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1/Introduction

It is well-known that a major earthquake causes tremendous damage and loss of life. The
carthquake damage comes from one or more of the following consequences: rupture of
the ground surface along fault traces, ground shaking, subsidence, liquefaction, landslides,
tsunamis and seiches, flooding from dam failure, and fire and blasts. These potential
causes of damage must be considered in assessing earthquake risk in a given region. We
must consider the chance that an earthquake will occur, and if an earthquake does occur,
determine whether or not communities in the area would be vulnerable to these causes of
damage.

Damage potential from any one of the earthquake consequences listed above depends a
great deal on the area that is involved. For example, ground surface rupture generally
occurs during moderate to large magnitude earthquakes, magnitude six or larger, but the
direct damage from the rupture only occurs to buildings and structures located directly on
the rupture zone. Strong ground shaking, on the other hand, occurs over a large area and
affects structures more than a hundred miles from the earthquake source. Because of this
large affected area, strong ground shaking causes most of the damage from earthquakes.

Liquefaction is a phenomenon that occurs in loose saturated sandy soils as a result of
ground shaking. When soil liquefies, it behaves like quicksand--it loses its ability to
support buildings; it causes landslides to occur; it causes buried tanks to rise to the
surface; and it causes the ground surface to shift up to several tens of feet (lateral spread
landslide). Structures that are supported on soils that liquefy can be severely damaged
and buried utilities can be ripped apart. Since liquefaction is caused by ground shaking,
the damaged area can be extensive.

Soil liquefaction has been a major cause of property damage in many historic earthquakes
such as the 1906 San Francisco earthquake; the 1964 Niigata, Japan and Anchorage,
Alaska earthquakes; the 1971 San Fernando Valley earthquake; and the 1989 Loma Prieta
(San Francisco Bay area) earthquake. Liquefaction induced lateral spreading occurred in
San Francisco’s Marina District during the Loma Prieta earthquake causing the collapse
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of a number of two and three story wood framed structures. Juvenile Hall, in the San
Fernando Valley, was ripped apart and underground utilities were broken from the lateral
spreading that occurred during the 1971 earthquake. In Niigata, Japan large apartment
buildings tipped over when the liquefied soil below the building lost its bearing capacity.
The loss of underground utilities due to lateral spreading can lead to further damage from
the loss of the utility’s service. The fire that followed the 1906 earthquake in San
Francisco burned essentially unchecked because the loss of water mains from the lateral
spreading of liquefied soil made it impossible to fight the fire. Many railroad and
highway bridges have also been lost during past earthquakes when liquefied soils have
caused the supporting abutments and piers to move enough to allow the bridge deck to
fall. The loss of these transportation lifelines can significantly delay the recovery time
from the damaging effects of earthquakes. The damage attributed to liquefaction-induced
failures in Niigata, Japan was near $1 billion. In Anchorage, Alaska nearly 60% of the
estimated $300 million in damages was due to liquefaction-induced failures.

Liquefaction is also a concern along the Wasatch Front because the soil, ground water,
and seismic conditions make the region vulnerable to liquefaction-induced ground failure.
This phenomena was observed in the 1901 Richfield earthquake, the 1934 Hansel Valley
carthquake, and in the 1962 Cache Valley earthquake. There is strong geological
evidence that prehistoric earthquakes have caused large liquefaction-induced lateral spread
landslides in Salt Lake, Weber and Davis Counties.

This non-technical summary is the result of a study (sponsored by the U. S. Geological
Survey) that developed liquefaction potential maps for Central Utah. These maps can be
used for land-use planning purposes, for assessing the need for a more detailed
liquefaction evaluation, and for assessing liquefaction risk. The original reports that were
prepared for the U. S. Geological Survey describe the methodology for evaluating
liquefaction potential and the details for preparing the liquefaction potential maps.
Subsurface conditions and the local seismicity of the area are also described in the reports.

2/Methodology

We can evaluate liquefaction potential by considering whether or not the soil is
"susceptible” to liquefaction, and whether or not the soil will be shaken enough to give
the soil the "opportunity" to liquefy. Both of these factors must be considered in order
to describe the liquefaction potential.

Whether or not a soil is susceptible to liquefaction depends on the type of soil, the density
of the soil, and its saturation. Thus, the liquefaction susceptibility of soils can be
determined by drilling holes (borings) into the ground and running tests on the soils
located at various depths. An evaluation is made based on soil type, soil density, soil age,
and whether or not it has been subjected to ground shaking. The soils that are the most
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susceptible to liquefaction are saturated loose fine-grained sandy soils. Coarse gravel soils
generally don’t liquefy nor do most clay soils.

To evaluate liquefaction susceptibility, we obtained field and laboratory information from
geotechnical investigations by private consulting firms, state and local government
agencies, and the geotechnical program conducted as part of this study. The liquefaction
susceptibility for each boring location was then quantified by calculating the earthquake-
induced acceleration (ground motion) that would be required to cause liquefaction. This
acceleration was referred to as the "critical acceleration."

The liquefaction opportunity was characterized by evaluating the seismicity of the area.
This was described by the probability of exceeding various levels of ground surface
accelerations (intensity of shaking) in a period of 100 years. Consideration was given to
the activity of earthquake faults in the area and the location of those faults. For small
areas the seismicity was considered uniform, but for large areas the seismicity (and hence
liquefaction opportunity) could vary significantly. For example, in describing the
liquefaction opportunity for Davis County the seismicity was considered to be the same
for the entire county. On the other hand, the seismicity of Logan in Cache County was
evaluated to be significantly less than the seismicity of Brigham City in Box Elder County
because Logan is farther from the Wasatch Front than Brigham City.

The liquefaction potential at each boring location was then defined by considering both
liquefaction susceptibility and opportunity. This was done by determining the probability
of exceeding the critical acceleration in 100 years. The boring site was described as
having high, moderate, low, or very low liquefaction potential as defined in Table 1.

Table 1. Liquefaction Potential Rating System

Liquefaction Potential ~ Probability of Exceeding
the Critical Acceleration

High >50%
Moderate 10-50%

Low 5-10%
Very Low <5%

The critical acceleration values for each boring site were plotted on an area map. Then
a two-step procedure to develop the Liquefaction Potential Map was used. First,
contoured lines that represented equal critical acceleration were drawn, then the study area
was divided into zones of high, moderate, low and very low liquefaction potential as
defined in Table 1. After the liquefaction potential zones were identified from the critical
acceleration contours, they were adjusted to reflect the geology of the area. This
adjustment was important because subsurface data and critical acceleration values were
available only at selected locations and did not reflect geologic features such as stream
beds and Lake Bonneville shorelines.




3/Interpretation of Maps

The liquefaction potential maps that accompany this report describe the mapped areas on
a regional basis. The maps are accurate to scale of 1:48,000. This means they can be
used for activities such as land-use planning and for identifying high liquefaction hazard
areas that may require further study. The maps are not intended to be used for site-
specific evaluations.

In general, sites classified as high liquefaction potential are likely to have liquefiable soils
below the ground surface. However, whether or not the occurrence of liquefaction would
lead to ground failure depends on factors determined by a site-specific geotechnical
investigation. Furthermore, when the final contours on the map were drawn, boring sites
with low liquefaction potential may have been located within a high liquefaction area if
they did not appear to be representative of the general area. At the scale that the
liquefaction potential was mapped, it was determined that showing small islands of low
liquefaction potential in a sea of high liquefaction potential would be misleading.

4/Use of Maps

The liquefaction potential maps can be used for regional planning and ordinance purposes,
but as explained above, the maps should not be for site-specific evaluations.
Additionally, when using the liquefaction potential maps other natural hazards must not
be ignored. Avoiding a liquefaction risk by unknowingly relocating a facility to an area
with a high risk of flooding, for example, may increase the risk of damage.

It is irresponsible to ignore a natural hazard that is known to exist. However, when it is
determined that a facility may be exposed to a natural hazard, the response should depend
on the type and use of the facility. For example, the consequences of liquefaction-induced
ground failure(and hence the economic risk and the risk of life loss) will be much greater
for a critical facility or high occupance structure than for a single family dwelling. Salt
Lake County recognized the importance of this concept. Consequently, in 1989 the Salt
Lake County Commissioner approved a Natural Hazards Overlay as part of the County’s
Zoning Ordinance. In dealing with the liquefaction hazard, the ordinance uses Table 2
to specify whether or not a liquefaction report will be required for a proposed
development. If the type and use of a facility and the particular liquefaction potential
zone indicate that a liquefaction report is required, then a geotechnical investigation
addressing the problem must be conducted. The results of the site-specific investigation
will then be used to determine further actions. It may turn out that the site has a low
liquefaction potential and further consideration is not warranted. On the other hand, the
liquefaction potential may be confirmed to be high. In this case, the site-specific
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investigation can be used to study alternative risk-reduction strategies. The method used
to mitigate the problem can then be selected by the owner with county approval.

If a site-specific investigation shows that a certain facility is located in an area with high
exposure to a natural hazard, there are several acceptable responses: understand the
hazard and accept the risk, mitigate the hazard, modify what is at risk (design to
accommodate the hazard), or avoid the hazard. In no case should the hazard be ignored.

5/Conclusions

Building codes attempt to protect structures against the effects of earthquakes by requiring
minimum design standards. The need for building codes has been well established and
the use of these codes in the United States has contributed significantly to the ability of
many modern structures to resist the strong ground shaking forces induced by earthquakes.
Unfortunately, other natural hazards--such as liquefaction--have not received the attention
that building codes give to ground shaking. Ground failure caused by liquefaction is a
primary hazard associated with earthquakes in Utah and cannot be ignored. The first
step in dealing with a liquefaction hazard is knowing where liquefaction might occur.
Therefore, Liquefaction Potential Maps have been developed for Central Utah, showing
areas where liquefaction is most likely to occur.




Table 2. Is a Liquefaction Report Required?

LIQUEFACTION POTENTIAL AREA

PROPOSED LAND USE HIGH and LOW and
(Type of Facility) MODERATE VERY LOW

CRITICAL FACILITIES(Essential and Hazardous YES YES
Facilities, and Special Occupancy Structures; as defined
in NHO Section 19.75.020-C)
INDUSTRIAL & COMMERCIAL BUILDINGS (>2 YES NO
stories or >5,000 sq. feet)
MULTI-FAMILY RESIDENCES (4 or more units per YES NO
acres) and ALL OTHER INDUSTRIAL and
COMMERCIAL
RESIDENTIAL SUBDIVISION, SINGLE LOTS, and *NO NO

MULTI-FAMILY DWELLINGS (less than 4 units/acre)

*Although No Special Study is Required, Disclosure is Required




= T
= _ N
0 N
NN
A Q)
Soon //

AP\

v&
ST

.wmkunn

ﬁ
iz

%

2 7
%
if

!
A1
A

T

o
i

ST T

s SNVN ¥
\ &, s 2 A - 2] g J .
2y M\ fi o S g
b > ~ S , / /e VS (/o
Y ! § oo / o it =’ M | s :
SN T i / i <& R s V=t
RN \ c R P ’ - A = / 5
A N\TAT 3 o ) 2 —7 X ~ ~ / £
A\ & . G ; C
NV } I8 S 4 - o 3=, I
N 4 B\ SRass, L9 H T ‘i
{ s h , s/ & L s
L A S I H¥a Toeg= I L A L
jed” v o gy, Vo H ‘ H C/ [P
(R # v : - / : Vo §
- I i | A - / X S
i { e LA W 48 Y K ~ .
Id s QRSN 4 S P o

fm,
ST,

,
g

s,

e NGl SN S R
s VN o/ ,,/;.. ‘,v,_ N 3
and, S Ragihiet D 2 Q =

18 P 0 NN T\

2 ».- 87

|
3 4
N *
S AN
A
5

WIS

<

>y B

3

\\Q /
77 W /

/s
;

|
!

S-p6 10day oB1IUC)
AaAang [ed130[039) yelN)

=

,_,MM\L\\Q
¢
il

LIQUEFACTION POTENTIAL RELATED TO CRITICAL ACCELERATION

EXCEEDANCE PROBABLITY

LIQUEFACTION POTENTIAL CRITICAL ACCELERATION APPROXIMATE 100 YEAR

50 %
' 50-10%
10-5%

>

<079
07-17¢g
A7-22¢

> 22

H

IGH
MODERATE
LOW

<5%

VERY LOW

UTAH STATE UNIVERSITY

LIQUEFACTION POTENTIAL

CENTRAL UTAH

PLATE NO. 1 ( Park City - Heber )

J. KEATON
(1989)

L. ANDERSON
J. RICE

EARTHQUAKE HAZARD REDUCTION PROGRAM

US GEOLOGICAL SURVEY
CONTRACT NO. 14 - 08 - 0001 - G1384




| [

1 , a ‘ ‘ . 2o (e Vine DS IRSITbee (AN BPdanss = AN
® 7 2 S £ ; Z i 4] o D\ ,,w@. = =\ \m,
SRR

S
N b
i g‘ J
) \ R T
- . =z JAN]
J
¢ F <\ ;
Ul H p: I ‘\t
N g WL\ e
W\ .. P - N
La >,
llx. g e
4 (* af
\
AN !
4 ;. 3 Y
) 4
¢ / ¢ \ 5
Bl - i H i e
s ) v 3 v
= .
-+ . il .
N J SN N <8 ! 3,
RS R =\ s
Ll Aedl] 2 sk bl \
47 QN -

i

2
e

1
. Wt

—

b

\l

'
y

/
\

-
|
A \
r" i SR
& 50077 t\s
8 e I

2| \
[ e\
)
N
‘o
A

:
/

I
:
>

o

.

27 T 1 =
b : > S
= = P e
) /(\k(.\
-

e SR aRal(a Nl MR

W
SN %
\v__w« .\ Q//W

o PIDAAS & R A

5,/\

L
]

- §-p6 Joday jJoenuo)
. Kaaung [e2130[03) eI}

L

RIS T
i
T

5/\
2R
1
/5“
!
%
1 \
|
PO TN N T e

iea

)

" J.KEATON
(1989)

©
s
@

\

O

S

L

A

/A
SIS ==

 s-10%

9
@/nw

EXCEEDANCE PROBABILITY

p\.

- APPROXIMATE 100 YEAR® ~

L. ANDERSON
~ J.RICE

é
>

DS

oo , Ll AL T

0
y <
%
o

<.08¢g

.08-.28g

QW)

CENTRAL UTAH
PLATE NO. 2 ( Northern Juab Valley) -

 STATE UNIVERSITY

LIQUEFACTION POTENTIAL

5483/

L]QUEFAcfrIQN POTENTIAL REMTED TO c~R|T|cAL AécELER'AmN =
CRITICAL A&ELenmeN

UTAH S

!
- A
o 57¢ Pt

#
e
) d
& E
1o

7/
PN
o

- CONTRACT NO. 14 - 08 - 0001 - G1384
| EARTHQUAKE HAZARD REDUCTION PROGRAM

US GEOLOGICAL SURVEY

" LIQUEFAGTION POTENTIAL
/ i

|

T




,pr%

Jn

fAl

5

W A

kLY

42

=0

Ll. P

1%

<

+o—‘—/—/l

%f

i

[
JRI—

i

< T

3

P
GD> ©.

Rloge

:

§

53

e ——

_—
7_

152 90T
L[ 5341

=

[2)

PSS 354 Y

é/

5292T

©

&

5252T

+
i

I "

T14S

J2o6T,

i

]

A

5Z.

1

i

%$=*
T

e

/
przzai)

5253

Tis | (52881

[
1
}

i

=

r

\

Wl

B 15tiq |

1

/

VB
/7

,&<
E ’fg.r

= qul

]

]

i P
||‘15ZE_7T

SN/

hicke

N
+
|

Namfen

Q

gy I3
7]

i

|

3
1

¥
LS

- -...'in

}
AS{

o

s

P
PN /A

5/22
e,

e — AR e m gy

)

2

! )

I

—

-

J{'-.-.

vy
)

A\

Jp——— T

%
K

“
N

hors

-~

Creek

635

oS

e SN

)69

&

e
N dewTT

!
dl

-




7 . 0 @ :
=1,
v, ,1;1 Z
1 - ¢ -3
i =% \ v e
| rrdsEer ;/ i
[ 51347, )

S /’i \ L - Y
r 7 =
¢ 2 =
==

&% T : 3 ’;;’7;:

et ¢

.Hl@’,,.m - connadd

I e i
P LRI QT A

K = 7 (,((
Y éf

oW

<4

HVIGHRN

»«g@ﬁﬁg
ke
Qr?

s (G
W e 2 |
ST

SR
W /: NP
f;%/]j)) l

e

ALY

”

v
o

S

o
/
~/)

Ay L
7 7 ¢ ﬁ’\/(/,f
) l,‘//f?’ //711
IrG 5

A

N

NORTH
SCALE : 1 : 48000
0

Utah Geological Survey

\}f
?//,',

W 2 - ’,"‘ ‘, /’ ’
z//%a i
a2
s

»
1Y Y
N

| b

R

&

RS

W
g i

A
5 7

R
/
i

! >‘
=
i
7

| W/((@\{{ \

RN
N7 ol
NN (g 5\\

///{; o

e A aT
EEEENE

e
AN

Contract Report 94-5

UQUEFACTION POTENTIAL CRITICAL ACCELERATION  APPROXIMATE 100 YEAR
EXCEEDANCE PROBABRITY

HIGH <.04g >50 %
MODERATE .04-.12g : 50-10%

Low 12-.169 10-5%
VERY LOW >.16g <5%

§u
e

UTAH STATE UNIVERSITY

LIQUEFACTION POTENTIAL

CENTRAL UTAH
PLATE NO. 4 ( Mills valley )
US GEOLOGICAL SURVEY L. ANDERSON J. KEATON

CONTRACT NO. 14 - 08 - 0001 - G1384 J. RICE (1989)
EARTHQUAKE HAZARD REDUCTION PROGRAM

%

A

T

2W

2 A
g, 7f}15
iy

/1) )

b
3

<

(N

RSN

I
AN

Py
yy

Yo

) 11
/ TW\‘H;\'{
A

5

A

2
Sy A X

3

I
S

G

)

)

LS

>

e o

g

)

P

s

Rt A




= e N z PRI S (T e SN RS N A\ I RSz m
D ANl S . ) : , 4 N 2 \ i W - S = s ) = ) {

>

i ﬁ\
] il =
7 J{ % 1
/) SiSS
/! o
f N,
N B i g
Y ol
3 S 4
g N N f
&K
o) RS,
= 2 J
A (‘/
p)

NS

Sealema,
— =TT

\\\\\\

===l

mme? by

R s

RiaVal

-

g
~ .
7 ==
2 25 7 &
lz\/ J\, S A o IR
7
6400 7 3 A
J X
e 3

S

) TS o
ﬁW%\//M\ - « D)7 N =
s mw -

L ) - :
3 R
AN ! : NEwe o ) NE ! | i - 7Y =
2 N [ ~- ary S Y 4 = 7
0 1 w . S=2h o < ' % Yo M e N ud /
e 7§ B < [ ot 23 7 N ) : . N\ IR _ . AN y
8 K e . S 3 5 s . N N 14e pead \ N\ ; N - LN i g
: 2 } - 3 % R N =4 < ® \ \ g 7 \ i 6 i
. £ ' Cf o ¥ (! | T . ~ < j % x - o~ 3 .
’ \ . y : # Vo v, g N - S AW O \ % ,.\ = ! <2 ¥ \ N
i e ? s k3 N h ; * A ) 3 5 (! W — I Y
2 . ) 3 it ) 7
| ) I N - ) , ) \ ¢ \Ji
Jt | h — [ A ) . . / \
. ‘ , s - N S T e~ T 4 , \ s » ) 4 ) Nl A i D R 3
i | 7 g > & i - - ! - & ") S S ; N b ) 3
! / 2 . ? A v, e E S < ) ) N ) . Fi o 7
. S : b d ' / ; 3 f . / \N
o — s \\ DA T Hoss., \ o7 A s g b #
3 5 i o 217 = - s \
2 _ 8 . \ - [ ;
T AN . B P N i Y 7 g
RSN ] : - > a - -
| N i T
N -

G oo { A} I/ P RSy a4k T O A 2774

S
NN ) I ﬂ 7 : el

5

\\\\\

e R LN P Y (N (@aes, e BN (g
nnnnnnnn

RN

4 g L1
=i \\\\\A/ 4
< \/j =

SE

E
i
[ i
N/ 4
7
7

.
P H
v [ 4/
i B/
i }
/)
LY '
o
v - :
7 /% Y .
= 7
< - Vo [}
z i
Z0) ;
;
?
O
Z 4|

n=r——"

S
/)

N Q
<
X
[
X d
{U

g o
i : >
N ; / 3 5 T ) ;,,.L £
o, 2 oz AN e . v/ s == /A Y
/Y , ) i z ; A N .
it 1 Fd — - _
) 3 7% X r i 5 e =
* e v\ [ > 7 ) ~ ,
.\n/’\:/‘mﬂ ) =7, 2 </ * ~ i ; f /
T ~ 2 AN - Yy ]
| 7 / = ’ - il [ 3
// . =7/ ’ A . I ¥ ‘ A
g J \ o N N B N h - — -
/ - =) = = v N !
N .

S

i N
. 5 X
/ = = L . - @ AN
- Y y — RN 7 a - <N )]
\ ; | = NS - e . = x \\
L Y L - — ~ / N - g
' z = =N\ - - <
o> NN/ s = - f
% > 3 z 2 = SN Sy = g TS
‘ YI/IRW > i Sy TRV W= - P N . =
N - — N2 N - PPN Y . / = 4 e
e ) = ST A CAVAE - - ) i i e D
= ( DR - S=ZE KSEA N = = Y 7 R P & eE TR ] e
— 3 s Ak = N \ = &\ z=2F - a - - 5 L -~ T ¥ g 5 2 z
N N == A s SNy 3 7 Sl A e 7 e ZE = = =
Ny N - ENT N Y Z /. i =N { X = z ¥ -
X ) o — = 1 § - o 7 (- - - ) )
7 e » = " N 0\ o N B 2 . y \ 2
- S £ s 3 - = IR N N S 7 2 -
LN - L = (O : = S .

W J//%l((ﬁilﬁ?
; \\}i/ /
2

7
0
W7

1
)
i

)
T X
2E SRl J 3%

=
o~

\u/'// {
AN \
exel Jpil AL
Lo VT
Lo AR
L | o
" ~
Dy e
/i Y g ’
IR N
: i
. BRI
Ny
/

= L2 (|
. £ 2 A/ &7 EE
- : : Z
— S = N2
W]

; o /ﬁ /N%,m ,/,. (
4 W Fatorhys

=)

45

A

1

. N
: ’\ )

1 e
)
~ .} /
=

X

A

I

i e
({ QONB =N

R >
l

.

3
S

Y =
s A B NN . &
g sy b S AN AR . CON
B Ry = - ' = i Ean 1 b i !, 1 M N [ p NS
At O i Ny = N L B 2 ~ \ - ) , ] ok \
) . (| (s AR g RS H 8 B N / =5 3, A
R AER TN iy ol AT . < T . - v g . 2 “a /
o Sl ! . ' e o (st S i - B N I, S A . B
@ B\ \ T 19 e - e A PN - - IVESINL
., - o N _ H, A N ', 3 L, P77 NP ANt NN e = 3 stoLe S o
‘ _ - ,,y,y N ! 7 i / -

I

o e ; /4\ SRR 1\ ;M,,
@\)%/ ‘WVV/?O N

1 ke W
.aw N M* e — 4 ...L

AR e W O S S RS S 777 ST

|
§ mm ) 1
£aAang [83130[035) YuI) TMEE R R | < | N AR R S0 CT N Py (L B Y Aok o
m n» g " i TNI S R O e A Y A S SRR ,_,& J : w‘....‘,,/,),,/,.,.,:;,,:S
oo W SRR g AL TR A T N Tl b e R
|82 O
HE R
3|18 |a22s| [5 25
alE|¥i:t| e @8
2 3
T T e e
jri Ches

Ca=— A=) il

s

<
)
%

: g X
e : o N R fi { :
\ il et >R { ’ T
\ 1PN 3 A 7
e { ‘ i N = =
3 el et 2 e 4 fre 5 = e
5 “ 7ot ) n T Nk w ﬂ
[ > ) ) y! ; / NN, 1 )
| y 8 v q A ! (i N 24 =2 \
i1 it Al -l S S W = : (
V. 7 ), ‘ ) ( A NN 2 & > =2 P )
7 : 5 ) ROER I : . \ } 4
7 - ; \ S
7 i SN~ , —\ ) N
i =
) 3 .
Z 7= > R /
» A

N




%

§-p6 Moday yoenuo)
Aaaang [ed13ojoan yey

P)

10 %

<5%

> 50 %
50
10-5%

EXCEEDANCE PROBABILITY

149

04g

<
>.18¢

.04

14-.189

LIQUEFACTION POTENTIAL RELATED TO CRITICAL ACCELERATION

IGH

MODERATE
Low
VERY LOW

H

LlQUEFACTlON POTENTIAL CRITICAL ACCELERATION  APPROXIMATE 100 YEAR

- UTAH STATE UNIVERSITY

LIQUEFACTION POTENTIAL

J. KEATON
(1989)

L. ANDERSON

J. RICE

[N

CENTRAL UTAH

PLATE NO. 8 (& v tew/Sanpete Valley )

G1384

| us GEOLOGICAL SURVEY
' CONTRACT NO. 14 - 08 - 0001
EARTHQUAKE HAZARD REDUCTION PROGRAM

i Win

o~

e

==

o Fiowing Well

ble ;7

/

I

10

L/
]

Welle/ w-u‘
/.

o Flowing Wells

—~

Wall

= —— dFlowi

G

N Flowing

e

]

32 ~—m——m

?*_i
7

~ s,

!
§

e

h!

'
] f
0
§i .
)
0
,0
S oy, ¢

S :

::::::

7 suso

s
By

,,m

Flowing Wahs]

31‘: 31

74004

ng

well

o Flowi

Var

L

ey
H AN

Well

8510

;Lo«colly

“8
-

A

alis,
e

\\\\\\

. 3
SPIHLWAY ELEY B3SO
/ ™

16




Y M=

XeTh

.| Aeamgpexdoienymn ||

J. KEATON
(1989)

10 %
-5%
<5%
>50%

10 %
5%
<5%

50 -
10 -

>50%
50 -
10

EXCEEDANCE PROBABILITY
EXCEEDANCE PROBABILITY

APPROXIMATE 100 YEAR

L. ANDERSON
J. RICE

>.15¢g

<.04g
.04-.149
14-.189

>.18¢g

-1
11-.15¢

<
.03-.

CENTRAL UTAH
PLATE NO. 7 (Southern Sanpete & Northern Sevier Valley )

CRITICAL ACCELERATION
039

A b
R A2 AN i R

UTAH STATE UNIVERSITY

LIQUEFACTION POTENTIAL

HIGH
MODERATE
Low

VERY LOW
HIGH
MODERATE
Low

VERY LOW

LIQUEFACTION POTENTIAL CRITICAL ACCELERATION  APPROXIMATE 100 YEAR

LIQUEFACTION POTENTIAL
CONTRACT NO. 14 - 08 - 0001 - G1384
EARTHQUAKE HAZARD REDUCTION PROGRAM

US GEOLOGICAL SURVEY

LIGUEFACTION POTENTIAL RELATED TO CRITICAL ACCELERATION (Saapete Valiey )

| IQUEFACTION POTENTIAL RELATED TO CRITICAL ACCELERATION (North.Seveir Valley )

i

PNl X S I N
/a7

S

7
N\ x b
)
= Y
oD
RS0
%
d ..
= Pnd{(uog
o
Y ““\\
Wt ol
e a
o (]
g 7]
N
2
3 25
£3
=
H
D
i
A e
7
ik |4
2R 0 R A <
s s AN
7 & <7 R&= A A \
, (e
% e 4 )
> |
o Dy Aw\ N
)9, LS
¥ 2 | -
» S 2
N ._ 3 -
Sy, W& |
]
4
{
N\
N
)
W
y . & g
i 3 g f
4 5 S
\
) :
3 i
)
' .
I X~
N
)
S
\
H i1
d
]
08 i d ]
i =
3 ]
EE
3k
L1
» >

S
¥
g
o

NS
) PR E

X

BIPIT RIS m-
- AR

L

35—
.

\

B3 b

i T7 T
[ )
pr1D o W. L,\\\A_ 7 ]

amieLwAY | x_ . " ¥ o & e N L d . \ZA.I\ y
|
_ ._\ o\ _ 1 __JS.E_:

RS m_. 3 ¥
v ! (

; AS Kt el X ;
| - AR S . ) A
: | e 2o TPt N LTy fi fir
. i N v R A - / ‘ i L N
.\/(\A E— ‘ &W”,A.\ A ;f , ;:/; ( HL u % Aﬂ

t - L e /z_, ol / [ ! . :

! =T 4 L ) BN

— “\~/7ﬂ\\ 1 o R W
. ,v i ai o N
i ‘("i

I

|

|

|

N
i
SR

e—

Ly A,,,/ L
,.Al‘.,L, N' ?«WZ !T . \F/ N
LN A% _.%C;

|

IR e o
NN A
=

L# \,_wew
,m% &2
=

cmR -

N A e

B - / \ wm‘ - ‘Mn (5 SN .
VISN(E ,,mv.vi% / . “ﬂ/wm

& {M& RN N N\ \ : ,:wﬁm

| |

e
B o A

=3 = - & . 3 . PRI g N B . o -t R ! N N -
Rt SN . ; ) . . oo ; ) AU I
NN e gl L : b i . / ( o ’ [ VAR . o | ) e : ) 75 \ . : = » 5 Y
P . . - L \ g o e J 4 W . <. . ) N P N i . I 20 . =) - (-
. N pe ) . ., . R : } R \ - | : S = N O » g S > d 3 N A

o

"

A
g\
N

s
L

%AJ\

% !
-
\// /

f\:/”
/¥

N:

L

TN A
s (NN

\ uf\

b

Y

ij%

,p
41
\c

r
A
N
—_— 1/
.y
Mo
\
]




o

N

1

AN AR

<SANPETE oo | 2

;5
4

Ridrhond Lake | 5
W eLev 5112

SPLLA

|

<,

8287

<

=0
S
2N

P

LIQUEFACTION F;OTENTIAL RELATED TO CRITICAL ACCELERATION

LIQUEFACTION POTENTIAL  CRITICAL ACCELERATION  APPROXIMATE 100 YEAR

2
R
TR
. mww,\
w
4
5
s28g
<wﬁ>

UTAH STATE UNIVERSITY

LIQUEFACTION POTENTIAL

CENTRAL UTAH

PLATE NO. 8 ( Middie Sevier Valley )

~ J. KEATON
. (1989)

L. ANDERSON
- J. RICE

- 01384

US GEOLOGICAL SURVEY
CONTRACT NO. 14 - 08 - 0001

EARTHQUAKE HAZARD REDUCTION PROGRAM

"

Vermillion 1.

Cemetery

=TCEDINGA
A N
¢ S

A CL)

I :

/

4% ASTANSYS LI AN N (ON

=)




/ fﬁ W C T §
P ) 3
: st
g )5 A, )/@W . @
- o =% &
M + Mwu. @g \ , 3 | 4,1
U \\ ) _\Q & - X y OG\f/ Ak ﬂu Oﬁ
o — - O Il 0
= i O § :
N e P T2 ¢ \ ,, ,\ A > N
: L s
, ; 1 A b ¢ Q .
L N7 ] A — ) 2
0 -~ @ \M -
q /
ﬁ \ SR ; .
Al | o § . L
7 N _ ) A
: P oo. i < //‘
._ ) = ) g \f : | NN
SR i
S = SIAN o o o% /ﬁwm
: ReE
2 1
& «“
DR ¥
a7 \\WW
Y
Sis T
§ g
SN N - DR
@ _
vl
it
5-p6 Moday 3o81u0) £ 5.
£aAang [82130]039) YelN) m 5§
, ‘ - _ m 8 - =
HEREE <
| mm 2ge _.Nl m
w 5 SR |
2] .m. 4=
m i 3
2 2 =3}
1 e lsiis| |2 B8
Z c-° m m ‘83" m — E3& m
Z y w» Q oo
< m 8 : < ¢ P
3 g o g
1E % z m.w
5| 8 gs
| b8 S <
1 3lE] 5 & — g
g m TM
FRERRE mwm
: g L -




LR —}
‘ L5 /) M 9 T
‘V - ‘V_ : i i ::v i it
| =========5

E | ] i T

‘ | LN
l t : 35 4729 'L======m_r3=6l===;g= i Weil 31

| il: A Borrow Pits Greenwood 03\\\_.

. | i i : BM 4769)

. - |
!

L » o L WL

i : 0

! o “

i . E g ’flowa’ng Wg{y\

i " .

( . m /

- tH

1 N a l’

. | ?“ ~ N ‘m.

3 g Flowing Wells

:‘ . v, 0‘m

k s

N £8|

. |

N .
Y & Flowing Well
\ lus.m' Fow'm .v . g \77>/J / /\\/\/‘l .\—\
¥ C o ‘ i ""5522 i Se862 L(J ?*»I,J.- ;.ﬂli‘;’iun..-,,-."“,“‘,’Sz-',-.—;:\ ==,"=_,=:7-.‘§!\-’#~_.Q;}{=...,= S el
‘ | ‘ ’ : ) - i . )
- 1 ’ P ) ){// /
9 19 - ,l,' /V-‘z 2d 17 o 21
HIGH <.049 >50 %
MODERATE .°4°.1°° 50-10%

Low _ 10-.13¢g 10-5% 7
VERY LOW >.13¢9 . <5% ! Fowingwell, B Fiowing well |
i N see0
I

T .': |
P \\\\\\ ” ! " M
4655 3 1 | _ . (48 A DS
4 Dozzzz= Lzzcozx=c=passmasT TN N7
B B i S ———s - ”ffﬁ e Fiowing Wells ™ S" PN i e
y ' : S o= \\ % ‘.iz_?‘ "
. I i 7Y p
- ’ | " \
. ’ .
. 'F

UTAH STATE UNIVERSITY

LIQUEFACTION POTENTIAL f

CENTRAL UTAH
PLATE NO. 10 ( Southern Pavant Valley) ‘

[Kitchen

L ;
4926

)G:)y’éi pit
2

==

US GEOLOGICAL SURVEY L. ANDERSON J. KEATON
CONTRACT NO. 14 - 08 - 0001 - G1384 J. RICE (1989)
EARTHQUAKE HAZARD REDUCTION PROGRAM

. o

== 10313

e etk
(EE

S fo

-,
R \J,J/ﬁ{~1¢f\',‘-

> AT G R T

DA Add -))/i‘/ e
A RIS R sl o b
B » x{}}'fe)///x Iy AL i)
% «*Gr“%ﬁ&‘;‘ G
B : 2L NI I BN YO
e g
L% g . 3;4? .(\;ﬂ/ % v
»)v; }' s Yyl ":fc"“’

L
Y, A (’u'.', 375
SN g W
kel b . 4

B

e

. /'/%-1._; ?I
: ;

X2 0NN
R . 10 ‘\;:'».).}\;ﬁ ‘S L
DA ‘f}'.“' \AY

'."v_,'." \;’N, 3

11 12

4648 +4545

—— e e i

45645 : : 44855

14 713

17 w662/ 14

4647

4650

$

:

Agn’ ‘y" .
4-;;/'

\§
)
A

< “H : S T
TR L R R L L N
et LI . 3, & LA e J

L R ! S P iy R

LV

/Jl‘

)

"N
§
)

N

b/
i

/

N
yruad il

7 7
468/ 28 > 27 26 ";/‘
o Jacobs Well =%
(?{; < gM o+
. p \\

4671

v
\
Vo k < 6w 3905
(W i1 A T 7
| | :
\/ ! L
S \ v
\ /
A\ “ | =
AR ' | 75,
A
O ¢ o
—
80/
) 250
N
LY ) Gravel Bit- o0 Wy g605
FRARA s
177/ 8T ] H
SRR T
§ A
: ‘ LA
R ChYRIA oY 17
H 3\ Iy ! "5
%%22@ ) ( : @o \
S e AR LN rgn A BSOS Ul et Y ) 1 Ve i S = %
Tk ; ‘,:‘s \ 7 R
£\, = Ro231]
S
i 8500
< : il
S £ <85S
N
2
%)
D S \x 50,
’\\/ & 7300 ‘\él
o0
. { N »
J — t@
~ b Y = ,
; = ! ) D N =
Itz =MW, A S =




"
28 26 /
___+4}go 274 762, e
! T ﬁiéar Spot
U 7=\ Reservoirs
Iy
33| _.wa -
__+¢7az“ _
x
®
4 3
T — | |
B |
3 \\qx} / ; r Weu‘g
o S | i
{ 10 > /7 / o f:'s Ir ':;;rl7a7
Ny i
S (N A o
- | [
lﬁ L BM ) L N e S Y
781 i 1
| P s
| .
| -
Lo
'1
1 § L
\ |
L
R
Ir
l' / = 1
W )
I 1
// g
// |
boso o o
3y
(
| (; (
v
!
L]
7
NORTH
SCALE : 1 : 48000
0

Utah Geological Survey
Contract Report 94-5

| » s
N O,
\( X Q 5200 0 ¥
i A -
5 .
: 7.
N o 429"
i S (39 )oo
S %
)
,_/A ﬁ = / o @
1 7076 =
' 6455, 7372
S
¥ M

) LIQUEFACTION POTENTIAL RELATED TO CRITICAL ACCELERATION

LIQUEFACTION POTENTIAL CRITICAL ACCELERATION APPROXIMATE 100 YEAR

EXCEEDANCE PROBABILITY
HIGH <049 >50%
MOOERATE 04-.109 50-10 %
Low 10-.13¢ 10-5%

VERY LOW >.13¢ : <5%

UTAH STATE UNIVERSITY

LIQUEFACTION POTENTIAL
Z\ CENTRAL UTAH

PLATE NO. 11 ( Northern Pavant Valley )

US GEOLOGICAL SURVEY L. ANDERSON J. KEATON
CONTRACT NO. 14 - 88 - 0001 - G1384 : J. RICE (1969 )
EARTHOUAKE HAZARD REDUCTION PROGRAM




rt/ 94-5

b
N

[l

RV

b 00

T

Utah Geological Survey

Contract Re

oM 4562

ol o

=, o é‘-h,g’

575

. '
P L

>3%
20-10%
0-5S%
<$%

t‘jxm STATE UNIVERSITY

9

FACTION POTENTIAL

~ CENTRAL UTAH

BRONNING,

1-&6595 i

eFled
::_: %829 i Airway

oBeacon

’i@

L

[—4620

630 i

\ DITCH =Y

-

(W
BREY %, 74 4

(] :‘_'Q

"o

W TN =

L Dl ols,
"san.

b

%Radio
Tower

WW
MELVILL

IS
i

DEPRESSILEON o - . F - : ; 1 2
. b ; ) . \ 3 ; ; 5 4

\

8
/v
-

;E’} Flowin'g Well,,s]'""/ )

DEPRESSION

4591

DEPRESSION

a? ——
5. \/ﬁ,j

N .

RSN




B A

t o7
(2

TANY

NS )\\r/\/ﬁ
= :

3
N

D
%
B

A

J479/7'

a
N
o
x
~
X
3
\,
U

47887

W% RS NARA
‘;‘ # / < 77 \u\ ) \\\f //w‘v/;/(,/\»/\\/ e vz, \ i
| g 3 ! //// “c";/\ Y ////// AEN Ny \\S
! 7 = Al NSA \
s l Sre 77 /\
i | v NN
/.. F
77 ? @
5 ¥ 057y
: y
i ;, 3
ALl T AN
&N S s3] =) o
=== P29 vt P a I
S

X
2

(A
' (\
:
50: g J !

i 8 / NS (// ;\\)/,,,:/// 2 /Z_’J//@i
il A ] 7 K =
b | A\l %\\\\\ A//// / RN \\ :
‘“ Ny =7 > =
_ f{ \ P U o
o , y(d.) g = ‘
Fool_Cragk 5 i AV ) S : /& ‘/ = A
AN $ 7 \ | s
Reservoir ) “\" // ,///k//
} | ‘ /“ﬁ;J'/
y fins b /J“%‘N
2 (a 3 ) 3 N e 9 \ f%%“\t‘/ 2
g 4 N \/\ =
A R (llar 2 P Y. S A% A / ) //J”//
. {5089 % \“‘ NG - /
3 e P \ % o7, {7 4 : 7
> 8, / lé‘,‘x = 7 . :—?"’“’J = s 2
£ ¥Rl S LN 2| /20
PR 40 i 3 “\‘“j ‘\\ T AN N/ N\ P D
_ |oeeT__ i y j AN X Y by
Joike 4 BN 4 u\ \ i
% d Y \ i
7 MG 8 K‘ X :
h‘}/é;ssr > \” “n @ . " 2
5 N\ { 4 )
SN
2 2
m/ l %
r /
Py 5066 S{\r\\
waa 5:9”4 ‘ 8 Q \\ /
g iyl & /%J) /A Gy
N
n i i) | T
wof [ N 9 A = e
BT N\ S5l
s Y aezri i
; ‘, "' L \ N v >>//\\w\\ é“‘”:"\
045,’(‘=—=:7£/¢ § AR ER S
H 325
asfir g )| % VRN ) A
- f Y =3 3 BT BN 1 Q
A ; NN 77N, A 3
) P r o 3t "‘u\\\ﬁ ) \/fﬁ/ﬁ//? o
N\ »\ Sy N AN ay
’ o J B i W\
‘ éa’mm s A A /\%&/\\\/’
| , — 0
i1
l\\
/
{
] B ‘
N
{ [}
)\
"
2 o,
q \‘\ \\
> \
I =
@
/ \
\
v S \,@
9
: >
0,
2N AN = (SRS = Z
— c' - \
v 1 o = Z
Wi =
- o
== -
& %ﬁ 1"_

B
v
X

Yy}

o‘. —~—

)

NORTH
SCALE : 1 : 48000
0

Utah Geological Survey
Contract Report 94-5

R abid =~ A
= =
LR
Pl o i
? v~ -
B 23 1 .
R _ iw P
-~ LIQUEFACTION POTENTIAL RELATED TO CRITICAL ACCELERATION

LIQUEFACTION POTENTIAL CRITICAL ACCELERATION  APPROXIMATE 100 YEAR

;1; ===
1 EXCEEDANCE PROBABILITY
e,
- HIGH | <049 >50 %
- MODERATE 04-.109g 50 - 10 %
LOW 10939 10-5%

VERY LOW >.13¢g <85%

[
\
y / \,

\ 20F 4866 Y\

UTAH STATE UNIVERSITY

LIQUEFACTION POTENTIAL

CENTRAL UTAH
PLATE NO. 13 ( Eastem Sevier Desert ) -

19 - »

US GEOLOGICAL SURVEY ' L.ANDERSON  J. KEATON
CONTRACT NO. 14 - 08 - 0001 - G1384 J. RICE (1989)

A — e g e — d
NS KD,




Oy 7 = T — - -
W@, _ 3 2 o e iy Z AP\ =SS e 7 I =GN : SR y 7 .
B N x ( H NS oaﬂ o) Al - T ’ gﬁ(r/L é \_w\/ﬁ/y_\w 5 \ o Z/F/\,W% \J)M.“L 2 o= ‘w = -
oy N7 z ,, { A zZ Y \ f 2 i 2N N y 24 A
Q J : = z = - gr_ Y N,Q e’ Z ey , ; ) ; \ . N @ " i 7 z TS N ? o ( v.
) - T 3 7 2 i &Y . = > : H
X . Y , . e G i i ool u ). a = e ;
3 | X ‘ ; 3 S ) D f y Y Y - / ! e N R SRS J A = o
S t \ Q \- ( \ = 3 \ | b ) ) A\ 2 . g o ) % L \ 4 N \ w.l!“ur SV alfey i MUY =) - \ N 07, % AE
y ) = N /J/\ = ; ¢ \n.. ) R\A = \ \ \ ) It o
X 2 4 I > &
.o > ,, @ = = = @ ) ﬁ D % ® LAtk
* X A Y
) Z - g
.4 ——— / 1 TIVTTIN +7 2
é.  \x LT LT ks ) j : 2
S _ /
N = i 2 . nw %V = \ v. N 5 = /.../ 3 { : _w% =
@_ VAN 2 v o a0 g
¥ Sl =/A LA ;
= = 4 = 2\ =0 , e

Al

- LIQUEFACTION POTENTIAL

" GENTRAL UTAH

 PLATENO. 14 ( Selp Valey )

'UTAH STATE UNIVERSITY

0
|
_ ;
> - _7 m
1S = : |
H
. m\ i
/ g ] ——4
/ T H
NS | 1
N ! i -
3 ! .
I
4 _
N B
e
A, =
S
4%,.
] 3 I A
§ (AN & R
Q| N ——-1 of
& _ ¥ ! S 1 4
-m ! [ _II.. / i
g | _ _ il N Y :
| | | _ N — \ /
= ] ISa L\ , =
_ _ | 8 S IR S ‘ .
N 5 I A ~ & S =
W_G _ 6_ 72_.II — ] _ 3 =S 2 £s
N S N . m = N 2 2 F
. \ \ A
_ _ ; 4
r l = o
- 74
Lo _ _ L e % ...... <
|- | = T W N O @ oo\
E]
g I f _f - - \
&|@ IN/ANN Z o :
£ e s Y. = 2
= 4” _ S L (@ Y LrARNY) AN
K i N = MEY \ -
b _mszu * b T m“.“ m . < N el N "Mu \ ¢¢ % °
' i b “ =8 = & R =Y \_ Aoy 3. N s e i It
N . IR = o / o iy N ASS =
\u M i gh _ m o o % = 7 R, Y - = =z =
IS ! 7|8 8 9 = x /3 ) ’ \ =¥
<] —1 i 7 -
- i [ ; 7558 c = .
s - ¥,
i~ Ny ; =
] ”
{ f @ ” (RRS=r
o / £ > S P
& 1 Y =
3 7 0 ! i 2 o
Dt S =3 B |
0] L Py
S
{ -
Y/
-~ v 3y
> & ol
R 9 5 < }
kS =" ] LIS <
¢ |
>
S N D
N
e Y ] I
7 > M~~~ _—
=
[y
- - — - B %
f A
! _ o)
{2 > o
\
Z X —
= + . § s = 1 —
7 2 1 K I 4
I | — /ey 11|
¥ 4 /i TR
Y A H _= s W
H
i - |
H . i
* Z ol
2 \ : i |
V H ; H = n
3 ) g = -~ R !
} i
il ; - i
K 7 [ 3 i
H
i ~
Y =
5 \
83 .
S ¥
k \o
3 1 G
S *
Y b
A 2 5 % I ;
Q , ‘ . _ sl
S Z "
% Z = Z X 4 g
R X ™ ~ ]
% N ! } ’ 3
S RN AT AN (N IS\ — /D) =" 1 D> DO W )y | e e TS ey S e SR Y AN e~ N D O \NY TN, S T A TN N e I TR VY A T eV N s R T L N a, BNV SN U R T - 5 ‘
| - j A 5 < C Al o
9 ~ - > i
N 3 - i )
= ] | ! S S
e : = D -
: P ! ~ ﬂ
\ Y i D AT i : g > B
3 ' =5 3 \ | % o I
= 4 3 . A B
Z o K e P < :
N i 4 = g : Y
= X 4 - M.. ’ -
&= - > ;. 7, / N -2
S @ Cde 4 Oy v = ol o o .
y e 1 3 7 I * : = 5 *
/ 7 = = e - if 4 7 i H ﬁ ... < ; L
35 \\ ’ Y L3 o \M\ g 7/ ~ %s X 1 fo / P - 2 RN M HM
\ S 3% - | s e 1% W/, i 5 > :
} e P ¥ ] o P . § , -
R\ H X A . P ! G\_ q oz o . [ Y 3 (1
,.Yf\ﬁ =7 S A o F o
i Bt i = e ) .
; & /4 Y. . /.,/, y - .,\\,
= ) /s N: 5 # - | ——
A 2 N ; 22 X e
=2 N 3 N @ ] N«f o g § /




