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1) Statament of Preblem

Cespite the fact that there is geed evidence of present cay con-
vergence of the Juan de Fuca and North American plates, thers has been
rema; 3ly 1ittle historic seismic activity aleng the shallew part of
the Juan de Fuca subduction “Zmne. Although it is inpessible to mile
Sut the possidility of aseismic creep, we find that the Juan de Fuca
subducticn zone shares many features with other subducticn zsnes which
Yeth have bean Tock ! and have experiencad great earthquakes (Heatsn
and Xanamer, 1383; ‘luded as an appendiz). We propese to study
the possible scures characteristics and .ensuin'g streng grsund moticns
and Tsunami hazards for hypothetical great shallew subducsien zzne
eariiguakes off the coast of Washingten and Orugen,

Trhe first phasa of :.‘7';3:::::;( will dafine the secmetry and dimene
sicns of potantial Fipture areass We will also actemps <o charactarize
the nature of runture hetsrogeneity which can Se expectad. In the
sacond phase, we will estimate the natue of ground metions which may
resylt by csmparing the northwestarn U.S. with cther subducticn zznes
far which strong motion recards are available. In the third phasa, we
will synthesize ground metions for hypothetical great earthguakes by
sing the respensas of individual sagments of the propezad rusture
surfica. The responsas of individual sagments will he agoraximatad
Seth By actual recordings of moderata-sizad earthouakes and alss by
numerical calculation of the theoretical response of layered crus<al
STTuCTUre 2 cint dislocations.



Imccreance of the Problem t3 Procram Geoals

This research is directly motivatad by the licensing procadurs for
the Washingtan Publie Pouof Supnly System System Nuclear Project No. 3
located at Satsop, Washingtan. The pessibility of large shallow subduce’
tien zone earthgquakes was excluded in the design phase of this facilicy.
However, new study of tha naturs of the Juan de Fuca subducticn zzne
indicates that such events may e possible. EStimates of ground shaking
from large subduction zones earthquakes are of cantrmal importance in the
1icansing review of this plant. Furthermore, due t3 the nature of this
prodiem, this research is relevant t3 earthquake hazard estimation through-
Cut the entire westam pares of Washingtan and Qregen. This includes +he
Surrently operating Trojan nuclear plant in Cregen.



work %o Se under~taken

work on this project falls naturally into three catagories.

Characserization of the sourss In this phase of the worx we will
canstruct models of the feasible rupture parametars of shallow thrust
earthquakes on the Juan de Fuca subduction zone. We will include para-
petars such as fault length, fault dip, fault width, average stress
drep, and rupturs hetsrogeneity. Constraints on these parametars will
be investigated by studying other subduction zcnes. That is we will
assume that rupturs charactaristics of Juan de Fuca, subducticn zone
events will be similar t3 rupture characteristics seen for gther subduce
sign zones with similar shysical emaracteristics. Physical characteristics
which will be campared are; are of subducted 1ithesphers, s af Fofe.

yergence, fault dip, tapegraghy of Lhe susducted plata, gecmetry of the
acerit unary wedge, nature of marine tarraces, and tamcoral and spatial
sattary of seismicity. “here are gocd reascns T2 suspect that thesa
shysicll charactaristics are clasaly related &3 the mipture parameters
of sivi'low subduction earthquakes (sae accsapaning paper BY Heaton and
ganazeri). 1f subduction zones with similar physical charactaristics
cat be found, then the nature of rupture hatzrogeneity for events on
tiese zones will e charac*srized By serdying the tal aseismic body wave
radiation from these events.
farthgquake recurrence ratas will be estimated yiing estimates of the

slata convergence rata togetner with estimates of rupture dimensicns.

fs+imation of s<reong around moticns We will usa saveral procadures
ts estimata strong ground motion. The first sracedure is described by
Heatsn et al. (1384). In this procedure 3 suits of serong moticn records
is constructead by collecting and scaling records taken at gites with simi-
lar tectonic canditions. Recsrds are scaled with respect to site disTance.
earthquake size, and site cenditions. However, it is desirable t0 callect
~ecards which require as little scaling as sossible. Once a scajed suite
af records has Seen constructed, we can caleulate the statistical mean,
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mediin, standard deviation, ets. =f varicus strong motion parametsrs.”

An example of this procedurs is given in Tablie 1. In this example, records
from strike-s1ip ear<hguakes have been scaled %0 2 distancea of 50 km and
earthquake magnitude of 6i. Recards were chosan so that little scaling was
necessary. The suita of scaled respcnse spectira {s shown in Figure 1. The
dverage specirum, average plus one standard devia*’‘cn spectrmum, specirum of
the Targest single recsrd, and the speciram which envelops all cthers are
shewn in Figure 2. Although the scatssr may seem large, it is an accurata
represantaticn of the range of moticns that have been cbserved at 30 km fr=m
magnitude 53 strike-slip earthquakes.

This same procadure will be dpplied to canstruct suitas of strang
TSTIon recsrds frem subcuctisn Zcnes. Thesa recards are princizally from
vagan. In Figure 2 we show a ccmparisen of jeak acseleraticn plotscd as a
functicn of distanca. and mgnitudc. for ground motions recarded in Tagan ard
the westarn U, S. We sae that magnitude and distancs scaling relaticnships
saem 10 De similar in Japan and the western U.S. We also sae that there is
sufficient data ¢3 simulate subductien icne earthcuakes with magnitudes up
%2 atout 7%, provided that the distancs is greatar than 20 . Hewevar far
Targer earthquakes and smaller scurte distances, %he procadure describhed
itcve is not appropriats.

Altheugh ne recards are available for earthquakes of M > 2, we can make
synthetic ground motions Sy suming records from smaller earthquakes. This
tyre of sumation has bSeen usad wish reascnable sucsass by Hartzell (1578)
and Kanameri (137%) en Targe strike-slip ear<hquakes. The tachnique has
3750 been usad by Heatzn and also Kanameri %2 simulata ground meticns far
subducticn Isne earthquakes for usa by Exxcn Producticn Researsh Ca.

: The basic assumpticn in the synthesis proceacure is that the motions “==m
a Targe earthquake are a linear sum of the motions from smaller sarthouakes.
Encugh smaller ear<hgquakes are summed SO that the sum of the s2ismic moments
of the smaller events equals the moment o+ the large esvent. Timing celays
due %0 rupture and travel time dealys are included in tNe summasien procass.
The details of the timing assumptions in this summatien procass can, however,
aTfect the naturs of the final procduct. [n order %3 discaver agersgriate
timing assumsticns, we will alse cInsTruct synthetic taleseismic bedy waves
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for great earthquakes by summing body waves from smaller events. We will
require that our models which procuce strong moticns alss provide an ;de?.'.uate
characierizaticn of chsarved talesaismic body waves.

We will a7s0 investigate the feasibilicy of using the thesrstical ree
sponsas of point dislocaticn squrces as Green's functions for threse-dimene
sional finite faylt simylatiens of very large earthquakes. This tachnique

may be usaful {f ghsarved records are not available at desired sQurce-

station gecmetries. Such Green's functions would be caleulatad assuming a
horizantally-Tayersd earsh structure. The Green's functicns would then be
intagratad over the faylt surface in crdar t2 produce meticns cdue t3 a
finite rupture surfacs. These tachniques have Seen used with considerakle
SWETRIS © model records frem mederata-sized sarthouakes (Heatan, 1582;
Har<zell and Hme;fe!':!.". 19825 Mart=a!l and reatsn, 1983).

Evaluation of Tsumami hazard [n order %3 cbtain-a rough estimate of
the hazird due 3 Tocal Tsunamis which may Se generatad by a great shallew
Subducticn 2one event, we will search for subducticn 2ones with acsan botism
prefiles and soures gecmetries similar t3 that found in the Juan de Fuca
subducticn zcme. Local Tsunamis generatad by histaric 2arthquakes in thesa
otler reqicns will be catalogued. These Tsunamis will then Se scaled t3
dcczunt for diffarences in seismic moment $3 came us wish estimatas

s¥ the
petantia] heights of Tsunamis that miznt be excecsad dlong the csas: of
sashingsen, Oregen, and 3ritish Columbia.

Stratsey and timetahle

Although he f317owing werk plan may evelve as we procasd inta this
project, we preposa the follewing tasks and aciamganying timetaldle.

Task I  Charactarizasion of Source gecmetry. In this task, we campile
physical charactaristics of =he Juan de Fuca subduc+ticn zcne.
Much of this background woerk has Seen dene in the Final Safety
Analysis Report of the WPPSS Nuclear. Projes: Humser 3 (Ocsaser
e 1%83)



Task 111

Task 1Y

Task Vv

- .vy
iask YI

Task Y11

Comparison wish seher Subducticn zones. This will be
primarily a Titarature saarch comSined with intarviews of .
kncw‘ledgea"ble csTTeacues, Cataleguing of shysical feasures
should allew ys ¢ select those zones wish similar charac.
teristics (Octsber-Novemser, 1523).

Estimate source dimensions and gecmetry of shallow Juan de
Fuca subduction ione event. Modals of sourcs jecmetry and
s1ze will be canstructad (November 1283).

Chiracum‘:: muptyre heumgenoity:' This task venturss ints
i area not yet  studied. We intand t2 collect talesais-
@ic time func:'fc_ng for large subducticn zznme events and 3
Characiarize the Foughress of the time funceiscns (lecamper
1983 . Spring 1988), -

Canstryce suites of sc3led streng ground motions. Catalegues
¢f strong metien rec3rds will be saarched = find records
which may be similar to zhosa exgeclad from 2 Juan de Fuca
Subducticn zone event. (January « Maren, 1%84).

Consiruce synthetic s:mngA moticn recards by suming records
from smaller events. Mcdels will be checked far cansistaney
with talesaismie recardings of other gTeat sulcucticn z22ne
events (Sgring 1584),

Estimate Tecal Tsunams hazard. A catalogue ¥ lgcal Tsunamis

. With source gecmetrics and ort2an botism profiles similar &3

e Juan de Fyca subduction zome will be censiructad.  Tsunami
heights will then be scaled using the results of Task 111
(Summer 1384), : : .
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Location af 2rIcesad work

This project will be conductad 3T the Pasacena, California, field
cffice of the Office of Earthquakes, Volcances, and Engineering

USGS. This office is located ¢n the campus of the Califormia Institute
of Technology. \ oy

-.

Other commisments or anticicated difficulties that will 3ffacs orocress
\

Sr ccmoletion of the groiece

— o °

Most computer codes ta manipulate data and compute synthetic ground
meticns are writtan and working. However, these cades muse Se updated.
Furttarmere, we SXPecT I3 transfer cur werk frem the Caltech Prime 720
CSmMIutar €2 a new USGS VAX 11-750 comouter in the Fall of 1582. Although
we Ncge that this transisien gces.i.é'aotnly. there may Se umanticizatad
celays causad Sy this. Digital Tecsrdings of ground meticns fram subduc-
tien zones are presantly available, but if a larger catalogue becames
nectskuy. then callection of other reqards may delay ocur schedule.

3cth principal favestigatars in this project are also 1/2 time
cImitlad 2 work in the Seismelogy Sranch projecs entitled, Scuthern
California Cecperativa Seismic NethortAPrc;'e:t. Their resaars=h in this
sreiect covers saveral areas, with the main emphasis in Fylesga seing re-
searsh ints :Bsx'fblc new directicns for saismic netwerks. Sinca the
Pasadena Field Qffice is a small offics having many responsibilities,
the cczurrence of loeal emergency situatiens, such as 2irihcuakes, may
a7fect werk schedules on resaarsh projects.

Praduces

04/34 Preliminary repert on nature of shaking from Juan de Fuca
subducticn zone eariiquakes %2 the U.S.N.R.C.

1C/38 Final repare

10/84 Scientific zazer on “he Rature of safsmic hazards assscia=ad
with the Juan Ze Fuyca Sudcducticn zzne.
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¥aier facilities and equioment needed

The zajor resuirement of this projest is camputer time. <& presen:!

purchase computer time from Caltech on & Prime 730 somputer.
appears hat 2 new USGS Vax 1‘.«7.5U computer will Secome availadle for our
use in Fall 1583. Thus cur projected camputer costs caver excanses for -’

the Caliech computar which we .feel will be necessary during the process
ef converting computars.

HCwever, it

Exoected interacticn with ather orafects and worke=s

. — » o'

There will de strong intaraticn with Hirse Xanimar it Callech whe

-

maintains sirsng intarest in the nature of subductian Ione earihcuakes.

Ha ¢ amacrame’,,
- - [ .“A..IJ

~SrRing on similar studies uncer a resaarza grant from

Exzon Producticn Resaarch Comoany. We also exzect intaricticn frem

Ocug Ccats of Zxxon Preocducticn Resaarzh Comzany and C.3. Crouse of

-

Earth Technelegy Carperation., Caltaen griucate stucdents, ia zarticylar,

Anne Mori, will be encsuragad 2 participata in the resaarch. Jue 3
the far-ranging imalications of tnis resaarch, we exsecs == intarace .
frecuently abcut the naturs af cur creliminary conclusions with ressarshe
ers at USGS-Menlo Park, Univ. af Wasningzon, USGS-Oenver, and the U.S.
AL §

Qualifications of srincizal imvegsizasare

The princizal investigatars in this project, Weatsn angé Yarezell,

Rave cansidaratle exseriesnce in the fiald af synthesizing Sott sireng
motions ind taleseismic graung metizns fram complax realistic sarthcouake
ssurtes. They both alsc have axperiencs in the zranlam of s.=m=i ng
records of smaller eartncuakes to simulata large sres. 30%h mave ex-
perience in the commercial csnsulting field and Heatan has consideritle
experience in the field of estimating ground moticns at su

Sduction
icnes. A full summary of the qualifications of the priancigal investiga-
tors is contained in the resumes included with this proposal
MY, Effore Funding Recuested
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Figure 1.

Figure 2.

Figure 3.

Ficure Caotiens

Respense specira (3': damped) for horizontal camperents
of 15 records frem strike-slip earthquakes which are
scaled to a distance of 50 km and a magnitude of 6.
Records description and szaling parameters are given
in Table 1. Figure is from Heaton et al. (1383).

4) average spectrum, b) average :J‘I.us one standard de-
viation specturm, ¢) specturm of the largest single
r:cord, d) spectrum which envelcpes all cthers: bSased
Sn sfecira shown in Figure 1- (%2ken from- Heatsn 22 al.
1583). e

Comparison of peak ground aczaleraticns raccr<ed in the
western U.S. and Japan. Qistance is agpraximataly the
closast horizontal distancs $3 the rugturs. Dashed
Tine is the modified local magnitude distasce atsanua-
tVion Taw of Jennings amd Kanameri (1883). Figure is
from Heatsn et al. (7383).
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