWARD FAULT ZONE is defined as being that area over
or adjacent to the recently active breaks along the Hayward
Fault as shown on the most current geological map prepared
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by the United States Geological Survey. A copy of such
map and amendments and successors thereto shall be kept
on file in the office of the City Engineer."

* * *
"24. SOIL ENGINEER shall mean a civil engineer licensed
by the State of California to engage in the practice of
civil engineering who is experienced in and is engaged in
professional practice in the field of soil mechanics.

"25. SOIL ENGINEERING shall mean the application of the
principles of soil mechanics in the investigation, evalua
tion, and design of civil works involving the use of earth
materials and the inspection and testing of the construction
thereof.

"26. SOIL REPORT

"a. Preliminary Soil Report. 'Preliminary Soil
Report' shall mean a report prepared by a soil
engineer prior to any construction and for the
purpose of providing information for prepara
tion of plans and specifications. It shall be
based on an examination of the site by the soil
engineer and shall be a detailed engineering
report describing the complete soil investiga
tion by the soil engineer. It shall include but
not be limited to a description of the surface
and subsurface soil and groundwater characteris
tics, laboratory tests, and engineering analysis.
The report shall include recommendations for site
preparation, excavation, subsurface drainage, if
necessary, grading, filling, and the necessary
testing and control by the soil engineer to
insure proper construction.

"b. Final Soil Report. 'Final Soil Report' shall
mean a report prepared by a soil engineer des
cribing in detail all work performed under his
observation. It shall contain the results of
tests and express an opinion as to the adequacy
of the work completed and the conformance with
plans and specifications."

* * *
"SEC. 3-6.10 GRADING PERMIT REQUIRED. It shall be unlaw
ful for any person to commence or perform any grading in
the City without first having obtained a grading permit
from the City Engineer. A separate permit shall be re
quired for each site, but, however, one permit may be used
to cover both the excavation and fill made from the exca
vated material."

WOODWARD·CLYDE & ASSOCIATES
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* * *
"SEC. 3-6.13 HAZARDOUS CONDITIONS. Whenever the City
Engineer determines that any existing excavation or embank
ment or fill has become a hazard to life and limb, or en
dangers property, or adversely affects the safety, use, or
stability of a public way or drainage channel, the owner of
the property upon which the excavation or fill is located,
or other person or agent in control of said property, upon
receipt of notice in writing from the City Engineer shall
within the period specified therein repair or eliminate
such excavation or embankment so as to eliminate the hazard
and be in conformance with the requirements of this Article."

* * *
"SEC. 3-6.20 APPLICATION FOR PERMIT. An application for
a grading permit shall be in writing and filed with the
City Engineer on forms provided for said purpose. Said
application shall be accompanied by triplicate copies of
the following information, unless otherwise provided by the
City Engineer."

* * *
"14. Geological Report. Prior to issuance of a grading
permit, the City Engineer may require an engineering geo
logical investigation, based on the most recent grading
plans, and a geological report thereof. The geological
report shall include an adequate description of the geology
of the site and conclusions and recommendations regarding
the effect of geologic conditions on the proposed develop
ment. Where the site of the proposed grading is located in
the Hayward Fault Zone, such geological report shall be
mandatory.

"15. Soil Report. The City Engineer may require a soil
engineering investigation, based on the most recent grad
ing plan, and a soil report thereof. Such report shall
include data regarding the nature, distribution, and
strength of existing soils, conclusions and recommendations
for grading procedures, and design criteria for corrective
measures.

"16. All reports shall be subject to approval by the City
Engineer and be referred to Planning Director for review
and comment. Recommendations included in the report and
approved by City Engineer shall be incorporated in this
plan."

* * *
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"SEC. 3-6.23 ISSUANCE OR DENIAL OF PERMIT"

* * *

"3. DENIAL FOR GEOLOGICAL OR FLOOD HAZARD. If, in the
opinion of the City Engineer, the land area for which
grading is proposed is subject to geological or flood
hazard to the extent that no reasonable amount of correc
tive work can eliminate or sufficiently reduce the hazard
to human life or property, the grading permit shall be
denied."

* * *

"SEC. 3-6.38 DESIGN STANDARDS

"1. GENERAL INTENT. It is the general intent of the regu
lations of this Section that site development design shall
preserve to the extent that is reasonable and feasible the
existing natural scenic value of hills and valleys and con
tours of land.

"2. CRITERIA FOR DESIGN. All site development work, whether
or not a permit is required under this Article, shall be
designed to:"

* * *

"h. Take into consideration geologic hazards and adverse
soil conditions and their effect on the future
stability of the development."

* * *

"SEC. 3-6.40 GRADING INSPECTION AND SUPERVISION.

"1. GRADING INSPECTION, GENERAL. All grading operations
for which a permit is required shall be subject to inspec
tion by the City Engineer. When required by the City
Engineer, special inspection of grading operations and
special testing shall be performed in accordance with the
provisions of paragraph 3 of this Section.

"2. GRADING DESIGNATION. All grading in excess of two
thousand (2000) cubic yards shall be performed in accord
ance with the approved grading plan prepared by a civil
engineer, and shall be designated as 'engineered grading.'
Grading involving less than two thousand (2000) cubic yards
shall be designated 'regular grading' unless the permittee,
with the approval of the City Engineer, chooses to have the
grading performed as 'engineered grading.'

WOODWARD·CLYDE & ASSOCIATES
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"3. ENGINEERED GRADING REQUIREMENTS. For engineered
grading it shall be the responsibility of the civil
engineer who prepares the approved grading plan to in
corporate all recommendations from the soil and geological
reports into the grading plan. He shall also be responsi
ble for the professional inspection of the work and ex
pression of a professional opinion as to the adequacy of the
grading within his area of technical specialty. This res
ponsibility shall include, but need not be limited to,
inspection and certification as to the establishment of
line, grade, and drainage of the development area. The
civil engineer shall act as the coordinating agent in the
event the need arises for liaison between the other pro
fessionals, the contractor, and the City Engineer. The
civil engineer shall also be responsible for the prepara
tion of revised plans and the submission of as-graded
grading plans upon completion of the work.

"Soil reports shall be required as specified in
Section 3-6.20. During grading all necessary reports,
compaction data, and soil engineering and engineering
geology recommendations shall be submitted to the civil
engineer and the City Engineer by the soil engineer and
the engineering geologist.

"The soil engineer's area of responsibility shall
include, but need not be limited to, the professional in
spection and submission of a professional opinion concern
ing the preparation of ground to receive fills, testing for
required compaction, stability of all finish slopes, and
the design of buttress fills, where required, incorporating
data supplied by the engineering geologist.

"The engineering geologist's area of responsibility
shall include, but need not be limited to, professional
inspection and submission of a professional opinion con
cerning the adequacy of natural ground for receiving fills
and the stability of cut slopes with respect to geological
matters, and the need for subdrains or other ground water
drainage devices. He shall report his findings to the soil
engineer and the civil engineer for engineering analysis.

"The City Engineer shall inspect the project at the
various stages of the work requiring certification and at
any more frequent intervals necessary to determine that
adequate control is being exercised by the professional
consultants."

* * *
"5. NOTIFICATION OF NONCOMPLIANCE. If, in the course of
fulfilling his responsibility under this Article, the super
vising civil engineer finds that the work is not being done
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in conformance with this Article or the plans approved by
the City Engineer, or in accordance with accepted practices,
he shall immediately notify the person in charge of the
grading work and the City Engineer in writing of the non
conformity and of the corrective measures to be taken."

* * *
"SEC. 3-6.43 COMPLETION OF WORK

"1. FINAL REPORTS. Upon completion of the rough grading
work and at final completion of the work the City Engineer
may require the following reports and drawings and supple
ments thereto:

"a. An as-graded grading plan prepared by the civil
engineer including original ground surface patterns
and locations and elevations of all surface and
subsurface drainage facilities. He shall render
a professional opinion as to whether the work was
done in accordance with the final approved grad
ing plan.

"b. A Soil Grading Report prepared by the soil engineer
including locations and elevations of field density
tests, summaries of field and laboratory tests, and
other substantiating data and comments on any changes
made during grading and their effect on the recom
mendations made in the soil engineering investigation
report. He shall include a professional opinion as
to the adequacy of the site for the intended use.

"c. A Geologic Grading Report prepared by the engineer
ing geologist including a final description of the
geology of the site including any new information
disclosed during the grading and the effect of same
on recommendations incorporated in the approved
grading plan. He shall render a professional
opinion as to the adequacy of the site for the
intended use as affected by geologic factors."

STATE OF CALIFORNIA

Excerpt from State Planning Law relating to general plans.

"Article 5. Authority for and Scope of General Plans

"65300. Each planning agency shall prepare and the legis
lative body of each county and city shall adopt a compre
hensive, long-term general plan for the physical development
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of the county or city, and of any land outside its bound
aries which in the planning agency's judgment bears rela
tion to its planning.

"65301. The general plan shall be so prepared that all or
individual elements of it may be adopted by the legislative
body, and so that it may be adopted by the legislative body
for all or part of the territory of the county or city and
such other territory outside its boundaries which in its
judgment bears relation to its planning.

"65302. The general plan shall consist of a statement of
development policies and shall include a diagram or dia
grams and text setting forth objectives, principles, stand
ards, and plan proposals. The plan shall include the follow
ing elements:

"(a) A conservation element for the conservation, develop
ment, and utilization of natural resources including water
and its hydraulic force, forests, soils, rivers and other
waters, harbors, fisheries, wildlife, minerals, and other
natural resources. The conservation element may also cover:

"(1) The reclamation of land and waters.

"(2) Flood control.

"(3) Prevention and control of the pollution of
streams and other waters.

"(4) Regulation of the use of land in stream
channels and other areas required for the
accomplishment of the conservation plan.

"(5) Prevention, control, and correction of the
erosion of soils, beaches, and shores.

"(6) Protection of watersheds.

"(7) The location, quantity and quality of the
rock, sand, and gravel resources.

"(b) A recreation element showing a comprehensive system
of areas and public sites for recreation, including the
following and, when practicable, their locations and pro
posed development:

"(1) Natural reservations.

"(2) Parks."

* * *
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"(k) A safety element for the protection of the community
from fires and geologic hazards including features necessary
for such protection as evacuation routes, peak load water
supply requirements, minimum road widths, clearances around
structures, and geologic hazard mapping in areas of known
geologic hazards."

There is a pending amendment concerning the earthquake hazard
element which defines the applicable hazards from earthquakes
(susceptibility to surface rupture from faulting, to shaking,
to ground failure, and to tsunamis) and shall set standards
for land use and development in such areas.

California State Education Code, Chapter 434, Section 15002.1

"The governing board of a school district, prior to
acquiring any site on which it proposes to construct any
school building as defined in Section 15452, shall have
the site, or sites, under consideration investigation by
competent personnel to ensure that the final site
selection is determined by an evaluation of all factors
affecting the public interest and is not limited to
selection on the basis of raw land costs only. The
investigation shall inolude suoh geologioal and enginee~

ing studies as will p~eolude siting of a sohool ove~ o~

within a fault, on o~ below a slide a~ea, o~ in any othe~

looation whe~e the geologioal oha~aote~istios a~e suoh
that the oonst~uotion effo~t ~equi~ed to make the site
safe fo~ oooupanoy is eoonomioally unfeasible. The
evaluation shall also include location of the site with
respect to population, transportation, water supply,
waste disposal facilities, utilities, traffic hazards,
surface drainage conditions, and other factors affecting
the operating costs, as well as the initial costs, of
the total proj ect." (emphas is added)
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MAP LEG E N D

CLASS I - Prominent or Obvious Fault

CLASS II - Probable Fault or Rupture
CLASS III - Possible Fault or Rupture

~ LANDSLIDE - Arrow shows direction of movement

DASHED LINES are approximate

DOTTED LINES are concealed or inferred

All lineaments were mapped using special
low sun-angle illumination aerial photo
graphs taken especially for this project.
The basic scale of the photographs is
1:12,000 (1 inch = 1,000 feet), although
scales of 1:5,000 and 1:6,000 were flown
for detailed investigation of specific
areas. Fault-related features were opti
cally transferred from photographs to
7-1/2 minute topographic base maps using
a vertical sketchmaster and were checked
by inspection and scale dividers.

ACCURACY

Fault-related features plotted on the map
generally have a lateral accuracy of ±
100 feet. In areas of high relief or
where cultural development such as roads,
fence lines, and other similar features
are lacking, the accuracy may be no bet
ter than ± 200 feet. In urbanized areas
the fault features have been modified and
obscured by city development. In these
areas only the most obvious scarps are
plotted and more detailed studies are
needed to locate the less prominent sec
ondary faults.

PURPOSE OF MAP

The purpose of these maps is an aid for
general regional land-use planning. The
information presented is intended to
provide a framework for more detailed
investigation and evaluations. We are
confident that the features plotted as
Class I faults are the locations of the
most recent surface fault ruptures. The
Class I features have significant verti
cal relief or extend from surface rup
tures having significant vertical relief.

It is our belief that all the Class I
lineaments are well defined topographic
features that mark the most recent sur
face fault ruptures. They are believed
to have been mostly produced by rapid
fault displacements associated with
strong earthquakes. Most Class I rup
tures are undoubtedly the result of re
peated fault displacements that are con
centrated along previously established
planes of weakness. Therefore, the
Class I faults are the most likely can
didates for significant future move
ments. Some fault movement along the
Wasatch fault may be by slow tectonic
creep as has been documented along
other active faults.

The Class II features are probably sur
face faults. They have little vertical
relief and may be secondary fault-

related features associated with ground
failure or graben development.

The Class III features are possible sur
face faults. They have little or no
vertical relief. Most of them appear
to be related to the Class I and II
fault features; however, some Class III
features may represent erosional fault
line features or shore-line features
and this should be taken into considera
tion in more detailed investigations.
The Class III features are shown because
we feel they are possibly fault related
and are important enough to be con
sidered for further investigation and
evaluation. Our confidence level de
creases from Class I to Class III.

It is important to understand that some
minor fault breaks may not have been
identified or recognized, or they may
be confused with shore-line features
again emphasizing the need for more de
tailed surface mapping and subsurface
investigations.

The most recent movements on the Wasatch
fault are predominantly vertical, with
the mountain block being displaced rela
tively upward in respect to the valley
block. Because of the vertical movement
and the geometry of the fault plane,
past movements along the Wasatch fault
have produced grabens and tilted blocks
adjacent to the main fault break. Fu
ture movements are expected to also pro
duce tilted blocks and this should be
given serious consideration in locating
high-rise buildings or other structures
that cannot tolerate tilting or changes
in lines of level. Tilting should be
of prime concern in more detailed in
vestigation and evaluations.

Landslides are common along portions of
the Wasatch fault. Many of them are
outlined on the prepared maps. Some are
presently active and some appear to be
in a state of equilibrium. The land
slide debris deposits are important be
cause, even though some appear not to
be presently moving, they are potenti
ally unstable, especially if they are
altered or disturbed. Disturbances by
earthquakes, fault movements, man-made
cuts or heavy rainfall could re-activate
the slide mass. Therefore, detailed in
vestigations must be carried out before
development is allowed near these land
slides.
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