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Seismic Hazard Study for Utah

I. INTROi)UCTION

Several of the proposed deployment modes for the MX missile system have in-

volved basing of the system in the alluvial basins of Nevada and western Utah. In

support of the IWLX missile program, the Terrestrial Sciences Division of the Air

Force Geophysics Laboratory has undertaken a program to evalate the scismic

hazard with these two states. In this report. results of the analysis for the IUtah

area are presented. Both probabilistic and deterministic approaches to the esti-

mation of seismic hazard have been employed. The results of the study are set

forth as contour plots of maximum credible and probabilistic peak ground motion

estimates for hard rock sites. In addition, annual risk curves are presented for

risk assessments in Utah. No attempt has been made to modify the rock site

accelerations to compensate for the deep alluvial cover typical of the potential MX

basing sites.

The approach taken in this study was to produce a conser\ ative. though realis-

tic, estimate of the seismic hazard in the area of interest. lowever, the long-tern

seismicity patterns in this region ar, not well-defined and subject to debate. To

provide some sense of the uncertainty associated with the analysis, two distinct

(Received for publication 26 October 19)82)
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models of the regional seismicity have been used in the probaoilistic evaluation.

The results from both assumptions- are presented and compared.

2. UTAH SEISMICITY

The earliest record of seismic activity in Utah is of a tremor felt in central

Utah in 1853.1 Since that event, earthquakes of sufficient size to be felt have

occurred within the state at the rate of approximately one per year. 2 During the

historical era, earthquake epicenters in Utah have been concentrated in a distinct

band, running from the southwestern corner of the state to north-central Utah ii

(Figure 1). Although the preinstrumental earthquake catalog is biased in favor of

this zone by virtue of the population distribution during most of the state's history,

instrumental coverage in the last two decades has re-emphasized this pattern of

seismic activity. However, significant earthquakes have also occurred widely

throughout the state and outside of this trend.

The largest earthquake within the state was the 1934 Hansel Valley earthquake

that had a reported magnitude of Mz6, 6. This event was centered just north of the

Great Salt Lake. At least 57 earthquakes have been recorded in Ut-a bet\veen 1853
:3

and 1978, causing at least minor damage, 'Modified Mercalli intensity V or greater.

With use of the earthquake catalog for all of Utah from 1850 to 1974, evaluation of

recurrence curves for Utah gives an incremental curve of

log N = 1. 15 - 0.76 M (1)

and a cumulative curve of

log N = 1.47 - 0.79 M (2)

where N is the number of events per year per 1000 km 2 of magnitude, 1, for the

inci .mental curve or equal to or greater than 'M for the cumulative curve.4

1. Cook, K. L. , and Smith, R. B. (1967) Seismicitv in Utnh, 1850 through J une
1975, Bull. Seismol. Soc. An 57:689-718.

2. Cook, K. L.(1972) Earthquakes along the Wasatch Front. Utah - The record
and the outlook, in Environmental Gcology of the \Vasatch Front, 1971.
L. S. 1lilpert, ed.. Utah Gcol. Assoc., Publ, 1, pIii-7129.

3. Meyers, H. , and von flake, C. A. (1976) Earthquake Iata File Summary,
National Geophysical and Solar-Terrestrial lata Center, Report KGCI)-5.

4. United States Geological Survey (1976) A Study of Earthquake Losses in the
Salt Lake City, U'tah Area, U. S. Geological Surv. Open File Report 76-89.
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E-uthquakecs in the Uth area tend to be shallow events, with the majority of
5

epiCenters having depths above 10 kin. However, only the 1934 lansel Valley

ca'thquake e an be associated with surface faulting. An e u'thquake swarm in

southwestern I tah in 1971 produced fractures in alluvium that might be related to

faulting. In general, the pattern and locations of earthquake epicenters in L tal
6

tend to be diffuse and difficult to associate with specific faults. 6 Although faults

are common throughout most of Utah (Figure 2), the age of most recent faulting

is unknown oi mal- of them. 1, 7 In the assessment of earthquake haz ard, faults

having Quaternary displacements, those younger than 2 million yeus, are often
8

considered potentially actiwC. Using the limited data aN ailable, Anderson and

Miller have compiled a map of Quaternary faults in Utah (Figure 3). They consider

this map to be prL.liminlarv; additional faults are likely to be reported with further

geologic studies. The distribution of known Quaternary faulting supports the

general conclusion attained from the historical earthquake record: That while most

seismic activity is associated wvth the Wasatch, Eisinore, and Hurricane Fault

zones, pot. tial exists for significant seismic activity in other areas of the state.

Historically, the 1934 flansel Valley earthquake marks the largest event oc-

curring in Utah. However, it is possible that larger earthquakes will occur there

in the future. Detailed studies of the geologic evidence of Hlolocene fault displace-

ments along the Wasatch Front suggest that individual surface faulting events have
9

produced displacements in the range of 0. 8 to 3. 7 m. Given the fault displacement,

1), the causative event magnitude, M, can be estimated by the functional relationship
10

derived for normal faults. The Wasatch Fault zone can then be assumed to have

5. Smith, R. I. , and Sbar, M. L. (1974) Contemporary tectonics and seismicity
of the Western Inited States with emphasis on the inter-mountain seismic
belt, Geol. Soc. Am. Bull. 72:1205-1218.

6. Dosicr, 1). I. , and Smith, 1. B. (1982) Seismic moment rates in the Utah
region, Bull. Seismol. Soc. Am. 72:525-551.

7. Anderson, L. W., and Miller, 1). G. (1979) Quaternary faulting in -tah, in
Earthquake Ilazard along the Wasatch and Sierra Nevada Frontal Fault
Zones, ( . S. Geol. Surv., Open File Report 80-801, pp. 194-226.

8. Allen, C. I. (1975) Geologic criteria for evaluating seismicity, Geol. Soc.
Arm. Bull. 86:1041-1057.

9. Swan, F. I., Schwartz, 1). P., and Cluff, L. S. (1979) Recurrence of surface
faulting and moderate to large earthquakes on the Wasatch Fault zone at
Kaysville and Hobble Creek sites, Utah, in Earthquake lazards along the
Wasatch and Sierra Nevada Frontal Fault Zones, U. S. Geol. Surv., Open
File Report 80-801, pp. 227-275.

10. Slemmons, 1. B. (1977) Faults and Earthquake Magnitude. U. S. Army Engin.
Waterways Experiment-Station, Miscellaneeus Paper S-73-1.
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order of magnitude should have return periods between 50 and 400 yea' s along te

Wasatch Fault zone. During tile last 130 veals, only the Hansel \ alley vent

approached this level of magnitude. in Lrxologie terms, the historical record is4

e.xtremely short and e-xtrapolation from these data for mattriitudcs xhich [ae riot

been recorded is probabilistic. A'naly-sis of earthquake caxtaloL!s- lox China. lapan,

and the Mliddle East. covering periods between 2,000 and .3.*000 ea *indicate

that spatial and temporal variations in seismicity of per'iods e-qual to or longetr tuan

thle Utall historical re-cord are- common. k singv %:irioii- windows of tee I aJ

catalog. Arabasz et al have shown that return periods of betweent and( 1, 5x05 vear-I

could be estimated for a 7. 5 )1 e srthquake onl the W asatchftlt Ivpil.li

estimate of the order of several hundred years is assumied for thle nw.ximunl cred-

ible earthquake of M=T.

3. SISMIC REGION ALI/...TION

Subdivision oI the t d:II AL'en into seismIlic sotxx'ee trion-; is e tx.i in ort-r

to analvze thle seismi hlelaz ard in the state'. The goal1 Of thlis rcgLJIInlizViOli is to

pxroduc e a set of seisxnic source regions whose seismieitx- is- fixxnogoneous md

ivell -defined. limitations imposed hI' short seismic historv, the diffuse a nco

the seismicity' it thle area of study, tuld qtuestions cotteruin ilbe t ec-totlic prod-,

of' the region - - all affcot the process of defining these source ' -ti. nti

section, two regionalizations are, made in an attemtnp to comxpees.-- tot' tl - tic-

tainties p i-v iou sly st ated.

The n, iin trend of seismic activityv thr'oughlite sta te i.soial it 1'. it,

Intermotuntain Seismic Belt (Ih) a trend of earthiquakes x'anaing fxrom northwest etncr
.Arizona north to the \lontana-llritish Columbhia border (V 1iue-, 4). ' his z/onl i-

one, of the most active, selst'tie r' eiots in thet e.011t i nt1 tl I il ed ktt! s I

ttested ticit thle ISBt definles the( active, nitreixs of s Ceerall s!OdplIti of 'I). ri

Pi ia late. 'ite szuhl iate il tx-gin s: axe lelie\i (,d to co01reLiti s -11t illy% %11 hi

die phvsiographic px'ov\ince' hound aries that are :ilo stotvn ini it ' 4. Swisltiiitv

11. \btrixc( It K. (1979) Adequac of simlple prohiliilitv. tuodcls< foe ealcilatilig
felt sit tkxug Ii kard, ulsing tit (bns xAitai ttog. Bull11. Sei0j.Z10.
"3u- Aim. 69:877-892.

12. York, 1. E. , Cxrdwell, It. , andl Ni, J. (1 17b) Seismic it \ itti Qii atertar\
fatulting itl Chinat, Bull. Seisniol. Sot,. Am. 66:1983 -2002.

1:3. Xraltasz, W. .1. , Smitht. 11. it. , rutdIl hielts XV. I ). (197. ') i'm'thulco stuint-'
aloxng thteIv Waatcht Frot, I t: ttettvox' nloxtitori h ismctV t Isx-.t.

hx tzard',, in I u tltuake H azards 1d011 Owe Wasatch xx11d Sie'x' 11:1d
Frontal Faulit Zoxnes, I.S.(ol. Sux't.7 * Optt lill BEoxi80T 0. p.1-
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aittch: th ISH kpp), us to ctsitfrom fore :iss-ociated with the interaction of the

Novtl Ulrican Ind P'acific P'lato.; and pos.i: lv modified by a hYpothesized mantle

P1110 C( p i1ntl cetI :c'it N ellow.-tone. In the Utahi area, the I.313 divides the

'111i1 11n Ingot provin oil th1. west fromi the Mliddle Rocky Mountains and thc

tilt! a lo P1 itt-au onl thn cas. he di.stinct tectonics of each of these provinces is

z-~ nfi ntill th, -eisllmit r(tionailii ation Of tueL area.

K*:t irogtenic 1plilta occurrod in all threeC provinces. hut it is the tiominant

t" .olic fort t on ik il the C:olora:do I late al anld the. Middle H ockv '.\fount ains. In

till oIlraljo ii ,tC ILI, tit Uplift has beenl uniform throughout the province-, With

lb1 t lust al dktot mlatiolm. ['lie c-ough topography of' the plateau is primarily the

s' Uit 0 11,1 fl::Iiil coioti o1 undisturbed sedlimentary deposits. The widespread

n l tx ol ihi- ::pit an lack of creustal dleformiation suggest a relatively- stable zone

ut b -1 ~ in iw.th it v. ouiW h, unitormly- distributed; in fact, conentrations

of seismiic nticroactivitY that have occurred in this region appear to be associated
A t nna ct\ t s 'it~aii.In -i Shtil iokv I~utains, the epeiro-

2 ,fi tuplit'fta, icis n cl etmlilth ve:tensivc noemnal faulting~ and mountain formia-

tionl. ( )i1 tillt St aI o! itet .st in this report,* thet Scis rnic Ic tivit\ "v Otlt also he

ptctIto bt unlifor lv tistrii uted, huit tin cc gion would bet- x\pectedi to a': C a

iii~lo Ic\ el of eisnllik-itv than the Coloradlo Plateau. Each of teepro,.incos a n

be l-onsidereh a silittle SOFCeC ettin ith Muiform potential for seismic activity.

\ii exc(eption is the miargin of the Color ado Plateau abutting the Basin and Range;

tlli-w \ill ;e hiStise.i0 Litti1'.

lIii maJOr tectonlic pr-oces. in the Biasin and Ranige is the lateral crustal o-xten-

Siorl iihithIL has Cl benOCCUrl'inC foe the la1.st A0 m-illion Years. [he rifting has

coitith~ episothitallvy to the- present dav, although the orientation and center of

active eXtenlsionl U s t'haizt'ti. D )ring this4 period, typica,'l estimates of the amount

of' -;petating rang!e from 50 to 300 kmll With the mnost common estimate being about

100 : ni. lit [ith spreadiing has beetn accomplished bY ex\te-nsive normal faulting,

g~rab ni formation, anti volecanism. \ltiough probably related to the broad uplift

ot thet re-gion, tin, exact relationiship between uplift and extension of the Basin and

H ig, as cAS au 1- ot l eet , is tuicCIrtainl.1

11. Smith, R. lb. , WVinkler, 1'. L.., Anderson, J. G. , and Scholz (1974) Source
mechanismis of micro-earthquakes, assopiated with undlerground mines in
eastern I tab, 111.1ll. Se'is mol. Soc. AM. 01:1295-1317.

15. Vton, G. 11. (1979) A plate tectonic model for late Cenozoic spreading in
the Western I niteth States, in Rio Girande Rift: Tectonics and Magmatism,
R. E. Riecker, ed. , Am. Geophys. Union, Washington, 1). C. , pp. 7-32.

16. I'hompson, G. A. , and Bruce, 1). 11. (1974) Regional geophysics of the Basin
and Range province, in Annual Review of Earth and Planetary Sciences,
F. A. tDonath, ed., Aninual Reviews, Inc. , Palo Alto, California. pp. 213-238.
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A question with significant implications for seismic regionalization is the

distribution of active extension in the Basin and Range. During historic times,

most Significant e(u'thquakus in the province have occurred in very limited zones

that tend to be at the margins of the province. Late Quaternary faulting in the
17

region i%, however, very uniformly distributed as is low level seismicity. At

least three hypotheses have been advanced in an effort to explain this apparent

d i;(e reparcv. iret, the historical record is a short-term distribution of earth-

quakes in the province; second, the seismic activity (and presumably, extensional

activity) is concentrated in very limited zones at any one time; these zones migrate

throughout the B1asin and Rtange. 1l Return periods for large earthquakes in any

sp cific area are thought to be of the order of thousands of years. Finally, the

last concept assumes that extensional, as well as seismic activity, is confined to

the Basin and Range margins and, on the eastern edge, could be gradually migra-
5

ting into the 'Middle Rocky Mountains and Colorado Plateau.

Historical, as well as geologic evidence, is insufficient to determine the

correct analysis of the scisnicity of the Basin and Range. Each hypothesis, how-

ever, would require a different approach to the seismic regionalization of the

province. Tht first concept would imply that the Basin and Range could be con-
iderid as a single or at least a limited number of zones having uniform seismic

activity. I sing the second hypothesis, one would have to delineate any area with

indications of recent major earthquakes as a potential earthquake source. As the

future migration of the active zones cannot be predicted, the remaining area would

be assumed to have a uniform probability of earthquake occurrence. On the scale

of regionalization use(d in this study, this would degenerate into the same conditions

as the first approach. On the basis of the last thesis, seismic activity would be

confined to the province margins with low-level background seismicity in the

interior of the Basin and Range.

It is concluded that two models of seismic regionalization will provide an

adhqiuatc range of seismic hazard estimations for the Vtah area. In the first,

known as the I niform Seismicity (WS) model, a major earthquake is assumed to

ha v uniform probability of occurrence within several gross regions; in the second,

the Suhplate Mar[gin Seismicity (SIS) modol, the major seismic source regions are

assumed to align with the historical seismicity patterns of the region. The primary

distinction is in the treatment of the Basin and Range province earthquake potential.

17. Slemmons, 1). I. (167) Pliocene and Quaternary crustal movements in the
Basin and 11ange Province, USA, .ournal Geosciences. Osaka City Univ.,
10:91-103.

18. Ryall, .\. (1077) Earthquake hazard in the Nevada region, Bull. Seismol. Soc.
Am. 67:517-538,
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3.1 t lliorii SeislijjcitN NhxItI

F'or the ('niform Seismnicity 'Model. the western lVnitedi States was subdivided

inito the regions shown in Figure 5. This region aliz ation and the asisociated

400

CALIFORNIA 4UA

340

120* 1120

Figure 5. 1 niform Scismicit.y Model ERegionalization C(Modified From (heensfelder,
et :11. (1980)]
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seismicity parameters are based primarily on the work of Greensfelder et al. 1

Additional analysis of seismicity was conducted for the Colorado Plateau-Rocky

Mountains region to the east of the area included in that study. ['he regionalization

is based on late Cenozoic patterns of deformation, relative Hiolocene strain rates,

and instrumiental historic seismicity. Greensfelder et al, Conclude that Holocene

strain rates andi historic seismnicitv are in rough agrceent with differences of less

than a factor of :3. Other investigators have Ugge sted that the differences arc

primaril.y due, to the methods used for estimating strain rate rather than changes

in long -term srismicity.6

Based on post -instrumental seisinicitv. 19:32 to 1 973,* the se isrnicity paramn-

eters for each region were calculated (see Tabli~e i). '['he values given for regions

I through 6 are based on earthquakes w est of region 6 to 1 08%V. [The m-ethod of

analysis for region 7 was similar to that used for ther other regions.

'[able 1. 1 nifornm Seisniicitv\ Model Paramieters

Retin. "eliod
of 7. oNo

log * A-) M reater
source Area ogN AbML Maximnum Earthquake
Reg ion (1O,3 kin

2
) A B M L Years

74.6 3.18 1 . 7.75

2 25.3 -2.04 0.9 7.(0 4 5

3 253.5 2.54 (.1 .iLI

4 39~. -7 7..

5114.7 1. 7u 1 . 7.5

0 118.1) 2.72 00

7 2.8 1.) 1.0 o

*N =number of events of magnitude M or greater per yvi r Ir 1'" km

19. (ireensfelrler. 11. W. , Kintzer. F. C. . andl Somr'rvill, AI. I{. (1980) Sr'jsnmo-
tectonic regionalization of the' Greait Basin, anid comparison of mioment r' dr's
computedi from H olocene strain and historic seismicitv: summliary, Gorol.
Soc. Aam. Bull. 91:518-523.



In addition to recurrence curve information, maximum. magnitude e.arthquakes

are also assigned for eacti region and shown in Table 1. These value's are based

on interpretation of geologic evidence or the largest event to occur in historical

times. In general, modifying this valuea has a significant effect only on the hazard

estimation for very long return periods. I'nless the maxximum. magnitude earth-

quake is grossly in error, probabilistic risk estimates in the range of interest for

this report will not be modified substantially bY changTing this paramieter.

3.2 Subplate M~argin~ Seisinii- Model

In this model, the regional sois micit-v is a>; SemedI to concentr ate :n the ,ul -

plate margins, as sugested by historical seismic activity. 5 T he basic regional-

ization of the uniform .seisintl V modt-l i.- nmintnainee outside of I tabJ. le ni xJo

distinction hemw ecn this modibl ;uid the prev ious one is thlowe ri Of III(cisur

potential in region 3 ml1( th l fnn of reikion 6 h% subdivision lnto0 I\% 0 11%

zones, with alteration of the activ-ity- levels in each nw -,- one (iliguru 6). I'bc new%

-40-

CALIFORNIA4UTH

34.

ARZN I

20 I1

l-igure 6. Subplat, ',\lirgin Seis;micitv 'Model Kolgion ;dization



r, gion 6) corres pondis to the \Va~-atch V ront Stud% Area defined -\ i'LdabJsL et al.;

it is- an1 !Xrel cp.fls ion of thet oqtli 'ilt ttsgnent of region 6 fromn tilt uniformn

-imitit\ model. Ajustmrents in the abutting re-gions 3 and 7 are required

by this chanlge.

The r trtI r tn c function us for tilt, n'-' xv rgion :) was der ived from) a Previous
20

tudv for :ut a'rcs of, N\, tv : c lowelv e eib u thll redefined rtegion 3. It is felt

th'it tinlt, id u'k: 11"-d ii thi- eVAILI ation -oulld no0t inltroJduce- eror 1 a agni -

tiidc .tppt0iciti tioeree ornl thet siatis 'calHv sh ort duration of' tinLk tsrtit-

dI~itht -uni.'I or ..io 46a ndb (;, <p,, ific nl i of sti.srnie rceurren cc for

eni xviscoline Iu.sin- tin bt:rnx.tal -- rthqujih-t, -:t ilog f'olil 1932 to 1978.

[isinLul d an1 MAItaVs is Of tcourni1 te sOf the' Taa Og to usLr' I't ltisti(tal

s;t u4H!ii. 21 l liddititolt, the ude11 ntits guitni' Z etlquak,,s ii re-gions 3 .
uti 6nt .,' 1 ic'ltd ill Ortder to pIX Ic lowti lii of' stisatic utfivit-, in tbeie j

lk i~l i o-, c tutipud to reLgionl 6i .t mutt cleti 1 tin is:tori' '1i Te0 ill r. "U-

em lfl tit"l5 10 till stmbpl l' t j:tlpgil. 4 s~tt o ] i i ll it I L- 2.

suihe 2. Suhpltc ti mNir Seitm seit, Ic cie P >',:rter s

CL u Ae n* A-b M L iX imurt i ert1 uk
is krt)MAi, e,

74. 110 7.75 3.

2 5. .4 0.91 7.16 845

-,7. <1.7 o.91 7.C 146

4 39.2 (.w1 1.0 7.2 739

5134.7 1.70 Ltn 7.0 1481

6a (15.6C 1.50 (".8B1 7.0 225.1

('1 129.9 0.19 0.54 7.75 32

7282.4 1.96 1.0 G.75..

20. 1 lattis, .1. C., and Hill, K. T. (1977) AXnalysis of Seismicity and Tertonirs,
of the Central anid Western United Stattes Texas Instruments, Inc. * Tin-terim
Scientific Report kLEX (02)-1917701 D~allas, Texas.

21. Ste pp, J. C. (1972) Analysis of completeness of the earthquake sample in the
Puget Sound area and its effect on statistical estimates of earthquake hazard,
in Procee'ding of the International Conference on Microzonatlon for Safer
Constru ZtionN ese arch and Application, Univ. of Washington, Seattle,
Washington, pp. 897-909.
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Fle probabilistic hazard estimation process is based on a method proposed by

Cornell and implemented in a FO)RTl._N computer program by McGuire. 22, 25

1 sing tiis prograln, we found that the temporal and spatial distribution of seismic

activity is combined into a single statement of the probability of reaching or exceed-

ing a giiven ground motion level at any site of interest. In addition to the statistical

models of seismicity, given in the preceding section, knowledge of ground motion

attenuation ill the region of interest is required. In the following paragraphs, the

statistical method, ground motion attenuation, and results of the analysis for Utah

ar, di. Cussi'd.

L.I Hisk Estinsation Mtethod

Il the procedure used for this study, earthquake occurrence within each sub-

division is considered a Poisson process. This implies that the occurrence, in

space -ud time within any subregion, is independent of any preceding event. [here

is strong evidence that this is not true and that future earthquake occurrence is con-

nected to past seismic activity in the region. 18,24 However, the use of the

Poissonian assumption is conservative; it does not introduce additional restrictions

which at best could only be based on extremely limited data samples.
k sing the Poisson process, we note for each source region the probability

that the ground motion will reach or exceed a specified level, ag defined as the

integral of the product of three parameters: the independent probability density

functions for occurrence of an earthquake of magnitude S, fs; the density function

that it will occur at distlnce , f 1; and the conditional probability that given an

event of magnitude s and at distance r, the ground motion will reach or exceed ag.

[his caln I stated as:

I' \ > a PL X a s an d rJfS(s)f (r)dsdrj (3)
u- ag g,. - g

whr' 1 \ X > a ,s :and rj is the conditional probability. 23

9-g

22. Cornell, C. A. (1968) Engineering seismic risk analysis, Bull. Seismol.

Soc. Am. 58:1503-1606.

23. McGuire, R. K. (1976) FORTRAN Computer Program for Seismic Risk
Analysis, 1. S. Geol. Survey, Open "ile Report, 76-67.

24. Sykes. L. R. (1971) Aftershock zones of great earthquakes. seismicity gaps,
and earthquake prediction for Alaska and the Aleutians, J. Geophys. Res.

76:8081-804 1.
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The function fs(s) is derived from the source region recurrence curve while

fR(r) incorporates the spatial relationship between the total source region and the

site of interest. The conditional probability is derived from a ground motion

attenuation function discussed in the next section. Evaluation of the integral yields

the probability that one event from the gi en source region will reach or exceed ag.

By multiplying this value by the expected number of events in the region for one

year and summing over all source regions with some predetermined distance, we

obtain the total expected number of events per year. or annual risk, RA.

The risk can be stated in alternate forms; for example, return period, P1 ' or

lifetime risks, RN. The return period is given by the inverse of HA and corre-

sponds to the average interval of time between the site of interest experiencing the

specified acceleration or greater. The lifetime risk, RN. is the probability of ex-

ceeding the specified acceleration in any N year period. I or a Poisson process,

this value is given by:

R 1 - (1-RA)N (4)

As an example, a 4 75-year return period ground motion, RA 0. 0021, is

equivalent to R 5 0  0. 1. This is equivalent to stating that in any 50-year period

the level of ground motion having a 475-year return period will not he exceeded at

the 90 percent confidence level.

4.2 (;round Motion Attenuation

The conditional probability density function discussed in the preceding section

is derived from ground motion attenuation functions. Various empirical studies

have been conducted to derive these functions (see Ref. 23). 'ypically these

equations have the tom[

g = a 1  2 M(Il a -

where g is the predicted motion level, 11 is earthquake magnitude anid Hi the event-

to-site distance. At best, these equations are of limited accuracy due to lack of

radiation pattern or local travel path and site geology corrections, and the standard

deviations associatied with then are typically large. Most equations are based on

data largely from southern California and presumed not typical of all regions of

the \vO rid. 25

25. Rattis, .1. C, (1981) Regional modification of acceleration :attenuat ion func-
tions, Bull. Seistool. Soc. A\m. 71:1309-1:321.

2, 2
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Strong ground motion attenuation in the Utah area is not well determined. 13

Lacking adequate data upon which to base an attenuation function, we used curves

derived for the California area. The function parameters for the peak acceleration,

velocity, and displacement attenuation functions are given in Table 3. The

Table 3. Peak Ground Motion Attenuation Function Parameters

g a, e a2 M R+a 3 _4

source

O round Motion a 6 Re ference No.
12 3 4

Acceleration 160.20 0.908 25.0 2.06 0.707 24

(cm/sec
2
)

Velocity 5.64 0.921 25.0 1.20 0.029 215

(CM/sec)

Disjilacement 0. 393 0. 99 2-5.0 0.898 0.76 25

-iclr dtin .v Ie , s ud1( th r -an two funcwtions we

0% 11n th" 1* % 21,2s ii '-, I - ions. Li\, 1), ik Lrounrl nmotion valun for

nb 111 i ;,:~! I - liii i. cn *, ik -c roundr ieccroriition

1' !0 t 1'),r it% T- - . liI'ii' 11 1": roW I t), tj,-ujn(v two )f~j ,rrnt lit' tim.(

;) i .. 10 11 0 U ic 710 -, - , o in 11 " lbliltIjots W(Are (r it(I out :it die

rbl Lrollin. I flotioP I 15, (- '0119 Spoll'l 1 . !4 )-viii'l ri' urn Period llmotions.-; fo tin

50-va-,,r lifetim-e, to 475-%, ar rriturn period mnotions. These contour maps are

Iw..o ac ts i'oicuriliv tili-SO 11fl1[3 --liOuliI he poilnted out, I.Js t, the ground

motion lcvels are for stiff soil and r'ock sites: the v have not been modified in almy

way% toi- loca-l aeologyic conditions. Particularly in thle alluvial basins of western

1,tohi, surface ground motions rould he expected to be significantly different from

re~ported vilues. Second, the Lgeneral contour trends are determined bY the areal
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\tent Of eCh11 sourceL Vkegion. Any iaig inl ti s otzre region definitions s'ould Iw

expected to alter the ground motion predicted ait anm,, partictlar oc ationi. The

limlitations of available geologic da-ta and the diffuse na,'ture Of SeismliCitV ill thiS

region allow onlyv gross outlines of souirce regions to be( mae. 'hids, inl tuirn,

Ilmits applic ation Of the(-se Maps to an-ything miore thanu ai regional overviewv.

Variations in the seismic hazard predicted by the two -sillicit, N modeis'. Lre

appawrnt in Figuires 7 throuigh 14. This is especially truie in) west ern I tab :uid

ailong the Wasatch Front area and expected from thle different manne11r in which ea'

model (listrjlbutes the seisinic activ.itv' in, this ajreal. As wvould be expected from the

seismicitv models, the seismaic, hazard,( basedl on the uiniform m-odel predicts highek.r

levels of ground motion overall and specificallY in thle Basin and Range Province

region of western Utah.

In addition to these contoir nmps. alnnulI gLroulnd motion risk cur-ves wer e

e\'allnated for tourf site's that approxima~itely correspond to Cedar City (38IVN, 113 :V)

Wemulover (4 1 N, 114- %V), Salt Lake- City-Ogden (41U N, l1 2- %V) auid Nlainti-TL:i Sail

National Iforest -3~N 10 I'i(, seis mnic risk 'vi ae t these;( Ioe ations

showv the, r ange of hiazard in tlin' state and' denion.-tr ates tihe 'fleets of' thef mo(1

variations. 'I( [he innial risk en rves for theLse localtionIS are'( shown ini F igtres 15a

throuigh 22. T[he grouind motion levels for specific anualzl ris ks; for t' achI sit' art'c

given in Tlls 4 throuigh 7. I'or purposes of comiparison, tiie' annuial seis mic

risk cuirves for Vand eierg Air Force Base, Californiai ar(' show n in Figuire 2:,.-

I anifenberg Air ["orce Blase is louttd in ai region of C diforni that has ai modr -

ately higi. st '';miic hazar'd level.

Col l 1~osiI. D es-i~ll Iespmllse SwI' Ira

'The spoetr al ('hara('teris;tjcs of grouind motion are typic ally represente(d in the

form of response spectra. These spectrai represent the manximumni response of a

simple, viscouis -damped harmonic oscillator over I r;u'mge Of naturail periodis. I-oIr

specific levels of damping, methods have been developed to estimaite uipper limlit
218,1response spectra give'n the predicted grouind motions levels ait somec site. 'l e,

26. Mhculire, R. K. (19174) Seismic Struictulral Ho sponlsi' Ii ik AnAlysis Inc(-o rporal-
tin [eakfl'spns Rgressions on artquak \ia iude .U'd D istanlce,

M. l.'l' D~ept. of civil Enhg. , 11 escarch Report R74 -5 1.

27. Batths, 1. C. (1979) Seismice Ha-zards Estimation Stuld y for % andenberg AfViI,
U'SAF" CeophYsics iLaboratory. AF"GI,-lf -79-0277, Al A0ti245lf,

211. flays, WV. W.,* Algermissen, 13. T, Espinosa, . F.., Perkins, 1). Al. * aid
R~inehart, WV. A. (1 975) tlUIilmS for I leveloping I h'Sign Earthiquake
.Response Spectrai, 1'. S. Arilmy Construction Eng. Research I,abhoraitorx',
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FiLuure 2:3. Annual Seismic Risk Curves for Pt Arguello (Vandenberg AFI3),
California



Takle 4. Peak (h-Ound MNoflti A ttnual Hi( k I ~evels fort'he (edai' (,it,, \ tea

keturri Acceleration (,Se& Velocity (cyn/sec( DISIplacemexit (-mt
Annu.a I Peiod md-
Risk (Years) US Model SMS Model US Model SMS Model US Model SMS Model

I,3.3 .

39.7 33.4 :. 4.1 19

50 1-.).3 14 2 4.?

0032 5, .151 .; 9 K. 4.

lale .. Peak 1 ;I'ottta) NlOtjOIt \nmtil Ihj-d I.* cl- for ' he \vi e rr

14.-.

i- i'' (ye r!,).-Iod. s .

17 7,,. .



Table 6. Peak around Motion Annual t1i.k Levels for Salt Lake City - Ojgden Area

Return Acceleration (cm/sec) Velocity (cm. sec) tDisplacement (cm)
Annual Period
Risk (Years) US Nodel SMS Model US Model SMS Model ,:S Mdel SMS Model

0.5 2 7.1 71. . .

0.2 5 47., I 1 r. 1

0.1 10 k,4.H :5. 7 8.1 4. 1.4

0. U 2,)4.4

0.02 5, 1.., 15." 17,.>" Ii., , .

0.01 10>> 1-1. 112. 10. 11. .

0.005 200 22 .3 17. .

4 I]

0.002 ,joO 324..) 271.j 1. 5 38.. ..

0.001 lCOu 4-3.t, 382.u 47.0 j, 7 .' .

Table 7. Peak (tround Motion Annual Risk Ievels for the %Ianti-I,a Sal National
Forest Area

Re tur~t II ,i!r t t (,(-;'" .,l TTv Im c' -I '-i:i. m)

An u i led.)di.. . . . . . . . .
( Years) JIS mo(doI SMS Model ,S Mo1 del St I.

"
Id' 1, ,L i :q 4,,

S14. 1. '.
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:wl' known deii* ign ro spoyse sp tr.N exvi iark et A have developed one set of

cimonlv uistd anmplification factors given in Tabtle 8. 21 1'h'se values are, used to

f'able S. Hucoitoutal DesiLn Response Spectr-a A.^niplification Factors

7.7

mdfvtegonaceeain idiacm~en~ t leesire to ohtaineesponse

spcta lev1 . at specifi frqenis TI: Il of' crtia damin HcorrespoHz

moilil t1W (' ground111 accelaio1d disacemenp tr lis inorde to obtciind rsound

ml'otioni.

Composite response spectra have been (-alculated for the 100 -year return

p 'riotl g:round motions at i-:ach of the four sites sp-cified in Section 4. 3. l'liese

spertr '5 are given in 1 igures 24 to 27. Flu-Se Oucx i's c'!1-'-Spond UloselyV to theL

10-year lifb(time, t)O percent conlfid ('n1c levi- responsespcta It should t-' nowd

that tlb CII' O not ne rest acilv repres ent the prcdoit d piectr :i for any one-

, cith 1 icake. ['It- peak ground motions- -i tin' 100%-:u, return period could Ie

go('n rat('d I v different earthq uak c's occurriny at different timnvs :id( loc ations.

Ihuits, it i.- more accurate to vi x'this r-pi -t atiori ;t- ,- stim it ed uipper level

xcicsfor nix- one c'vi nt oxver limiited freq ue ncx windows.

2!)., Niwniairk, N.. \t1. , BJLume, J. A. , -ud Kapur, K. K. (19f73)t 1 )eirHesoe
Svoctra for Nuclear Power Plants, Ami. Soc. Civil En2 g. * S!trucFtral1 ,(Tg.
'dIeting, San F-raneisoo, CliF3a
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Figure 24. 100-Year Return Period Composite Response Spectra for the
(edar City- Area: (a) Unriform Seismicity Model; (b) Subplate Margin

Seismicityv Model
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Figure 25. 100-Year Rleturn Period Composite Riesponse Spectra for tile
Wendover Area: (a) Uniform Seismicity Model; (h) Subplate Margin
Seisirit\ Model
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Figure 26. 100-Year RetUrn Period Composite Response Spectra for the
Salt Lake City - Ogden Area: (a) Uniform Seismicity Model; (b) Subplate
Margin Seismicitv Model
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assumed( to be able to support the maxximum n t'vediblec k':lrtb'juI-ai fo01" -;o1WA1'1

re gion in which it is located. '['he( maximum erteile .' u w(- I i' Ised onl

the ;ubplatu margin seismicitv mnodel (Fable, 2). ;rvotnIT m)ot ion distri!'Iition i<

based on the 90 percent confidence level 71otions pri 'icenl Iv 'VhT' alti n!ion tuite -

tiotis gwen in TFable :3. 'Ihel reSUlting~ contour plot :WT ho iin Vi~ureTs 22 bhroi-

:30. Hascd on the avail able fault &ita, which in rn:nv ir ~is in contpl 't ', n-

contour maps show thu largest ground motions expel-tt~il :i hblld rock sill' int I illh

withou1.t regard to the likelihood of oecurr cnn'( in an t liic l'p'riod.

481



LOGAN

0.8
0.5 0 KM so

0.5 E

0.50.3 5-0.5

SALT LAKE 40.5
CITY

0.5

0.5

0.3 0.2

DELTA
0.5

0.53

00.5

0.3 0.500.

0.5 0.8 0.0.

0.58J .

00

CEDAR CITY 
.02

Fi-,uve 28. I)etetniinist i Peak Arcele cation Contourst for I tall in Fractions

of c.(contours ab~ove 0. 8 gare not plotted)

49



- -----

LOGAN

0 KM so

/00 150 M
150 5

SALT LAKE lo-aD o
CI TY

/000

50 30

DELTA

150 /0 0

50



500

LOGAN

/00

100 0 KM so

SALT LAKE
CITY

50 
50

70 30

/00

~/Oo

I H:~i~ure ; 0. D)ete rmjnistic" Peak L)isplaueniernt (ontoU ,s for Il ah in[! irn(•

51



0. IS(A SSION OF RHI'ITS

Ihe lt'vel 0f uttttintv in the e.valuation of seisni hazard for any regi:ion is

high, anid particularlyv true for this studyv. The source of this uncertainty includeos:

the tiefinition of tilt seisnucitv characteristics throughout thlt region; the seismic

,attenuation properties of thle crust: and the relation betwveen the accelerations gon-

cc at 'd I)" Vu an ethtu ake attld the size, ot the evecnt. I'll(. ofect of This une a-t aintyv

canu he seenl h. comparison of the aninual risk 1ev eI.- 4dive n in Tall's 4 tjtroujh

Var j tions tre ater t hxi 400 p"I teenIt C:1n he founIId ifh( r th1onl mod ifica$tiont tilL

cutt er i. ite li: v'lltioll of seis mlicity,.

inI thlt pre sent s tudV, theP lefinition of tilt se-ismic regionaili /dtion net tti' eis-

Mic haatisisOf each le gionl, sucit as mlaximumIII 1mni ad an11 1c ut (e

rate ' ar believed to heL thle nMjOr' SOu-rce (t e1ror. As onet e'xamlple', thel-tl'

of' lite ret'CuIrene~t 'LIve- i.4 oftenl found to hateo %jtjiai xariat ions ~h- ':itiv 't1'

oUsing diS titte't time1 -'% indows of earthquake history w'ithin a specified relyion. I his

il a1 reall effec(t Which1 let'jve'ts from tilt statistical ttottsit ilIil'\ Of the (, 1t tie

B3cautse the I en~thl of thit istoric al record is short %%he(n comipaLred to thlt

dutiration tite-s cale of' -cologic processes, choice of thet Proper s eismicit, mnodelI

is aI difficult task. 10 som, deQr cc,, the anialysis dione for thsreport attempts to

hamit'c those questions Iv using two models repres enlting apprOximlAtions, 0f lit'

ext rentes. 'Vite suibplate margin seismicity model is COnsiti ret tllh It te' mo10(1-- it

oil(- proj ects hiistor'ic al seLisl mic ACtivity1 intto the futUre I wv it III it l st O ll

scisnucitv does not represent thet litc-term fretnu, as:c.- ' 'i 'v N% ill. ih au

thek uniforilt selsuticitv c~ould ho mlore Accurate.

l:()1. Prediictitng st'ismit' hazardi over thet it, UPtrtt p < I[ at

%e:'O's, tite' author htoldis that tilte sulipl:lte mar,11itt tniott' pro" id I I,' pit ic-

of future earliqtake activity. '[Im' primary I'LAs"olt tot' t el- 1'0ti1'11ilusi i i!;1 11 1

tit' gItoolt pl'''e' ses t'cllc otetr lot, timt'. ptlou)(s. - itli' ' l ,l('''

aill Also oc'cur ove- I' relativ elI% lote p' tiots.

Wiht tin', ttsc of two distinct s(is!Itit' PLT'iOtlli/tjtltt. :Citltttj' it L' !I I-

tior.s wereI' coindttcted for I tt, d'pictitng tilt p055l'th] extl'ettn' itt future511t.t

acitity- inl tile t tAb ala. Iii1' Primal-,' distitnctiont illtt' lttodt'Is 'a ) 11' tti!l
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was uniformly distributed, whereas in the second, it was conctntrated at the prc\-

ince boundaries. On the basis of these models, contour maps of peak accelera-

tion and velocity were constructed for Utah and anual risk curves evaluated for

specific sites within the state. In addition, deterministic hazard estimate s were

made based on known and Suspected Quaternary faults in 'tah.

It has been concluded that for ncu--term haz ard e v'aluations, the subplate mar -

gin model provided the most useful hazard projection. lBased on this model, 90

percent confidence level accelerations in t tah ae less. than 115 cm/sc 2 for :Uly

50-year period. The deterministic modeling predicts that accolerations ov-.r

0. 8 g are possible throughout much of western V tah and, in particular, th. pro-

posed MX basing area. However, it is likely that accelerations of this m1agnitude

would occur on the order of less than once in scveral thousand y -u,, at aun

specific site within the state.
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