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ABSTRACT 

A Study of Geologic Hazards and Geotechnical Input for 

Selected Critical Facilities - Cache Valley , Utah 

by 

Kenneth Robert Green, Master of Science 

Utah State University, 1977 

Major Professor: Dr. Loren Runar Anderson 
Department : Civil and Environmental Engineering 

Important public facilities located in Cache Valley, Utah, 

ix 

were studied to assess their exposure to geologic hazards. Also, the 

level of geotechnical and geologic expertise involved in the siting, 

design, and construction of critical public facilities was studied. 

A discussion of several individual facilities, that were exposed to 

some degree of haz ard, was presented to illustrate the nature of the 

problem. 

Earthquake hazards probably constitute the greatest threat to 

facilities and to the general welfare of the public. Many earth-

quake hazard mitigation measures were discussed and recommendations 

were made, based on aseismic design criteria which has been developed 

for seismically active areas such as California. 

A goal of this study was to present information concerning the 

seriousness of the current geologic hazard situation in Cache Valley, 

Utah, in an attempt to help generate public interest in understanding 

and correcting the problem . 

(140 pages) 



CHAPTER 1 

INTRODUCTION 

Nature of Problem 

Cache Valley and other parts of Utah are susceptible to certain 

types of geologic hazards. For the purpose of this study a geologic 

hazard has been defined as a geologic condition that poses a threat 

to a structure or community in a manner that threatens life, property, 

and essential activities . This study was conducted to evaluate geo

technical input and to identify geologic hazards that could influence 

vital facilities used by the public. 

Certain geologic processes or events pose hazards which if not 

properly guarded against could cause damage or destruction. This 

damage could in turn lead to social and political disorder, loss of 

life, and loss of financial or physical investment. Proper planning, 

analysis, and design of structures and appropriate consideration of 

the natural forces acting on them will minimize the negative effects 

of disruptive forces. 

During the course of this study, lifeline facilities, emergency 

service structures, and other important public facilities were studied 

from a geotechnical and geologic viewpoint. Lifeline facilities are 

utilities such as pipelines, transmission lines, transportation and 

communication lines which are owned and operated by public entities 

and utility companies. These facilities are classified into four 

general categories by the American Society of Civil Engineers and are 

listed below: 



• Energy 

• Water 

• Transportation 

e Communication 

A further breakdown of lifelines is shown in Table 1-1 after Duke 

(1975). 

Table 1-1. Lifeline facilities (after Duke, 1975). 

Energy Water 

Electricity Potable 

Gas Flood 

Liquid fuel Sewage and solid waste 

Transportation Communication 

Highway Telphone and telegraph 

Railway Radio and t elevis ion 

Airport Main and press 

Harbor 

Emergency service structures can be identified as: 

• Government buildings housing principal 
emergency operating centers 

• Police stations and security cells 

• Fire s tations and ambulance housing stations 

• Hospitals and medical clinics 

e Convalescent homes 



Lifeline and emergency service structures are facilities which must 

remain operable in the event of a major geologic disruption as well 

as during everyday activities. Special design and cons truction 

considerations are, threfore, warranted to assure that thes e facilities 

remain operational during and after all types of natural and man creat-

ed disasters. Because of the nature of certain lifeline and critical 

facilities, additional precaution shou ld be taken to protect life, 

property, and certain essential activities from the disruption of the 

facility itself. Disruption of gas or liquid fuel l ines, contamina-

tion of potable water supp lies because of broken sewage lines, or re-

lease of large bodies of water contained by a dam are just a few 

examples of such problems. Duke (1975) summarizes several serious 

implications associated with failure of lifeline and emergency service 

structures, considered from the viewpoint of their impact on society. 

• Direct financial losses 

e The inability to protect against secondary 
disasters such as fires, famines, epidemics, 
and crime. 

• The inability to protect against the lifeline 
itself if its nature is such that it may become 
a hazard to life and property. 

• Suspension of employment and other activities 
which are dependent upon the lifeline. 

It is important that high occupancy and certain other important 

public facilities be designed to provide public safety. These s truc-

tures must be analyzed, designed, and constructed to minimize the 

level of risk associated with geologic hazards . Although these struc-

tures may not be required to remain operable after a disruption, a 

serious failure of the structure clearly poses a threat to loss of 



life, property, and human activity. Also, during this study, the 

following types of existing and proposed high occupancy and important 

public facilities were reviewed from a geotechnical viewpoint: 

e Schools 

e Large apartment complexes 

e Office buildings higher than 3 stories 

e Dams higher than 20 feet (6 meters) or 
retaining more than 50 acre-feet (61,700 
cubic meters) of water. 

Many types of geologic processes act slowly to degrade engineer -

ing works. Proper planning, analysis, design, construction, and ap-

propriate consideration of the natural forces at work will greatly 

minimize the problem. 

Characteristics of Cache County 

Cache Valley, Utah, is a geographical subdivision lying within 

the bounds of Cache County and is located in the northeast corner of 

Utah. Figure 1-1 shows the county boundary and indicates the approxi-

mate limits of Cache Valley, Utah. Figure 3-14 shows the location 

of Cache County within the bounds of Utah. Box Elder County, a much 

l arger county lies to the west, and Rich County, a smaller county, 

lies to the east. 

Cache County is one of 29 Utah counties. It ranks 5th in popula-

tion and 23rd in size among the other counties. The 1970 census indi-

cates that about 42,300 people reside in Cache County and Logan is the 

largest city with a population of approximately 24,000. Most of the 

people live in towns and rural communities but many live on farms. 
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Agriculture and light industry provides the primary economic 

activity of the county. Most of the valley land, up to the foothills, 

is irrigated and farmed and in many areas where topography and slope 

permits, the foothill benches are dry-farmed. 

Utah State University is located at Logan and was founded in 1888. 

The university is widely recognized as one of the leading institutions 

in Agriculture and Water Resource Technology. Its presence plays an 

important part in the economic and cultural life style of the county. 

Cache County's climate is moderate and dry. Average summer maxi

mum temperatures range from 80°F to 90°F and average winter conditions 

are cold. The valley normally receives approximately 20 inches 

(50.8 em) of precipitation annually with the accumulations of up to 

50 inches (127 em) normally occurring in the mountains (Jeppson et al. 

1968) . Snow usually covers the valley floor during December, January 

and February . The frost-free season is usually about 150 days, lasting 

from May through September (Bjorklund and McGreevy, 1971). 

Purpose of Study 

For this study, geologic hazards were divided into two groups; 

seismic hazards and other geologic hazards. These hazards, some of 

which may influence many local vital facilities, are listed below and 

are described in detail in Chapter 3 . 

Seismic hazards 

e Strong ground shaking 

e Surface fault rupture 

• Liquefaction 



e Misce ll aneous gr ound failure 

• Sei ches 

Other geologi c ha zards 

• Landslides 

• Floodi ng 

• Erosion 

• Expans i ve soil 

• Subsidence 

The purpose of thi s i nvestigation was to study the level of geo-

technical and geologic expertise that was involved in the siting, design, 

and construction of exi sting critica l public facilities, and to study 

geologic hazards threatening existing structures in Cache Valley, Utah, 

in an effort to provide insight to improve futur e construction. This 

study was intended to be indicative of the adequacy of current design 

practices in Cache County. 

Geologists and geot echnical engineers should both play an impor-

tant role in the siting, design, and construction of vital public 

facilities . The geologist is involved in the study of geology which 

Legget (1962) defines as : 

"That branch of natural science devoted to the 
study of the physical features of the earth, 
the composition and structure of the rocks 
composing it, the forces at work in altering 
it, and the record of the animals and plants 
that have lived on its lands and inhabited its 

seas." (Legget, 1962) 

The geologist's input into the planning of engineering works is 

based largely on observation. Geologic events that have transpired 

in the past are studied in an effort to define the physical nature, 

composition, and forces which may act on earth materials in the future. 



The role of the Geotechni ca l Engineer is to study the earth 

material s and their abi lity to support engineering works . The Geo 

technical Engineer often uses tests on the soil and various analytical 

procedures to help predict future behavior. The chief difference 

between the fields of geology and geotechni cal engineering i s that 

in geo l ogy, observation predominates and in geotechni cal engineering, 

testing and analysis predominat es . Competency in these disciplines 

requires experience . Proper evaluat ion of a site s hould incorporate 

a planning, testing, and analysis program which is based on a t eam 

effort invol ving both a geologi st and a geotechnical engineer. 

Methodology 

Most of the f ac il i ties reviewed during this study are owned and 

operated by communities within Cache County, Utah. Table 1-2 is a 

list of communities involved and the approximate population of each 

(1970 census). Figure 1-1 by Bjorklund and McGreevy (1971) shows 

the location of the communities and indicates the sources of public 

water. 

Basic data was collect ed on existing and proposed vital facili

ties. This data was studied to assess the level of geotechnical input 

and to identify problem ar eas associated with geologic hazards. 

Collection of the basic data for each facility consisted of a detailed 

site examination of the facility and its environment , conversations 

with persons known to be knowledgeable about the design or construction 

of the facilitiy, reviews of published environmental and geotechnical 

reports pertaining to the facility and reviews of all available plans, 
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specifications, design or construction notes, and reports on the 

facility. In some cases, especially those involving older structures, 

little or no information or documentation was available to indicate 

design considerations or thoroughness of the geotechnical investigation. 

Accurate and meaningful collection of facility data was largely dependent 

upon the cooperation received from the design professionals, owners, 

and persons knowledgeable about the facility. If their cooperation 

was lacking or if the information was not available, the evaluations 

of the facility may have reflected less geotechnical design and con-

struction considerations than actually may have been addressed. 

Table 1-2. List of communities included in this study. 

Community 

Amalga 
Benson 
Clarkston 
Cornish 
Cove 
Hyde Park 
Hyrum 
Lewiston 
Logan 
Mendon 
Millville 
Newton 
Nib ley 
North Cove 
North Logan 
Paradi se 
Providence 
Richmond 
River Heights 
Smithfield 
Trenton 
Wellsville 

Population 

220 
90 

sso 
200 
so 

1200 
2400 
1300 

24000 
36S 
450 
470 
380 
so 

lSOO 
420 

1700 
lOSO 
1050 
3500 

400 
1300 
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The state-of-the-art in geotechnical engineering has advanced 

significantly in the last several decades. Accordingly, the design 

standards for most facilities constructed in recent years were much 

more rigorous than the standards used during the construction of 

older structures. Since this evaluation involved the study of geo

technical considerations given to the planning, design, and construc

tion of various facilities in light of current standards, present 

day standards provided the basis for comparison. It was also recog

nized that certain types of structures require special considerations 

and individual attention. The design of a vital facility such as a 

hospital warrants a very detailed and thorough geologic and geotechni

cal investigation. In contrast, a culinary water storage facility 

would not warrant the detailed si te investigation that a hospital 

would require. However, these are both critically important facilities 

which must be designed to assure a high level of dependability. 

In reviewing individual facilities, a subjective judgment was 

required to evaluate the level of geologic and geot echnical expertise 

which should have been involved in the siting, design, and construction 

of the facility. Guidelines, as set forth by various state and Federal 

agencies, private design professionals, and universities, were used 

in making these judgments. 

Chapter 3 discusses many of the important geologic hazards that 

could affect individual facilities and some of the guidelines that 

should be employed during siting, design, or construction of a facili

ty. In carrying out the study, the actual geologic and geotechnical 

expertise that was employed with the design and construction of a 
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facility was compared with the subjective judgment of what should 

have been required for the facility. A discussion of apparent hazards 

affecting some facilities is included in Chapter 4. The purpose of 

the discussion of Chapter 4 is to indicate that certain geologic haz 

ards do exist in Cache County and may influence the safety of some 

critically important structures. The discussion of Chapter 4 i s not 

intended to reflect negatively on any community or organization nor 

is it intended to indicate that better alternatives to siting design 

or construction were avai labl e in all cases. It is intended to 

indicate that certain geologic hazards may pose a threat to vital 

utilities and structures and that the hazards must be acknowledged 

and studied as necessary for the safe operation of the facility. 

Thi s study considered only the geologic and geotechnical features 

affecting a site and did not evaluate such factors as hydraulic design, 

political or social impacts, or economic considerations. The proper 

siting, design and construction of a facility must consider all of 

these factors. 



CHAPTER 2 

GEOLOGIC SETTING 

General Features 

12 

Cache Valley is a north-south trending elongate basin located 

partly in Utah and partly in Idaho. The valley floor is about 60 

miles (97 kilometers) in length with approximately 35 miles (57 

kilometers) in Utah and 25 miles (40 kilometers) in Idaho . The width 

varies roughly from to 16 miles (12.8 to 25.7 kilometers), with the 

widest point being at the Utah-Idaho border . The valley's drainage 

basin which is part of the Bear River Basin, includes approximately 

1,840 square miles (4765 square kilometers). The lowest point in 

the valley, where the Bear River exits at Junction Hills, is about 

elevation 4,400 feet. Mountain ranges surround the county on three 

sides; the Bear River Range to the east, the Bannock, Malad, and 

Wasatch Ranges to the west and the South Hills to the south. The 

valley floor is at an approximate elevation of 4500 feet above sea 

level and is principally composed of lacustrine sediments deposited 

in the ancient Lake Bonneville which once flooded the valley. 

Cache Valley is a complex graben, bounded by basin and range 

faults on both sides. The valley is the downthrown fault block and 

is composed of sediments of Cenozoic Age. The uplifted blocks form

ing the surrounding mountain ranges are composed mainly of rocks of 

Paleozoic Age and limestone and sandstone are the predominant rock 

types. The faults on either side of the valley are steeply dipping 
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normal or gravity faults and are recognized as active . (Refer to 

Figure 2-1 by Williams, 1962.) The vertical displacements along these 

fault systems may exceed 10,000 feet (3048 meters) in some locations 

(Bjorklund and ~lcGreevy, 1971). This horst and graben geologic struc

ture is typical of the basin and range Physiographic Province. 

Utah is seismically active and is part of the Intermountain 

Seismic Belt. Principal active fault zones such as the Cache Valley 

Faults and the Wasatch Fault are part of this sesimic belt and are 

discussed in detail in Chapter 3. 

Lake Bonneville 

During and subsequent to the fault movements the valley has con

tinually received clastic sediments which have backfilled the valley 

to its present level. The deposition of these sediments was largely 

controlled by the ancient Lake Bonneville which once occupied the 

valley. Lake Bonneville existed during the Pleistocene epoch and 

covered a major portion of Utah and extend ed into Idaho and Nevada 

(see Williams, 1962, pp. 131). The Great Sal t Lake is the present 

remnant of the ancient lake and is now approximately 950 feet (290 

meters) lower than the maximum Bonneville elevation . The elevation of 

the present Great Salt Lake has not r isen higher than about 110 feet 

(34 meters) above the current level for over 11,000 years (Williams, 

1958). 

The level of Lake Bonneville is known to have fluctuated over a 

wide range of elevations. Two distinguishable levels can be traced 

in the Cache Valley. The lake is thought to have risen to an approxi

mate elevation of 5135 feet during the maximum cycle, which is known 
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Figure 2-l. Di agrammatic cross-section of Cache Valley from 
Cache Butte through Amalga to Smithfield (after 
Williams, 1962). 
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as th e Bonneville level. The l ake then receded to a lower l evel 

and possibly even dried up for a short geologi c time before r eturning 

to the Provo level . The Provo l eve l is found at about e l evation 4800 

feet. Due to fault disp lacements subsequent to the development of 

these two beach terraces, these levels are not consistent throughout 

the valley. It has been i ndicated that t he Bonneville leve l differs 

as much as 100 feet (30 meters) a t different locations within Cache 

Valley (Bjorklund and McGreevy, 1971). It is a lso suggested that the 

difference in shore line elevations may be partly due to isos t at ic 

rebound due to unloading as Lake Bonnevil l e receded (Bjorklund and 

McGreevy, 1971). 

The Bonneville level sediments cover many of the higher bench 

areas up to the foothill areas. These sediments range in thickness 

from about SO to 100 feet (lS to 30 meters) and are the oldest of the 

Lake Bonnevi lle unconsol idat ed sediments. They are composed mo s tly 

of si lt but a l so include some gravel i n embankments and small del t as. 

The Provo l evel sediments are found extensively in the Cache 

Valley and they cover the older Bonneville level sediments in many 

areas . The Provo formations include extensive gravel deposits in 

spits and river deltas, as well as lacustrine silt and clay sediments 

that settl ed from suspension in the lake water onto the lake bottom. 

The thickness of this formation is as much as 7S feet (23 meters) 

in s ome locations but varies from SO to 75 feet (l S to 23 meters) in 

thickness (Williams, 1962). 

Provo level deposits are most important in the Cache Valley, 

since they make up the sand and gravel deposits found in this ar ea. 
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The east side of the valley illustrates this fact, since each of 

the principle streams entering the valley has formed large sand and 

gravel delta deposits at the mouths. This can be seen at the mouths 

of the Little Bear River, Blacksmith Fork, Providence, Logan, High 

Creek, and Cherry Creek canyons. These large deltas, partly reworked 

by the parent streams as Bonneville Lake receded from the Provo 

level, produce the terraced land forms as seen today. Utah State 

University stands on the major Provo level bench, and the city of 

Logan occupies three or more of the small recessional benches. 

The towns of Lewiston, Cornish, Trenton and Benson have been 

built on a large sand levee along the Bear River. This levee was 

formed as the river followed its course during the time when the water 

was receding from the Provo level. The sand was derived from a large 

sand delta at the north end of the valley which was formed when the 

lake stood at a higher elevation. As the lake receded, the delta was 

disected and the sediments were carried over the new flood plains, to

ward Junction Hills, where the river presently exits from the val ley . 

Groundwater 

Groundwater is generally abundant in the valley. The source of 

the water is mainly from the Paleozoic rocks of the mountains, which 

feed sand and gravel deposits within the valley. Solution within 

Paleozoic carbonate rocks of the Bear River Range has developed zones 

of high permeability, especially along joint systems and bedding planes. 

Although a few large caves have developed as solution channels in 

these rocks, large solution channels are not found abundantly. 
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Within the valley areas, below the foothills, most of the devel

oped groundwater systems derive their water from wells. However, 

where coarse alluvium lies above Lake Bonneville silt and clay deposits 

contact springs are common. For instance, the major river deltas of 

the Provo sediments such as the Logan River and the combined deltas 

of Blacksmith Fork and the Little Bear River lie above the fine 

lacustrine lake sediments. The groundwater moving into the valley 

from the mountain sources travels in the pervious zones, above the 

fine grained lacustrine deposits. Similarly, where post Lake Bonneville 

deposits extend out on the old lake bed the springs are found to occur 

along the sides and ends of the deposit . 

Typical of lacustrine deposits and the f luctuating level of Lake 

Bonneville, inter-tongued layers of silt and c l ay, and sand and gravel 

was depos ited along the sides of the valley in the subsurface strata. 

The coarse grained sediments in these l ayers store large quantities 

of groundwater and provide a high enough permeability that the water 

is readily available if tapped. Many of these large underground 

aquifers are confined from near the recharge areas of the foothills 

to far out into the valley and consequently, widespread artesian con

ditions are prevalent. These aquifers are probably sheets and channels 

of coarse grained sediments which grade valleyward into sand (refer 

to Figure 2-2 by Bjorklund and McGreevy, 1971). The illustration in 

Figure 2-2 shows the confining nature of the fine-grained sediments 

and provides an idealistic portrayal of the movement of groundwater 

from the mountains to the valley. Piezometric heads of as high as 62 

feet (18.9 meters) above the land surface have been reported near 
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Figure 2-2. Relation of conf ined, unconfined, and perched groundwater in 
Cache Valley. (After Bjorklund and ~lcGreevy, 1971.) ;;; 
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Benson (Bjo;klund and McGreevy, 1971) however, the head on most 

wells is 40 feet (12 meters) or less. The confined aquifers of the 

valley commonly show the deeper beds having slightly higher piezometric 

heads. This may be due to differences in the permeability of various 

aquifers and the associated head loss . Also, the recharge area for 

most aquifers is complex in nature and elevation differences in the 

source water may influence the varying piezometric level of the 

different aquifers . The bulk of the artesian conditions generally 

occurs below the valley floor elevation of 4500 feet (Bjorklund and 

McGreevy, 1971). 

Many springs occur along the base of the mountains and are prob

ably fault controlled. These springs are generally located in a linear 

fashion along the fault traces and may provide for lateral movement 

of groundwater along the fractured fault zone. Although the ground

water temperature fluctuates a minor amount throughout the valley from 

these apparent fault controlled springs, the temperature fluctuation 

is not enough generally to suggest that the source of the water is 

deep. Instead, the fault zones may act primarily as a zone for 

lateral conveyance of the groundwater from the higher mountain sources. 

Perched water tables exist in many parts of the Cache Valley 

region. Several perched water tables can conceivably exist at one 

location and are formed as the water which percolates downward, is 

intercepted by soils of lower permeability. The water inflow, above 

the zone of low permeability is greater than the transmissibili t y 

of the fine-grained soil. Perched water tables are encountered in 

excavations for construction and in wells but are poorly mapped due 
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to seasonal groundwater level fluctuations and lack of wells which 

tap these zones. 

The Bjorklund and McGreevy (1971) report indicates that there 

has been no upward or downward trend for the groundwater levels in the 

valley in the 30 years of record, as recorded from wells (other than 

response to precipitation). Increased amounts of groundwater and 

overland flow has been diverted for irrigation purposes in recent 

years. This water is released into perched surface water tables and 

may be causing a rise in the near surface water table in some parts 

of the valley. 

The Bear River delta is significantly different than many other 

river delta areas in Cache Valley. The deltas of other streams which 

enter the valley, are formed by geologically young streams with 

sufficient energy to transport coarse-grained sediments. The Bear 

River is an older stream and has a lower energy level. This river 

delta has deposited sand and silt which is derived from upstream 

basins, and generally contains poor aquifers. 

Post Lake Bonneville 

Relatively little geologic change has taken place since Lake 

Bonneville occupied the valley. The streams entering the valley have 

continued to cut into their respective deltas and the flood plains and 

deltas have been reworked and redeposited further out on the old lake 

bottom . 
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CHAPTER 3 

GENERAL ASPECTS OF GEOLOGIC HAZARDS 

Seismic Hazards 

General 

Earthquakes can cause damage in a variety of ways. This damage 

can be mitigated only by properly understanding seismic mechanisms 

and through appropriate planning, zoning, design and construction in 

hazardous areas. The major seismic hazards considered in this study 

are described in this chapter and .include: 

• Strong ground shaking 

• Surface fault rupture 

• Liquefaction 

• Mi see llaneous ground failure 

• Seiches 

Earthquake scales 

Intensity and magnitude are terms which are commonly used to 

describe certain characteristics of an earthquake. Intensity is used 

to indicate earthquake severity at a specific location. It measures 

the observable effects of an earthquake as determined through inter

views in the quake-stricken area, damage surveys, and earth movement 

studies. 

Magnitude is a term which expresses the total amount of energy 

rele ase from an earthquake as determined by measuring the amplitudes 

produced on standard recording instruments. Therefore, it does not 
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consider the effects at any specific location. The equation relating 

magnitude of an earthquake and the amount of energy which it releases 

is given by Lew, Leyendecker, and Dikkers (1971) as 

log
10 

E = 11.5 + 1.5 M 

where E is the energy and M is the Richter magnitude. As the magnitude 

increases, the amount of energy released increases logarithmically. 

An earthquake of magnitude 8 represents an energy release of about 

31.6 times the amount of energy release in a magnitude 7 earthquake, 

and about 1000 times as much energy as a magnitude 6 earthquake. 

The Modified Mercalli Intensity Scale is shown in Table 3-1. 

The Richter Scale of Magnitude versus equivalent energy in tons of TNT 

is illustrated in Figure 3-1. The energy released from three local 

earthquakes are shown on Figure 3-1 and compared with five well known 

earthquakes and with the energy released from both the Hiroshima 

Atom Bomb and 1 megaton H-Bomb. Also, shown on Figure 3-1 are 

estimates of the energy that would be released from maximum credible 

earthquakes along the Wasatch Fault and the East and West Cache Faults . 

The maximum credible earthquakes were estimated from data presented 

by Bonilla (1967). 

Strong ground shaking 

Characteristics of bedrock motion . Ground shaking during earth

quakes causes the most widespread damage as evidence from recorded 

earthquakes. When a fault zone ruptures, soil and rock materials 
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Table 3-1. Modified Mercalli intensity scale of 1930. (Abridged and 
rewritten.) (After Lew, Leyendecker, and Dikkers, 1971 .) 

Intensity Description 

I. Not felt. 

II . Felt by persons at rest, on upper floors, or favor
ably placed. 

III. Felt indoors. Hanging objects swing. Vibration 
like passing of light trucks. May not be recog
nized as an earthquake. 

IV. Hanging objects swing. Vibrati on like passing of 
heavy trucks or sensation of a jolt like a heavy 
ball striking the walls. Standing motor cars 
rock. Windows, dishes, doors rattle. Glasses 
clink . Crockery clashes. Wooden wall s and frames 
creak. 

V. Felt outdoors; direction estimated. Sleepers waken
ed. Liquids disturbed, some spill ed. Small unstable 
objects displaced or upset. Doors swing, close, 
open. Shutters, pictures move. 

VI. Felt by all. Persons wa lk unsteadily. Windows, 
dishes, glassware broken. Knickknacks, books, etc., 
off shelves. Pictures off walls. Furniture moved 
or overturned. Weak plaster and masonry D cracked. 
Small bells ring (church, school) . Trees, bushes 
shaken visibly, or heard to rustle . 

VII. Difficult to s tand . Noticed by drivers of automo
biles. Hanging objects quiver. Furnature 
broken . Damage to masonry D, including cracks. 
Weak chimneys broken at roof line. Fall of plas
ter, loose bricks, stones, tiles, cornices, also 
unbraced parapets and architectural ornaments. 
Some cracks in masonry C. Waves on ponds; water 
turbid with mud. Small slices and caving in along 
sand or gravel banks. Large bells ring. Concrete 
irrigation ditches damaged. 
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Table 3-1. Continued. 

Intensity Description 

VIII. Steering of automobiles affected. Damage to masonry 
C; partial collapse. Some damage to masonry B; 
none to masonry A. Fall of stucco and some masonry 
walls. Twisting, fall of chimneys, factory stacks, 
monuments, towers, elevated tanks. Frame houses 
moved on foundations if not bolted down; loo se panel 
walls thrown out. Decayed piling broken off. Branch
es broken from trees. Changes in flow or temperature 
of springs and wells. Cracks in wet ground and on 
steep slopes. 

IX. General panic. Masonry D destroyed; masonry C 
heavily damaged, sometimes with complete collapse; 
masonry B seriously damaged. General damage to 
foundations. Frame structures, if not bolted, shift
ed off foundations. Frames racked. Serious damage 
to reservoirs. Underground pipes broken. Conspicuous 
cracks in ground. In alluviated area sand and mud 
ejected, earthquake fountains, sand craters . 

X. Most masonry and frame structures destroyed with 
their foundations. Some well-built wooden structures 
and bridges destroyed. Serious damage to dams, dikes, 
embankments. Large landslides. Water thrown on 
banks of canal s, rivers, lakes, etc. Sand and mud 
shifted horizontally on beaches and flat land. Rails 
bent slightly. 

XL 

XII. 

Masonry A 

Masonry B 

Rails bent greatly. Underground pipelines completely 
out of service. 

Damage nearly total. Large rock masses displaced. 
Lines of sight and level distorted. Objects thrown 
into the air. 

Quality of Masonry 
(Brick or Other) 

Good workmanship, mortar, and design; reinforced 
especially laterally, and bound together by using 
steel, concrete, etc.; designed to resist lateral 
forces. 

Good workmanship and mortar; reinforced, but not 
designed in detail to resist lateral forces. 



Table 3-1. Continued. 

Masonry C 

Masonry D 

Quality of Masonry 
(Brick or Other) 

Ordinary workmanship and mortar; no extreme 
weaknesses like failing to tie at corners, but 
neither reinforced nor designed against horizontal 
forces. 

Weak materials, such as adobe; poor mortar, low 
standards of workmanship; weak horizontally . 
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Figure 3-1. Comparison of Richter magnitude versus equivalent 
energy of TNT (1 ton = 908 Kg). 
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transmit the associated vibrations by means of waves propagating 

through the earth's crust. Four basic types of seismic waves 

cause ground motion: 

e Primary wave (P wave) 

• Secondary wave (S wave) 

e Love wave (Surface wave) 

e Rayleigh wave (Surface wave) 
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The P wave is a longitudinal or compression wave which travels 

at about 4 miles per second (6.4 kilometers per second) (Lew, Leyen

dicker, Dikkers, 1971). Particle motion for a P wave is in the direc

tion of the wave propagation. S waves travel about half the velocity 

of P waves. Particle movement of an S wave occurs at right angles 

to the direction of propagation. The Love and Rayleigh wave travel 

about 2.5 and 2.25 miles per second (4.0 and 3.6 kilometers per 

second) respectively. These waves travel only along the earth's sur

face and have much longer periods than S and P waves. Love waves 

produce lateral shear forces in a horizontal plane and Rayleigh waves 

produce an elliptical motion similar to wind driven ocean waves (Lew, 

Leyendicker, Dikkers, 1971). 

The P and S waves pass through dense subsurface layers of the 

earth's crust (bedrock) and then propagate vertically upward from 

the bedrock through less dense soil deposits to cause horizontal 

ground shaking at the ground surface. Figure 3- 2 provides a diagrama

tic sketch of the propagation of seismic waves from the bedrock surface 

up through the soil profile. Earthquake damage is caused by the 

horizontal motion at the base of structures. This motion can have 
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Figure 3-2. Diagrammatic sketch of the propagation of motion 
through soils during ground shaking. 
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a detrimental effect on structures located many miles from the causi-

tive fault. 

Characteristics of ground surface motion. The characteristics 

of the ground surface motion to be expected at any particular site is 

dependent on several factors: 

• The amount of energy released during the 
earthquake which may be described by the 
Richter Magnitude. 

• The distance from the site under consider
ation to the zone of rupture of the earth 
quake. 

• The character of the site subsurface con
ditions. 

The amount of energy released during a seismic event has been related 

to the length of the fault rupture (Bonilla, 1967). This provides 

an estimate of the maximum credible earthquake along a fault by 

assuming that rupture could occur along the entire fault. Smaller 

magnitude earthquakes may occur if rupture only occurs along a portion 

of the fault. Also, the amount of energy re l eased may be very de-

pendent upon the state of stress along the shear zone and the elastic 

properties of the rock. Rock types which allow the accumulation of 

strain energy under increasing shear stress, can release violent vibra-

tions when movement i n the fault zone eventual ly occurs. 

The distance between the site and the causitive fault and the 

magnitude of an earthquake influence the characteristics of the bedrock 

motion. Both the maximum acceleration and the predominate period of 

the bedrock motion are a function of the distance from the causitive 

fault. For an earthquake of any given magnitude, maximum accelerations 
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will generally decrease with increasing distance from the causitive 

fault zone while predominant periods of motion will increase (Kiefer, 

1968; and Seed, Idriss , Kiefer, 1969). The maximum bedrock accelera

tion and the predominate period of the bedrock motion both increase 

with earthquake magnitude. 

While the above relationships generally apply for bedrock motion 

the response at a specific site is dependent on the properties of 

the subsurface profi le. Kiefer (1968); Seed and Idriss (1969); and 

Seed, Idriss and Kief er (1969) discuss the characteristics of ground 

motion during earthquakes in more detail. Seed and Schnabel (1972) 

discuss accelerations in rock and the various effect s for areas of 

the Western United States. 

Damage potential from ground shaking. Local soil deposits may 

greatly modify the intensity of the ground mot ion, as measured by 

the maximum acceleration and the fundamental period of the motion . 

Experience has been gained by studying high shaking damage in areas 

of San Francisco, Santa Rose, and San Jose, during the 1906 San 

Francisco Earthquake and parts of Caracas, Venezuela, during a 1967 

earthquake. The following accout from Seed (1975b) illustrates how 

soil conditions may effect the ground motion characteristics during 

earthquakes. 

During the Caracas Earthquake, which had a Richter Magnitude of 

about 6.4 and a fault zone located about 35 miles (56 kilometers) 

from the city, intense shaking caused the total collapse of four 10-

to 12 story apartment buildings . A correlation of depth of underlying 

soils to structural damage showed that for 3-to-5 story buildings 
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located on soil depths of 98 to 164 feet (30 to SO meters), the damage 

was many times greater than for similar structures located where soi l 

depth was 328 feet (100 meters) or more. For S-to-9 story structures, 

the most damage was found where the soil depths ranged from 164 to 230 

feet (SO to 70 meters). However, for structures greater than 10 stories, 

the structural damage was several hundred percent greater where the 

soil depths underlying the structure exceeded S2S feet (160 meters) 

than for soil depths less than 4S9 feet (140 meters). This study 

demonstrated that soil conditions have a significant affect on the 

ground motion characteristics, even for the same earthquake and with-

in the same city (Seed, 197Sb). 

The response of a structure to ground shaking is largely depend

ent upon the relationship between the fundamental period of the build

i ng and the predominate period of the ground surface motion. The pre 

dominate period of the ground surface motion for a given earthquake 

is a function of the fundamental period of the site. A critical state 

can develop when the fundamental period of the site. A critical s tate 

can develop when the fundamental building period matches the funda

mental period of the site. Both theory and experience indicates that 

the fundamental site period is dependent on the intensity of the bed

rock motion, sediment thickness, soil firmness, and degree of satura

tion. The fundamental period of the building is related to its weight, 

material properties, geometry, and structural details. Taller build

ings generally possess longer fundamental periods as to deep, saturated, 

soil deposits. Short rigid structures generally exhibit short funda

mental periods as do shallow, very dense, or rocky subsurface conditions. 

This suggests that the damage potential of an earthquake would be 



maximized when tall flexible buildings are located on deep soft 

soil deposits or low rigid buildings are located on shallow stiff 
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soil deposits. Thus, the damaging affects of an earthquake are maximiz

ed when there is a similarity in the natural periods of the structure 

and the ground which it rests on. The 1976 Uniform Building Code con

siders the relationship between the fundamental site period and the 

fundamental period of the building in establishing the design forces 

to be used for the design of the building. The ratio of these two 

periods is used as a lateral force coefficient in establishing the 

lateral design force which acts on a structure. 

Figures 3-3 through 3-7 from Lew, Leyendecker and Dikkers (1971) 

are examples of the type of destruction that can result from earthquake 

ground shaking hazards. These photographs were taken of the aftermath 

of the 1971 San Fernando Valley Earthquake. Earthquakes of an equal or 

greater magnitude than the 1971 San Fernando Valley earthquake can be 

expected in Utah, and the earthquake resistance of structures in Utah 

should not be expected to be any greater than those of Southern Californ

ia. Indeed, because of the extensive amount of masonry construction, 

the resistance of many structures in Utah may be considerably less 

than those of Southern California. Thus, earthquake damage in Utah 

due to ground shaking is a very serious geologic hazard. The type of 

destruction in Utah from a moderately strong earthquake such as 

occurred in the San Fernando Valley in 1971, can be expected to be 

very similar to that as shown in Figures 3-3 through 3-7. The fact 

that earthquakes of a greater magnitude than the San Fernando Earth

quake could likely occur in Utah and the fact that such a high 
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rigurc 3 - 3. Olive View /~edical Center, showing extensive dama~c re
sulting from the 1971 San Fernando Earthquake (after 
Lc~;, Leyendecker, and Oikker·s, 19 71). 
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Figure 3 - ~ . Lateral displacement of first floor· of 01 i vc Vic~< :·1cdica I 
Center ("ftcr L<'", Leye ndecker, and ll.ikkcr s , 1971) . 
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f-igure 3-5. 1<1ai n business di strict of the city of San Fernand o (after 
Lew, Leyendecker, and Dikk ers , 197 1). 

Figure .~-6. Total co llo pse of brick masonry wall s11rrounding three-story 
wood frame building (after· Lew, Lcycnd•· c l.e r and Di.kkcrs, 
1971). 



Figure 3-7. Aerial view of the San Fernando Veterans Admin is t ra t ion Hospital. Co ll apsed building (~o . 

and 2a) constructed in 1925, wh ere 46 patients and hospit al workers were killed. Many of 
the buildings, a l so constructed in 1925 (bui ldings 3, 4, and 12), although still standing, 
were severely damaged (after Le~< , Leyendecker and Dikker s , 1971 ) . 
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per centage of the developments in Utah are in very close proximity to 

major active faults makes the earthquake hazard from ground shaking 

in Utah very high. 

Surface fault rupture 

A second well known seismic hazard is that of fault displacement 
I 

and surface rupture. If a structure is located astride a fault where 

movement occurs, it is highly probable that total destruction wi ll 

result. The design of such a structure, to withstand the destructive 

forces that are induced by displacement or rupture, would be very com-

plex and costly. Thus, especially for the siting of lifelines, 

emergency service s tructures, high occupancy structures and certain 

other important public facilities, it is imperative that both a profes-

siona l geo logis t and a professional geotechni cal engineer review the 

site i n detail. This should help assure that the facility wi ll not 

be placed at a location where faulting is probable. 
l 
Many faults are known to be inactive and should not be of as much 

concern to development as active faults. The definition of an active 

fault , however , is subject to varied opinion. '· For example , the 

Nuclear Regulatory commission places a higher risk on the possibility 

of renewed movement along an old faul t for the design of a nuclear 

facility than would be considered for the design of a relatively minor 

structure. The type of land use and the importance of the structure 

should govern the cons ider at ion given t o possible movement along a 

f ault . \ n ;ctive fault can be defined as one that has moved in recent 

geologic times. Many geologists would include at least the Ho l ocene 

Epoch in this period, or about 10,000 years (~ (Wiegel, 1970). 
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Movement may occur along one fracture surface or along a wide 

zone involving many fractures (fault zone). Each fracture shear zone 

may range in width from less than an inch to many tens of feet. The 

fracture itself is commonly not a plannar surface but rather a curved 

and irregular surface of sliding. A fault trace may commonly exhibit 

an en echelon1 pattern of rupture, however, this is dependent upon the 

state of stress acting in the crust of the earth and the type of earth 

materials. 

Movement along fracture surfaces can be in virtually any orienta-

tion. In order to distinguish the type of movement of faults, a steep-

ly dipping fault is classed as a high angle fault, while a shallow 

dipping fault is known as a low angle fault. If movement of two points 

is roughly along strike, it is classed as a strike-slip fault and if 

movement is along the dip, it is classed as a dip-slip fault. Faults 

of the Basin and Range Province, such as the Wasatch and East Cache 

Faults of Northern Utah, are the dip-slip type. The type of movement 

along a fault is extremely important in estimat ing the amount and type 

of damage that might be expected to occur. 

As discussed previously, movement commonly does not occur along 

a single fault plane, but rather within a fault zone. Any one of many 

fracture surfaces may slip. Generally, within such a fault zone, an 

area of "most likely" slippage may predominate. Often, short secondary 

faults may branch out of the main fault zone. Slippage along these 

minor faults may only be a fractional of the amount of the slippage 

1en echelon is a term used to describe a group of parallel rup
tures, oriented in a steplike pattern, at an angle to the general 
direction of fault rupture. 
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along the main fault. Such secondary faults may form an en echelon 

pattern of rupture from the main fault zone and would usually be no 

more than a few miles long. 

Although faults with many thousands of feet of past total dis-

placement are not uncommon, the displacement probably represents the 

summation of a very large number of separate movements over a very 

long period of time. The individual movements are probably no more 

than a few inches to a few feet. One of the largest single fault 

displacements known to have occurred in recorded history of the United 

States, took place near Salt Lake City, Utah. A single vertical fault 

movement of 20 feet (6 meters) was estimated to have occurred along the 
; 

Wasatch Fault near the mouth of Little Cottonwood Canyon. This was 

estimated to have occurred within the past 300 years (U.S. Senate, 

1975, pp. 32). Measurements by Bruce Kaliser of the Utah Geological 

and Mineral Survey indicate that displacements near the area of Little 

Cottonwood Canyon range from 20 to 45 feet in height, and that the 

total vertical displacement, as seen in 6 separate adjacent fault 

scarps, totals about 188 feet (57 meters) (U.S. Senate, 1975, pp. 32). 

Another large displacement occurred in 1899, at Yakutat Bay, Alaska, 

where a single displacement amounted to 47 feet (14 meters) (Tarr and 

Martin, 1912) . 

Not all faults extend to the surface of the earth. Movements may 

occur at depth but due to plastic or elastic deformation of the subsur-

face strata, the displacements may not propagate to the surface. ' 

Northern Utah faults have commonly exhibited this tYPe of diastrophism 

i n the recorded history and only a single seismic event in the recorded 

history of the state has produced surface ruptures. 
/ 
In recent geologic 
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times, however, many feet of displacement as well as other geomorphic 

evidence serves to illustrate the geologically recent surface disrup-

tions along all of the major fault zones. Several thousand feet of 

vertical displacement has occurred during a long fault history in 

northern Utah. 

I L1· fel1. ne facilities, such as gas and water lines, are particular-

ly exposed to fault zone hazards since they frequently must cross active 

fault zones to service a region. Proper consideration given to the 

methods of crossing this zone and to the sense of earth movement along 
/ 

the fault zone is helpful in reducing the geologic hazard (Ford, 1977). 

Geologic investigations may include a regional analysis to deter-

mine the type of movement along a fault, the probable fault patterns 

and locations, and the relative degree of activity along a fault. Seis-

mic or micro-seismic earthquake records will also i ndicate the degree 

of activity of a fault zone. 

Liquefaction 

Cause of liquefaction. When a loose, saturated, fine sandy 

deposit is subjected to vibratory motion, the sand can liquefy and thus, 

loose essentially all of its shear strength. Relatively large land 

masses with ground surface slopes as slight as two or three percent 

have liquefied and flowed horizontally for great distances. This phenom-

enon has received much attention recently due to several rather 

spectacular failures such as the building foundation failures in 

Niigata, Japan (Seed and Idriss, 1967, 1968); the Turnagain Heights land-

slide in Anchorage, Alaska, the landslide in Valdez, Alaska (Seed, 1974); 



the Juvenile Hall landslide in southern California (Nichols and 

Buchanan, 1974); and the failure of the lower San Fernando Dam (Seed 
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et al . 1975) . Figures 3-8 and 3-9 are photographs take from Seed 

(197Sa) of the Niigata building foundation failures and the Turnagain 

Heights landslide, Anchorage, Alaska, that resulted from liquefaction. 

Figure 3-10 from Lew, Leyendecker and Dikkers (1971) shows the lique

faction damage resulting from the partial collapse and near catastroph

ic failure of the lower San Fernando Dam in 1971 . 

Sand particles when in a loose dry condition will decrease in 

volume when disturbed. However, if the voids within the sand mass 

are filled with pore water, the volume cannot immediately decrease 

upon disturbance. Instead, the load is transferred to the pore water 

and there is an abrupt increase in the pore water pressures and de

crease in the intergranular stress . During an earthquake the sand 

is repeatedly disturbed. Each disturbance tends to cause a decrease in 

void volume as described above. Since a decrease in volume cannot 

occur immediately, there is a transfer of load from the sand grains 

to the pore water. The pressure induced in the pore water in this 

manner is an excess hydrostatic pressure. If the disturbance persists, 

the pore pressure continues to increase until the intergranular stress 

in the sand is reduced to zero. This is termed as a condition of 

"initial liquefaction" (Seed, 1976). 

Factors affecting liquefaction potential. Several significant 

factors affect the development of a liquefaction condition, including 

soil properties, initial stresses, and the characteristics of the 

earthquake. The following factors are listed as most important: 
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• Soil type 

• Relative density 

• Initial confining pressure 

• Intensity of ground shaking 

• Duration of ground shaking 

Soil type has a significant influence on liquefaction potential. 

Fine to medium grained sand with a rather uniform grain size has been 

found to be most susceptible. If the sand contains too many fine 

particles (minus No. 200 sieve size) or if it is too coarse, the lique

faction potential may not be great. 

Relative density of the sand is very significant . Very loose 

sand is highly susceptible to liquefaction while dense sand has a very 

low liquefaction potential. 

Investigations have shown that the stress required to initiate 

a liquefaction condition increases with the initial confining pressure. 

This effect has been shown in field cases such as at Niigata where 

soil under nine feet of embankment fill remained stable, while 

similar soils surrounding the embankment liquefied (Seed, Lee, and 

Idriss, 1967). 

The intensity of the ground motion caused by an earthquake is also 

a very important factor. The susceptability of soil to liquefaction 

under a given confining pressure and relative density is related to 

the magnitude of shear forces induced by the earthquake. This 

effect can again be illustrated by the Niigata earthquake which had 

a Richter magnitude of 7.3. Records of the past 370 years indicate 

only slight liquefaction problems at Niigata. During this period, 22 



of the major earthquakes affecting the city produced ca l culated 

values of ground surface acceleration of 0 .1 2 g or less. Of these, 

only two earthquakes caused observable liquefaction near Niigata. 

These two earthquakes are believed to have caused ground surface 

accelerations of about 0.13 g. 
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It wasn't until 1964, when maximum recorded accelerations of 

0 . 16 g occurred, that extensive liquefaction in Ni i gata was observed. 

Thus, even though a long history of seismic s t resses had occurred at 

the site, they did not cause a critical condition until the 1964 

earthquake (Seed , Lee, Idriss, 1967). 

Duration of strong shaking and consequent l y, the number of 

significant stress cycles to which the soil is subject ed influences 

the extent of the build-up of excess hydrost atic pore pressures. Even 

though this process begins at the onse t of the ground motion , insta

bility will not result until a state of "initial liquefaction" is 

reached or the intergranular strength becomes less than the forces 

acting on the land mass. The Turnagain Heights landslide in Alaska 

did not occur until after approximately 90 seconds earthquake shaking. 

At this time the stability of the mass had decreased sufficiently to 

a llow movements (Seed, 1974) . 

Another condition affecting the liquefaction potential of sand 

is that of the i nfluence of the seismic history on the sand deposit. 

Experiments by Seed, Mori, and Chan (1975) showed that disturbed 

sand specimens with a given density , subjected to cyclic stresses, 

liquefi ed much sooner than similar undisturbed sand subjected to repeat

ed minor seismic events prior to failure. In a test intended to produce 
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a simulated seismic history, cyclic stresses were mechanically applied 

to a remolded sand and water sample. The sample was allowed to build 

small residual pore pressures, then application of the cyclic stress 

was ceased . The pore pressure in the sample was then allowed to 

dissipate completely. This series of events was intended to simu late 

one seismic event such as an earthquake in which a natural soil deposit 

is subjected to cyclic stresses but liquefaction doeo not occur. The 

procedure described above was repeated five or six times, never allow

ing the sample to liquefy and allowing complete dissipation of the 

pore pressure between applications of cyclic stress. Next, the sample 

was allowed to liquefy and the number of applied stress cycles to 

failure was recorded. The relative density of the sand during this 

test changed very slightly from 54.0% to 54.7%. Similar tests were run 

on sand samp les with no simulated seismic history . In these tests, 

cyclic stresses were mechanically applied to remolded sand and water 

samp les . The pore pressure was allowed to build during the first 

cycle until liquefaction occurred. The samples with the simulated seis

mic history withstood eight times as many cycles of shear stress to 

cause failure as similar sand samples with no seismic history (Seed, 

Mori, and Chan, 1975) . 

The effect of seismic history on liquefaction potential is be

lieved to be most pronounced in sands possessing very low relative 

densities. Therefore, a saturated sand fi ll having no history of 

seismic disturbance and having a low relative density, may pose an 

especially acute liquefaction hazard . 

The development of a liquefied zone normally occurs between 10 

and 80 feet (3 to 24 meters) below the ground surface. If a liquefied 
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layer occurs near the ground surface, structures may loose foundation 

support and ti lt or gradual l y sink downwards as occurred during the 

Niigata earthquake of 1964. Also, buried tanks may float out of the 

ground due to buoyant forces (Seed, Lee, and Idriss, 1967). 

Frequently , sand boils , sand ridges, and volcanoes develop in a 

liquefied area after an earthquake . This is caused by the upward 

movement of ground water from the liquefied layers, carrying sand 

particles with it . Often the sand will be removed unevenly from the 

subsurface and the resulting differential settlement of t he ground 

surface can be catistrophic t o a building . 

Methods to evaluate liquefac tion potential. Two methods of eval

uating liquefaction potential are commonly used in design practice. 

One of these methods involves the use of a chart, developed by Seed, 

Mori, and Chan (1975) whi ch is based on data from performance observa

tions of many sites during past earthquakes. This chart allows the 

comparison of the ratio of shear s tress and effec tive overburden 

pressure to the st andard penetration resistance for any site under 

consideration. By comparing typical values for the site under 

consideration to Seed's chart, a degree of liquefaction hazard can 

be identified. Figure 3-11 is a reproduction of that chart. 

The second method requires an evaluation of the level of stress 

which will be induced in the soil by an earthquake. This stress 

level must be compared with the level of stress in the soil, necessary 

to cause liquefaction. The zone where these two curves overlap, as 

shown in Figure 3-12 is the zone where liquefaction may occur (Seed 

and Idriss, 1975). 
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Stress 

1 
Zone of liquefaction 

Average cyc lic stress 
developed for N cycles 
by earthquake motions 

j 
Cyclic stress caus
ing initial l ique
faction or a given 
amount of cyclic 
shear strain in N 
cycles (from test
ing program) 

Figure 3-12. Method of evaluating liquefaction potential 
(after Seed and Idriss, 1971). 



Miscellaneous ground failure 

Stresses induced i n the earth's crust during an earthquake 

are generally greater than the static forces normally acting on a 

land mass. Thus, many types of ground failures occur during earth

quakes when static forces are augmented by dynamic forces, causing 

rapid changes in the state of the earth materials. Landslides, 

ground lurching and cracking, differential settlement, tilting, and 

loss of strength of loose sand and sensitive cohesive soils are a 

few of these failures. 

Great devastating landslides resulting from earthquakes, have 

occurred in the past. They can resul t from faulting and in affect, 

the natural oversteepening of slopes, or simply by loss of strength 

upon application of stresses induced by an earthquake. Liquefiable 

soils or sensitive cohesive clays are examples of soils that can 

loose strength during an earthquake. Sensitive clays can loose 

strength due to particle rearrangement when disturbed, and fine 

sands can liquefy as described previously. These failures can occur 

on relatively flat slopes. 
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Landslides can also develop days after an earthquake occurrence 

as a result of disruption of the natural groundwater flow regime. 

If the natural groundwater flow channels are severed or blocked, 

changes in the seepage conditions will occur, often resulting in de

creased stability. A later section on slope failures offers an 

additional discussion about landslides. 

Rockfall and snow or rock avalanches can be triggered by 

ground vibrations. Developments located 1-elow steep slopes may be

threatened by this type of geologic hazard. 
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A site may experience large undulating surface waves especially 

if it is located near the zone of energy release and is supported by 

soft saturated soil. These waves may cause cracking and the develop

ment of compression ridges in concrete or other stiff construction 

materials . Cracking, re l ated to earthquakes , may a lso be found in 

areas where relatively stiff soil or construction materials are found 

near the ground surface. During a liquefaction condit ion, for examp l e, 

as the subsurface spreads laterally, the surface may t end to move in 

blocks, sometimes resu lting in l arge cracks . 

Di fferentia l settlement may arise from remova l of fine sand 

by the upward movement of groundwater after an earthquake. Settlement 

of this type can cause excessive stresses in structures. Subsidence 

or tilt i ng of the land surface may also result from compaction of 

the subsurface soil, lateral spreading of sof t soi ls, or s liding 

of large fault or s l ide blocks. Utilites may be the most affected by 

this t ype of movement since they may likely cross fault zones. Broken 

ut i lity lines and inverse hydraulic grades are problems that must be 

considered. 

Seiches 

A seiche is an earthquake generated standing wave occurring with

in an enc losed body of water such as a lake or reservoir. These waves 

are similar to waves produced in a bucket when it i s jarred. Often 

the runup of these waves can be as great as 20 t o 30 feet (6 to 9 

meters), as observed at Kenai Lake in the March 27, 1964, Alaska 

Earthquake (Nichol s and Buchanan, 1974). Overtopping of dams can 

cause damage to life and property due to hydraulic forces and innundation. 
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Landslides cascading into large bodies of water can cause 

extensive destruction and large loss of life from inundation. The 

resulting wall of water can be several hundred feet high as observed 

in Italy in 1963, when a huge landslide fell into Vaiont Reservoir. 

Nearly 3000 lives were lost (Nichols and Buchanan, 1974). In 1958, 

in Lituya Bay, Alaska, a similar wall of water 1720 feet (525 meters) 

high surged out of a coastal bay washing out trees and inundating a 

very large area. The bay, fortunately, was uninhabited at the time 

(Nichols and Buchanan, 1974). 

General Geologic Hazards 

The siting and foundation design of important facilities used 

by the public should require inspection and approval by a competent 

geotechnical person. Only a professional geologist and geotechnical 

engineer is capable of fully assessing the extent of potential 

hazards which may affect a structure located at a given si te. The 

nature of the structure and its use should govern the extent of the 

geotechnical investigation required. The knowledge gained from 

observed failures and problems which may be attributed to insufficient 

geotechnical investigation and analysis, may be used as a guide to 

indicate what geologic considerations are necessary. 

General 

Some major geologic hazards, in addition to seismic hazards, 

are listed and described below: 
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• Slope failures 

• Flooding 

• Erosion 

• Expansive soils 

• Subsidence 

A complete discussion of these hazards, their causes and conse

quences, and the various effects of modifying conditions is far beyond 

the scope of discussion in this thesis; however, brief summary of 

several of the most common hazards is presented. 

Slope failures 

Slope failure problems. Slope failures cause extensive financial 

loss in the United States every year. It is estimated that landslides 

will cause about ten billion dollars worth of damage in California 

alone during the years 1970 through 2000 (Burer, 1973). Recognizing 

and avoiding locations where landslides have occurred is of extreme 

importance in avoiding the hazard in the future. When economically 

feasible, areas susceptable to slope failures can be stabilized by 

properly identifying the nature of the instability and making the 

necessary corrections. The best way to prevent damage is to avoid 

construction in these areas. 

Certain natural and human activities tend to decreas e the 

stability of s lopes . Activities which may contribute to instability 

include oversteepening or overloading slopes, a ltering the groundwater 

flow regime to create or worsen a seepage condition, and removal of 

vegetative cover . 
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Landslides occur when the driving forces become greater than 

the stabilizing forces. Oversteepening of s l opes has the direct effect 

of increasing the act ive forces driving the mass. Over l oading a slope 

with excessive fil l also increases t he driving forces tending to cause 

failure. 

Categories of slope failure. Slope failures can be classed into 

many different categories according to type of movement, type of earth 

materials, and shape of the sliding mass. Rockfalls and soilfalls 

are land mass movements where the mass travels vert ically through ai r 

for most of the distance . 

Slides may occur in many different varieties. If a s l ide occurs 

i n rock surfaces, it may be te rmed a s lump if the movement i s rotation

al, or Bl ock Glide or Rockslide if the movement is a long a plannar 

surface . Slope fai lures i n rock are usually controlled by joints, 

bedding planes or weak layers i n the rock mass and the rockslide 

materials generally come to res t in a very disoriented arrangement. 

A slide occurring i n soil may be termed a block slide if the 

mass moves in relatively l arge undisturbed blocks along a plannar sur

face . An earthflow is s imi lar ; however, it usually involves a rotational 

surface of sliding. 

If slide movement is very rapid, it is generally classed as a 

flow rather than a s l ide. High water content characterizes debris 

flows, sand or si lt flows, and mud flows; hence, they usually take 

the form of a very gent l e sloping slide surface . 

Rockfall avalanches or debris avalanches may occur in dry condi

tions, and the mass usually attains high ve l ocities. The soil or rock 



mass may move up to several miles during this type of movement. The 

slide at Turtle Mountain near Frank, Alberta in Canada is an example 

of such a slope failure. Seventy lives were lost when the crest of 

this mountain broke off and slid to the valley below in 1903 

(Legget, 1962). 

Identification of landslides by aerial photography. Aerial 

photography is a significant aid in the detection of landslides. A 

photo taken near Avon, Utah, (Figure 3-13 and reported by Cluff, 

54 

Glass, Brogan, 1974), is an illustration of the valuable information 

such photos can provide. Curved arrows indicate the location of old 

landslides. A hummocky and wrinkled surface characterizes the ground 

whi ch has moved and the headwal l of the slide or the scarp that remains 

can be easily identified. Low sun-angle photography, used in thi s 

photo, provides an additional aid in recognizing landslide features 

by accentuating the surface contour of the ground. This method uses 

shadowing and lighting effects produced by the sun at a low angle to 

accent unusual landforms. Figure 3-13 also shows prominent linear 

shadows produced by breaks in slope and probab ly indicates fault loca

tions. 

Aerial photography methods of studying landforms examine changes 

in photographic tone, changes in ground texture, the pattern of physic• 

graphic features such as drainage, and the shape of unusual topographic 

features. Observations and conclusions stemming from examination of 

the photographs are interpreted in terms of typical geologic structure 

of the landforms under review. Photographic investigation can provide 



Figure 3-13 . Low-sun-ong l c view of s l ides ncor Av on, Ut nh, (aft e r 
Clu ff, Glass, and Brogan, 1974) . 

55 



valuable prel i minary information about a site; however, it should 

never be substituted for an actual s ite investigation. 

Flooding 
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Cache Valley has had a long r ec ord of damaging floods, which occur 

mostly in the agricultural areas. Major floods have occurred six 

times since the year 1900 (Corps of Engineers, 1973), and studies show 

that floods larger than those of the past can occur in the future. 

Flood studies have been conducted for the Logan River and for 

the Blacksmith Fork River in Cache County. Construction of vital 

publ ic facilities should be prohibited below accepted projected flood 

levels. The type of f aci l i ty along with its use and occupancy should 

govern the acceptable level of flood risk to a structure. 

If flood studies have not been conducted at a proposed project 

location and floods may present a problem, either studies should be 

conducted or an alternate site should be selected. 

Erosion 

Damage each year due to erosion is very extensive . Losses in 

California due to erosion have been estimated to be as high as 600 

million dollars during the years 1970 to 2000 (Bruer, 1973). 

The civil engineer is constantly faced with problems caused by 

erosion such as stream and river encroachments on valuable property, 

the erosion of surface soils by wind and rain, siltation behind im

poundments, and working with the product of the erosive forces of the 

past . Neglecting a consideration of the process of erosion on a site 

may likely result in total failure even though the structure itself 

is sound. 
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Removal of the vegetative cover during the construction of civil 

engineering works enhances the erosion process by allowing wind and 

water to carry soil particles with it. In many states, very e laborate 

erosion safeguards are required whenever construction takes place. 

The State Engineer's office of Virginia and Maryland for instance, 

require the professional design of erosion mitigation measures for all 

construction projects. Normally, state agencies govern the soi l con

servation practices. 

Expansive soils 

These soils are found mainly in areas of nonsaturated residual 

soil deposits of fine material containing montmorillonite clay min

erals. These minerals are sensitive to changes in humidity and as a 

result of the addition of water they expand. If construction takes 

place on soils of this type and later, humidity changes occur which 

increases the available water supply to the soil, large deformations 

can result. This causes extensive damage especially if the vertical 

movement occurs differentially. The maximum expansion occurs when the 

initial stress or confining pressure is small. It is. estimated that 

expansion of these soils may be as high as five percent (Zeevaert, 

1973). When construction takes place on soils of this type, it is 

essential that appropriate design considerations be taken. 

Subsidence 

Subsidence is the downward settlement of the ground surface due 

to consolidation or removal of underlying materials. For many years 

Mexico City has experienced problems due to subsidence which has been 



attributed to the lowering of artesian water pressures from pumping. 

Lowering of the water table causes consolidation of clay deposits 

because of an i ncrease in the intergranular pressure in the clay. 
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Consolidation of clay deposits by the addition of surcharge 

loading usually results in subsidence in areas of soft saturated clays. 

As the additional weight is applied, the soil becomes more compact. 

Subsidence may also be caused by removal of soluble materials in the 

soil structure. 

Removal of oil from subsurface has long been known to be a cause 

of areal subsidence. The best remedy for this situation may be to 

replace the oil with fluids to maintain equilibrium. 

Parts of Cache Valley are underlain with soft saturated soil 

deposits. Upon loading, very large settlements have been experienced. 

Subsidence related to extraction of groundwater or surcharge loading 

is a very important geotechnical consideration. 

Seismicity of Utah 

Cache Valley is located in a seismically active region, within 

the intermountain seismic belt. This zone of seismic activity extends 

in a north-south pattern from Arizona and southern California, through 

Utah, eastern Idaho, and western Wyoming, and terminates in northwest

ern Montana. This belt is more than 800 miles (1287 kilometers) long 

and up to 60 miles (97 kilometers) in width. Seismicity along the 

intermountain belt has been characterized by Smith (1974) as having: 



• en echelon patterned act iv e normal fau l ts 

e earthquakes with generally s hallow foca l 
depths 

e marked areas of low or no seismic ity and 
other areas of earthquake swarms 
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The seismicity along this zone is associated with the cont act and com-

plex movement of the basin and range physiographic province on the 

west and the North American plate to the eas t . Movement and stress 

relief of the two lithospheres creat es fracture zones and generates 

seismic activity. 

The seismic history of Utah has been documented since 1850. The 

most complet e study of Utah earthquakes prior to 1950 is a comprehen-

sive report by Williams and Tapper (1953). Their report was based on 

earthquake dat a taken from t he earliest Utah newspapers and scientific 

journals, and they assigned modified Mercal l i intensities to each event. 

Since 1950, as better equipment was developed and seismograph s tations 

were installed, much more reliable earthquake data has become avai lable. 

Appendices A and B include information on 824 Intermountain region 

earthquakes. Appendix A is a list of 609 earthquakes which occured in 

Utah during the period 1850 through June 1965 . The source of data for 

the peri od from 1850 through 1949 was Cook and Smith (1967) as taken 

from a .report by Will iams and Tapper (1953) and is the mos t complete 

list available of early Utah earthquakes. None of the 344 earthquakes 

l isted in their study wer e recorded by seismograph instruments; how-

ever, they were sufficiently intense to be felt and modified Mercalli 

intensities were assigned based on damage reports. For the period 

from 1950 through June 1962 , data was furnished by the Coas t and 



Geodetic Survey (CGS), U.S. Department of Commerce as reported by 

Cook and Smith (1967) . This period includes 77 earthquakes which 
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were generally recorded by seismograph instruments and includes earth

quakes of magnitude 2.0 and greater. From July 1962 through June 1965, 

188 earthquake epicenters were recorded with seismograph i nstruments 

by the CGS and the University of Utah (Cook and Sm ith, 1967) and in

cludes magnitudes 1. 4 and greater. 

Appendix B includes a list of 418 earthquakes with a magnitude 

of 2.4 and greater which have occurred within a 186 mile (300 kilometer) 

radiu s of Logan, Utah. Thi s list includes earthquake information 

from 1853 through June 1976, with a great deal of dup l ication of the 

listing in Appendix A for the period from 1853 through June 1965 . 

Appendix A is included separately because the Williams and Tapper 

report is probably the most compl ete l ist ava ilable of early Utah 

earthquakes. 

Geologi s t s have mapped many surface and subsurface faults in 

Northeastern Utah. The major fault s are shown on Figure 3-14. How

ever, there is no doubt that there are many faults that have not yet 

been discover ed. Several geologica ll y active fault s exist in North

eastern Utah and three of the most important, relating to their motion 

characterist ics imposed on Cache County and the surrounding area, 

are the East and West Cache faults, and the Northern Wasatch Fault 

shown on Figure 3- 14. 

The East Cache Fault is a north-south trending fault located 

along the eastern extremity of the Cache Valley, extending from a mile 

or more south of Avon, Utah, to well into Southern Idaho. The length 
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Figure 3-14. Locations of the major active faults in Utah 
by Cluff, Glass, Brogan (1974). 

61 

of 



62 

of this fault is about 70 miles (113 kilometers) . Many scarps are 

visible along its length where it displaces the ancient Lake Bonneville 

sediments . The maximum credible earthquake for this fault is estimated 

to have a Richter magnitude of about 7.7 (from Bonilla, 1967, as pre

sented by Seed, Idriss , and Kiefer, 1969). 

The West Cache Fault, located generally along the western extrem

ity of the Cache Va lley i s estimated to be about 55 miles (88 kilometers) 

in length and trend s north-northwest. The maximum credible earthquake 

for this fault is estimated to be a magnitude of 7.5 (after Bonilla, 

1967, as presented by Seed, Idriss and Kiefer, 1969). 

The Northern Wasatch Fault is located along the western base of 

the Wasatch Mountain Range. It extends from near Gunnison, Utah, to 

Malad, Idaho, a length of about 215 miles (346 kilometers) . Movement 

along this fault is more easily discerned than along the Cache Valley 

Faults and may indicate more recent movement (Cluff, Glass, and Brogan, 

1974). This fault trends north-south and the maximum credibl e earth

quake for this fault is magnitude 8.4 (after Bonilla, 1967, as pre

sented by Seed, Idriss, and Kiefer, 1969). The energy that would be 

released from the maximum credible earthquakes along these three 

faults is shown on Figure 3-1. 

A critical earthquake hazard exists in the State of Utah and pre

sently, public officials are only beginning to perceive its serious-

ness. The close proximity of the majority of the population of Utah to 

major fault zones, particularly along the Wasatch Front, creastes a ser

ious potential for not only an economic catastrophe, but also a tremendous 

loss of life. Approximately 85 percent of Utah's population is located 
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within 5 miles (8 kilometers) of the Wasatch Fault (Kaliserl 1957). 

Additionally, nearly 100 percent of the population of Cache County is 

located within 5 miles (8 kilometers) of the East or West Cache 

Faults. In an effort to reduce the earthquake hazard, the general 

session of the 1977 legislature created an 11-member Seismic Safety 

Advisory Council. The purpose of the council is to recommend safety 

programs, review and recommend changes in current standards, promote 

new standards, and propose legislation. 

The Utah Department of Natural Resources, Urban and Engineering 

Geology Section of the Utah Geological and Minera l Survey listed the 

following items concerning the earthquake hazard s ituation in Utah 

(U.S. Senate, 1975). 

• Utah's citizens have experienced earth
quakes virtually since settlement. 

• At least 40 damaging earthquakes have 
occurred in the 128-year history since 
settlement. 

e Scores of earthquakes are recorded in Utah 
each year. 

e The earthquakes have generally shallow foci 
(points of origin within the earth), making 
them potentially quite destructive. 

• Utah is traversed by many active fault zones. 

e Approximately 41% of the state is in seismic 
zone #3 (major destructive damage may occur); 
22% is in seismic zone #2 (expected moderate 
damage). 

e There is extensive population density and 
economic development within the active fault 
zone in the state. 



e Severe ground shaking is likely to be ex
perienced in the state's metropolitan areas 
from future earthquakes. 

• Destruction from one earthquake along in 
Utah, the August 1962 Cache Valley earthquake 
of Richter magnitude 5.7, amounted to $1,700,000 
(1974 dollars). 

• Recent geologic movements along extensive fault 
breaks is in evidence. Two feet of vertical 
displacement occurred north of Great Salt Lake 
in 1934 . 
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The possibility of death and total destruction such as that which 

has recently occurred in South Ameri ca, Europe , and Asia is not likely 

in the United States because of better construction materials and 

techniques. However, the damage potential of an earthquake in Ut ah is 

as great or great er than the damage potential in California and Alaska. 

The potential in Utah may even be more serious due to the fact that 

such a high percentage of the population i s l ocated in c lose proximity 

to the active f ault zones. Furthermore, there is a significant amount 

of unre inforced masonry construction and earthquake vulnerable 

construction. The intermountain seismic zone has generated large 

earthquakes in the historic past, and it can be expected by generate 

major earthquakes in the future. 



CHAPTER 4 

EVALUATION OF STRUCTURES 

65 

During this study, over 100 facilities were investigated from a 

geotechnical viewpoint. Many of these facilities were constructed 

with inadequate geotechnical considerations and consequently, are now 

subject to some degree of geologic hazard. In many cases, no evidence 

was found of geotechnical involvement in projects of vital public im

portance and the siting criteria was established by non-technical 

personnel. 

Method of Evaluation and Limitations 

As discussed previously, 
1
each structure included in the investi

gation was studied to determine the present exterior conditions and 

if possible, to identify any problems. Plans, specifications, design 

or construction notes, and reports on the facility were reviewed when 

available. In many cases, especially in the study of older structures, 

little or no information or documentation was available to indicate 

the design considerations. In these cases information was obtained 

from persons who were knowledgeable about the design, construction, or 

maintenance of the structure when possible. When information regard

i ng a facility was not available, no judgement could be made concern

ing the l evel of geotechnical input other than by noting obvious 

deficiencies as assessed by examining the exterior of the structure 

and studying its geo logic environment. 



Cooperation and accurate reporting of information about a faci lity 

from knowledgeable persons was vitally important for proper evaluation 

in this study. In some cases, the owners, maintenance personnel, and 

design professionals were very reluctant to cooperate and provide mean

ingful information. The effect of this reluctance may be that the 

evaluations made on the facility reflect less geotechnical input to 

design and construction than may actually have been provided. 

As stated previously, the geotechnical evaluations presented in 

this study are based on present day standards for design and construc

tion. Many significant geotechnical engineering advances have been made 

in recent decades and accordingly, the design standards for most 

facilities constructed in recent years are more rigorous than the s tan

dards used in the construction of older facilities. However, geologic 

hazards are not mitigated by age of the structure; therefore, in order 

to evaluate the current hazard exposure the study was based on present 

day standards . 

The study involved the consideration of a wide variety of influenc

ing factors. For example, the construction of certain facilities some

times require special considerations which other structures may not 

need . The type and extent of the investigation necessary is governed 

by the type of structure, its use, the risk involved, and its associa

tion with s imilar facilities. For critical facilities, the service 

which is provided must not only be reliable during normal periods of 

use, but a lso during emergency situations or during the time of need. 

Suggested guidelines to be followed when conducting geologic and 

geotechnical investigations have been adopted by many states and 
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Federal Agencies, by private design professionals, and by universi t ies . 

Duke (1975), Slosson and Amimoto (1974), Torgerson (unverified date), 

Huber (1970), California Division of Mines and Geology (1973), and 

Ford (1977) are a few of the references available which provide guide

lines for hazard investigations. 

Many facilities of public importance were studied during this 

investigation. In order to illustrate the nature of some of the hazards , 

the faci lit ies were divided into several categories such as schoo ls , 

culinary water tanks, dams, etc. 

Each category of structure is followed by a discussion of hazards 

of a general nature which may affect it . Examples of facilities exposed 

to geologic hazards are discussed individuall y in order to help illus

trate the nature of the hazards. The discussion of individual facili

ti es is also intended t o indicate the types of future investigation 

necessary to mitigate t he hazards. 

Culinary Water Storage Tanks 

Gener a l 

A total of 34 culinary water storage reservoirs were studied. 

Nearly all of the water tanks serving Cache Valley communities are 

circular in shape and constructed of reinforced concrete. Many of the 

tanks are either entirely or partly buried. The foundations for these 

t anks are typically circular perimeter footings supporting the exterior 

walls with interior column footings supporting reinforced concrete 

columns. Reinforced concrete roof slabs ar e supported by the walls 
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and columns . The canacities of these water s t orage tanks range from 

about 20,000 gallons (76 cubic meters) to 1,000,000 gallons (3800 cubic 

meters). 

Most of the count y's communities are lo cated on the foothill 

benches and nearly all derive at least a portion of their potable 

water from the surrounding mountains. In order to util ize gravity 

flow to maintain a desirable wat er pressure for publ ic use, the 

ideal locations for storage tank s are generally found on the highest 

benches near the base of the mountains . Unfortunately, major fault 

zones are a lso located near the mountain bases, thereby exposing 

many culinary water tanks and water distribution lines to an inherent 

geologic hazard. At least seven culinary water tanks are apparently 

located very near or within the fault zones of the East Cache or the 

West Cache Fault s. 

Unfortunately, many recently constructed water storage tanks in 

Cache Valley are exposed to certain geologic hazards, especial l y 

seismic hazards. Water storage facilities are structures which are 

critically important in the event of a major earthquake. The San 

Francisco Earthquake of 1906 and the fires that resulted, emphasize 

the need for water supply systems that are capable of providing an 

adequate volume of water under acceptable pressure both during and 

after an earthquake. Also, Kaliser (U . S. Senate, 1975, pp. 254) points 

out that each of the intergral parts of a city's water system deserves 

individual consideration as to its placement. Then, if any of several 

fault zones move, the reservoir and arterial system can still function 
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adequately. The same faults which constitute hazards to some of 

the water tanks in Cache Valley show displacement and active movements 

of many feet in some locations. 

Other storage tanks examined during this study may also be locat

ed near fault zones, however, without a subsurface investigation such as 

trenching, the relative position of the faults cannot be easily identi

fied. 

Nearly every community of the valley is served by waterlines that 

cross the active fault zones. Measures can and should be taken to 

mitigate the danger of disruption of these lines due to fault movement. 

The fault zones could perhaps be easily identified when the trenches 

are excavated to lay new water transmission lines. Currently, however, 

no program is underway to identify or correct any hazard of this type. 

Hyrum culinary water storage tank 

In 1973, Hyrum constructed a new 1,000,000 gallon (3800 cubic 

meter) storage facility. This structure is located adjacent to an 

older tank with a capacity of about 260,000 gallons (980 cubic meters). 

Both water reservoirs appear to be founded on the steep face of a 

fault scarp. This is evidenced by the linear fashion of the scarp 

to the North and South and the abrupt change from unconsolidated 

soil deposits immediately west of the site, to rock outcrops immediate

ly east of the site. 

These two water storage facilities are also subject to erosion 

and possible landslide hazards. The soil surrounding the tanks is 

a fine, yellow-brown sandy silt. This soil is highly erodable and 



the deposit is cut by numerous erosion gullies. Soils surrounding 

the old reservoir tank have become stabilized over a period of years 

by the accumulation of vegetation growth; however, two six-foot deep 

gullies were noted directly beside the new tank. Several deep, 

narrow erosional gullies which extend up to and possibly under the 

tank were noted. 

Minor mud flows have occurred on the steep (1.3 horizontal to 

vertical) construction cut slope above the tank. Continued un

checked erosion of this face may constitute a problem to the new 
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tank. Training ditches located on each side of the construction slope 

have helped check the erosion of this area. 

Cracks were noted in the west face of the new tank. The cracks 

are predominantly vertical and horizontal and spaced three to four 

feet (0.9 to 1.2 meters) apart. Leakage from these cracks was very 

minor. The precipitation of calcium carbonate from the water in the 

tank, has nearly sealed the fissures. The design engineer for this 

facility indicated that the cracks were probably caused from shrinkage 

of the concrete upon drying. Consideration was given to the possibility 

that water from the tank may be leaking out of cracks not observable 

externally. Several very narrow erosional gullies which were several 

feet deep were found to extend directly from the side of the tank and 

one area was found to be quite damp. The assumption that leakage of 

water may be causing the erosion is probably not valid because of the 

large quantity of water that would be necessary to form the gullies. 

It may be concluded , however, that at leas t some minor leakage is 

occurring underground as suggested by the cracks above the ground level. 
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Regardless of the source of the water, the erosion i s a serious prob

lem and should be checked to avoid future problems. 

Cracking of the soil and signs of the initial stages of a 

lands lide were observed 80 feet (±) (24 meters) below the tank along 

the side of the access road. This was occurring on a very steep cut 

s lope of about 1. 3 horizontal to 1 vert ica l . 

Due to the nature of some of the problems identifi ed above, an 

immediate inspection of the facility was recommended to the Hyrum 

City personnel. The site of this water tank presents special geo logic 

and geotechnical problems. Although many different criteria must be 

considered in selecting a site for a given facility, it must be 

recognized that locating an important public f acility such as this 

on an active fault scarp could present very serious probl ems. The 

degree of risk from possible movement along a known active fault 

should be thoroughly considered during the early planning s tages of 

a proj ect . A safer alternative location for this facility could 

probably have been se l ec t ed. 

Millville culinary water storage tank 

Millville constructed a new 300,000 gal lon (1140 cubic meter) 

reservoir in 1976 . This s tructure is located approximately 200 feet 

(61 meters) south of an old 72,000 gallon (274 cubic meter) storage 

tank. Both facilities are located near the East Cache Fault zone . 

Several minor fault traces were recorded within the excavation for 

the t ank and in a trench for one of the distribution pipelines. These 

were only minor traces and indicated s lippage of probably less than 

one inch. A study of the landform and aerial photographs suggests 
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the site is in close proximity to the major active zone of s lippage . 

The inherent danger of locating the tank in a fau lt zone was probably 

not studied adequately for this vital public facility. 

There is no evidence that trenching or other subsurface in

vestigation was conducted prior to siting and design of the facility 

even though the facility is located near a known geologically hazardous 

area (the East Cache Fault). The Millville City Mayor and the design 

engineer were notified about the minor fault traces at a time when the 

hazard could have been easily investigated further. The significance 

of the selected location, possible very close to a zone of major 

slippage, was apparently not realized and the facility was constructed 

with no additional investigation. 

Providence culinary water storage tank 

Similar fault hazards exist near two Providence City storage 

tanks. A new 1,000,000 gallon (3800 cubic meter) tank was constructed 

in 1976 adjacent to an old 130,000 gallon (494 cubic meter) tank at 

the entrance to Providence Canyon. A large sag depression and many 

linear fault scarps extending a few hundred feet north and south of the 

tank attes t to the presence of active faulting very close to or possibly 

at the location of the tank. Rock outcrops suggest that the tank loca

tion may be slightly to the east of a major zone of slippage; however, 

a subsurface investigation such as trenching would be required to con

firm the fault location. 

An additional geologic hazard may exis t from flooding. Both 

storage tanks are located in the flood plain produced by the incision 

of Providence Creek into the ancient Lake Bonneville deltaic deposits. 
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It was not determined if a study of the flooding potential was under

taken. 

Wellsville culinary water storage tank 

This 600,000 gallon (2280 cubic meter) tank was constructed in 

1974 and is locat ed .in a very hazardous fault zone. Faults are locat-

ed near two sides of the tank. One is located about 150 yards (137 meters) 

below the tank and the other is located about 80 feet (24 meters) (±) 

above the tank . Both fault traces exhibit large linear sag depressions 

several hundred feet long and 20 to 25 feet (6 to 8 meters) deep. 

A spring is located along the lower fault trace and may be associated 

with the fault. Some continuity can be seen between these faults and 

other possible scarp features farther to the north and south. 

Culinary Water Supply Wells 

Many of the valley communities supplement spring water supplies 

with drilled wells. The wells usually pump di rectly into the water 

distribution systems and may only operate during the months when the 

additional water is needed most. The water rights to many springs 

are shared jointly by municipalities and irrigation companies. In 

some cases, more than the legal share of water is drawn from the 

springs for public use which is then replaced by an equal quantity 

of water pumped directly into the canals from shallow wells. 

The culinary water supply wells are es£entially free of problems. 

The Bear River Health Department usually requires approval of the de

sign for a proposed well. This usually includes the drillers log of 
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the boring, the proposed locations of perforations, and the zones 

which will be sealed to prevent contaminated surface water from enter

ing the system. The design is usually executed by the driller. Hyrum 

City reported that the infiltration of sand in one of their wells is 

a minor problem. 

Culinary Water Supply Springs 

General 

Sixteen culinary water supply springs were evaluated during this 

study. Most of the springs have been in use for many years. The 

water rights are generally well established and most communities have 

made minor improvements periodically. The sources of water for many 

of the springs have not been studied and can only be inferred from 

knowledge of the geologic structure of the area. Contamination and 

apparent loss of water has prompted investigations such as dye testing 

in a few cases. 

Most of the collection systems incorporate buried perforated 

lateral pipes which lead to collector boxes. From there, the water 

is usually gravity fed or pumped to storage reservoirs . The areas 

around the collector systems are generally fenced to prevent the in

filtration of surface contaminants. In some cases, fences are not 

maintained and/or are not adequate. 

Currently, a few of the culinary water supply springs probably 

do not meet minimum public health standards because of obvious contam

ination problems. The Environmental Protection Agency has recently 

(1977) adopted regulations which requires that any public water sys

tem meet minimum public health standards. 
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Providence culinary water supply spring 

Providence obtains its water from a spring located approximate ly 

miles (3.2 kilometers) above the entrance to Providence Canyon. A 

possibility of contamination of this spring exists because of a large 

open pit limestone mining operation located about 1 mi l e (1.6 kilometers) 

upstream. Dye tests indicate that the source of water from this spring 

originates above the mine and that the dye released at the mine reaches 

the spring very rapidly through groundwater flow channels. Currently, 

it appears that no particular measures are being taken to avoid the 

contamination hazard at the mine. At the time of this investigation 

the spring area was fenced; however, livestock had recently been 

grazing near the lateral collector pipes inside the fence. 

A county ordinance adopted in 1977 states that no point sources 

of groundwater pollution may be discharged within a 1500 foot (457 

meter) distance above a culinary water supply (springs and shallow 

wells). These pollution sources include septic tank leach fields, 

drainage from livestock grazing areas, or drainage from any other 

sources of pollution. This distance was arbitrarily chosen and is not 

always conservative. The Providence spring provides an example of a 

situation where contamination of the water from a source approximately 

1 mile (1.6 kilometers) above the spring can readily contaminate the 

culinary water supply . This example illustrates that an individual 

evaluation of each proposed water supply development by a competent 

professional is necessary to ensure greater safety from contamination. 
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Cove culinary water supply spring 

North Cove has had a long record of contamination problems with 

their water supply. The spring areas that supply the town's water 

are not adequately fenced and it was noted that cattle were allowed to 

graze directly within the water collection area. 

Dams and Reservoirs 

A total of ten dams were evaluated. At the present time, only 

five of these dams are considered as potentially dangerous to life 

and property in the event that they should fail. These are Porcupine, 

Hyrum, Logan First Dam, Newton, and Wellsville Dams. 

Porcupine Dam 

The largest dam in Cache Valley is Porcupine which is an earthfill 

dam . It is approximately 160 feet (49 meters) in height at the maximum 

section and retains 12,800 (15,788,600 cubic meters) of water. It is 

located on the East Fork of the Little Bear River and the town of Avon, 

the nearest community, is located about 3~ miles (5.6 kilomet ers) 

downstream. 

The dam was constructed in 1961 by the Utah Power and Water 

Board. Since its construction, several problems which are summarized 

below, have developed: 

e Hydrostatic pressure caused the col lapse 
of the original reinforced concrete re
taining wall which served as a crest for 
the spillway inlet structure. 

e Originally the spillway chute was construct
ed in bedrock. After the collapse of the i n
let structure, it became apparent t hat be
cause of erosion of the channel, it would need 
to be lined. 



• Severe vibrations and cavitation of the out
let butterfly valve required that modifica
tions be made. 

• A series of leaks developed in the rock abut
ment on the south side of the dam. The leaks 
emerged from the lower part of the spillway 
at several locations. 

• A horizontal pervious zone appeared in the 
embankment about 75 feet (23 meters) below 
the spil ll<ay crest. The downstream face was 
saturated until the reservoir was later drawn 
down to make the necessary repairs. 

• At a distance of approximately 1/3 the way 
across the top of the dam from the left abut
ment, a slide developed near the top of the 
upstream slope. The slide was approximately 
40 feet (12 meters) wide, 10 feet (3 meters) 
deep, and was estimated to be 50 or 60 feet 
(15 to 18 meters) long as measured down the 
upstream slope. 

e Piezometers which were installed in 1962 need 
repair work in order to be operational. 
Vandals have broken security locks and report
ed ly dropped rocks down SOJ"e wells. 

• An area of incompetent rock located near the 
inlet to the spillway is currently undermining 
a 100 foot (±) (30 meters) high rock cliff . 
The ove.rhanging rock mass is jointed and 
fractured and if it should collapse, is 
capable of significantly damaging and possi
bly plugging the spillway inlet structure. 

77 

Repairs to the spillway included the design and construction of 

a lined tunnel spillway. A design using a square, reinforced concrete 

culvert was selected. Repairs to the spil lway have also included r econ-

struction of the reinforced concrete retaining wall which serves as 

a crest for the spil lway inlet structure . Weep holes were provided 

to reduce hydrostatic pressure on the wall, rock bolts were used to 

anchor the south wall, and three steel pipe struts were installed 

to span across the inlet to provide additional lateral support for 



the wall . Also, pipe drains were installed along either side of the 

spillway to collect and drain seepage water from the spillway area. 
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The butterfly valve previously mentioned was moved to the extreme 

downstream end of the access tunnel serving the outlet pipeline. This 

was done to enhance the safety of the dam even if the vibration and 

cavitation problems with the valve were not eliminated. By providing 

a specially fabricated air intake , which allowed the introduction of 

large quantities of air into the pipeline, the vibration and cavita

tion problems were completely eliminated. 

The leaks in the south abutment were sealed by grouting. The 

foundation was grouted to a depth of 160 feet (49 meters) forming a 

continuous curtain which tied into the existing grout curtain along 

the centerline of the dam. In order to help provide a water-tight 

condition, grout was also pumped under the spillway inlet structure. 

The grouting program was considered successful. The flow of water 

through the abutments was decreased from about cubic feet per 

second (0.06 cubic meters per second) to about cubic foot per second 

(0.03 cubic meters per second) (Palmer, 1964). Also, piezometers in

stalled in the rock abutment, provided information that indicated the 

hydrostatic pressure would not be hazardous to the abutment. 

In order to alleviate the seepage through the dam, a grout 

curtain was constructed. This grout curtain was constructed at 

approximately 75 feet (23 meters) upstream from the centerline of 

the dam and between the 40 and 90 foot (12 and 27 meter) depths 

below the dam crest. A horizontal, pervious, clayey gravel zone 

existing downstream from the grout curtain, was used as a blanket 
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drain to carry seepage water to the downstream face where it is 

collected in drain pipes and carried away from the dam. The construc

tion of the grout curtain did not seal off the seepage completely; 

however, it is believed that it is functioning properly and has reduc

ed the quantity of seepage water by a factor of perhaps five or ten 

(Palmer, 1964). Piezometers were installed and inspection revealed 

that the hazardous condition was checked. 

The existence of the slide on the face of the dam was reported 

by the st ate engineer several seasons ago. It has been al leged that 

the owners were notified of the condition. No action had apparently 

been taken yet at the time of this investigation. 

The loss of the piezometers which were installed in 1962 could 

be detrimental to the proper monitoring of the structure. These 

piezometers can provide valuable information regarding the seriousness 

of future stability problems which may arise for unknown reasons. 

Very little effort would be required to repair and protect these in

stallations. 

The damage caused by a rockfall in the vicinity of the spillway 

could be very significant. Sloughing has occurred over the past 

several years and continued undermining of the rock cliff presents a 

very real and present danger. An earthquake shock could possibly 

trigger such a collapse. 

Hyrum Dam 

This dam was constructed in 1934 by the U.S. Bureau of Reclamation. 

The dam is located at Hyrum and the community of Wellsville is situated 

approximately 3 miles (4.8 kilometers) downstream. The dam is of 



80 

earthfill construction and is approximately 85 feet (26 meters) 

high at the maximum section. The impounded water is used primarily 

for irrigation and recreational purposes. The facility has performed 

well during its 40 years of service. 

No particular geologic hazards effecting this structure were 

noted during this study. Hydrology studies have been conducted by 

the U.S. Bureau of Reclamation recently and the results have concluded 

that the present spillway is probably not adequate . Increasing the 

spillway capacity is currently being studied. 

First Darn, Logan River 

First Dam is a concrete gravity darn about 25 feet (8 meters) 

high. This is an old structure and is estimated to have been construc

ted in the early part of this century. The darn is located at the 

entrance to Logan Canyon. The reservoir capacity is roughly estimated 

to be less than 100 acre feet (123,000 cubic meters). Its capacity 

has been significantly reduced by si ltation behind the darn over the 

years of operation. 

Very little information was available concerning this structure. 

A field examination indicated that the darn is exposed to a fault 

hazard. Traces of slippage along the East Cache Fault can be observed 

short distances north and south of the dam. Any fault movement in 

this zone would result in almost certain damage or destruction of the 

dam and subsequent inundation of parts of the densely populated area 

directly downstream from the dam. The loose, saturated accumulation 

of silt within the reservoir would probably be transported by the 

flooding waters and cause additional damage. 
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Geomorphic evidence also indicates the presence of a fault 

zone in the vicinity of the dam. The Logan River runs in a westerly 

direction a short distance ups tream from the dam. Downstream from 

the dam, the river also follows a westerly course, but is oriented 

north-south along the East Cache Fault zone for several hundred yards, 

directly upstream and downstream from the dam. The sharp offset in 

the river channel is probably the result of erosion along the fault 

zone. 

A highway cut several hundred yards north of the dam revealed 

approximately 12 feet (3.7 meters) of vertical displacement a long the 

fault and aerial photographs (Cluff, Glass, and Brogan, 1974) indicated 

the extension of the fault to the north and south . Although no fault 

movements have occurred along this zone in recent history, the dis

placement revealed in the highway excavation suggests that the potent

ial for surface rupture in the future is high. 

Newton Dam 

Newton Dam was constructed in 1946 by the U.S. Bureau of Reclama

tion. This dam is a zoned earthfill structure and is approximately 

101 feet (31 meters) in height at the maximum section. The reservoir 

capacity is 5500 acre feet (6,780,000 cubic meters). The dam is 

located on Newton Creek, 3~ miles (5.6 kilometers) north of Newton. 

The primary function of the facility is to impound irrigation and 

recreational water. 

This study identified no geologic hazards influencing this 

facility. The right abutment of the dam is founded on an ancient 

landslide which occurred on the west side of Little ~1ountain, however, 
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the slide shows no evidence of any recent geologic activity resulting 

from construction of the dam . 

Wellsville Dam 

This dam is located within the Wellsville City limits. It is a 

very old earthfill structure and very little is known about it. The 

dam is approximately 20 feet (6 meters) high at the maximum section, 

300 feet (91 meters ) in length along the crest and about 10 feet (3 

meters) wide at the top. The side slopes were roughly measured with a 

hand held inclinometer and found to be between 1.1:1 to 1.4:1 (hori

zontal: 1 vertical). These side slopes are considered to be very 

steep but no sign of instability is apparent. Several wet areas below 

the dam may be attributed to minor seepage through the base or under 

the dam. Heavy vegetative cover has grown on the side slopes of the 

embankment. The freeboard was measured and found to be approximately 

1~ feet (0.46 meters) below the crest elevation. It is controlled by 

an overflow spillway on the left abutment of the dam. The reservoir 

capacity is unknown but roughly estimated to be less than 50 acre 

feet (61,700 cubic meters). 

Schools 

Two high schools, junior high schools and 14 elementary schools, 

in the Cache County and Logan School Districts were reviewed during this 

study. Very little information was available to assess most of the 

schools; hence, the information collected was based largely on field 

observations and on reports from persons with knowledge of history of 

the structures. 



83 

Perhaps the most critical hazard to which the schoo l s are 

exposed, is that of ground shaking from earthquakes. Many of the older 

structures are showing some signs of deterioration and distress. 

lfuile the se schools may be safe with only static forces acting on 

them, dynamic forces induced by an earthquake may exceed their reserve 

strength and cause extens ive damage. Problems stemming from the August 

1962 Cache Valley Earthquake serves as an appropr iat e example of the 

hazards that may exist. During this earthquake, ominous cracks 

developed in the Lewiston Elementary School, Park Elementary School in 

Richmond, and the old Logan Junior High School. The old Logan Junior 

High School was later razed as a result of this damage . Other damage 

to the schools included window breakage at some schools, cracking of 

the smoke stack at the Logan High School, and destruction and collapse 

of a portion of the stone capping on the North Cache Junior High 

School at Richmond. After the earthquake, steel tie rods were placed 

in the Lewiston Elementary School to help reinforce the structure . 

The magnitude of the August 1962 earthquake was rated as 5.7 on 

the Richter scale; however, an earthquake of much greater magnitude 

is possible in the Cache Valley. Experience suggests t hat great 

damage can be expected from an earthquake of magnitude greater than 

the 1962 Cache Valley event. 

The hazard exposure due to locating schools in fau l t zones is 

another important consideration. Although Cache County school s are 

not currently faced with this hazard exposure, it was found that site 

selection processes of the past have not considered proximi t y of t he 

site to fault zones. 
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Four exploratory drill holes were bored at the site of the Sky 

View High School at Smithfield in 1962. An examination of the boring 

logs suggests that the liquefaction potential of the underlying soil 

should be studied . The density of underlying fine, silty sand layers 

is quite low as indicated by standard penetration tests. The 

height of the static water table could not be determined from the 

boring records, however, if the water table is near the surface, 

a critical liquefaction hazard may exist. 

The indication that liquefaction could be a hazard is important 

since many other areas, especially along the Bear River, are probably 

underlain by similar soils. During the August 1962 Cache Valley 

Earthquake, the development of sand boils in several areas along the 

Bear River indicated that a condition of initial liquefaction had 

occurred. Earthquakes with greater magnitudes and longer durations 

may cause extensive liquefaction in the locations that displayed 

the characteristics of initial liquefaction. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

Purpose of Study 

The purpose of this study was to review existing and proposed 

publicly used facilities in Cache County, Utah, with regard to geologic 

hazards and to study the present level of geo logic and geotechnical 

input i nvolved in the siting, design and construction of t hese struc

tures. The study was intended to indicate the present gener a l level 

of geo logic hazard existing in Cache County. It was also i ntended to 

provide information that would help define the nature of problems 

stemming from these geologic hazards and to encourage the review 

and revision of currently inadequate public policies pertaining to 

the siting, design , and construction of critica l public facilities. 

Limitations 

The cooperation from owners, designers, constructors, and anyone 

knowledgeable about individual facilities was vitally important for 

a complete and proper review of the faci lities. Some or all of these 

individuals, in some cases, were reluctant to provide meaningful in

formation. In other cases, especially those pertaining to many 

older structures, little or no information or documentation was 

available to indicate the design considerations or thoroughness of 

the geotechnical investigation. Therefore, it was frequently the 

case, that only the surficial geologic envi ronment could be studied 
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to indicate any problems. A knowledge of the subsurface conditions 

such as those provided by a proper geologic and geotechnical investi-

gation , may indicate either a greater or lesser exposure to geologic 

hazards than can be deduced from surficial evidence. 

The scope of this study did not permit investigations of the 

structural capability of facilities to withstand strong ground shak-

ing motion. The study was limited to critical public facilities 

within Cache County. Facilities associated with Utah State University, 

however, were not investigated. 

Conclusions 

Earthquake hazards probably constitute the greatest geologic 

hazard threat to publicly used facilities in Cache County. ~!ajar 

damage related to strong ground shaking, surface fault rupture, 

liquefaction or miscellaneous ground failure may result from movement 

along any one of at least three major faults in or near Cache Valley. 

These faults and the maximum credible earthquake associated with 

each are indicated below: 

e The East Cache Fault, having a north-south 
orientation and located along the eastern 
edge of Cache Valley, is estimated to be 
capable of producing a maximum credible 
earthquake magnitude of 7.7 on the Richter 
scale. 

e The West Cache Fault, having a north-south 
orientation and located at the western 
margin of Cache Valley, is estimated to be 
capable of producing a maximum credible 
earthquake magnitude of 7.5 on the Richter 
scale. 

e The Wasatch Fault, having a north-south 
orientation, extending for over 200 miles 
(322 kilometers) and located about 6 miles 



(9.7 kilometers) west of Cache Valley, 
is estimated to be capable of producing 
a maximum credib le earthquake magnitude 
of 8.4 on the Richter sca l e. 
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A large magnitude earthquake occurring along any of these three major 

faults would probably cause a considerable amount of damage to many of 

the structures reviewed during this study, especially many older 

structures. 

Strong ground shaking resulting from earthquakes is considered 

to be the greatest seismic hazard affecting facilities. Other 

seismic hazards, such as fault rupture, may present critical problems 

to some structures. Many past earthquakes in the United States , in 

areas with similar construction to that of Cache Valley, and even 

the records of damage in recent Utah and Cache Valley earthquakes 

supp ly ample evidence to support the fact that strong ground shaking 

is usually the major cause of damage. Kaliser (U.S. Senate, 1975, 

pp. 242) reports that the ground shaking damage from the August 1962 

Cache Valley Earthquake alone was $1,700,000 (1974 dollars). This 

earthquake had a Richter magnitude of 5.7 and mainly affected areas 

of Logan, Smithfield, Richmond and Lewiston. 

Some facilities in Cache County are exposed to surface fault 

rupture hazards. If a structure is located astride a fault which 

displaces more than a few inches, extensive damage or total destruc-

tion is likely to occur. The surest way to avoid thi s hazard is 

to identify the fault zone and avoid construction there. 

The active faults are located near the base of the mountain 

ranges in Cache County. Certain critical facilities such as culinary 

water supply storage tanks, because of economic considerations 



88 

stemming from hydraulic design considerations, are also typically 

located on sites near the base of the mountain ranges. Thus, an 

inherent geologic hazard exists at virtually all of these otherwise 

desirable sites. This condition dictates the need for careful in

dividual investigation of all sites in close proximity to known fault 

zones. 

Major geologi c hazards other than those related to earthquakes 

do not appear to affect most structures included in this study. Most 

of the county's communities have been developed on recessional benches 

produced by ancient Lake Bonneville as it receded. The soil types 

found in these benches, especially the higher benches, is generally 

dense sand and gravel and is usually well suited for construction. 

However, some problems such as erosion and the development of minor 

landslides have occurred at or near some of the facilities studied 

in the bench areas. These problems have generally developed in 

areas possessing steep slopes and/or excessive groundwater. 

Although the structures reviewed do not indicate problems 

arising from subsidence due to compressible clay strata, many areas 

of the valley (generally, those below elevation 4500 feet) are under

lain by such soils. Since the construction of major structures in 

these areas has been minimal, problems have usually not been encounter

ed. The soft clays of the valley are highly compressible and extensive 

groundwater mining could lead to land subsidence problems. This 

hazard should be thoroughly investigated before extensive groundwater 

use is allowed. 

Many critical facilities were found to be subjected to some 

degree of geologic hazard during this study. In an effort to emphasize 
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the critical need for adequate geologic and geotechnical investigations 

and analysis for important public structures, some of the hazards 

that threaten existing structures have been identified in Table 5-l. 

It is hoped that this identifcation will illustrate the nature of the 

hazards and indicate where additional future investigations are neces-

sary in order to mitigate the hazards. 

It was not possible, within the scope of this study, to properly 

assess the structural hazard resulting from strong ground shaking. 

Based on the reported damage from past Utah earthquak es and the report-

ed damage from past earthquakes in other areas where construction 

techniques were similar, the hazard is considered to be high. This is 

especially true for many older structures. 

General Recommendations 

The "state-of-the-art" in earthquake engineering has advanced 

significantly in the last decade. It has come about largely as a 

re su lt of the impact of several catastrophic earthquakes in California. 

Duke (1975) describes the impact of these earthquakes as follows : 

e San Francisco, 1906 -- led to improvements 
in water supply systems, principally for 
fighting fire. The importance of system 
redundancy was emphasized. 

e Long Beach, 1933 -- resulted in general 
adoption of lateral force provisions in 
California building codes. Several California 
electrical utilities adopted a seismic design 
criteria for important facilities which exceed
ed those required by local building codes. 

e Kern County, 1952 electric utilities 
improved criteria for anchoring and bracing 
electrical equipment. Some earthquake 
resistive criteria were developed for tanks 
located on the ground and the importance of 
flexibility in connected piping was emphasized. 



Table 5-l. List of structures with hazardous conditions. 

-------- --------------- - -- -- - - -

Facility Location 

Culinary Water Stora~e Tanks 

Hyrum At mount of Blacksmith Fork Canyon 

Millville Extreme S.E . corner of Millville 

Providence At mouth of Providence Canyon 

Wellsville Approximately 1 mile south of 
Wellsville 

Culinarl Water SuEEll Well 

Hyrum East end of Main Street, Hyrum 

Culinary Water SuEElY SErin~s 

Providence Canyon Spring 2 miles above entrance to Providence 
Canyon 

Hazard 

1. Astride major fault scarp 
2 . Minor landslide below tan k 
3 . Erosive soil 

Very near or within major 
fault zone 

Very near or within major 
fault zone 

Located a few feet away from 
and between two major fault 
scarps 

Minor problem with sand infil 
tration 

Contamination of water supply 
from sources upstream 

"' 0 



Table 5-l. Continued. 

Facility Location Hazard 

Cove Springs Approximately 3/4 miles N.E. of town Contamination of water supply 
from infiltration of surface 
pollutants 

Dams and Reservoirs 

Porcupine Dam and Reservoir Approximately 1~ miles east of the 1. Rockfall hazard near spil 
mouth of the East Fork of the Little way 
Bear River 2. Loss of piezometer instru 

mentation because of van-
dalism 

3. Possible stability proble ms 
in embankment 

Hyrum Dam Southwest portion of Hyrum Spillway capacity is possibly 
i nadequate 

First Dam Logan River At mouth of Logan Canyon 1. Located astride a major 
fault scarp 

2. Extensive populated area 
downstream 

Schools 

Lewiston Elementary School Lewiston Cracked walls resulting from 
ground s haking during Cache 
Valley Earthquake, 1962 ~ 

- - --- ·--·-----



Table 5-l . Continued. 

Facility Location Hazard 

Park Elementary School Richmond Minor cracking resulting from 
ground shaking during Cache 
Valley Earthquake, 1962 

Old Logan Junior High Logan Structural damage resulting 
School from ground shaking during 

Cache Valley Earthquake, 1962 

North Cache Junior High Richmond Window breakage, minor cracks, 
School and architectural damage 

Logan High School Logan Window breaking, structural 
damage and near collapse of 
old smokestack 

Sky View High School Smithfield Possible liquefaction of sub-
surface soils 

- -- -

:e 



e San Fernando, 1971 -- this shock has had the 
greatest impact on the development of lifeline 
earthquake resistive design. Systems with 
and without aseismic design features were sub
jected to strong ground shaking and differential 
earth movements. The behavior of lifelines in 
this earthquake indicated some glaring hazards. 
(Duke, 1975) 

California has benefited the most from these advances in the 
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state-of-the-art. Other seismically active states have not yet begun 

to design aseismic capacity into many of their vitally important 

facilities. Many inexpensive remedies are available to help mitigate 

the earthquake hazards. However, a complete assessment of public 

facilities by the operating agency is essential just to determine 

and rank the hazards to which the facilities may be exposed, before 

mitigation measures can be initiated. By fol lowing the guidelines 

established by California agencies and by applying more s tringent 

design requirements adapted for specific localities, structures can 

be made much more earthquake resistant. 

As a result of the San Fernando event, the American Society of 

Civil Engineers was stimulated to organize the Technical Council on 

Life line Earthquake Engineering (TCLEE). It is their goal, "to 

elevate the level of engineering practice in design of lifelines to 

survive earthquakes". The council is expected to assume a role 

similar to that of the Structural Engineers Association of California 

which has been very instrumental in developing better design standards 

for that state. 

Publically accepted levels of risk should be established for 

critical facilities in all communities. Legislation may be required 

to establish these risk levels or acceptable levels of performance . 



The development of aseismic design criteria should be guided by pro-

fessional leadership and upgraded as needed when evaluated by field 

tests resulting from future earthquakes. 

Operating agencies responsible for facilities should set strict 

guidelines and review procedures to assure the adequacy of assessments 

of the l evel of hazard exposure of their facilities. The Public 

Utilities Commission of California has set some general aseismic 

guidelines for seismic safety as reported by Duke (1975): 

• Provide standby and storage facilities 
and alternate routes. 

e Insure rapid restoration capability 

• Provide interconnections with other utilities 

• Meet and exceed standard building and safety 
codes 

e Review and modify existing design criteria 

• Review older s tructures 

e Install instrumentation to record strong 
ground motion and monitor damage 

• Plan major routes to avoid areas of known 
seismic hazard 

• Recognize possible site amplifications in 
design criteria 

e Coordinat e emergency planni ng with other 
utilities and agencies (Duke, 1975). 

The Earthquake Engineering Research Institute (EERI), is a 

national society composed of professional peopl e from universities, 

industry associations, research organizations, professional societies, 

and many firms and agencies directly involved in the planning, design, 

construction, and operation of earthquake resistant structures. It 
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is the role of EERI to help communicate and coordinate earthquake 

mitigation measures among the many organizations interested in the 

field. By subscribing to the principles established by EERI and becom

ing actively involved in formal se lf- education of the hazards, communi

ties will be able to significant l y reduce the earthquake hazard expos

ure of their facilities. Post-earthquake reconnaissance inspect ion 

forms for buildings and lifeline s are available through EERI and 

will play an important role in collecting data to mitigate damage from 

future earth shocks. 

Specific Recommendations 

Development of public fac ilities in Cache County is currently 

proceeding with only minimal ase ismi c consideration. This should not be 

a llowed to continue . Geologic and geot echnic al investigat ions should 

be performed for all faci lities of public importance. The degree 

of investigation required is dependent on the site location and should 

be determined by an individual who is experienced in the field. Geologic 

as well as geotechnical evaluation of sites should be mandatory whenever 

the construction takes pl ace in the bench areas along either side of 

the valley or where surface fault rupture hazards have been identified 

(refer to Cluff, Glass and Brogan, 1974). 

It is extremely important that geologic and geotechnical consid

eration be incorporated early in the planning stages for a facility. 

Proper identification and evaluation of hazards during the site selection 

phase of a project will generally save money in the long run. If a 
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hazardous site is chosen unknowingly and the operating agency becomes 

committed to the location because of contractual or other reasons, 

or if problems develop after the construction of a facility is 

started, the associated costs to correct the problems are likely to 

be substantially greater than the increased cost associated with a 

detailed geologic and geotechnical investigation. It must be 

recognized, however, that only trained, experienced individua ls may 

be capable of fully and correctly assessing the nature of the hazards 

as they exist. 

When a faci lity must be located in a potentially vulnerable 

location, the investigation of the hazard should insure that the 

facility possesses a high order of dependability of performance. 

Construction should not take place astride active fault traces. 

However, when a site must, of necessity, be located within a fault 

zone , the investigation should define the exac t location of surface 

fault ruptures if possible. Finally, a plan of action should be 

developed to quickly restore necessary services from damaged facilities. 

Certain lifelines such as water lines, sewer lines, gas or 

petroleum lines, and power and communication lines must cross active 

faults. The location of the fault should be identified and if the com

petence of the fault cannot be guaranteed, the necessary materials for 

rapid repair should be provided where they are readily available. 

Additionally, it is recommended that the lines cross at or near the 

ground surface to facilitate emergency repair work. Automatic shut-off 

valves and flexible joints should be incorporated to control the 
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damage resulting from the disruption of the lifeline itself. Figure 

5-l (from Lew, Leyendecker and Dikkers, 1971) illustrates the damage 

and hazard exposure resulting from the rupture of gas, water, and 

sewer lines in the same location. The facilities were not only in

operable when needed most, but also a significant problem was created 

by the lifelines themselves. 

Structural damage resulting from strong ground shaking has been 

identified as an extreme hazard during earthquakes. The Structural 

Engineers Association of California has been effective in reducing 

the hazard by the adoption and enforcement of stringent aseismic 

design criteria. The latest edition of the Uniform Building Code 

(1976) although significantly superior to previous editions, is regard

ed by many as providing only minimal earthquake resistive de sign 

criteria for structures. In seismically active areas, critical 

structures such as hospitals and emergency service structures, schools 

or other high occupancy structures, lifelines, and other important 

public facilities, may require more stringent design criteria than 

the criteria set forth by the Uniform Building Code (1976). 

14any times minor structural details can help mitigate a signifi

cant portion of the total damage. Figures 5-2 through 5-5 from 

Lew, Leyendecker, and Dikkers (1971) provide glaring examples of 

the omission of such details. In Figure 5-2, telephone switching 

equipment at the Sylmar central office of General Telephone Company, 

is shown to be totally disrupted. If the columns of equipment had 

been tied together structurally, failure would not have occurred . 

This situation may be likened to that of rows of bookshelves in a 



Figure 5-l. Ruptured sewer, water, and gas lines after the San 
Fernando Earthqu:1ke (after Lew, Leyendecker, and 
Dikkers, 1971). 

Figure 5-2. Toppled and damaged te lcphone sw it ch ing equipment 
at Sylmar Central Office of Ge neral Te lephone 
Company (after Lew, Leyendecker, and Dikk ers , 1971) . 

98 
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library. If the rows are tied together to act as a unit rather than 

each row being supported individually, the unit will become much more 

stable. Instead, if the rows act individually, and one row topples, 

the result may be the same as a row of closely spaced dominos falling, 

each domino upsetting the next one. 

Figure S-3 shows an ambulance which was destroyed as a result of 

the collapse of a simple port structure. In this case, insufficient 

lateral support was provided for the relatively massive roof s tructure. 

The vertical co lumns were not capable of transferring the lateral force 

which was generated by the roof structure as a result of the earthquake. 

The emergency service vehicles parked in this port were rendered totally 

useless during the time when needed most. 

Figures S-4 and 5-S s how similar destruction. The electrical 

power transmission equipment shown in the figures was destroyed simply 

because of insufficient lateral support. A detailed evaluation of 

similar critica l components of any lifeline system, should suggest 

many relatively inexpensive measures which can be taken to safeguard 

the system. 

In the past, the governing society has been reluctant to accept 

the increased costs normally associated with hazard resistance analysis 

and design. Even in such seismically active areas as California, 

Alaska, and Japan, the incentive to provide earthquake resistant 

structures did not occur until after the occurance of major disasters. 

In Utah, a major disaster has not yet occurred in the densely deve l oped 

areas. However, the potential exists. By initiating, at this time, 



Figur e S-3. Destruction of emergency service vehicl es na rk ctl in 
a co ll apsed ambula nce po rt (after l~w. Leye ndecker 
and Dikkers, 19 71) . 
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Figure S-4. Destroyed electrical equipment at Sylmar Converter 
Station as u result of the San Fernando Earthquake 
(after Le w, Leyendecker, and Dikk ers , 1971). 

Figure 5-S. Dest royed elec trical equipment at Sy lm ur Converter 
Station us a result of the San Fernando Earthquake 
(aft er Lew, Leyendecker, and Dikkers, 1971). 

I Ol 
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Programs to help educate the general public about existing geologic 

hazards, steps can be taken to mitigate a disaster before it occurs. 

Providing hazard resi s tant structures is the responsibility of 

everyone. No single organization can be expected to carry the burden 

by itself. First of all, the government shou ld establi sh a basis f or 

an accepted level of risk to be associated with each type of structure 

used by the public . Guidelines should be es t ablished to help direct 

future development toward a high order of dependability of performance, 

and review procedures for existing vulnerable structures should be 

es t ab l ished. 

The public s hould be responsible for requiring that future develop

ment and review of hazardous facilities provides for structures which 

function to protect life, property, and activities against geologic 

hazards and against a hazard from the facility itself. The public must 

realize that additional costs may be associated with earthquake resis

tant des ign and must be willing to accept this burden in exchange for 

safer structures . 

The owner of a facility is responsibl e for providing for proper 

geologic and geotechnical investigations. The degree of the investiga

tion required should be dependent on the site location and the type 

of facility. The degree of investigation should also fall within the 

guidelines as set by government agencies. The owner should obtain 

an investigation and design which is balanced between economy and risk 

and f a lls within the set guidelines. 

A geotechnica l engineer and/or geologists are responsible for 

informing everyone of the degree of subsurface investigation necessary 
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for a site. They should suggest to the owner when additional investi

gation is necessary. The architect and structural engineers are also 

responsible for requiring that competent personnel and proper subsur

face investigations are provided for vital public facilities. 

Finally, the constructor is reponsible for seeing that the 

facility is properly constructed as designed. Adherence to minor 

details during the construction of a facility can provide for a much 

safer structure. 
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APPENDICES 



Appendix A 

TI1e data in this appendix includes a list of 609 earthquakes which 

occurred in Utah during the period 1850 through June 1965 

(from Cook and Smith, 1967) 
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Appendix A 

KEY TO EARTHQUAKE DATA 

Time of earthquake occurrence -- (year, month, day, hour, minute, 

second) given in Greenwich Civil Time (GCT) 1. 

Earthquake location North latitudes (LAT- N) and West longitudes 

(LONG-W) are listed with t he fo llowing accuracy: Universi t y 

of Utah data - nearest 0.01 degree; Coast and Geodetic Survey 

Data -nearest 0.1 degree; and Non-instrument recorded data -

geographical location, usually where greates t intensity was 

reported. 

Richter magnitude-- (~~G). Magnitudes of earthquakes occurring 

prior to 1950 were obtained by converting the intensities, 

(modified Mercalli scal e) which were reported by Williams and 

Tapper (1953), t o Richter magnitudes . Magnitudes of earthquakes 

occurring from 1950 through June 1962 were as listed by the 

Coast and Geodetic Survey. Magnitudes of earthquakes occurring 

from July 1962 through June 1965 were as listed by the University 

of Utah . 

Focal depth -- (DEP) given in kilometers, as listed by the Coast and 

Geodetic Survey. When the Coast and Geodetic Survey focal 

depths were not available, the depth was arbitrarily and approxi

mately placed at 20 km. 

1Greenwich Civil Times are seven hours later than Mountain Standard 

Times . 
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Source of data-- (S) is listed as follows: 

C Coast and Geodetic survey data 

U University of Utah data 

W Williams and Tapper (1953) 

Epicenter determination -- (D) was made by both the Coast and Geodetic 

survey and the University of Utah when the letter "D" was included. 

Remarks -- This column gives general information about each event. 
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196:! OCT 17 10 lO ---- ----- ------ > .1 Ill [PHRA{~ T1-0f'JUS LAKE F AULT ~'"'OC'<S 

187 ~ " ' 27 " " ---- ----- ------ ?,0 I! SALT LA I(( CITY JIA'iATCH FWL T 

187 J o UC " " " ---- ----- ------ "·' 
,, AEAVE'l HUf'll:llCANE F"4ULT "l 4"'AC' "" 

1S7J DEC " 
,, 00 ---- ----- ------ :" ,7 " BE4R LAKE VALLE Y "'(Aq LAKI': ~'"A UL T 

.187.} OEC 27 " 00 ---- ----- ------ '· 7 
,,, F41:1 "4I N1j TON SEVER( SHOC'( ltiASATCH " ' 187..; JUN " " no ---- ----- ------ '·' IV S ALT LI KE ciTY 

187 10 J UN IS' 07 00 ---- ----- ------ '·' I V FELT 54 LT L 4'< ( CITV TO '-~IIJYI'o\Y 

18 7~ "" " ----- ------ "·9 VI " PL(45A.NT AND •·o~ONI ' S "~OC K'i 

187~;~ '-'.AR 2" ----- ------ SAr~ PETE V~LLEY <;~VER4L $ '-lOCKS 

1870 .. , " ----- ------ BEAR LA'<C: vfi.LL(Y qEAI'I LA'<( "AULT 

1 87 0 APR " ----- ------ 9EAI=I L.1K~ VALLE Y "'(Act LA'<( I'"A'JLT 

1 870 NOV " 05 " ---- ----- ------ '·' Ill CEO.t'l: CITY 1-I:.J'I:R I CA"l( "A 'ILT 

187b DEC " " " ---- ----- ------ '·' Ill RICI-Iq~L::l cOVE CREE l< T•JSHAI:l !'"IIULT 

1817 "'" 0) ----- ------ '·' I V RICHrJO:LO .cELT ~ . 000 5:'1 •r TlJ<.'-fAR '" 1817 .JAil IS 12 00 ---- ----- ------ > .1 Ill SEV I ER CITy T U9.U~ Fot i)L T , ~HOCKS 
1 877 . ., 05 09 00 ---- ----- ------ 2 . 0 rr SALT Lfii<E ciTY \o'Ac;A TCI-I FlULT 

187ij oUC 21 !2 00 ---- --- -- ------ ?.0 rr SA LT LAI<E CITY \o'II.S.!.TCH I'"II. ULT 

1878 • UG '" ----- ------ 4 . ~ v COVE CR((K HU~'l.ICA.N( "~ UL T 

1 879 AUG IS 1> "0 ---- ----- ------ 2.0 rr COVE CREEK HURRICUJE FAUL T 

1878 AUG IS 1" "' ---- ----- ------ 2,0 rr COVE CREEK HUR'I:ICA.NE FAUL T 

11178 • uG 1b 02 "" ---- ----- ------ ' ·' IV COVE CREEK HURRICA NE !'"AULT 

1878 AUG 21 " -- ---- ----- ------ '·' rrr NOIHH 0' SotLT L AKE CITY WA'iA Tt: H '" 1878 SEP 07 ,. -- ---- ----- ------ ~ . 1 rrr SALT LAKE crTY WASA TC'i I'" AUL T 

187d DEC " ----- ------ ?.0 !! PANGUITCH SEVIER '" SEVERAL SI-IO(Kc; 

15!30 JLIL 12 05 00 ---- ----- ------ "·' ' BOX ELDER co PO RTAGE 2 SHOC KS 

1880 SE P " " 27 ---- -- --- ------ '·' IV SALT LAKE CITY \o'A SATCI-! FAULT 

1880 DEC 27 ----- ------ '-1 Ill KELTOt/ HANSEL VALLEY '" , SHnCKS 

1881 !-t AR 2b 02 15 ---- ----- ------ >.1 !!! HEBRON OA"!.t,G E 

J881 AUG 0" '" " ---- ----- ------ > . 1 rrr BEAVER HURRJC.t,N[ I'"AUL T 5 SHOCKS 

1881 AUG 0 " " " ---- ----- ------ BEAVER HURR ICA NE FAULT 
FAULT 1881 OCT " 07 00 ---- --- -- ------ >,1 Ill "'OUNT PLEAsANT THOUS AND LA'<[ 

1663 SEP " 11 00 ---- ----- ------ '·' IV SILVE'l: CITy 

18 8~ NOV '" ----- ------ MILLAR!) co COVE CRE EK 

1884 NOV 10 08 so ---- ----- ------ b.1 VJ Jt NORTH[ASTER'l UTAH SEVERE 0A'4At;E 

1884 NOV ro 09 10 ---- ----- ------ 2.0 !! BEAR L AKE vA. LL EY CRA\oii'"OIIrJ •TN F"AUL T 

1afl'+ NOV 10 09 " ---- ----- ------ 2,0 !! BEAR LAKE VALLEY CR A\1/F" ryQ.D •t• F"AULT 

lb91t NOV 10 00 "' ---- ----- ------ 2,0 rr BEAR LAKE V ~ L LEY CRII. ·,..~oqo '4HI ~AULT 

1864 NOV 10 10 "5 ---- ----- ------ 2 .0 rr 8E4R LA'([ VALLEY CRII.WF OR'l 'fN F"AULT 

18'1 .. NOV II DB 5> ---- ----- ------ 2 . 0 rr AE AR LAKE VALLEY CRAWCOQO ... FAULT 

1854 NOV 11 '" 00 ---- ----- -----~ 2 . 0 rr SEAR LAKE VALLEY CR AwF ORD .. N FA ULT 

1 BB'+ NOV 12 " 50 ---- ----- ------ 2.0 rr BEAR LAKE V ~LLEY CR AW~OR'J ... F"AULT 

1S8~t NOV 12 09 , ---- ----- ------ 2. 0 rr BEo\R UI<E VA LL EY CRAwCOR:) <TN ~ A VLT 

1984 NOV 12 12 " ---- ----- ------ 2 . 0 rr 9EAR LAKE VIILLEY CRA'•"OR? 'lN ~A ULT 

1884 NOV " OA 'j5 ---- ----- ------ 2 ,0 rr BE fill: LAKE VALLEY (RA;o'F'lRO '" ~AULT 1 8d<f ~~0\1 " 10 "' ---- ----- ------ 2,0 rr A'E:AR LAK~ v ALLEY Cq AWI'"ORO "'" F"AULT 

188~t DEC 08 ----- ------ '·' Ill OG'JE"' HANSE L VALLEY '" "4A~Y S~OCKS 

1S'i~ SEP OS " " ---- --- -- ------ >.1 Ill KA~A9 ~EAVY SHOCK S~VIER FAULT 

18!!~ OCT " 0& 10 ---- ----- ------ >.1 rrr MINERSVILLE 4 EVENTS "I NE RAL "TS ' LT 

18 .'~:0 OCT " "' no ---- ----- ------ l.1 Ill SEAVER co FRISCO BEAVER "'N cauLT 

18'3';. OCT ?.0 uo 00 ---- ----- ------ > .1 rrr 9EAV'E: Il: co FRISCO SEAVER <TN ~AUL T 

188';1 '~c 17 or " ---- - -~-- ------ :'1.7 " CIRCLEVILLE TUSHAR F"A UL T 

18d5 DEC 17 " 20 ---- ----- ------ ~.1 Ill TEASDALE T'"IOUSANO L AKE FAULT 

J8 '17 DEC OS 15 >0 ---- ----- ------ s.s vrr KANAB sEv rER FAULT OA~AGE 

18'-H o~c " 11 no ---- ----- ------ ' ·' ,, MA"iT I T'-!Ouc;A~;O LAKE FA l iLT 

1891 APR >o " 55 ---- ----- ------ ,, 9 Vl WASHI N(i TQN co ·HURRIC.!.N[ FA ULT OA~AGE 

1B'l l S~P " '" "' ---- ----- ------ >.1 Ill CEDAR CITY HURI:Il CANE FAUL T 

1893 AUG " 
, 

" ---- ----- ------ 3.7 ,, SNOWVILLE I-I ANSEL VAL L'EY FAULT 

1894 oAN 06 16 00 ---- ----- ------ "·' ' F I SH S:IR I ~lGS r:'I SH SPR PJG S ~A.UL T 

189'+ "' OS " " ---- ----- ------ ,,, t V KANOSH HlJRR ICAIJE FAULT 

1894 "' no 15 00 ---- ----- ------ l . 1 Ill KANOSH HURR I CANE FAULT 

189 4 o UC 1d 22 50 ---- "·' v OGOEt4 WASATCH FA UL T 'JA'r.GE 

1895 oUC 27 22 " ---- ----- ------
'· 7 

IV MT PLE A!'At iT THOUS LA I([ ~A ULT 'JA"4GE 

189& .JU~l 07 05 " ---- ----- ------ ~. 1 !!l SANPET E' co GUNNI SON SEVIEII "AULT 

189& SEP " or " ---- ----- ------ ' ·' IV NEPHI WASaTCH FAULT 

189& OCT " 15 50 ---- ----- ------ >.1 Ill L OGAfl EA<;T CACHE FAULT 

189o OCT '" '" 00 ---- ----- ------ 2,0 rr HANKS VILLE F'EL T ~.ooo 50 "' 1897 sr;:P " 17 " ---- ----- ------ BRI GHt." CITY 
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I"[AR MO o.v "" " SEC LA T-N LOtlG-W lilT OE' s D RE~ARO:S 

1B9a FE!! " 
,,, 00 ---- ----- ------ COR PiN": 

leH NOO 10 01 no ---- -- --- ------ ~. 7 I V SEAVER HUR'HCANE ~A UL T 

16'N '" " I) '" ---- ~. 7 " SALT L ~KE C tTY WASII.TC"i FAULT 

1900 •uo " 07 "' ---- ----- ------ ' ·' VII (UI\(KA DISTRICT OA.~AG[ 

1 90(1 •uG ,,, 07 ~:, ---- ----- ------ 2.0 II EUREKA OfSr'UCT 

1 ':11'li.J •uG " oq 00 ---- ----- ------ 2,0 II EUREKA Ol 5T'UCT 

19'1U AUG 0! 16 10 ---- ----- ------ 2 . 0 II EUREKA ')lSrRtcT 

19'll AIJG II " oo ---- ----- ------ ' ·' Ill SALT LAKE C!TY WASATC>-1 FAULT 

1901 AU~ II " 00 ---- ----- ------ ' ·' Ill PROVO WASATCt-1 FAULT QAI-IAGE 

1901 nov ,, ----- ------ 2.0 II RICHFI~LO 5HOC11;5 IJOV 1" TO '-:(IV " 19'11 NOV , .. , .• J'l ---- ----- ------ 6. 7 " 'H CHFI":LD ABOUT " SHOCKS T\JSHAR <ct 
191l2 ..JAIJ OS 0! " ---- ----- ------ '·' Ill BEAR LAKE VALL'E:Y <>.(All LAKE FA\ILT 

1902 JUil " ----- ------ '·' Ill BEAV~R SEv~IUL. SHOC~c; I-IIJQ'l JCaiJE '" 1902 oUL i~ 01 " ---- ----- ------ "·' v B~AVER co ~ElVEQ H',.IR'l !CA ~I~ ~'o\ UL T 

1 90.<! NOV " " ---- ----- ------ 6,1 Vll1 PI"':: v aLLEy 2 51-t0Co(5 '14"A'E 

1902 OEC o, ----- ------ V,9 VI PIN~ V4LLEy u r,Ny <;HOCKS 

!YOj JUL 12 10 " ---- ----- ------ '·' Ill RICHn'OLO TU<;Hr,Q F"A 'JLT 

190.) JUL " " , .. ---- ----- ------ '·' Ill OGDEI<l - SLC .o,'l:EA '.tAS4TC"l F"AlJLT 

190.l NOV nv " vo ---- ----- ------ :0..1 Ill lo.'ASHJNC.TON co ST G':OO~E 

JCJI)J NOV " " ou ---- ----- ------ "·' v WASI-IJN~·TON co ST GEORGE 

19:1:i ~IOV II " 00 ---- ----- ------ "·' v SNOWVILLE H AnSEL VALL~Y F"AllLT 

19;10 .::-Ea " " " ---- ----- ------ SEVIER co 'OI.. SINO~'~:: TU$1oU.R F"Al ! LT 

190o I~ A Y 2• 21 10 ---- ----- ------ "·' v OGI)EN ' SHO.CKS WAS\T':H F"A 'JLT 

l~Od ,,. 15 ----- ------ V,9 VI MILF"OR'l BEAVER M75 '" 5 SI-II:'CKS 

190'-J OCT 0' 02 " ---- ----- ------ 6, 7 " NO'HHWESTER~ UTAH F':LT Jo. ono <0 •r 
190i CCI 06 " " ---- ----- ------ NO'HI-IW":STERN UTAH HANSEL VALLfY F'L'I' 

191}9 l.tOV II " '" ---- ----- ------ "·' GARLA•I!l H A~SEL VALL€Y '" I)A'HGE 

191l9 NOV 17 07 00 ---- ----- ------ "·' v GARLAN'l '1A~1Y A~="TERSHOC'<S oct 70 DEC 
191() J'N 10 " 00 ---- ----- ------ V,9 VI ELSINO~F. T USI-i AR F"WLT 

191 0 .;A 'I I U " " ---- ----- ------ V, 9 VI EL SINOR E TIJSHAR ~'"AULT 

1 9111 JAil 10 " "~ ---- ----- ------ V,9 VI ELSINOQE TUSHAQ F"A UL T 

191U JAN " " 2:i ---- ----- ------ •.9 " ELSINORE TUSHAR FAULT 

191<1 JA.'.t l v 21 .~J ---- ----- ------ V,9 VI ELSl'JOt:lE TUSHAR FAlii..T 

}91() JA'l II ,. 00 ---- ----- ------ V,9 VI ELSI "'ORE TUSHAQ FAULT 

1 9 111 "" " " " ---- ----- ------ V,9 VI ELSINORE TUSHAR FA ULT OA~-AG!" 

1 <? 10 JAN " " 1:> ---- V,9 V! ELSI"'ORE TUSHAR FAULT 

191 0 l·IAY " " " ---- ----- ------ 2,0 I SALT L~KE ciTY 2 SHOCK<; ~!ASHO~ F"LT 

191 V "' " " .~5 ---- ----- ------ 5,5 VII S ALT L~KE ciTY ~A ')AT('"l F ~L'L T ~ A~AG~ 

1'::110 "" " J5 " ---- ----- ------ ' ·' VII SALT LAKE CITY WAS ... TC'"-t ~~ UL T 

191 1.) "' " 18 " ---- ----- ------ 5,5 VII SALT LAKE CITY WASATC'"-t ~AUL T 

191 U '-'·AT " IS ., ---- -- --- _____ .. 
' ·' Tl! SALT LAKE CITY WASIITCH ~'AULT 

1910 II,Al' " oo 0> ---- ----- ------ 2.0 II SALT LU([ ciTY WASATCH F-AULT 

19lJ OC T " 10 uo ---- ----- ------ ' ·' IV PAIJGUTTCH <;EVIER ~11 1/LT 

19 1 .. '"" 03 Io 00 ---- ----- ------ "·' ., W~SATC'"-t ~RQNT SALT LAK": 7 0 OC.':IEN 

1 91" "" " J7 IS ---- ----- ------ '·' VII " -,ASATCH F'WNT WASATCH FAULT O A"AGE 

1 91" OEC I• " " ---- ----- ------ '·' v ENT£RPt1ISE 

191 " :tEC " " " ---- ----- ------ >. 1 Ill HURR I (fiNE o PINE VALLEYo AND P!~TO 

191 5 "' " 19 50 ---- ----- ------ '·' IV ENTERPRISE 

t9t a "' " " " ---- ----- ------ >.7 IV ENTERPiliSE 

1 91!) '"' " '" " ---- ----- ------ 2 . 0 II E"'ERY JOES VALLEY FAt iLT 

1 '91~ jUL IS " " ---- ----- ------ V,9 VI SPRINGVILLE - SLC WASATCH ~'"AULT 

1'91 5 ,u, " " so ---- ----- ------ "·' " SE ~R ~IVER VALLEY HANSF.:L VALL ICY '" .1. '91~ >UG II " 20 ---- ----- ------ 6,1 VIII SUNSRIIRY R'NGF.: 

1<J1 5 "' 20 01 29 ---- ----- ------ '·' Ill T41STLF.: 

1915 OCT "' 23 "' ---- ----- ------ 2,0 II SALT LAKE ciTY IO.SATC!--1 ~AULT 

1915 OCI " 01 50 ---- ----- ------ :\, 1 Ill SALT LAKE C lTY WASATCI--! FAULT 

1'91 5 OCt " 06 Sb ---- ----- ------ V,9 VI " U TA I-I HANSE L VALLEY C'A UL T 

1'91~ OCt "" 12 00 ---- ----- ------ :\.1 Ill CLARKSTON CLARI(STON ~'"-AULT 

1 -915 oct " 08 00 ---- " 0 ,00 114,110 ~.5 VII IAAPAH 

1'91 5 OCT " J7 " ---- ----- ------ '· ' Ill JOSEPH TUSHAR F"AULT 

1 "9 1 0 "' " 06 2S ---- ----- ------ "·' v UT-AH COUNTy lriASATC H ):"A.IJLT 

1'91 8 oct Io " "' ---- ----- ------ ' " Ill CLARK<;TON ANO TR E..,ONTO'l WA SHCI--I <Ll 

l'9B "' " " 30 ---- >.7 IV MORO~II THQUSANf) L-AKE FaUL T 

1'9 20 AUG 19 " 20 ---- ----- ------ >. I Ill 9EJ\V[R HURRICANE FAULT 

1'920 $EP l8 20 " ---- ----- ------ "·' v 9RtGHA'I CitY W-ASATCH FAULT 

1'921J SEP 19 " 50 ---- ----- ------ "·' 
,, 

BRJGHA"' CitY WASATCH FAULT 

1'92 U r~ov 20 '" " ---- ----- ------ '·' v 9RIGHU.l CITY WASATCH F"-A ULT 

1920 "" " 00 00 ---- ----- ------ •.9 VI 57 GEORGE 

l<J2 1J DEC 17 09 " ---- '·' IV BRIGHA"' CitY WASATCH c- .,uL T 

1 '920 OEC 17 10 05 ---- ----- ------ >.7 '" B'HGHA\1 CITY WASATCH C'A UL T 
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"' '" HR MN SEC LAT- 11 lO'.lG-W )NT OfP ' 0 R['1A'I.~S 

1921 JU:4 02 21 " ---- 3.1 Ill CE!:>A~ CITY HuRP:JC~"'E I'"AULT 

1921 SEP 12 10 10 ---- '·' " RICHP'"IELD TUSH~P: ~'"AULT 

1921 so::c 12 !0 " ---- 3.7 IV RICH"'rLD TU'jHA'l ~'"AULT 

1921 srP 12 " " ---- '·' ,,, P:!CH"'O::L'l Tt!SHAK ~'"AULT 

H21 50::P " " " ---- ----- ------ '·' v RJCHFIO:LO TUSH~R ~'AULT 2 SHCCKS 

l921 SEP " 2.0 II ELSINORE rUSI-!AR FLT Mil, NY S"'~O':'<S 

l'J21 SO::P " " " ---- 6.1 VIII E"L.SINMf TIJSHAQ FAULT OA'\AGO:: 

1921 SEP " C2 " ---- ELSiNOQE SfVJ[R VALLP 

1921 SEP " " " ---- ELS!N(')RE 

1921 OCT " 02 00 ---- 2.0 !I ELSJIJOPE TUSHAR FAULT 

1921 OCT " " " ---- 6.1 VIII E LS I I~OP 0: TU5HAR F ~UL T QAMAG( 

1921 OCT " " " ---- 2.0 !I ELSINORO:: TUS"'AQ <="AULT 

1921 OCT , " 
,, ---- 2.0 II ELSINORE TUSHAR Fr.liLT 

1'121 OCT o, " "' ---- 2.0 !I ELSINOP:E TIISHAR I= AtiLT 

1921 OCT ,, " 2S ---- ::>.o !I ELSINORE TU5HAR F AULT 

1921 OCT oa 20 " ---- ----- ------ 2.0 Tl ELSINORE TUSHA'I FAULT 
1921 OCT1.0 " " ---- 2.0 I ELSINORE TIJSHA'I FAULT 

1921 OCT " 09 " ---- 2.0 I ELSINOR~ TUSHAR FA.ULT 
1921 OCT 1S ll 15 ---- ----- ------ '·1 Ill ELSINORE TUSH AA FAULT 

1921 OCT 1S 12 " ---- ----- ------ ~.1 liT ELSINOq[ TUSHAR FAULT 

1921 OCT " " 1S ---- ----- ------ s.s Vll ELSINO'IE TUSHAQ FAULT 

1921 DEC 20 " " ---- ----- ------ !1.7 IV EL'E:.If>.IORE TUSHAR 1'".-.UI..l' 

1921 DEC 20 lO " ---- 3.' TV ELSINORE TUSHAR I'"AULT 

192 1 DEC 20 " 1S ---- ----- ------ '·' IV ELSINORE TUSHAq FAULT 

1921 DEC 20 " 00 ---- ----- ------ ~. 7 TV ELSINCIRE T\JSI-!A'I FAUL T 

1921 QEC 20 " 50 ---- ----- ------ 3,7 IV ELSINORE T'JS...,AR FAULT 

1921 DEC 20 1S 1S ---- ----- ------ 3.T IV ELSI~ME TIJS'"IAR FAULT 

192~ '" 1' 12 15 ---- ----- ------ '·3 v ~ADA 

192.) JUN 07 " 1S ---- ----- ------ "·' v LOGMi EA.ST CA.CHE FAULT DAr-lAG~ 

192 .) JUt~ 09 02 " ---- ----- ------ 2.0 IT RICH "'Q>.JO [AST CAC>i~ FftULT 

192J SEP " " " ---- ----- ------ '· 7 
IV RICH"'10ND [AST CACHE I'"AULT 

192~ JAN 01 " !5 ---- ----- ------ 3.1 ITT KANE co ORDERVILL~ SEVlEq j:'AULT 

192 ::i JUL " " " ---- ----- ------ '·' IV MODENA 

192';) DEC 01 " " ---- ----- ------ 3.1 TIT SALT LAKE ctTr 
192!) "' " ----- ------ 2.0 IT SALT LAKE VALLEY WASATCH F'AULT 

1920 '" 1S " 51 ---- ----- ------ '·' TIT KANE CI'J ORDERVILLE SEVIER I'" A liL T 

192£. JUN 01 OS 20 ---- 2.0 IT ORDERVILLE SEVIER FAUL T 

l92o JU~ OS ll 00 ---- ----- ------ 3.1 Ill ORDERVILLE SEVIER FAULT 

1920 JUIO " " " ---- ----- ------ 2.0 Tl OROEil:VfLLE SEVIE'I FAULT 

192::> JUN " " 00 ---- ----- ------ 2.0 IT ORDERVILLE SEVIER FAULT 

1920 JUL " OS 20 -- -- ----- ------ 3.1 Ill OROERVTLLE SEVIER I'"AUL T 

l92b JUL lS ----- ------ 2.0 IT ORCJERVILLE SEVIER .o"AUI..T 

192o JUL " " 2S ---- 3.1 TIT LEWISTON EAST C.t.CHI'.: I'"Al!LT 

192;, JUL 29 " so ---- ----- ------ 3.1 Ill LDriiSTON [A,ST CACHE FAULT 

192::0 OCT 01 IS 1 S ---- ----- ------ 3.1 IT! ORDERVILLE SEVIER: FAULT 
192'tl OCT o, 20 " ---- ----- ------ '·' TIT oqoERVILLE SEVIER FAULT 

192~ OCT " 00 00 ---- ----- ------ '·' Til ORDERVILLE SEVIER: FAULT 
192~ NOV " " "' ---- ----- ------ 3.1 TTl Oll:OERVTLLE SEVIER I'"AULT 
192~ NOV 16 " 1S ---- ----- ------ 3.1 TIT ORDERVILLE SEVIER FAULT 

1920 OEC 19 " 30 ---- ----- ------ 3.T IV EL<JERTA 
1927 "" " OS 00 ---- ----- ------ 3.1 Til RICHFIELD TUSHAR I'"AlJLT 
1927 NOV " 02 " ---- ----- ------ 2.0 II O'II)ERVlllE SEVIER ~='A l !LT 

1927 ~ov " 0' " ---- ----- ------ '·' ITT ORrlERVILLE SEVI~R: FAULT 
192:, JUN 02 09 00 ---- ----- ------ 2.0 II PRICE 
B~l .,.A!~ " " ?9 ---- ----- ------ ?..fl II ELS I I~QQE TlJ5J.tAil: F ~UL T 
19~1 'PR lO " 30 ---- ----- ------ 2.0 T CEDAR CITY HI/RRICANE FAULT 
19.)1 JU~ " " " ---- ----- ------ LUND 
19~2 "' " o; " ---- ----- ------ ?.0 T VENICE 
19:52 JUN " " su ---- ----- ------ 2.0 II PAROW.O.'l Hull:QICANE I'"AULT 
19.)2 NOV ll lO 00 ---- ----- ------ '·' 

,,, ... !Dio'AY 
19:5~ OEC " 05 " ---- ----- ------ 3.1 Ill 54.LT LAKC clTY 't!A<;ATCH FAULT 
193.) J'" 20 13 lO ---- --- -- ------ '·9 VT PAR:OWA"' HuRRICANE ~='AULT OA~H"E 

1931; JA/J " " 2l ---- ----- ------ , .. TIT SALT LAI<E CITY WASATCH FMI\..T 
19~~ J'" 30 21 " ---- ----- ------ :'1,1 liT SALT LAKE cTTY WASATC,_. F~UL T 

19:5:. '" " " 06 ---- 1;1.7 112,£1 6.1 VIII KOS'-'0 ~-tAN<;ICL VAI..l".:Y FAIILT )!'AAG~ 

19:5~ "' l2 16 20 ---- ----- ------ II"OSMO Nw uTAo.t o.tA'JSEL VALL~ 'I' I'"AliLT 

19:5~ "' " 22 " ---- ----- ------ :"-.1 liT COLLHISTOIJ "'ASATCH FA 1.JLT 
l9JI; ,p, 07 02 l:l ---- ----- ------ 3.1 liT S~l T LAK':: cnr 
BJ~ 

,p, 
1' 21 " ---- ----- ------ 5,5 VII KOSMO HA.NSEL VA.LLEY FA\JLT 

]9.)'+ "' Oo 20 10 ---- ----- ------ '·9 VI M:OSMO HANS".:L VALLf.'l' FA,IILT 
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MO '" HR MN SEC LA T-N LOtJ(;-W !NT QEP s 0 At ... AR~S 

1 '3) .. ,JU'I " 12 ---- ----- ------ 2.0 11 S "' LT LAKE C TTY WlSlTC'-1 F"AULT 

l93't JUL '" 00 " ---- ----- ------ >.7 IV SNOWVILLE "!ANSEL VAL LEY F'AUL T 

19J't 8i~ 25 !0 " ---- ----- ------ >.7 !" Kt.IJAB sn rER FAULT 

1 93'::1 " " " ---- ----- ------ 2 . 0 !! NE..,.TO ' l OA yTON FAULT 

193'::1 JUN '" 11 " ---- ----- -- ----· ' · 0 I! SALT lo\K~ ciTY WA'>AT(H FAULT 

1935 JUL " !0 " ---- ----- ------ > . 7 IV SAL T LAKE v~LLEY WAS AT CH FAULT 

193'::1 JUL " II " ---- ----- ------ >.7 rv SALT LAKE Vl!LLEY WASATCH F4UL T 

193S ocr ,, " 00 ---- ----- ------ '· 7 
I V BOULDER 

19:55 N::lV ,. 06 12 ---- --- -- ------ 2,0 11 SALT LAKE CITY WASATCH FAULT 

19l5 DEC OS 21 15 ---- ----- ------ 2.0 II TROPIC PAuNSAGU~T FAULT 

19J& "" ,. 1 n 2S ---- ----- ------ '·' v ZI0N "'AT10NAL PlRI( 2 c;HOCKS 

19h "' 02 " " ---- ----- ------ >.I !II K Il~f'IEQL Y 

1937 "' 13 " " ---- ----- ------ >.7 IV PANGUITCH , PAJ~OWAN, A ~JO CEDAR CI TY 

19l7 "' " " " ---- ----- ------ >.7 IV ~ANGUITCHo PAROWAN• AND CED AR CITY 

19)7 " ' 18 " 00 ---- ----- ------ :"1.1 IV PANGUITCI-1 SEV TER ~AUL T 

1937 "' 2t " " ---- ----- ------ ,,I Ill P ANGUITCH SEVIER F"A UL T 

19)7 FEB 2& 01 " ---- ----- ------ >.7 IV PANGUITCH SEVIER F"AULT 

19)7 "" " II ,, ---- ----- ------ 2.0 II PANGUITCH SEV I ER F"AULT 

19l i •PR or " " ---- ----- ------ 2.0 II PANGU ITCH SEVIER FA ULT 

1937 "ov 18 " so ---- ----- ------ ,,7 I V LUC IN 

19)8 "" 18 ----- ------ >.I Ill THISTL~ 

!9lB JUt• " " " ---- ----- ------ '·' v SALT LAKE VALLEY WAS ATCH Flr.ULT 

1 9)~ JUL or " " ---- ----- ------ z.o II SALT LA-<E ciTY WASATCH F"AULT 

i 9l8 oEC " 22 no ---- ----- ------ 2.0 II SALT LAKE ciTY WA SAT CH F"AULT 

1 9)9 "'.AR " 0& •o ---- ----- ------ >.7 IV SALT LAKE ciTY WA SA TCH ~AULT 

1 9'-0 " ' 29 ,. " ---- ----- ------ 2.0 It LOGAN EAST CACHE F"AULT 

19'-0 "ov " " 00 ---- ----- ------ >.7 rv MANTI THOuSAND LAKE F"AULT 

19'-0 NOV " " 22 ---- ----- ------ ,,7 IV MA~ITI THOuSAND LAKE F"AULT 

19'1 0 NOV 25 12 " ---- ----- ------ 2.0 II MAN TI THOuSA"lO LAKE FAULT 

19 .. 0 "ov 25 " to ---- ----- ------ 2.0 II MANTI THOUS ANO LAK E F"AULT 

19 .. 0 "ov 2S " 25 ---- ----- ------ >.7 IV MANTI THOUS AN D LAI<E F"AULT 

1 9 '-1 ~~~ 20 1S 20 ---- ----- ------ >. 1 III L OG AN EAST CACI-IE FAULT 

19'- 2 26 " to ---- ----- ------ >.7 I V CtRCLE VlLLE TUSH AR FAULT 

19'- 2 "" 26 I& 00 ---- ----- ------ '· 7 
IV CIRCLEVILLE TUSHAR F"AULT 

19'-2 APR 16 0& ,, ---- ----- ------ '·' v HANSEL VALLEY HAN SEL VALLEY FAULT 

1 9112 J U' I " " " ---- ----- ------ '·' v SAqPETE co [PHR.&. I"' ro "'E PI-II 

1 942 AU::> >o " 08 ---- ----- ------ '·9 VI CE:DU~ CITY HUR RICA NE ~="AUL T OA"'AGE 

191.i 2 SEP 16 01 00 ---- '·' Ill CEDAR CITY HURRICAtl( I'"A UL T 

1 9'-2 SEP 16 " 00 ---- ----- -- -- -- '·' Ill CEDAR C ITY HURR ICANE FAULT 

J 9 1.i .! SEP 16 0& 20 ---- ----- ------ ' · 7 
I V CEaAR Cl TY HUPR ICANE F"AULT 

19'> 2 SEP 2& " 00 ---- ----- --- --- 2. 0 II CEDAR C ITY HURRJC .. NE <='AULT 

1 9'>2 SEP 2b 12 l b ---- ----- ------ ' ·' v CED AR CITY HURR ICA"'( ""'UL T 
1 911~ SEP 2o 12 " ---- ----- ------ 2.0 II CED AR CITY HURR I O.NE F"AULT 

l 'i'112 SEP 2& 1 S 50 ---- --- -- ------ '·9 VI CE'JAR C ITY HURI:IICA"'E f:AULT (lfi~AGE 

191.i 2 ste " " " ---- ----· ------ '· 7 
IV 2 TON NA TI ON AL PA~K 

191l J J• N lo II >0 ---- ----- ------ ,, 7 I V .,_ 
CEOA~ C ITY HUI:IIUCANE ~'"' UL T (ll"'AG!: 

1 9 .. ) FEB 22 " " ---- ----- ------ ' ·' VI . S ALT LfiKE Vo\LLEY WASATCH F"AUL T 

1 94J "' 2j " 5U ·--- ----- ------ 2.0 II HUNTER• "'AG"iA, '"' GARFIELD 

1911 3 "'" l2 " 
,, ---- ----- ------ >.7 I V EPHRAIM THOUSAND LAKE F"AULT 

1914) APR 10 " •2 ---· ----- ------ '·' v SALT L61<E V'LL(Y WASATr:H 1'"6 UL T 

1943 •PR II 20 " ---- ----- ------ >.1 Ill S ALT LAKE vALLEY WASATCH FAULT 

19'>J "0V " 10 " ---- ----- ------ '·' v SEVIER TllS>lAQ FA UL T 
1 911J NOV " 12 " ---- ----- ------ >.I !II SEV IE R TUSHAR f:A ULT 

1 9'-l "'v " " 00 ---- ----- ------ >.I liT SEVIER TUSI-l AR I'"A ULT 

l9'>J DEi. 09 l7 " ---- ----- ------ ~.1 IV CED AR C ITY HURRICA"'E FA UL T 

19'>l OEC 09 " 21 ---- ----- ------ >.7 IV CEDAR CITY HURRIC ANE F"AUL T 

1 9'>l OEC 10 02 17 ---- >.7 IV CED AR CIT Y HURRICANE F"& ULT 

191.il DEC 10 " " ---- ----- ------ 2.0 II CEDAR CilY HUI:IRJCANE FAULT 

194'0 "" " 00 ,, ---- ----- ------ '·' IV ST GEOI:IGE: 

1911!l .JUN OS I S " ---- ----- ------ 2.0 II MONRO E SEviER ~="A ULT 

19111l JU/l " II ,, ---- ----- ------ 2 .0 II CE I) AR C ITY HURRICANE ""AULT 

19 .. 5 "" " " •o ---- --- -- ------ 2,0 II NEPHI WASATCH F"AULT 

19't!:i NOV lB Cl " ---- ----- ------ ,,9 VI GLENW OOD sEVIER FA UL T 0A "'AG~ 

19 .. 0 "' 19 21 t> ---- ----- ------ 2.0 II PARI< V' LLEy HAIJSF:L VALL'!Y ~A l'L T 

194b FEB 20 " 00 ---- ----- ------ 2.0 II PARK V.&.LLEy HANSEL VALLEY r;"AUL T 

1 ~'tO "" o, 02 " ---- ----- ------ '·' v BEAR "'iVER VALLEY • NO LOG A"' 
19 '~0 ocr " I& s> ---- ----- ------ >.1 Ill MA GNA 

19 '- 7 ... " I' 14 ---- ----- ------ >.I Ill S.ALT LAKE cttv WASHCI-l f:fiU LT 

1 9'07 :-!A It " II 02 ---- ----- ------ >.7 IV MUR RAY WAS-TCH ~A UL T 

19'-il NO V ,, " l6 ---- ----- ------ "·' v MANTI THOuSAND LAK E F!~ULT 



T~.6.~ ~0 OAT HP 1-'JJ SEC Ul-t-1 LO'JG-W PH OFP S 0 RE'AA~t<C:. 

191.19 
19« 'J 
19«'1 
19<0'.J 
1911-J 

1 '}~ ::1 

19">0 
19">0 
1950 
195U 
19~U 

19~ U 

1\I">U 
19"10 
19">0 
1'?51 
19 ~1 
19rl l 
1951 
195~ 
1952 
195C 
1 9~.:: 

195? 
195) 
1 95~ 
1 95j 
1953 
195:5 
195:5 
195J 
195) 
195'+ 
195'+ 
195'+ 

toU,H 'l7 
"'AR 'l7 
M.,_R ('7 

... .," n7 
~A~ 07 
110'1 '12 
JAil 0 2 
JAN 10 • 

"EB 19 
F F.~ ?.u 
~I!: 'J ?~ 
~AT 0~, 

Jo.lAY 03 
"'AY 0:) 
JUl 21 
JA~J <D 
JA~ 2:5 
"'AR OS 
AU:> 12 
~lAY 0.(' 
"'AT IJ2 
JUL. 21 
JUL 2) 
St:P 26 
ji.PR lb 

"'AY 2« 
JUL. :50 
AUG lb 
AUG lb 
AUG lb 
OCT 2l. 
OCT 211 
"'AR 09 
!o1AR :51 
~1AY 1<:: 

1 95~ MAY 13 
1 95'+ NOV 01 
195:i t"[!) oz 
1955 "'AR ?.7 
1955 MitT 12 
19~5 JU~ 2:, 
1955 NOV 2() 
1956 FE3 12 
1956 FE3 1<:: 
1957 J UL 19 
1 957 OCT 2"1 
1957 ocr 2:. 
1953 JIIN 05 
1 95!:1 F£3 1J 
195 3 VltR 22 
1 95:; IIOV 2~ 

195, r~c 01 
195~ :J~C '1 
19~ !:1 :l£C Ot 
1 955 r~c o2 
19':iS O!C 11 
1 956 o::c 1'+ 
1959 JA'I 01.1 
1959 F£:3 27 
1959 JUL 21 
1959 JUl 27 
195') SEP 17 
1960 "'AY no 
19!:10 JUl 09 
191',0 S(P 12 
1 9&1 t"[!] 21 
1 961 APR 1& 
1901 MAT IJO 
1 901 V.AY 25 
19!:11 OCT 15 

fJfl ~n ---

lit. "' " ----
1;7 0'1 ---
Of! (<h ----
0!1 IL ---
(" ~ ~ ----
1 ~ 53 (jl.l ,') 

01 ~:; 31,1"1 

I" 59---
!J J7 '57,0 
07 ~~ ----
19 <40 ----

2? :5~ ----
19 2-' ----
1 ~ 2!.1 ----
1 .) JJ ----
2) 0(1 ---
('0 2::> ----
1015----
1:0 15 ----
0100----
1<:! 28----
21') 00 ---
(15 15 ---
C'2 5 .. 2::1.0 
O') '+5 -- - -
15 ~7 ----
16 no----
1& 3D -- - 
OJ 00--- -
201 so ----
11 5!3 ----
1" (10 ----

07 45 --- 
n 2J --- -
12 1:5 --- -
22 57 - - --
05 00 ----
1? 57 on.9 
(1:5 00 --- -
04 15 ----
15 2" 20.0 
to z~ .. 1. o 
()! 45 '+1.0 
17 00 07," 
22 52 oo.n 
15 47 JI.A 
1' :50 :59 , 0 
20 50 4'l,l 
22 JJ 16.5 
22 :50 16 . 5 
OJ 2:5 1">. 7 
~;I ~(j - - - -

21 flO - --
Ofl 22 5",0 
22 1'? 52.fl 
17 J~ 2'1.fJ 
1115 - -- -
062U -- - -
2C1 20 '+2,<:! 
21 Jb 40,0 
0:5110 57.5 
05 :5<,~5 \, 0 

05 0? J~.' 
16 12 ~n ,7 

11 2P 0:'1.2 
21 (15 0!,6 

"•CI VI 
" · '~ 'II 

----- ------ ~, 1 I v 
----- ------ ~, 7 I v 
----------- ,-,7 ill 

"·CI v• 
·~!. <; I 1? , n :5, 7 I 'J 
.. , _,, 110,"> s.s 

40,0 112.0 

40,5 t tl.S 

3.7 

' · 7 

"·3 
:'1.7 
.... . 1 
~ . 1 
3.7 

"·3 

v 
IV 
IV 
IV 

I~ 
~.I II f 
:'l.t lll 
'·7 Ill 
~.1 I V 
4,,3 v 
.3,7 IV 
11,:5 v 
ll,l v 
3, 7 IV 
3, 7 IV 
;,. 7 IV 
4,;} 'I 

2,0 IT 
~. 7 IV 

"·3 
3, 7 

"·3 
3, 7 

:57,1 !, 7 
3, 7 
3,7 

v 
JV 
v 

JV 
IV 
JV 
JV 
IV '+0, 0 110."> J. 7 

.. o.o llt.fJ 
40,0 111.0 
"0.72 112.":5 
.. o.s 111."> 
,30,72 110,:5:5 

S.,Ll LA'<E ciTY \1/AC:.~TC~ ~A\JLT 
c;.,_L T LAO([ CIT'!' W,6.C:.I\TCH F61JL T 
SAL T L~O([ CITY Wfi54TC!-i FAULT 
SALT L<\-<E ciTY «ASATCH ~~VlT 
SALT L~O(f CIT1 WAC:.ATCf-1 I=",6.UI..T 
WA5Hi'l:::TON CO "UR><ICA"''" i="AULT 
NORHi!: 'lN UTAH 
llO'lTH:RN UTAH 
PA'fSOt l 
PAYSO"l 
CENTJ:lAL UTA~ SOUT'1 01=" SALT L6'<f 
PIUT( COUNT'!' 
EUREKA 
PA'!'SON QA\·~GO:: 

LOGAN 
N[Pf.II 
N[Pf-11 
PIECONIA A~IZONA AND KAtJAA UTA'"! 
PROVO 
l (IQUEPVILLE 
l O')U[PVILLf 
SUJTAI) IJIN 
St.LT LAKE C ITT 
LEHI 
MONROE 
NORTH-CEtiTRAL UTAH SALT LAO([ CIT'!' 
GREENRTVER 
SALT LAKE ClTT ROSE Pl\RK AREA 
SAlT LAKE (ITT ROSE PAI:IK AFI:7A 
SALT Lt,K[ CIT'!' ROSE PAI:IK AREA 
PAUGUITCH 0A ... ,6.G[ 
PANGUITCH 
SALT LAKE C tTY 
G"lE("JRIVER 
SALT LAKE CIT'!' 

Sll.L.T LdKE C tTY 
LOGAN 4NO VICINIT'!' 
SALT LAKf (IT'!' REGION f)AMAGE 
SOUHI CENTRAL UTAH FRUI TA AND TORREY 

~~~~~~VILLE DAMAGE 

SOUTHWEST uTAH 
VEI'l:NAL 
Vf:fltfAL 
CENTRAL UTAH 
CENTRAL UT.e,H 

C CENTRi<L UTA'-1 
2'0 1J J TOOELE COo IS "'l tl '<rl oc- TOOELE 

C 10 "'lLES Nw 0~ WALLSBU~G OA"'AGE 
2 0 IJ CARBO~ CO . Q !<IT N OF SU~NYS10E 

C N("PH l "·' "fl. ?.8 112. tq~ 4 . :5 V ?.0 U 0 TOO~LE CO, ST. JOHN A~EA f'IA"'t.GE 
4!',1l5 112.'i5 :5.7 
40 , "5 112.'il) ..... 7 
'+11, .. 6 112.51 "·3 

3,7 

"·' :51",0 112.<; 'l,9 
:57,0 112."> s. 7 

3, 7 
... . 7 

J<>,'!" 11!1 , "11\ 
41.5 112 . 1"J 
J0, 1 J l\,7 
.3A . ~ 1 11 .'5 
:5", 3:5 lll.f.S "•q 
:-;o,,:, un.?. 11 . 3 
112,2 111. 
:5°,25 111.!';6 

IV 20 U 0 TOO!:LE CO o I, "'t NW OF ST, JOI-I~J 
IV 20 11 ·TOO~L.O: CO, 6 "'I N'<rl OF <;T. JOl-IN 

V 20 U f'l TOOELE COo 8 "'( W OF ST . JO'i"' 
IV C '>IATTIS 

v 
VI 

IV 
I'/ 

C NF.:PHl 
C SE IOAHO t: 0~ REAR LAI([ r:JA•UGE 
C SE UTA~ Po~GUITCH OA"AGF.: 
C UTAH-AQ(ZONA BORDER KANAB 0A"AGE 
C KANA"l~AVILLE 

C "'''HSVI\LE 
2r'l 1! J CIIR80N CO . 10 "' I S!: 01"' C:.OLDTF.:P SUM "'IT 

C to/O'lT~W"STEq "J UH H 
;><; C CE"'H~AL UTAH 
2~ C C".:•Jl~AL UTAH 
ItO II 0 6 ,q •J:~ OF EPYR A!'-' OA"'AG'" 

V 25 C COLU".91A AND SUNti'!'StOE !JA"'o\Gt. 
~3 C UTAI-4-E'IAI-lO 80~0EI:I 

2n U " SA'l P[TE CO • 0 '-'I ".: 0'" 'iA>JTI 

116 
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Y(AR •O Q,\1' HR ~N src ll\ T-tl LO~~~ - ·.~ Ir!T Of"!' S D ~ E "'ARI(<j 

l96l OCT I; 10 13 (!f-. , 5 ;,'l,?. !ll.':i IP c C€'1TR ~l UfA>i 

19~ 1 OCT 17 to ~'.' 4\,0 ;:.~ . 2 111. <; 7\ c Cf. "H>I~L '.)ToLl 

19':>1 OCT 17 IJ.l 'l" ~" .:'. JC, • • ?) ll! . S7 20 u r <:,1111 ~[Tf co. S •I " o< Y.A' ITI 

1 '?6~ F'E~ I> " 12 4?,9 J(· .~ 117,11 " c 
UTA'-1-0;)!l.O"'.l '!Oqn<:n. 

OF 1<11\IAB 
1962 FEO I~. (JO (1(, 115.1 J?,f) 112.':1 >I c UTII.H-ARIZONA 30ROC:.:~ s·< 
1902 "' 17 0., ]:> 2~.9 J'! , i") 111."' ~ ~ c NE " PAri5>JI TCI-i 

1962 Jl''' 0) I' 1!1 f>2:.C' Jl>,!') Jt:3,f' ,, c ~ J 1<1 0 F DARO>,<~A 'I 

1962 JUt! OS "' 17 o~ . l' "'·':! 11.3,0 '·' ' SOt!THC:.:q~J liT "H 

l90C. JUN 05 " '2'1 ~~~- (' 3~. (\ 1\2.1 :O.' c ~ J[ O> oa•JGuiTC!-1 

l'h'> :.!: ..tUN OS 10 I' 07,n J?,S ll:!,n "' SE O> CED Ail: CITY 

1962 JUfl 0~ 10 21 2"1,0 :n.s \!;',':"> ~) r. s o< PIINt;;UfT(H 

196~ JUt: D 12 I' tn.o )0,:) 111).5 " c 
SW OF SUti>Jy<;I)E 

1962 JUN 19 " " .E . O )7. ~ 112." " c 
5 OF PII.NGU! TCH 

191> 2 JUC 09 " " O?,(l 41'1, ? " lll.O '? '" I! UTAH CO, LAKE MTNS, 
< OF SLC 

195<! JUl I; " 07 57.C 110,76 \12,70 0 u SALT lAK!:: ,,, 16 Ml 

1962 A1/G 10 ,., 
" 411.h "5!\ . ~.., 111.':>7 21'1 u [''(R Y {0, ' 

,, s 0' ("1!::RY 

l::lol .. u:; 10 0' o; ~.II ~o.oo 1\t.:?f'. 70 u (\.1!::1>Y co . . 'I 'J'fl' OF E"'·!::RY 

19&~ .UG 19 17 " 112.9 Jfl,tS 11 t.Sb " u lo'AYtJE co . 12 Ml S O' "' 1::1h i:! .. uc. .'! J " " ....... (, Jf>,J tll,fl ~:'> (. f'l CE'HRAL UT,a4 N OF CASTLE ')AL~ 

1::1&2 AliO '" I' 
, ;>!!:,M 11\,'il? \\1,1'':1 '· 7 " 0 I Ml ' OF RICHMONCI DA"!Ar.:: 

1"!62 OUG " " Sl 15.6 'II,7J t I 1.116 '·' " u Cf<CHE co . I "'I W 0' LOGAN 

1902 AUG 'I 10 " 37.? li::O,Jj lll,07 J,9 ?0 \J s IDAHC'lo FRAI~KLIN CO 

1962 AU~ 'I " 'I ,3<;,7 JU,O ... 112.?0 2D IJ TMELE: co. . ,, ' ,, E•Jq[I(A 

1'?6£ AU~ 'I 2l I> 5!'.2 ... 0.01 112. ~I 20 !J TOOELE CO, 6 Jo\I thl or IC 'IP[I(A 

190.! SE:P 02 " l 'J 101.7 llf',:tO 11~.16 7.1'1 u UTAH COo 6 "41 NE OF [IJQ[KA 
OA~AGE 

1902 S[P o; lb " 29.1 !i'l,7J t\2.11 10 U ') S~L T LtoKE co. MAGNA A RICA 

1962 SEP Do 0 ,, 05 .33.7 '1\.J!' 112 . 1:"1 10 u SALT LIIKE en. I(EAR"'S AQC:i 

1902 SEP " 0!3 ... 7 1').0 110.0 111.0 J~ c 5E OF <; TRAwSERRY RESEVOIR 

196.! SEP " lb ~0 29.0 J9.5 1\0 , ') J~ c I) SE OF PRIC[ 

1962 SE>' nu J' OJ 47,6 '12,1"> 1\?.,1'13 20 u s IDA40 . F"pANKLlll CO 

196.! SEP 09 II "' IIJ,"' !il,I}Q 112,u .. 1011 WE~EQ; CO, GREiT SALT LAI(E 

196.! SEP 09 I' ,. 12.1 "'1.76 11),1'') ,,0 110 U 0 CACI-IE COo I "' tJE 0~'" LOGA ' I 

196;.! '" D 13 !•b ~f'.li :59.<;5 112.1'111 2,0 20U JUAS Cl)o 12 MJ SW OF N=;:PHJ 

1962 "' I' " 2:;1 ':i ~. 1 111.2& 112.~1 20U '" ELDE"~ ,o . PRO"'ONTOqy POPI/T AREA 

196;.! SEP I' " I '· SO,) '4::0. •1 ~ 111,1'6 '10 u '1 s 10AI-I0o 8 " NE OF FllCH~OtiOo UTAH 

1 962 SEP .30 09 .37 2B,J 11 1 .29 111.98 '·' 20U WEBER co. ' 
,, N 0~ OGDEN 

1962 OCT " 07 .35 52.7 39,117 111.10 2.5 20U E,..ERY CO• W OF HI t.WA THA 

1962 NOV 24 " " 23,6 40,:58 111.96 20U UTAH CO o W OF A~(RICAN FORK 

1962 NOV 27 18 00 54.7 :59.91 112,46 20U TOOELE CO o 18 Ml W OF" EUREKA 

1902 DEC Ob 10 OS ,37,0 110.2 110 . 6 " c 
NORTHEASTERN UTAH 

1962 OEC 11 10 28 18,8 39.4'>2 110.6:5 0 U 0 CARBON COt 12 " ' OF PRJC(. 

1963 J'N 10 " 51 29,6 39.54 110.78 0 u CARSON COo '" ' OF WELL INGTON 

1 963 FEB 17 17 " 29,0 37.7 11J.2 ,:,J c WEST OF CEDAR CITY 

1963 MAR OJ Oil 110 12.0 111.01 112,22 0 u DAVIS CO• ANTELOPE I SLAND 

1 963 H'R 12 2:5 117 23.7 39.5!:i 110.78 0 U D CARBOI~ CO o S OF PR I CE 

196J "" J7 1111 ,37,2 39.27 111.90 20 U 0 SAN PETE co, 111 MJ W OF MANT l 

1963 •PR " 15 .J6 27,1 112 . 2 111.2 " c 
SOUTHERN IDAHO 

1 903 "' 15 22 18 24 . 6 39.31 110 . 6tl , , 2 0 U 0 CARBON CO• 1& MI ' OF HUNTINGTON 

1 963 APM " " J.J 07, 1 39.69 11 0 . 117 ' ·' 0 U D CARBON CO, 12 MIN OF" DR AGER TON 

1 96 :5 "" 06 05 09 (10 , 1 :59.6 110.0 "' 0 CARSON COo PROBABLE R:OCKSURST 

1963 "" 2' " JO 20,5 110.52 1J1.72 10 U SAL T LAK( co . 15 Jo'l SE OF" SALT LAKE 

1 963 JUN 19 08 ~8 47.6 37.9 112 , 5 '·2 
,., NW OF PANGU J TCH 

1963 JUII 20 23 '17 22,8 !11,02 112 . 05 '·' 20U DAVIS CO• 5 HI SW OF KAYSVILLE 

1 963 JUL 07 19 21) 112.4 39.55 1J 1 . 92 ' ·' 30 U 0 JUAB COo 2 HI W OF LEVAN DAMAGE 

1 96 ~ JUL 09 15 20 116,9 39.83 111 ,93 , .. 20 U D JUAS CO o 12 MJ NW OF NEPHI 

\~6.J JUt. 09 20 2~ 2&. 7 '10 , 1} 1 111 .23 '" tO U Jl UTAH CO o S OF" STR AWSF.:RRY PE:Sf.RVO JR 

1 963 JUL 10 12 07 34 , 5 39.5 11 11 ::> .1 6 3 - '• 20 U 0 JUAB COo 12 MJ w OF LEVAN 

1 963 JUL 10 18 32 so.s 110,01 111.32 , , 2 10 U D UT/IH Co , SW OF STRAWSERRY RESERVO I R 

1'16~ AUG 01 05 00 17.1 39.6~ 11 0 . 411 '·' 0 U 0 CARSOII CO o b 1-! l N OF OR AGERTON 

1 963 •u• " 12 " 04 , 1 111.70 112 , 23 '·' 20 U D BOX ELDER co . NEAR TRE~>'ONTON 

1 963 •uG 16 O.J 21 08.0 39 . 62 111,99 '·' 20 U D JUAB COo 12 1". 1 sw OF NEPHI 

19(,3 AU(i 1o 07 0 1 {)2 , 9 11),54 11 2.19 '·· 20 U 0 BOX ELDER co . 7 HI ~J W · OF BR I GHA "' en 
1 96 :5 'l!G J7 05 0? 09,8 4 1 . ~5 11 2.20 ,,5 20 U D BOX ELDER co. 12 "I NW OF" BR I GHA ~ CTT 

1 '96 ~ AUG J1 10 " 10 , 0 lt0 , ,30 11 1 . 11 11 , , 9 20 U D WASA TCH COt 12 )ol l NE STRJI\Ij B(RRY RES , 

1'9&3 SEP 02 J1 " 06 . 2 J9,0J 110 , 15 '·' 0 u CAROON COo GRHN RIVER 

1'963 SEP 07 09 .38 •15,2 J9.62 11 0.81 2·2 10 u CARBON COo PRICE 

1963 SEP 29 20 17 52,9 39.57 112 . 28 20 u JUAB CO o 2 MJ N OF LEAMINGTON 

1~63 S(P .30 09 17 4 1 ,9 Jfl . O<J 11 1.29 '·' 20 U D GARFIELD CO 111 )oil "' oF 60ULOER 

196J IJOV iJ 06 J1 J2,B 38 . 2~ 112 . 72 , .. 20 U D SEAVEH CO o 5 MJ sw OF BEAVE R 

1'96.J "" J5 02 .l,3 !,6 , !f 4f!,7J 11 ::0 . 26 2.8 :!0 u TOOELE CO o 
6 "' ' OF MAGNA 



'ICV 2~ 
DEC 1':1 
DEC 20 
OE:.C .?t 
DEC 22 
D~C ?.~< 

DEC ?.~ 
DEC ?.& 
CIEC 28 
oE:: Zlj 

DEC 26 
OEC 29 
DE C ~9 
DEC 29 
DEC 29 
OEC 29 
JA:-.1 01 
JAN OS 
JA'l 07 
JAil 07 
,JAN 17 
JAN 17 
JAN 17 
,JAN 20 
,JAN 21 
,JA N 27 
n:~ 02 
FE!! 0& 
FEiJ il6 
FEB fl!:. 
F£0 07 
FE:. 15 
FEB 20 
~ AR 02 
MAR Oj 

1964 ~AR 05 
1904 .~A~ 26 
19610 APR OJ 
19S4 APR 06 
19 SIO APR 09 
19!:.4 APR 10 
19610 APR 17 
19611 AP~ 21 
19611 MAY 06 
19!:.11 MAY 09 
1964 Mii,Y 11 
19611 MAY 17 
1~ ~~~ "'AY 21 
1 9611 MAY 22 
1964 "1AY 2:! 
19610 JUt~ 0& 
1964 JUOl Db 
1904 JUN 19 
19611 JUN 25 
19!.11 JUI~ C:7 
19611 JUIJ 27 
1 964 J UN 27 
1964 JUL 0 1 
1964 JUL 0& 
1 9&4 JUL 07 
1 9~10 AUG O<i 
1 9611 AUG 04 
19M AUG OS 
1 9">4 AUG I'JS 
1 964 AUG 12 
196'< AUG 21 
1 964 AUG :::!4 
1 9'J4 AU'3 24 
191'>11 AUG 24 
1 9!:.4 AUG 2ti 

1154 ">7 , 0 
o 'I n7 2·~, 9 
20 nz z:-..o 
0:502 2:5,!) 
IS~<,, 1:5.11 
Ill 51 O'l.2 
2:5 s~ 111 .s 
tllll r. 04,) 
14 25 !'),5 
1 "> 19 s~.n 
15 so 111,2 
Gll 02 J:',j:j 
C4 0:. 1'.2 
C4 15 0~<.1 

0':> JB 5"1.2 
0 1421,,7 
16 II ) 07,9 
IJ 57 21.J 
11 55 Jll,b 
1, SJ 117,A 
00 15 05 .1 
00 15 Yl,J 
20 15 11 . 1 
1010 0 1.0 
2J :5142,1 
20 2 1 52,) 
06 5817.8 
075J 118,8 
06 02 JO , l 
11 1:5 J8 . 9 
1J 2011.8 
2?. 33:51.2 
20 19 119 . 7 
l\7 ;?9 ~~~ , II 

03 211511,1 

i2 40 5?.5 
22 01 :5':!,1 
15 59 511,4 
22 00 45,3 
2!2 57 39.6 
21 09 35.5 
20 36 51.:5 
1fl 2<;1 2:. . 2 
?.2 21 0 3 . 0 
OS 011 05 .1 
00 17 2<;.9 
?.0 02 5'3.0 
20 12 57 , 0 
17. I! 11",4 
;'2 45 5LL ,6 
06 ~~~ 3". 2 
1?. 117 1,5 
00 37 20,0 
1911:0 51, 5 
19 ~ 3 211. ~ 
;>Q 25 21,4 
2310 30,11 
0111 2'•.3 
19 27 35.7 
21 t5 u . ~< 
03 OS 22,7 
l C' 11 :5 23 . 6 
15 17 5~.1'> 
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0 \) :AQ'JO~I CO, 13 "'J W 01" Oq !C:~" 

(I U (A~tJO'I CC, \6 •q W 01" PqJ('~ 

33 C UT-II(V "l0qDEil, LE>i''Atl CAV [<; 
C VT - II(V ~OI'l~ICR, L[..,'U'I CAVES AA!."A 

J' C UT -N[V <lOR:oER, LE'-t".Arl :;AVF"S A~O:I\ 
0 U ::' CA'HW'I CO. SUNNYSI'JE 

C UT -NEV 90RJO:R, L[HW.•I ( WIC<; AI'I(A 
0 U I') CARE\ON (Q, 14 1.'1 'IW (•~" ~ 'lA. •j iCRTClN 

C !IT-IJ!:V ';!OR-;,::'1, L!:I"•AN (AVI';S A'I"'A 
3:5 C UT-II(V 90G~':'R, LEH'A.I.N t:AVFS AA':A 
33 C UT-tiEV I:IOROER, LEI-I'n'l CAVES A0 "'A 

C UT-IIEV !e>OR')<:R, L(>-I''Ul (AVES A'I!,"A 
C UT - N(V 80RO[q, LE'i'!A'J CAVF:S AA!."A 

20 !I :1 UT-tJEV P.ORrER, LE~NA'I CAVES AP':' A 
C UT -NEV 80RQf:R, LEH'!A'J CAVES A 0 ~A 

3 3 C UT - NEV SORQ(R, L£>-IMA"l CAV[5 AP~A 
20 '), IRON Cl), 5<;: PAIJGUITCH L.\KC:: 
2(1 IJ ~ SW .,..YCl"'I'IG, SW[[hiH[R CO 
30 U ~ UT -~J;::V 80ROEq, L[H''A'/ (:6V~S 4t>~a 
20 U ') UT -I~EV 80RQ[R, L( H''Ml r.AVES AR':A 
20 IJ I) BEAVER (Q , l\ "'i 5 BJ:•WER 
20 U ':" St:AVER CO. 6 "' S 9EAV[Il 
20 U (' UT -NE V ROR:;lf.R, LE"'~At~ CAV(S AREA 
ZO U CACHE COo S"~ITHJ'"IELn 
20 U !') UT - NEV I:'OROER, LEH'-'AtJ CAVES AREA 

0 U SALT LAKE. COt "'URilA Y Aq':'A 
20 IJ 0 UT-N[V !:'IOR:JER, L["'t.!UI CAV<;S AREA 
15 C SOUTH 0~ CEDAR CITY UTAH 
20 !J (' SOX ELDER cO, 15 Ml •IW 0 ~" TQ('-'11NTON 
70 U ('I SOX ELDER (C o 6 Ml NW 0~ Tll['IO'ITON 
ZO U I) BOX ELDER CO• 11 '-'1 NW OF TPE"'ONTON 
2(1 U ,..ORGAN CO, ij ~I NW OF MORt;Atl 
10 U r UT-NEV ~ORv<:R , L[\-i'IM~ CAV':'S AR"= A 
2n U :J JU AA COt 'I MI SW ClF rJ[P ' U 
20 U SEVIER CO , 18 "'I 5\ol OF' 'IICH~"It L O 

20 V 0 UT-NEV BORQER , L[H\IAN CAVES ARE A 
20 U MILLARD CO, 5 MI E OF COVE ~OR T 

0 U TOOElE CO , TOOELE 
20 U TOOELE CO , ij Ml S OF ST, .JOHN 
20 U qEAVER Co . SE OF GARRI<;ON 
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20 U .JUAB COt 12 Mi S ... 0~ NEPHI 
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0 U [I CAR90'1 CO , S DUCHESNE 
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2C U BOX EL0£::1: cOo II .~I N£ l!JC I N 
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3~ C ESE 0~ S T GEORGE 
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?0 U St SAN PETE Co. 3 '11 E 0"" ~AIHI 
j(l \J SALT LAK~ COo 10 "'l Nl'.," SALT UI(E CITY 
2n tJ '1JLLA~O CO, 7 '1! S OF "ILL ~ ORF 

20 I) Bfii.VER COo 14 "'l N 0~ 'IF.AvrR 
2n U D CII.RgON CO , 1" •.q ~JW 0~ CASTLE !)ALE 
21J U SU"'V.IT CO, ECHO JU"lCTTO"l 
1') IJ D CACHE CO, ~ MI 5 0~ RIC'i"ti"J"':) 
201 'J S IOAHOo F~<\NKUN CO 
JIJ IJ SALT LAKE C0 1 "tl N 0~ AINt;H/IY 
21l I! 80)( ELDER COo HANSF.L VALLfY 

0 IJ D CA~BON CO , ::1 Ml E 0~ S'J'J'HSIJE 
2n \1 CARRON CO , 6 "'I W or H':LPF:R 
ll'l ll CACHE CO, 2 MJ E 0"" Rt:='1V.OND 
?.0 U MILLARD CO, 25 Ml E 0~ OELTA 

1J U TOOELE co, 1\ Ml E 0~ TOOELF. 
20 U GARFTF::LD CO , 2f> '11 E o> AOULDfR 
2n IJ D UT-N(V BORDER, LEHMAN CAVF.S APF. A 

0 l! CARBON CO, 2 Ml N OF SllfHIYSlJE 
20 U E~ERY CO, 21 Ml E OF E.''~F.:R'!' 
20 U BOX ELOER CO• E SIDE fUNSEL VALLEY 

0 U 0 CARAON CO , li "'I E OF SU~IIIY'iElE 
0 U 0 CARBON CO , 2 MI E SU~J'IYStOr 

20 \J 0 IRON co, NE CED .~R CITY 
20 U RICH COo 20 "'I 51>' RA"'DOLP~ 
?.0 U BOX ELI'JER COo GARLAND 
20 IJ I RI)N CO 1:5 ~I S CEDAR ClTY 
;>(l I) SEVIER COo 16 Ml S RlCH~l(l') 

0 l! CARBON CO 
20 U D UTAH COr 2Q Mt S STR"o/"'ERRY RESERVO IR 

0 C CARBOn COo SU~~NYSTDE 
20 \J D SEVIER COo 21 MI WSW RlCHni'.:LD 

l"l U D CARBNJ CO. 3 <.tl E SUflNYSlOE 
0 1/ 0 CARBON CQ, 3 M! SE SUN'~'I'S!DE 

20 I! UTAH-IDAHO BORDER 
21'l U TOOELE CO . GREAT SALT LAKE 

TOOEL:: CO o <;TAIJSB!Jqy JSLA"ll) 
0 U CARAOfl CO . 6 '11 SE SUN~IYSIOC: 

20 lJ !'J SOX EL'JER cO , N END GRFH SALT LAKf 
21') II SALT LIIKE Cl'l• 11 Ml E <;~LT LAKO:: CITY 

C U S<\LT L AKE cOo S SALT LAI<E CITY 
20 U IRON COr 5 "'I SW CEDAR CITY 
20 IJ UTAH (:0, lt '11 <; THISTLE 
21'l U D MORGAfl CO. 12 M1 NE '10RC.A~J 

2Cl I! UTAH f:l'), 7 Ml N PROVO 
20 U SF.: IDAHO, FRAtJI<liN CO 
21l l! B":AVE<'l CO r "'I S "!EAV[R 
?Cl U MORGAN CO r 2:5 "'I NE '· 1 0'1\>AI~ 
20 U SOX EL')fR CO r 10 ~11 "'NF. TRE"'0fl1'0fl 
20 U BOX ELDER en, 6 ~1T SW 9RIGHA'1 C ITY 
20 U OII.VlS co, 11J vi S:: OGCH::N 
2t) 'J 90'< ::L~ER (0• S (NI) ·~EW~OUN<JLA~ID ~TS 

0 ll 9 E'-'ERY CO, t3 '11 SE SUNN'!'SID~ 
20 U Slol WYO"'ING, S UINTA CO 

0 U SALT LAKE COt E SlOE SALT LA I<( VALLEY 
2n U !J SEVIER CO . 6 •·'I NW '<ICH"IJ=:L1 
20 II !>ITLLAq') CO , 23 "'I NE FlLL~ORE 
11'1 II SALT LA!<"E cO, 10 '1! NE SALT LAI<.E C I TY 
21l 'J n CAR!'JO'I CO , vr w <;COFIELO RESF:RVOIR 
2(1 IJ MILLAR~ CO, "16 t.!l ~E P~li~SS LAI<.[ 

0 U 'J CARBON CO, a '-II NW SU"''IYS!(l'E 
(l U ') CAPf\Ofl CO. 10 VI N SUN"'YS IDI'.: 
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Appendix B 

The data in this appendix includes a list of 418 earthquakes which 

occurred within a 186 mile (300 kilometers) radius of Logan, Utah. 

This data was made available by 

The U.S. National Oceanic and Atmospheric Administration (NOAA) 
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Appendix B 

KEY TO EARTHQUAKE DATA 

Source: Source of data is listed as follows: 

AEC U.S. Atomic Energy Commission 
BCI Bureau Central International de Seismologie, 

Strasbourg, France 
CGS Coast and Geodetic Survey 
EQH Earthquake History of the United States 
ERL Env1ronmental Research Laboratories 
G-R Gutenborg-Richter 

GS U.S. Geological Survey, Denver, Colorado 
NOS National Ocean Survey 
PAS Pasadena, California 
SLC Salt Lake City, Utah 
USE United States Earthquakes 

YEAR, MO, DA: Date 

HR, MN, SEC: Origin time 

LAT, LONG: Geographic latitude and longitude 

DEPTH: Focal depth (km) and depth control factor 

A Assigned 
G Depth restrained by geophysicist 
N Held at 33 km (normal depth), when data not 

sensitive to depth for a shallow focus 

MAGNITUDES: Body- and Surface- (SURF) wave values as determined 
by Preliminary Determination of Epicenters program. 
Authority for other magnitudes and local magnitudes 
according to source codes. 

INT MAP: Isoseismal map published and source codes 

INT MAX: Maximum intensity 

PHENOM DTSUNO: Associated phenomena: 

C Coal bump or rockburst in coal mine 
D Faulting and uplift/subsidence 
E Explosion-accidental, controlled or 

suspected 
R Rockburst 
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NOTE: 

RN : Flinn-Engdahl geographic region 

CE: Cultural effects 

D Earthquake was damaging 
Earthquake was felt 

Q/S: Quality/number of stations 

MAR DG: Marsden Square 
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DIST: Distance in kilometers between the earthquake location 
and Logan, Utah . 

For additional explanation of this key, contact: 

U.S. Department of Commerce 
National Oceanic and Atmospheric Adrninstration 
Environmental Data Service 
National Geophysical and Solar-Terrestrial Data Center 
Boulder, Colorado 
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