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Introduction

A meeting of the staff with representatives of Hashﬁngton Public Power Supply
System (WPPSS or the Supply System) was held at the offices of NRC in
Rockville, Maryland, on April 5, 1988, The purpose of the meet1n8 was to
discuss the Supply System's response to the staff's questions Q230.3, Q230.4
and Q230.5. The Supply System transmitted the responses to the staff's
questions by letter dated November 20, 1987, Many of the viewgraphs were of
the fioures in the November 20, 1987 letter. Enclosure 2 provides the
viewgraphs which were presented at the meeting, Enclosure 1 provides the
acterdance 1ist for this meeting.

Discussion

Historical earthquake data appears to support the belief that the subducting
Juan de Fuca plate is arched in a northernly direction beneath Pudget Sound
and the direction of the maxim dip varies from east-southeast at latitude 47
degrees N to east-northeast at latitude 49 degrees N. This data includes data
taken from an extensive network of University of Washington seismograph
stations located in the area after 1970, Analysis of the data subsequent to
1970 provided vertical and horizontal error bars of epicenters of earthquakes
in the region. Larger magnitude (4.5 and greater at depths of 30km and
greater) earthquakes appear to occur at or east of the point of flexure of the
dip in the subducting plate. WPPSS postulates that one likely mechanism for the
localization of the larger earthquakes in the vicinity of the flexure 1s the
concentration of tensiona) stresses at the bend of the plate. If this is
correct, then the slab or plate flexure area may mark the western boundary of
the larger inter-slab earthquakes.

WPPSS in estimating the maximum magnitude of random earthquakes assumes that
the maximym s about one-half magn tude unit larger than the observed mag-
nitude. VUsing this method, WPPSS estimates the maximum earthquake

to be 5-1/2. Considering both the historical record and the results of
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detailed geological investigations in the site region, the maximum magnitude
possible for a "random" event in the site vicinity is estimated to be about
§-1/2 to 6 by WPPSS. The staff has not, as yet, reached any conclusion on
this issue.

Response spectra for the site were computed from accelerograms recorded during
earthquakes of magnitude 5.0 + 0.5 at epicentral distances of about 25km or
less. As the plant is founded on rock, only recordings located on rock were
used. Statistical analysis of the data set was performed. The SSE design
spectrum was found to be well above the computed statistical response spectra
for the maximum historical event that has occurred within the site area,

The maximum earthquake or the Olympia Lineament has been estimated by WPPSS to
have a magnitude of 7.5 and to be located at a distance of 35km from the site.
Site-specific spectra were estimated by conducting a statistical analysis of
the responses spectra earthquakes in the western region scaled to magnitude
7.5 and distance 35km. On the basis of these analyses the SSE spectrum at

the site appears to be adequate in relationship to ground motions from the
postulated maximum event on the Olympia Lineament,

Conclusions And Staff Comments

The information presented at this meeting was, in general, well prepared,
appeared to use the latest methodology and was responsive to the questions.
The basis for defining the Coast Range tectonic province as being between 44
and 47.3 degrees north latitude and the east-west extent of this proposed
tectonic province needs to be provided. The use of the maximum historical
ezrthquake plus one-half magnitude unit to estimate the maximum magnitude
random earthquake needs to be justified. The basis for assigning a maximum
magnitude 7.5 earthquake to the Olympia Lineament {s needed. The ground
motion estimates made for the various earthquakes appear to be reasonable,
However, the staff wil)l need to confirm the assumptions and calculations.
WPPSS has made a reasonable argument for the existence of the flexture in the
subducting plate. The staff will review this issue and assess its
implications.

The possibility of a field trip by the NRC staff members to the site vicinity
was discussed and the date was left open.

uy S. Vissing, Prdject Manager
Standardizatior @hd Non-Power

Reactor Project Directorate
Division of Reactor Projects III,
IV, V and Specia) Projects
Office of Nuclear Reactor Regulation

Enclosures: As stated



» April 27, 1988

detailed geological investigations in the site region, the maximum magnitude
possible for a “random" event in the site vicinity is estimated to be about
5-1/2 to 6 by WPPSS., The staff has not, as yet, reached any conclusion on
this issue,

Response spectra for the site were computed from accelerograms recorded during
earthquakes of magnitude 5.0 + 0.5 at epicentral distances of about 25km or
less. As the plant is founded on rock, only recordings located on rock were
used, Statistical analysis of the data set was performed. The SSE design
spectrum was found to be well above the computed statistical response spectra
for the maximum historical event that has occurred within the site area.

The maximum earthquake on the Olympia Lineament has been estimated by WPPSS to
have a magnitude of 7.5 and to be located at a distance of 35km from the site.
Site-specific spectra were estimeted by conducting a statistical analysis of
the responses spectra earthquakes in the western region scaled to magnitude
7.5 and distance 35km., On the basis of these aralyses the SSE spectrum at

the site appears to be adequate in relationship to ground motions from the
postulated maximum event on the Clympia Lineament,

Conclusions And Staff Comments

The information presented at this meeting was, in general, well prepured,
appeared to use the latest methodology and was responsive to the questions.
The basis for defining the Coast Range tectonic province as being between 44
and 47.3 degrees north latitude and the east-west extent of this projosed
tectonic province needs to be provided. The use of the maximum historical
earthquake plus one-half magnitude unit to estimate the maximum magnitude
random earthquake needs to be justified. The basis for assigning a2 maximum
magnitude 7.5 earthquake to the Olympia Lineament is needed. The ground
motion estimates made for the various earthquakes appear to be reasonable.
However, the staff will need to confirm the assumptions and calculations,
WPPSS has made a reasonable argument for the existence of the flexture in the
subducting plate. The staff will review this issue and assess fits
implications.

The possibility of a field trip by the NRC staff members to the sfte vicinity
was discussed and the date was left open.
Original Signed By:
Guy S. Vissing, Project Manager
Standardization and Non-Power
Reactor Project Directorate
Division of Reactor Projects III,
IV, V and Special Projects
Office of Nuclear Reactor Regulation
Enclosures: As Stated Distribution:
Docket F1Te

: 0GC-Rockville
NRC PDRs EJordan
PDSNP Reading JPartlow
L Rubenstein ACRS (10)
GVissing NRC Particants
OFC :POSKP™ Mf
NAME : 6§ s ; in GBagch1 :

DATE :04/18/88 04/1]/88 0‘/26/88

OFFICIAL RECORD COPY *See previous concurrence



2

historical record and the results of detailed geological investigations in the
site region, the maximum magnitude possible for 2 "random" event in the site
vicinity is estimated to be about 5-1/2 to 6,

Response spectra for the sits were computed from accelerograms recorded during
earthquakes of magnitude 5.0 + 0.5 at epicentral distances of about 25km or
less. As the plant is founded on rock, only recordings located on rock were
used. Statistical analysis of the data set was performed. The SSE design
spectrum was found to be well above the computed statistical response spectra
for :he maximum historical event that has occurred within the site tectonic
province.

The maximum earthquake on the 0lympia Lineament has been estimated to have a
magnitude of 7.5 and to be located at a distance of 35km from the site.
Site-specific spectra was estimated by conducting a statistical analysis of
the responses spectra earthouakes in the western region scaled to magnitude
7.5 and distance 35km. On the basis of these analyses the SSE spectrum at
the sfte 1s judged to be adequate in relationship to ground motions from the
postulated maximum event on the 0lympia L{ineament,

Conclusions And Staff Comments

The information presented at this meeting was, in general, well prepared,
appeared to use the latest methodology and was responsive to the questions.
The basis for defining the Coast Range tectonic province as being between 44
and 47,3 degrees north latitude and the east-west extent of this proposed
tectonic province needs to be provided. The use of the maximum historical
earthquake plus one-ha1f magnitude unit to estimate the maximum magnitude
random earthouake needs to be justified. The basis for assigning A maximum
magritude 7.5 earthquake to the Olympia Lineament is needed. The ground
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subducting plate. The staff will review this {ssue and assess its
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The possibility of a field trip by the NRC staff members to the site vicinity
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ENCLOSURE 1

ATTENDANCE LIST
FOR
MEETING WITH WPPSS
CONCERNING WNP-3 GEOSCIENCE ISSUES
APRIL &, 1988

Name Orangization

Guy S. Vissing NRC/NRR/PDSNP

Doug Coleman Supply System

Dave Bost Supply System

Bob Crosson Univ. of Washington
Bob Youngs Geomatix Consultants
Kevin Coppersmith Geomatrix Consultants
Bill Kiel Supply System

R. L. Rothman NRC/NRR

Dick McMullen NRC/RES

Leon Refter NRC/NRR




WNP=3 GEOSCIENCES PRCGRAM
SCHEDULE FOR REYIEW

SUBMITTAL
= Crustal Earthquakes
Response to Questions 230.3, 230.4 and 230.5
= Seismic Hazard

Response to Questien 230.6

MEETING

= Crustal Earthquekes

SUBMITTAL
= Evaluation of Subduction Zore Earthquakes

Response to Questions 230.1 and 230.2

MEETINGS
- Seismic Hazard
= Attenuation and Ground Motion Modeling
- Evaluation of Subduction Zone Earthquakes

- QOpen [tems

COMPLETE ISSUE REYIEW

ENCLOSURE 2

Novemter

February

March

April

May

July
August
September

November

1987

1988

1988

1¢88

1588
1988
19e8
1988

1983



Question 230.3a

Attention is called to FSAR Figure 2.5-31. No location errors are
specified for most of the earthquakes plotted thereon, especially
for those occurring in a region which projects to the southwest of
Olympia on section AA' and particularly for depth of focus.
Referring to Crosson (1972), Figure 6, the site and most of the
area in which these earthquakes occur is off-scale and the
location errors are likely to be large. Several factors influence
the accuracy in depth of focus, most important of which is station
coverage which changed greatly during the time interval covered.
The applicant is therefore asked to provide a number of diagrams
similar to Crosson's Figure 6 for periods which reflect
significant changes in network coverage and showing error bars
that indicate the accuracy of hypocentral locations.



Question 230.3b

Figure 2.5-36C shows seismicity (for example in the vicinity of
Mt. St. Helens) that does not appear to have been plotted in the
sections shown in Figure 2.5-31. Yet Figure 2.5:31 states that
earthquakes within 150 ka of a line s%riking N60'E through the
site have been included on the section. Two questions arise:

(1) what earthquakes (if any) have been omitted from the section
(Figure 2.5-31), and (2) why is the aperture for the section so
wide since a width of 300 ka results in earthquakes in the
Willamette depression being projected to points west of the site
into what may be an entirely different tectonic province?
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Question 230.3c¢c

Expand your explanation of the decrease in seismicity on the
sections through the site west of point B in Figure 2.5-31,



‘.Decru:c In uismiei{-’”——. size of /cryecf' cveals
in the s/ab relative +v He olowndip flexure

e All observed /ar’er evenlts have occurved af or
to east of flexure |

e Consistent wiH observatione at other su balue tron
Zones
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Question 230.3d

The geometry and location of the flexure in the subducting plate
is assumed to be the western boundary to down-dip tension
earthquakes. Therefore, its position is critical.

Clarify your
reasoning for locating the position of the flexure.




¢ ?ea:om;vy for flexare : Aypoemfm/ d(n;“r;buhc'n/
Magmatic gentraton depths

o /1965, 1949 evenls show dewandp +ension

o Small eaﬂ"’nltcs observesl 4o west of f/cxnrc;
T- anes very generally dewndp

¢ Slab-puall stresses expected wiHin slab 3 stmss
localizatron /ilaly art ‘e Flexare.
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SIGNIFICANT FAULTS AND LINEMENTS
WITHIN 70 MILES OF SITE
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Question 230,3e

The Puget Sound earthquake of February 15, 1946, is a large
earthquake with uncertain depth (Rasmussen, Millard, and Smith,
1974). If this event was relocated at a shallower depth or
farther to the west, it may significantly alter the applicant's
conclusions about the earthquake potential of the subduction
interface or the overriding plate. The International
Seiciological Sumeary for 1946 (1954) lists over 40 observations
for this earthquake. The observations range in distance from as
close as Seattle to as far as Lome in the Ivory Coast. Pespite
the existence of these data, the applicant chose not to do a
computer relocation (FSAR p. 2.5-120). We request that the
applicant relocate this earthquake using the published I.3.C. data
and establish the relationship of this earthquake to the Juan Je
Fuca-North American plate interface.
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Question 230.4a

Estimate the maximum magnitude possible for a "random earthquake"
in the shallow crust within a 32-km rsdius around the site.
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Thickening of tault zones:
A mechanism of melange formation in accreting sediments

J. Casey Moore
Earth Sciences Board, Uneversity of Calitornia, Santa Cruz, Caltormia 95004
Tim Byrne
Department of Geological Sciences, Brown University, Providence, Rhode Isiand 02912

ABSTRACT

Sedimments sccyeted o swbduction 10ones undergo stratal diwup-
tion and form 1 type of metmege. The thickness of (he disrwpied romes
grows with progressive defermation. Thes suggests that matial Conlt
sirfaces are abnodosed sed deformation propagaies o sdjacest
undeformed sedimew. Facters consng the sbamdonmment of (aull sr-
(aces durimg contisang defermetion mchude (1) stremgthering o wing
(0 porosity loss durimg conseldation, (2) locakned drops i (huid pres-
sure oo (sult surfaces that sct s dewsitering comduts, and (J) rearies-
tation of (sull swisces. The dierwptive precessss occwring =
sccretionsry [rus reseall priocpelty rem e defermation of 1 com-
soldating seduemcr! mam

INTRODUCTYON

Strstagprpbecally derepted sodementiry sequences represend oee ype
of mclenge (Ryymond, |94 Cowsa, (985) Stades of moders score-
bowsry prasss (1 andberg sad Moore, | 986 Cowan o al, | 984), evadesce
from socest sccretomsry compleses (Bachman, |98, Byrme, 1984

Moore aad Wheeder, |978) sedumentary (aces relatoas (Underw ood,
1984), and theoreucal argumends (Cloos, | 984) all suggess that this 1y pe of
metange (orms dunag the offscrapeag and underthrusting of deep-sca sl
ments (Fig 1) The dewrupted strata comsttse brosd theas zones al
ramge i hackness from ens of metres m moders examphes (g, Cowan et
el, 1984) 0 kilometres @ wncend melanges (e g, Moore and Wheeler,
1978). Evadently, shear zoncs (hackes dunag evoluboa of the accreted
materal Stratal disrupooe developeng 0 partally coasoldaled sediments,
s opposed 1© low-poromty, lithefied rocks, o obvious 1 dnll cores (rom
moders accretonary prosas and 8 wéerred om exoural studses of 1ncent
scoretionary comphexss (eg, Cowsa, 1982 Bymne, [984) Substactal
disreption tiong (el 00es W MOdErn ACCTEOONATY PISIS [ ACCOM PA e
by sgmficant cumulative displacements & documented by both sewsmuc
data and dniling (e.g., Byu-Duval et al, 1984) These disruptive pr cesses
are ocomrming at effective confinng stresses thal provably do oot cxceed
100 MPs (| kbar). Eaormoss strun o possible dunng underthrusting, and
e sraen 00 doud Costribaes 10 the ubsqualy of straographac desrupooa
sd melange formancn. We wrgue, however, (hat the partally consol-

INCREASING CONSOLIDATION & STRATAL DISRUP TION st

(Morrow e al, 1982, Chu, 1954) sed dry cCataciacs of Land
stone (Borg « &', 1960 Hosheno of sl 1977) ol mgher confireng pres-
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Question 230.4b

Inasmuch as the 17 March 1904 earthquake h.3 not been associated
with a structure at any of its various hypothetical locations
(pp. 2.5-127, 128, FSAR), shown why the size of this eartihquake
should not be considered the size of the "random earthquake".



Question 230.4c

With respect to the 17 March 1904 earthquake, provide all
references not in the public sector for the intensities shown in
Figure 2.6-90, as well as for any other locations for which
information is available which could be used to assess intensity.
Provide the documentation for the relocation of the earthquake to
"south of Port Townsend" and the assignment of a smaller size
(both attributed to the Pacific Science Center, Victoria, B.C., as

"Milne, 1981, private communication" and "Rogers, 1981, private
communication").
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Question 230.4d

Identify the maximum historical earthquake, not associated with
known geologic structure, in the tectonic province of the site.
Following Appendix A %o 10CFR100, assume this earthquake can occur
in the vicinity of the site, estimate the resulting ground motion,
and assess the adequacy of the SSE spectrum for this occurrence.



—oOn‘un
O-’Oﬂim
O i O L Bl
Q = QO L B L
O ==+ o ™
QO ™) o ™N
o mmi o N
e hae BN B}

) —ay A

v Q oN &
e R
P
o) n
[+}
“- » 8 * *
0
8 0
: ]
o Q
Q
“- 9 é .
Oty mpie oot aing
! - + *
i
&
“- - & °
P H
[
S
0 . - O
®w o9 -
» - i
e
‘sl ——— SCAL
* s :lf L - b AL

O
O
a0

M
.—\\'0
o

(X

+ -2z
+* -1

.-
®
Se
Q
00 -
- 47
O
Q

2 Puget = Willamitte
Trough Province

‘\\l

* * .
i ) L z
2 B R *
EVENTS OF SPECA. INTEREST
1A 2L S e s WA ey LOEM e W
ia;xum.cm--quv' Sy 500M e
PR AR IR S RS
n.u:nhziln e 00 W — ey S
OAG 11N RS w000 W .y LM -

Figure 230.4d-1

Largest Historical E:rthquakes
in Site Province




Magnitude (Mi)

wn
w
1
o
o
1

o
o -]
o -
| ® o0 Qo
& 1
be r e -1
. o
- . p
o a 3
45 -
o -
‘ A 3 i 1 1
Q 1C 20 30

Jistance (km)

Figure 230.4d-2 Scattergram of Available Recordings



Table 230.4d-1.

Earthquake Naee

Date

Helena, Montana (A) 11/28/33
Helena, Mentana (A) 11/28/3%

Sam Framcisce, CA
Sen Framcisce, CA
ly". Creet, CA
Lytle Creet, ¥ ]
Oreville, CA (M)
Dreviile, Ch (M)
Oreville, Ca (M)
Oreville, CA (M)
Oroville, CA (M)
Oroville, CA (KK)
Droville, CA (M)
Oravilles CA IMK)
Orevalle, CA (W)
oroville, CA ()
Oreville, CA (M)
reville, CA (W)
Oreville, CA (W)
Dreville, CA (M)
Friwli Seq,ltaly
Frieli Seq,italy
Friuli Seq,ltaly
Friuli Seqyltaly
Coalinga, CA ASO3
Coalinga, CA ASO3
Coalingd,
Coalinga, CA A503
Coalinga, CA A5O3
Loalinea, CA AS03
Coalinga, & 2500
Coalinga, CA AS10
Coalinga, CA ASI13
Coalinga, CA X813
Coalinga, CA ASIH
Coalinga, Cb #6533

yRIN
3/22/%7
9/12/70
3/12/70
8/3/7%
8/3/7%
TS
§6TS
8/8/7%
B/RITS
UL T
yum

[ Felar
\Trelar
\ I elic!
VTS
Y 2UTS
VDTS
09/1177%
09/11/7%
08/11/7%
09/11/7%
05/09/82
5/09/83
05/09/83
05/09/83
05/09/83
05/09/83
07/04/83
07/9/8
bulrdly <)
/8
NG
V/Tvn

Fault
Type
Roraal
Noreal

StrikeSlip
StrikeSlip
Reverse
Reverse

Noreal
Noreal
Noreal
Noreal
Norsal
Norsal
Noreal
Morea |
| T
e adl
Easaal
Sareal
Reraal
Normal
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NO
229
229
1117
1y

111

11
1543
1943
1543
1543
1331
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1343
1543
1495
149%
1543
1543
1932
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8019
8019
8022
e
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Table 230.4d-2. ROCK STRONG-MOTION RECORDING STATIONS

Stn.* Station Neme Station Description
No. *© Instrusent Housing (Ref.) Subsurface Conditions (Ref.)
ooooo-.00.....0oo...o....-.....o...............000...OJCOQDIIOll...O.......0.000..00...O.C..O..o......coooo~..ooocoo.-...oo.o.--....
it COMG COALINGA: SKUNK HOLLOW Free-field (07) . Pliocene Marine (06)
61 USGS COALINGA: SKUNK HOLLOW Corzrete Oil-pusp Pad (07) Pliocene Marina (006)
65 USGS COALINGA: OIL FIELDS FIRE STATION concrete Hose-rack Pad (07) Pliocene Marine (06) ’
111 CEDAR SPRINGS: MILLER CANYON, ALLEN RANCH, CDWR 1-Story Bldg, Part Bsat (01) Quartz Diorite (02), Granodiorite (08)
1117 SF: GOLDEN GATE PARK Instrusent Shelter (O01) Franciscen Chert and Shale (02)
1495 CDMGB CDMG TEMP STAT 8 AT OROVILLE CA 1-Story Bldg, Ground (01) Greengtone (01)
1543 DWR DEPT WATER RESC TEMP STAT OROVILLE 1-Story Bldg, Oround (01) QGreenstone (01) —
1551 CDMG6 CDMG TEMP STAT 6 AT OROVILLE CA 1-Story Bldg, Ground (O1) Greenstone (01)
1552 COMGY COMG TEMP STAT 9 AT OROVILLE CA 1-Story Bldg, Ground (01) Greenstone (O1)
2229 HELENA, MT: FEDERAL BUILDING, PARK & CLARK 4-Story Bldg. Bsst (01) Lizestone (02)
8019 SOMPLAGO D, ITALY Undergound (23) Rock
5022 S. ROCCO, ITALY Free-field (23) Rock (23)
46TOY COALINGA: SULPHUR BATHS Free-fieid (21) Pliocene Marine {(06)
4106 OILFIELDS: SKUNK HOLLOW Free-field (21) Pliocene Marine (00)

NOTE: (1) Nusber ir parentheses within station nese for CDMO Stations is the USGS Station Number.
These stations are now part of the COMG Californis Strong Motion Instrusentation Progras.
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EARTNOUAKE OATE RUPTY Md ML STAN CLASS EPO CLO COMP PGA VMAX DMAX  FILE NAME
80 records total
Parkfield, CA 6/27/66 StrioxeSlip 6.1 5.6 1438 ABA 38.4 9.9 N6SY 0,282 14,50 4.T0 Pr&S1L38.295
Parkfield, CA /27766  StrikeSlip 6.1 5.6 1438 aBA 38.4 9.9 825 0.411 22.50 5.50 PK&61438.205
Coyna, India 12/10/67 StrikeSlip 6.3 6.3 9001 DA 70 3.0 LONG 0.831 31.98 7.7% KkOY9001.!
Coyra, India 12710767 StrikeSlip 6.3 6.3 9001 DAA 7.0 3.0 TRAN 0.490 19.43  4.07 kOY9001.2
Oroville, CA (M) LYAPE, | Norma | $.9 5.7 105" A 12.6 9.5 NS3W  0.103 4.80 Q.69 OWMN10S1.307
Qroville, CA (W) &S Norma | $.9 5.7 0% M 12.6 9.5 N3TE 0.108 4.10 0.69 Ovmw1051.037
fFriull Seauerce 9/11/76  Thrust $.9 5.5 8022 AM 15.0 15.5 NORT 0,042 0.00 0.0C FRYB022.wOR
Friull Sequence 9/11/76  Thrust $.5 5.5 8022 AM 15.5 15.5 EAST 0.07Y 0,00 0.00 FRYBO22.EAS
Friuli Sequence 9/11/76  Thrust 5.9 5.9 8022 am 14.9 16,5 womr  0.09% 3.5 0.21 FR28022.w80R
friull Sequerce 911776  Thrust $.9 5.9 8022 A 14.9 14,5 EAST 0.093 4.1 0,19 FR2B022.EAS
Frivit Sequence 9718/76  Thrust 6.1 6.1 8022 ABA 9.0 9.0 NORT 0.069 S.4é 0.590 rRB888022.w0R
Friull Seauerce 9/15/76  Thrust 6.1 6.1 8022 A 2.9 9.0 EaST 0,123 6.56 1.58 FREB88022.EAS
Coyote Lake, CA em strikeslip 5.7 $.7 1445 ABA 1.8 3.2 N7OE 0,230 20.49 2.38 COY1445.250
Coyote Lake, CA 8/6/79 StrikeSlip 5.7 5.7 1445 ABA 1.8 3.2 N20M 0,140 11.48 1,07 COY144S5.'60
Coyote Lake, CA 8/6/79 StrikeSlip 5.7 5.7 1408 AsA 15.7 9.3 sS40 0,130 10.32 .73 COv1408.320
Coyete Lake, CA 8/6/79 strikeSlip S.7 5.7 1408 ABA 15.7 9.3 wS0E 0.100 3.9 0.66 COY1408.230
Coyote Lake, CA 8/6/79 strikeSlip 5.7 S.7 1413 AsA 10.3 3.1 S40€ 0.340 25.06 3.62 cCOv1413.320
Covote Lake, CA 8/6/79 StrikeSlip 5.7 5.7 1413 AMA 10.3 3.1 NSOE 0.420 43.8& 9.34 cCOviets.230
lmperial valley (M) 10/15/79 StrikeSlip 6.5 6.6 286 AN 0.0 26.0 s45¢ 0.210 9.02 1.72 1v79286.135
lomperial valley (M) 10/15/79 StrikeSlip 6.5 6.6 286 A 0.0 26.0 M4SE 0.120 .86 1.87 1V79286.045
Imperial Valley (M) 10/15/79 StrikeSlip 6.5 6.6 6804 AAA 0.0 23.5 uSA 0,157 18.72 8.78 |V7?96604.303
imperial valley (M) 10/15/79 StrikeSlip 6.5 6.6 &604 AMA 0.0 23.5 $338 0,166 12,16 12.%8 1V796604.147
Wammoth Lakes - A 5/29/80 strikeSlip 4.2 4.1 5424 AMA 12.7 15.5 0%0 0.0 7.12 3.37 mS4214LA.080
Mammoth Lakes - A 5/25/80 StrikeSlip 6.2 6.1 54214 A 12.7 15,5 OO0 0.125 15.10 S.67 mMS&214LA.000
Mammoth Lakes - A 5/25/80 StrikeSlip 6.2 6.1 S42'6 A 12.7 155 0% 0.068 4.15 2.93 mS4214CR.090
~ Mammoth Lakes - A 5/25/80 StrikeSlip 6.2 6.1 54214 AMA 12.7 15.5 000 0.109 15.80 5.38 mS54214CR,000
Mawmoth ‘akes - C  5/25/80 StrikeSlip 4.0 6.1 54214 AAA 10.9 19.7 090 0.07% 6.25 1.50 CS6214LA.090
Maawmoth Lakes - C  5/25/80 StrikeSlip 6.0 6.1 54214 AAA 10.9 19.7 000 0.088 6.78 1,20 CS4214LA.000
Mamwmoth Lakes - C  5/25/80 StrikeSlip 6.0 4.1 54214 AMA 10.9 19.7 ©%0 0.060 S.63 1.29 (CS4214CR.090
Mammoth Lakes - € 5/25/80 sStrikeSlip 6.0 6.1 54216 AMA 10.9 19.7 000 0.112 S.77 1.27 (S4214CR.000
 Maswmoth Lakes COY  5/25/80 StriveSlip 5.7 5.7 542'4 M 4.2 .4 0% 0.063 3.58 0.5' L54216LA.090
Masmoth Lakes CO1  5/25/80 sStrikeSlip 5.7 5.7 54214 A 4.2 4.4 000 0.099 7.63 1.02 LS4214LA.000
Mammoth Lskes COY  5/25/80 sStrineSiip 5.7 5.7 S&214 AMA 14.2 %4 %0 0.043 2.12 0.42 LS4214Cr.090
Mammoth Lakes CO'  5/25/80 StriteSlip 5.7 5.7 SA2'6 A 14.2 4.4 000 0.083 6,86 0.95 (S56214CR.000
Mammoth Lakes - 0 5/27/80  StrikeSlip 4.0 4.2 SA' MM 14,1 200 090 0.207 20.80 3.50 054214LA.090
Mammoth Lakes D 5/27/80 StrikeSiip 4.0 4.2 SN M 1%.1 20,0 000 0.208 12.40 1.30 OS4214LA.000
Mammoth Lakes - D 5/27/80 strikeSiip 6.9 4.2 SA2T4 M 4.1 20.0 090 0.180 '7.70 2.86 D%4214CR.0%0
Wammoth Lakes - D S/27/80  StrikeSlip 4.0 4.2 SA214 M 14,1 20.0 000 0.219 8.01 0.96 0%4214CR. 000
Aammoth Lakes D 5/27/80 StrikeSiip 6.0 6.2 54424 M 20.0 24,5 180 0.119 S5.46 1,386 09546424,160
Sammoth Lakes - D S5/27/80 strikeSlip 6.0 6.2 54424 A 20,0 24.% oM 0.093 S5.8% 1,69 09%54424,070
Mexical !l valley, w»x 5/9/80 StrikeSlip 6.4 6.4 G604 AMA .0 8.5 MASE 0.611 32.53 59.68 mxB06604.045
Mexical: Valley, mx &/%/80 StriceSlip 6.4 6.4 6604 A 3.0 8.5 SASE 0.603 23.27 20.90 mx8044604.13%
Coalings, CA AS12 07/21/83 Thrust $.9 6.0 &7 APA 6.0 9.5 wOOE 0.960 46.82 4.40 CO%67.000
Coslinge, CA AS12 Q7/21/83 Thrust 5.9 6.0 &7 A 6.0 9.5 woOw 0.838 46.58 6.1% CO%567.0%0
Coalings, CA AS12 07/21/83 Thruat 5.9 6.0 & APA 13.3 15,3 WOOE 0,116 S5.63 0.49 C0OS46103.090
Coalings, CA AS12 07/21/83 Thrust $.9 6.0 &8 ASA 15.3 15,3 w00 0.136 $5.57 0.7 COS4eT03.000
ioalimga, CA AS12 07/21/83 Thrust $.9 6.0 &5 APA 8.5 11.3 wOOE 0.219 16.67 3.7V COS&SP.3&0
oalinga, CA AS12 07/21/83 Thrust $.9 6.0 &5 APA 8.5 11,3 woOw 0.2'8 16.91 3.52 cCO%éSP 2T
loalings, CA AS12 07/21/83 Thrust $.9 6.0 & APA 10.0 12.4 NOOE 0.231 14.86 3.85 C0S61.360
icalinga, CA AS12 07/21/83 Thrust $.9 6.0 & APA 10.0 12,4 w9ON 0.37% 16.23 3.27 cosér.2Mm
Zoalinga, CA AS12 07/21/83 Thrust $.9 6.0 &5 APA 8.5 11,3 NOOE 0.19% 15.88 3.50 CO0%565¢.360
toalinga, CA AS12 07/21/83 Thrust $.9 6.0 &% APA 8.9 11.3 woOw 0.2'9 16,78 3.39 cCoS45F.270
worgan Mill, CA 04/26/84 StrikeSlip 6.2 6.2 ST2'7 ABA F{PR 0.1 uTSy 1.304 97.70 10.50 mwSTR217.28%
sorgan Hill, CA 04/26/84 StrikeSlip 6.2 8.2 ST2'7 ABA 26 0.1 SISy  0.707 S51.90 10.30 mwST217.19%
sorgan Nill, CA 04/24/84 StrikeSlip 6.2 6.2 S7383 ABA 35.9 11,8 w90 0.293 34.60 5.2¢ mwSTIA3.090
Morgan Will, CA D4/264/84 StrikeSlip 6.2 6.2 57343 Aga 35.9 11.8 wOOE 0.228 11.30 1.81 mwS7383.000
Morgan Hill, CA 04/24/84 StrikeSlip 6.2 6.2 4TI ABA 38.6 16.2 NeOW 0,100 2.866 0.48 mweTIVE 320
worgan Hill, CA 04/24/84 StrikeSlip 6.2 6.2 47379 ABA 38.6 16.2 SSOW 0.073 2.52 Q.30 mMiTIT.230
North Palm Springs 7/8/86  StrikeSlip 5.9 5.9 12206 AxA 28.2 25.8 wOOE 0.119 3.60 0.50 wPS12206.1
North Palm Springs 7/8/86 striveSlip 5.9 5.9 12206 Axa 28.2 25.8 wOOE 0.'4% 3.82 0.23 wPS12206.1
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Question 230.5

Estimate site-specific spectra for a range of percentiles for the
maximum earthquake on the Olympia Lineament, using strong-motion
data in the appropriate magnitude and distance range. Justify the
SSE spectra in light of the site-specific spectra.
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. RECORDS USED IN STATISTICAL ANALYSIS ‘

tarthquate Nase Dite Fault B Statien Dist Cosp Redx Scaling Factor

Tyze ka) (g Geos 1B Lanp
San Fernando. CA  02/09/71 Threst 6.4 278 2.8 SIeE 1.170 0.2677  0.3206  9.2%7
San Fernando, CA  02/09/71 Thrus! b6 e 2.8 STW 1080 0.48T ). 3e0é 1. €971
San Fernando, (A 02/09/71  Thrust s.b 280 19.1  S00M  0.09 0.8449 0.84%¢ G.%16¢
San Fermando, CA  02/0%/7) Thrust 3.8 cks 19.1 08 0.204 N TEL 18452 0.5%1ec
San Fernando, La 02/0%/71 Thrust 6.4 ¢ 2+.2  S8% 0.2 1,0880 1,077 1,174
San Fernando, CA  02/05/71 Thrust 8.5 126 2.2 SN 0,157 1.6980 14717 1743
3an Fernando, (A 0270371 Threst 3.8 127 .5 N2E 0.7 1.05%% P 0395 1,374
San Fermando, CA D2/08°71 Thrust 8.2 1e7 23.9 NeW 4,13 1.05%% [ 0359 A37s
3an Fernando. CA 3T Thrust 5.8 e ¢33 NIE 0,37 0. 7ws IR ETY v.77e7
San Fernando. CA  02/0%/71 Thrust 5.6 128 20,3 Ne*N 1,288 0., 9008 ).8%e  0.7747
Sen Fernando, CA  02/0%/71 Thrust 5.6 eed 15,3 NOOE  0.181 0.6800  0.88%%  0.73%2
San Fermando, CA  02/09/71 Thrust 6.6 20 15.3 S%W Q.15 0.6800  0.5898  0,73%8
San Fernando, CA  02/09/71 Thrust 6.6 141 17.4  S0M 0,188 0.7 0.7742  0.83%
San Fernando, CA  02/09/71 Thrust 5.8 141 17.4  S%0M  0.180  0.7688  0.77%2  0.83%%
San Fernando, CA  02/09/71 Thrust 5.6 181 29.1  W36E 0,068  1.3695  1.3066  1.345%
San Fernande, CA  02/08%/71 Thrust 6.6 121 29.1 W3 0.103 1,3695 1.3066  1.4453
San Fernande, CA  02/09/71 Thrust 8.6 104 27.0 W3E 0.172 1.2088 1.2039  1.3283
San Fernande, CA  02/0 i Thrust b.b 104 27.0 NN 0,223 1.,2684 1.2039  1.3283
San Fernande, CA  0R/09/71 Thrust 6.6 278 50.4 NSSE 0,078  2.93%) .55 2.9023
San Fernande, CA  02/08/71 Threst 6.6 278 0.0 N3SH 0,059  2.9381  2.51%l 2.9023
Barll, USSR WS/1777% Twwst .8 7201 3.0 MORT 0.855  0.2642 0.2908  0.2%17
Bazli, USSR @176 Tt o) TR0 3.0 EAST 0.699  0.2642  0.2%08  0.2517
Tabas, Iran AW Tt 7.4 10 3.0 MM 0.810  9.2830  0.2117  0.2249
Tabii, Iran M/INTE Threst T "ol 3.0 MW 0,700  0.2030  0.2117  0.2249
Tadas, Iran M9/16/78  Threst 7.4 "R 17.0 N8M 0.379  0.52%8  0.4%%1  0.9327
Tabas, Iran 09/16/78 Thrust 7.4 NR 17.0 M€ 0.391 0.5258  0.4%51 0.9327

loperial Yalley (W) 10/13/79 StrikeSlip 4.5 28 26,0 SAE  0.210  1.2667 12190 1.3%83
lsperial Valley (M) 10/15/79 StrikeSlip 4.3 286 26,0 WMSE 0,120 1.2667 1.2i%0  1.3%83

loperial Vailey (X) 10/15/79 StrikeSlip 4.9 6604 23,5 NN  A157  1.122%  1.0%% 1.2133
Iaperial Valley (M) 10/15/79 StrakeSlip 6.5 6604 23,5 S3X  0.146 11226 1.0%%1 1.2135
lepimiay Ttaly 11/23/80 Nersa: 5.8 | 8.0 NOOE 0,133 0.3903  0.3916  0.4037
Irpimiay Italy 11/23/80 Mersal A ] | 3 8.0 NR0E 0.191  0.3903  0.3%18  0.8037
Irpimay italy 11/23/80 worsal 8.0 Cal 205 NOOE 0.159  0.819% 0.3185 0.8719
Irpamiay Italy 11/23/80 Nersal '] Cal 205 N9OE 0.177  0.8195  2.81A8  0.8719

Coalinga, CA Rain  05/02/83 Thrust 0.5 WITS 35,0 MASE  0.173 1.862% | 8982  1.7339
Coalinga, CA lain  05,02/83 hrust 6.5 MITS 35,0 545 0,137 1.8k2h  1.4982 1,933
Coalinga, CA Main  05/02/83 Threst .5 WIT 337 MSE 0,179 1.7689  1.6255  1.8435
Coaling:y CA Main  05/02/83 Threst 6.5 W17 3.7 RN 0122  1.768%  1.6255  1.BASS
Coalinga, CA Main  05/02/83 Twwst .5 W17 M2 SME 0,139 2.3830  2.0615  2.3813
Coalinga, CA Main  05/02/83 Thwrwst 0.5 3176 A2 R 0,100 2.3830  2.0815  2,3813
Coalingd, CA Kain  05/02/63 Twest 6.5 338 43,2 WMME  0.065  2.5103  2.1846  2.5348
Coalingay (A Main VR/ED Twwst 6.5 36438 43,2 MME  0.07¢  2.5103 2,184  2.5348
Coz.ingay CA Main  05/R/B3 Twest .5 36422 A9.1 NROE  0.089  3.0395  2.56%  3.01e3
Coalingay CA Main  05/02/83 Tiwest 8.5 36422  A9.1 WOOE  0.082  3.039F  2.5646  3.0145
Coalingd, CA Main  GVR/ED Thwest .5 A5 39.6 N90E 0,087 2.2134  1.7852  2.2418
Coalinga, CA Main V/R/BD Tiwest 5.5 36453  39.6 MOOE 0,079  2.213%  1.%eS2  2.2418
Coalinga, CA Min WWR/BD Twest 6.5 3544 413 N90E 0,133 2.3512  2.0676  2.3889
Coalingay CA Main V/R/ED Tiwest 6.5 36AM 413 #0E 0.0y 2.3812  2.067%  2.3889
Coriinga, CA Rain  ¥5/R/1) Tivest 5.5 36420 W2 MR 9,123 J.16A0  2.638%  3.108%
Coalinga, CA Rain  05/02/83 Tiwest 8.5 N0 .2 MNE 228 3,100 2.4638%  1.1085
ahamny, Canada 12/23/4% Threst 5.9 ) .0 MK 1.0 0.3286 0.32%8 0.3299
Nahanni, Canada 12/23/85  Threst 5.9 D 6.0 MBON 1,385 0.3286 0,328  0.32%0
Nahanat, Canada 12/23/85 Thrust 5.7 ? 3.0 MM Q0.M18 0,378 0306 0,387
Nahanni, Canada 12/23/85 Theust 5.9 J 8.0 SoM 0,589  0.3V8% 036 0.387%
Rahinni. Canada 18/23/3% Thrast 5.9 ) 8.0 NMOE  0.1564 D.6178  0.8128 v.8%5¢7
Rahannt, Caneda 12/23/8% Thrust 5.8 ; 16.0 N¥OM 0,185 0.617% 9.018! v.8327



Stn."*
No. *

....00....0........0.....0.'.(0..0..........'.0..................I........

104
121
126
127
128
141
220
266
278
279
286
6097
6098
6099
6604
8026
8031
9001
9101
9102
9201
36176
36177
36420
16422
36438
16444
36453
k6175

Table 230.5-2.

Station Name

ARCADIA: SANTA ANITA DAM; RIGHT ABUTMENT
FAIKMONT RESERVOIR: RIGHT ABUTMENT

LAKE HUGHES ARRAY #04:

LAKE HUGHES ANFAY #09: WARM SPRINGS

LAKE HUGHES ARRAY #12: ELIZAI _.H LAKE

LA: GRIFFITH PARK OBSERVATORY

LA: 3838 LANKERSHIM BLVD

PASADENA: OLD SEISM LAB, CIT
PUDDINGSTONE RESERVOIR DAM: LEFT ABUTMENT
PACOIMA DAM: LEFT ABUTMENT

SUPERSTITION MOUNTAIN: USAF CAMERA SITE
MACKENZIE MTNS, NW TERR, CANADA: NAHANNI SITE 1
MACKENZIE MTNS, NW TERR, CANADA: NAHANNI SITE 2
MACKENZIE MTNS, NW TERR, CANADA: NAHANNI SITE 3
CERRQO PRIETO, MEXICO

BAGNOLI IRPINO, ITALY

CALITRI, ITALY

KOYNA DAM, INDIA: SEISMOGRAPH STATION
TABAS, IRAN

DAYHOOK, IRAN

KARAKYR POINT, USSR

PARKFIELD: VINEYARD CANYON #O3W
PARKFIELD: VINEYARD CANYON #02E
PARKFIELD GOLD HILL #03wW

PARKFIELD: STONE CORRAL #O2E
PARKFIELD: STONE CORRAL WOAE
PARKFIELD: FAULT ZOHE #10

PARKFIELD: FAULT ZONE #11

SLACK TANYON: HIDDEN VALLEY RANCH

(14G5)
(1406)

Station Description
Instrumsent Housing (Ref.)

Instrument Shelter (02)
1-Story Bldg, Ground (03)
Instrument Shelter (O1)
1-Story Bldg, Ground (01)
1-Story Bldg. Ground (O1)
3-story Bldg. Ground (0O1)
20-story Bldg. Bsat (O1
3-Story Bldg, Bsst (01)
Instrusent Shelter (02)
Instrusent Shelter (02)
1-Story Bidg, Ground (01)
Free-field Instrument (13)
Free-field Instrument (13)
Free-field Instrusent (13)
Instrusent Shelter (01)
1-story Bldg, Ground (24)
1-story Bldg. Ground (24)
Dam Gallery

Small Bldg, Ground (22)
Saall Bldg, Ground (15)
Portable Station (12)
Instrumsent Shelter (0O1)
Instrument Shelter (01)
Instrument Shelter (18)
Instrusent Shelter (18)
Instrument Shelter (18)
Instrument Shelter (18)
Instrusent Shelter (18)

(14%04) Instrument Shelter (0O1)

KOCK STRONG-MOTION RECORDING STATIONS

.....'.O....I...............'...........I..C...l.....OOIl

Granodiorite to Quartz Diorite (02)

Sa Soil over Granite (02), Granite (O1)
wWeathered Granite (01)

Gneiss (01). 3m Soil over Granite (02) ‘
1m-3m Soil over Conglomerate (01)
Granite (01}

Shale/Sandstone (01)

Cranite (01)

Volcanic Conglomerate (02)

Gneiss Diorite/Quartz Diorite (02)
Granite (01)

Bedrock (13)

Bedrock (13)

Bedrock (13)

Rock (0O1), Basaltic Tephra (11)
Limestone and Dolomitic Limestone (24)
Sands:ones (Z4)

Basalt

lm-2@ Soil over Weathered Rock (22)
Cretaceous Limestone (15)

Interbedded Clay and Sandstone (12)
Sandstone (18) "
Franciscan (18)

Sandstone (18)

Sandstone (13)

Serdstone (18)

Sandstone (18)

Thin Soil over Sandstone (18)

Subsurfece Conditions (Ref.)
Granite (01)
|

NOTE: (1) Nuaber in perentheses within station name for CDMG Stations is the USGS Station Number.
These stations ere now pact of the CDMG California Strong Motion Instrusentation Progream.



Spectral Accelerction (g)

Spectral Acceleration (g)

o

Median ",

ITTT'IYT . & 1§ 1 |7TT1’"  § T .frrn] T 1TY¢-Y¥
- ————— ss£ ;- " ———— & .
w===. Geomatix (1987) . ====: Geomatrix (1987)
o v+ s+ Joyner and Boore [1982) F ¢+ 00 Joyner and Boore (1982)
o R -

Lognormal 84th "

Llle!L .- b

)
&0 2 1o al L

i »
- "y Lllljl L 2 L lLLl,ll ' ’ R i e lL‘ L 4 111"1
L S B .III 1] T v YTTTTT 3 s . i 1 Ta:llr ' it tTTl,
= s SSE J = ms— SSP y
s==w«: Geomatrix (1987) w===: Geomatrix (1987}
3 ¢+ ¢ Joyner and Boore (1982) 1 ¢ et Joyner and Boore (1982) -
- - R

02 08 v 2 g 1 2
Penod (sec)
Figure 230.5-2.

Site-Specific Spectra Based on Statistical

Analysis of Recorded Spectra Scaled to

Magnitude

and

Distance 35 km



Spectral Acceleration (g)

Spectral Acceleration (g)

PLE o

TV ITTTy J ‘ TYII]YT i

E — SCE
e JWWBW‘ (1982}‘

Y Ty orrrrn T
e SSE
====: Geomatrix (1987)

¢ 00 Joymer and doore (1382)

lllll{ ' e L AL 2 A e e s LJJA_J._‘L: "l A I ll'l':
’-‘ i .TT‘F i [ IRERE ' T | IITIT"’ L ﬁTTAIII 1
b —— e Si o - ———— Q
wee=: Goomatrix (1987) 4 wwo= Cecmatrix (1987)
s ¢ Joyner and Boore {(1982) B ¢+ 0+ Joyner and Soore (1982)

Sitre
Statistical

Raail
dcaled to

Figure 230.5-3.

-Specific

Magnitude

Spectra Based on Weighted
Analysis of Recorded Sperrria
7.5 and Distan: " ORm




Spectral Acceleration (g)

1-4 T Tk il e i l‘ . @ ) = 8 § 0 TT‘rI L LS
[ v 0 4
¢+ v ¢ Goomotrix (19A7)
m==— Joynar and Doore (1942)
1.2 ™
1 i
8 -
1 84th percentile
.6
4
i—\—/ '.
-
2
' - . \‘\
i3 \‘~~ i "3 -
- ‘s.o. ¥ B
‘~~4“...b:,:lj
A A e A A A b v o " - e e A AL r's A
0 . ,
.02 .05 .1 - 5 1 2 4
Period (sec)
Figure 230.5-4. Site-Specific Spectra Based on Empirical

Attenuation Relationships



Spectral Acceleration (g)

Spoctral Acceleration (g)

Geomatrix (1987)

Joyner and Boore (1982)

’.4 ¥ % CEERRY T ) TTI’I‘UT / § i T YIYIIUI i i | II"YTI T 0 |
]
b PESEE u F L —— u -
===« Stotiefical
1 -
2+ s+ o+ Empirica
= -~

- Median "*+i%.. -
0 bl il . PRCIPE TOT. RO T S U T OO SO e
’-4 T TTTTITY b LB ’TI,'] L4 T 1 1 Y'TY‘II T T TfTI"] K |
. — GSF ‘ J
a2l T : .
- B E
- -
' J
4 =
q 4
—1 —~q
r g
- -—

\
5

'
e & LALALLL & FE T

\

- Lognormal 84th "*.is{ | Lognormal 84th .}‘*.4

3

v

o Laaa <ol e A d ) kbl

02 & 4 2 S 1 2 402 08 4 2 3
Period (sec) Period (s0z)

Figure 220.5-5 Comparison of Statistical and Empirical
Site-Specific Spectra

4
i

2



N

1 A
"Mﬂm ( vl VN

o g N R



Depth (km)

=3l

40~

60~

P-WAVE INCIDENCE ANGLE 18°

po % | |

a ﬁ
o Ll VVEUA :

Back Azimuth
Back Azimuth

&
(230°%) (132°%)

e 5 sec

Fig. 10. (Top) Simple model explaining whe observations ia Figure 9 consists of a Leerface & 40 km
depth that dips east = adowe 20° degraos. (Bouom) Comparison of the synthetic response for this
model with the dasa Grom Figure 9.



L&)
ia

MODELED WAVEFORM FITS AT SITE 1 (NW)

b[ T L) I7 T Al L] I L} A 1 I Ll 1 Ll l 1 L) L)

Continental
Moho Ps

Time (scc)

Figure 1]1. Results of recaiver function modeling M one station in the Satsop network. Two back
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Figure 49. Synthetic reproduction (solid traces) of arrivals @, b, ¢ aad 4 in the
real data (dashed traces) using lithospheric model (Table 4.3).
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Figurc 10. Schematic cross section of 2 broad-band experiment to record P 0 S energy conversions

ansing from teieseasmic P waves impinging on a subducting slab. Rays coming from

down-dip direcuon will produce efficient P w 5 conversion, while rays coming from up-dip
wl! produce less efficient conversion.
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Figure 1. Seismograph statiens opersiing during the second quarter 1985,



Figure 9. Turee models of Juan de Fuca siab configumion: 8) from Dickonson, 1970, b) {rom Rogers
1983 and ¢) from Michaclson il Weaver, 1986,
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Figure 8 2) Map view showing selecton regiofs for 12 cross-sactions = Fig. 8b. b) Narth-South cross
secuons of selecied western Washingion earthquakes (from Fig. 5). No verucal exaggera-
uon.
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Event IV / relative arrival time residuals
epicenter: Peru-Boiivia Border July 13, 1987 19:14

(DEGREES NORTH)

A ; ;
\'i“ WASHINGTON
1;\;" =y OREGON
S | |
) i f
{ : /
| i i r Ly
NN ST |
' // ; + : : E
/ : 4 : : . R
| | g . BACK-AZIMUTH = 127 DEGREES
| }/ i i - RAY!PARAMETER = .0494 SEC/KM
43 h- J H S 1 :
125 LONGITUDE (DEGREES WEST) 117

from CORR / LSQR derived arrival times



; Event III / relative arrival time residuals

4

WASHINGTON
OREGON

(DEGREES NORTIH)

LATITUDE

/i g . BACK-AZIMUTH = 246 DEGREES
| r © RAY PARAMETER = 0420 SEC/KM

LONGITUDE (DEGREES WEST) 17

from CORR / LSQR derived arrival times



