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SEISMIC VELOCITIES AND GEOLOGICAL CONDITIONS AT
TWELVE SITES SUBJECTED TO STRONG GROUND MOTION
IN THE 1994 NORTHRIDGE, CALIFORNIA, EARTHQUAKE:

A REVISION OF OFR 96-740
by
James F. Gibbs, John C. Tinsley, David M. Boore, and William B. Joyner

INTRODUCTION

The Northridge, California, earthquake of January 17, 1994 (moment magnitude 6.7)
was perhaps the best re;)rded earthquake in history from the standpoint of strong ground
motion. As part of the U.S. Geological Survey’s ongoing program for documenting the
relationship between strong ground motion and geologic and seismic site conditions, 12
boreholes, each approximately 100 meters deep, were drilled at sites affected by the
Northridge earthquake. Ten of the boreholes were located at strong-motion recording
sites; the other two were located at sites in the Sherman Qaks district of Los Angeles
to evaluate an apparent relationship between site conditions and building damage noted
there. At each site lithologic descriptions were compiled from observations of drill cuttings
and cored samples. Four different types of electric logs were made, and downhole P- and S-
wave velocities were measured. The results of the logging were reported earlier in Open-File
Report 96-740 (Gibbs, et al., 1996). A revision of those results is presented in this report.
The sites are geographically shown in Figure 1 and listed in Table 1, which gives references
to information regarding the strbng—motion data. Appendix A contains for each site: a
location map, S- and P-wave time-series records, a time-depth plot, velocity profiles with
a generalized geologic log, and tables giving arrival times and velocity values. Appendix
B contains tables of P- and S-wave velocity models and the Poisson’s ratios obtained
from those models, and Appendix C contains figures comparing the velocity profiles from

the original open-file report, the revised models, and where available, velocities models

computed from suspension logging.
REVISION OF OPEN FILE REPORT 96-740

We have made a number of changes to the borehole velocity models previously
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Figure 1. Regional map showing the locations of boreholes (triangles) included
in this report. The epicenter of the January 17, 1994, Northridge, California,
earthquake is indicated by the star.
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published in OFR 96-740. The need for these changes was partially motivated by our
discovery that the distance from the geophone to the first depth marker (molded to the
stress cable) was 4.5 meters instead of 5 meters as assumed in the analysis reported in
OFR 96-740. As a consequence, all depth measurements in OFR 96-740 are in error by 0.5
meter. This difference in depth affects only the velocities of the shallow layers, changing
the velocities by 5 — 10%; it had little or no effect on the velocities of layers below 10 meter
depth. The measurement depths and velocity models have been corrected in this revision.

Another reason for this revision is that when using the ratio of P- and S-wave velocities
in OFR 96-740 for the calculation of the dynamic Poisson’s ratio o, some results were out of
the accepted range of values (0.0-0.5). The out-of-range Poisson’s ratios usually occurred
in the top 10 meters where source offset from the borehole (usually 4 meters) is comparable
to layer thickness. We will explain some of the possible reasons for the out-of-range values.

1. In OFR 96-740 the velocities reported were determined from P- and S-wave measure-
ments that were made independently, using source locations at different azimuths to
the borehole and thus different source-to-receiver paths. The computation of Poisson’s
ratio, however, assumes the same path for P- and S-waves. Lateral heterogeneities
will be particularly important for velocities at shallow depths, and therefore the Pois-
son’s ratios computed assuming a common path may have unacceptable values, even
though the P- and S-wave velocities may be well determined for the individual paths.
We expect these affects to be most important at shallow depths.

2. Because of the short travel times, errors in picking the arrival times have more influence
on the shallow velocities than the deep velocities (especially for P waves). In addition,
for some of the models the velocity of the top layer is constrained by a single data
point. For these reasons, Poisson’s ratios for the shallow layers are more likely to be
less well determined than those for the deeper layers.

The influence of these factors may result in a Poisson’s ratio that is out of the accepted
range of 0.0-0.5. This will occur if -“—;f <lorifl< —“-;f < /2, in which case o > 1.0 or
o < 0, respectively. Although o < 0 is theoretically possible (e.g. Fung, 1968), we decided
that our P- and S- velocities should yield o between 0.0 and 0.5. We made corrections to

the velocities using one or more of the following procedures: repicking shallow arrivals
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(usually P arrivals because small changes in P travel-times have greater effect on o), adding
a shallow layer, and/or adjusting layer thickness to ensure that Poisson’s ratio was in the
range 0.0-0.5. In most cases the greatest changes (compared to determination of velocity
without consideration of o) were in the P-wave velocities at shallow depths. Overall, the
changes in velocity. required to produce acceptable values of o were small and were only
in a few layers. Calculations of Poisson’s ratios for the preferred models é.re contained in
Appendix B. Because of items 1 and 2 discussed above, the values in Appendix B may not

represent the true Poisson’s ratios of the materials at shallow depths.

Finally, we have reassessed layer interfaces on the bases of residuals to the travel-times

and correlations with geological and geophysical logs.

The models presented here have been corrected for the refraction effects of the wave-
path caused by soil layering. The program takes depths to layer interfaces and observed
travel-times and uses an iterative process that accounts for the wave refractions at the layer
boundaries for each measurement depth. The differences between the velocities computed
in this way and those computed from times corrected to vertical (with no correction for

refraction at layer boundaries) are small.

Although the changes to the earlier velocity models are minor, we believe the current
models are an improvedbrepresentation of the borehole data. Appendix C contains figures
comparing the new velocity profiles to the previously published results as well as comparing
those results to velocity profiles computed from suspension logging for a number of
sites. The plots of the suspension logging results include both the “point” measurements
(velocities averaged over 1 meter intervals) and averages of those measurements over the
depth range of the layers in revised models, where the averages are computed by dividing
the depth range by the travel-time over that depth range. For convenience of the reader
the material in OFR 96-740 has been included here, so that this report supersedes and
replaces OFR 96-740.

REGIONAL GEOLOGIC SETTING

The San Fernando Valley (Figure 2) is one of several east-west-trending, deep,

alluviated basins situated within the Transverse Ranges structural province of southern

5
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CENOZOIC

Alluvium, unconsolidated, poorly sorted alluvial fan deposits
Qal of gravel and sand east half of SF Valley and rather soft,
fine sand, silt, and clay in west half of SF Valley.

Landslide deposits, not differentiated; arrows show
direction of relative displacement of slide mass.

; Older alluvium, terrace deposits, plus Pacoima Formation

Qoal of Oakeshott (1958). Poorly consolidated alluvial deposits
- of gravel, sand, silt, and clay. Noticeably deformed at ground

surface. Weathering includes red and strong brown oxides.

HOLOCENE

QUATERNARY

PLEISTOCENE

Saugus Formation ( undifferentiated, or upper member) lower
member (Qsr) is Sunshine Ranch member of Oakeshott (1950).
Upper member continental folded conglomerate; lower member

in part marine; Lower Saugus strata better consolidated than upper
Saugus strata.

Pico Formation: blue, sandy shale, siltstone with sandstone and
conglomerate lenses; mainly marine, often slightly cemented and
consolidated.

PLIOCENE

Repetto: Blue and brown mudstone, siltstone, sandstone, and
conglomerate; marine, arkosic.

TERTIARY

Modelo (Puente) Formation: arkosic conglomerate, sandstone, and
diatomaceous and silicious shales; marine.

s Topanga Formation: Brown, tan and gray sandstone and con-
Tt glomerate; marine. Includes interbedded andesite and basalt

flows as map unit Tb.

MIOCENE

Martinez, Domengine, and Las LLajas formations: Sandstone,
dark shale, and conglomerate; marine, greenish-black. Includes
marine deposits of Paleocene (Tpe) and Eocene (Te) age.

PALEOCENE
EOCENE

MESOZOIC AND OLDER

: Chico Formation: Massive brown sandstone with subordinate
KTc thin beds of shale; marine. Locally known as Chatsworth Formation
= and is of late Cretaceous age.

Basement Complex: Includes undifferentiated metamorphic and
granitic rocks of eastern basement complex of Yerkes (1965) and
in Santa Monica Mountains, the Santa Monica Slate (western
basement complex of Yerkes (1965); these suites have continental

PRE-TERTIARY
PRE-CRET ‘ CRETACEOUS

;£ o~
s O
-0

AR WY

and oceanic crustal protoliths, respectively.
Freeway linework scanned from aerial photography, positioning is not precise.

aee® Fault, dashed where location is approximate, dotted where concealed.
~——— Note: faults shown are schematically depicted and are not comprehensively mapped.
NHFZ = Northridge Hills Fault Zone; MHFZ = Mission Hills Fault Zone;

SPRR = Southern Pacific Railroad

A a Red (light) triangle is USGS study site at an accelerograph location; black (dark) triangle is
USGS study site that does not correspond to an accelerograph site.

* Epicenter of 1/17/94 Northridge, California, earthquake

Figure 2. Explanation.



California, a region noted for its intense and relatively young deformation and its locally
complex structural setting. The regional geology has received recent intense scrutiny and
reevaluation of its neotectonic setting, chiefly owing to the San Fernando earthquake of
2/9/71 (Wentworth et al., 1971) and the Northridge earthquake of 1/17/94. The San
Fernando Valley encompasses more than 300,000 acres below its drainage divides and above
the confluence of the Los Angeles River with the Arroyo Seco. Of these, about 120,000 acres
comprise the relatively gently sloping, alluviated basin floor, now very densely populated
with homes and businesses (Brown, 1975; California State Water Rights Board, 1962).
The valley fill strongly reflects the geology of the surrounding mountains and foothills, a
characteristic with implications for regional interpretations of shear-wave velocity profiles.
Consequently, conspicuous differences in sediment supply distinguish the eastern from the
western portions of the San Fernando Valley, with the dividing line being the Bull Creek
drainage, which is situated between Balboa Blvd. and Interstate 405.

The eastern half of the alluviated San Fernando Valley receives sediment from
steep drainages characteristic of the rugged San Gabriel and Verdugo mountains. These
mountainous terranes expose mainly crystalline granitic and metamorphic rocks of the
eastern basement complex of Yerkes (1965). Consequently, the valley fill deposits located
east of Interstate 405 are relatively coarse-textured and are comprised mainly of sand,
gravel, and cobbles deposited by the powerful high-gradient streams draining such principal
watercourses as Big Tujunga, Little Tujunga, and Pacoima canyons. These sediment
transport systems have shunted the Los Angeles River southward nearly to the Santa
Monica mountains, thereby limiting the areal extent of the sediment eroded from the

Santa Monica mountains.

The western half of the San Fernando Valley receives alluvial sediment from numerous
drainages dissecting the Santa Monica mountains, the Santa Susana mountains, and the
Simi Hills. These drainage basins are smaller than those of the San Gabriel mountains, and
are eroding uplands comprised mainly of Mesozoic, Tertiary, and early Quaternary uplifted
marine and nonmarine sandstones, siltstones, and mudrocks (Winterer and Durham, 1958,
1962). A small area of the Santa Monica mountains exposes rocks of the western basement

complex of Yerkes et al. (1965) locally represented by the Santa Monica slate. The alluvial

8



deposits thus are significantly more fine-textured at most localities west of Interstate 405
compared to those east of Interstate 405. The western portion of the valley contains
significant occurrences of very shallow ground water (California State Water Rights Board
(1962); Tinsley et al. (1985), Tinsley and Fumal (1985)). Areas characterized by high
sedimentation rates owing to persistent overbank flooding and fine-grained debris-flows
(relatively common events prior to implementation of flood control measures in the western
San Fernando Valley [King et al., 1981]) and a persistence of shallow ground water are
distinguished by relatively low values of shear strength and contained the lowest shear-

wave velocities we measured in this study.

ACCELEROGRAPH SITES AND AREAL GEOLOGY

The sites we investigated and herein report comprise a relevant set of data for exploring
aspects of site dependent effects of the Northridge earthquake. However, we caution that
these sites do not encompass a complete sampling of the region’s varied geology. Six sites
occur on recent alluvium deposited by streams draining Cretaceous and Tertiary marine
sediments. Of these, five sites are located on relatively fine-textured surficial deposits
(chiefly well-bedded sequences composed of poorly consolidated, loose to slightly dense
silty sand, sandy silt, silt, and clayey silt) in the western half of the San Fernando Valley
(ELC, RIN, WOC), and in the south-central San Fernando Valley (SOP, SOW), and one
site is located in southeasternmost Simi Valley (KES) on sand and silt deposits derived
from the Cretaceous Chatsworth Formation, (the sedimentary rock that forms the visually
impressive brown-weathering sandstone that crops out in the northwestern San Fernando
Valley and eastern Simi Valley areas). About 12 meters of Quaternary sediment overlies the
Cretaceous bedrock at this point in Simi Valley. At one site (SVA), Pleistocene sandy and
silty alluvial deposits overlie strata of the Saugus Formation or its stratigraphic equivalent.

Boreholes drilled at three sites (JMB, JGB, SCW) penetrated various thicknesses of fill
and soft Holocene alluvial deposits before encountering the Saugus Formation of Winterér
and Durham (1962). The Los Angeles Dam (LAD) site is the only site we investigated
that was within the lower (Sunshine Ranch) member of the Saugus Formation; shear-wave

velocities for the LAD site are higher than those measured in the other Saugus Formation

9



sites. The 12th site was located at Olive View Hospital (OVH2), in coarse, gravelly alluvial
fan deposits derived from Wilson Canyon, which drains granitic and metamorphic rocks
of the San Gabriel mountains. This site is the only site on deposits typical of much of the
eastern half of the San Fernando Valley.

GEOLOGIC AND GEOPHYSICAL LOGS

Generalized logs of earth materials underlying the drill sites were prepared from (1)
mud logs of cuttings that were noted during drilling, (2) “undisturbed” samples obtained
using a Pitcher sampler (which provided glimpses of the materials encountered at depth),
and (3) a suite of geophysical logs (spontaneous potential, resistivity, caliper, and natural
gamma ray logs; these logs are not included here, but will appear in a later report) obtained
prior to installing and grouting the casing in the borehole. From these logs we can delineate
the thickness and character of basin alluvial deposits and underlying bedrock. Electric
logs enable findings to be extrapolated to other parts of the basin and to other basins
in southern California. Physical properties noted in the abbreviated descriptions include;
depth, color, texture or lithology of alluvial deposits, probable geologic age, and correlation
with regionally mapped geologic units.

P- AND S-WAVE TRAVEL-TIME DATA

Shear waves were generated at the ground surface by an air-powered horizontal ram
(Liu, et al., 1988) striking an anvil at either end of an aluminum channel 2.3 m long. The
ram was driven first in one direction and then in the other to generate pulses of opposite
polarity. A switch attached to the shear source triggered the recorder and established the
reference for the timing of arrivals. P-waves were generated by striking a steel plate with
a sledge hammer. The recorder was triggered by a switch attached to the handle of the
sledge hammer. P- and S-wave sources were offset from the borehole (same horizontal
distance but different locations) to minimize the effect of waves traveling down the grout
surrounding the casing. The offset was 4 m at all sites except Jensen Main Building, where

it was 5 m.

Downhole measurements were made at 2.5 m intervals (starting at 2 meters depth)

with a three-component geophone clamped to the casing by an electrically-activated lever
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arm. A second three-component geophone was placed on the surface 5 to 10 m from the
shear source for recording an on-scale reference trace (useful for amplitude studies and
timing verification). The data were recorded on diskettes using a 12-channel recording

system.

DETERMINING VELOCITY PROFILES

The procedure for determining velocities is summarized in Figure 3. Because the
orientation of the downhole geophone could not be controlled when moving from one
depth to the next, the azimuth of the horizontal geophones relative to the source was
unknown and changed with depth. To minimize the effects of those changes, the horizontal
components were rotated to the direction that maximized the integral square amplitude
within a time interval containing the shear wave (Boatwright et al., 1986). P- and S-wave
arrival-times were determined from the time series displayed at each depth on a 20-inch
computer screen. The P-wave arrival-time was obtained from the vertical trace, and the
S-wave arrival-times were obtained from the average of the rotated horizontal traces for
ram strikes in opposite directions. The arrivals were timed to the nearest millisecond,

probably a realistic precision for clear arrivals uncontaminated by noise.

A trial set of layer boundaries was chosen for the S-wave model, based on the lithologic
descriptions and geophysical logs. The travel-time data were fit in a least-squares sense
by a model made up of constant velocity layers, taking into account refraction across the
interfaces between layers (program VELSLANT, available on request from the authors).
The travel times were weighted by the inverse of an assigned normalized variance. A
normalized standard deviation of 1 was assigned to the clear arrivals and values up to
5 were assigned to the others. The residuals were examined, and layer boundaries were
added, if necessary, to reduce large residuals or to remove systematic trends in the residuals.
This was an iterative process conducted by the team of authors of this report. The process
continued until the team was satisfied that the interfaces were consistent with the borehole
seismic data as well as the geological and geophysical logs. The P-wave travel time data
were analyzed initially with the set of layer boundaries finally determined for the S-wave
data. Layer boundaries were then added if needed to fit the data and deleted if not needed.

11



READ DATA CHOOSE LAYERS
FROM FLOPPY FROM DATA,
DISK TO PC GEOL., E LOGS
COMBINE ASCII LEAST-SQUARES
FILE AND
CONTROL FILE FIT TO DATA PICKS
RECHECK CHANGE
PLOTDATA [ PICKS
IDENTIFY
PROBLEM
(CORRECT)
PLOT GRAPHS
RECORD SECTIONS
TIME-DEPTH
ROTATE VELOCITY MODELS
HORIZONTAL VELOCITY TABLES
TRACES
ARRIVALS /
PLOT PICKS
CHECK\.  REPICK
FOR BAD

PICKS

Figure 3. Flow-chart outlining the data processing and steps in the interpretation.
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Commonly, an additional layer boundary corresponding to the top of the zone of water
saturation was needed to fit the P-wave data. P- and S-wave profiles for all twelve holes
are plotted in Appendix A. The upper and lower bounds on the plots show approximate
68 percent confidence limits. The bounds are not symmetrical because they are based on

the inverse velocities in the layers.

SUMMARY VELOCITY PROFILES

Figures 4-6 show the S-wave velocity profiles determined from the borehole measure-
ments at the twelve sites. The velocity profiles are plotted at the same scale for ease of
comparison. Figures 7-9 show the P-wave velocity profiles for the same sites as Figures

4-6, respectively.
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Figure 4. S-wave velocity models shown on the same figure for comparison. Sites JMB,
JGB and SCW have various thicknesses of fill and soft Holocene alluvial deposits above
the Saugus Formation. LAD is the only site we investigated within the lower (Sunshine
Ranch) member of the Saugas Formation.
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Figure 5. S-wave velocity models shown on the same figure for comparison. These
sites all start in relatively soft, fine-textured Holocene alluvial deposits of the Los Angeles
River and its tributaries in the San Fernando Valley. Drill holes apparently bottomed in
Tertiary marine sedimentary rock (shales, siltstonesgr.
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Figure 6. S-wave velocity models for sites KES, OVH, RIN and SVA. All sites are drilled
in sandy or coarser-textured alluvium. At RIN, the drillhole bottomed in marine Tertiary
mudstone; at KES, in Cretaceous marine sandstone; at OVH2 and SVA, in nonmarine
Saugus(?) Formation or its possible equivalent.
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Figure 7. P-wave velocity models shown on the same figure for comparison.
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Figure 8. P-wave velocity models shown on the same figure for comparison.
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Figure 9. P-wave velocity models shown on the same figure for comparison.
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UNITED STATES CANOGA PARK QUADRANGLE

DEPARTMENT OF THE INTERIOR CALIFORNIA-LOS ANGELES CO
GEOLOGICAL SURVEY 7.5 MINUTE S8ERIES (TOPOGRAPHIC)
) »
] N "

P . A "
- W e, |
omem|{ . . 5
Wl v usl . -
5 ) !, s
U b . . *y H
¢ oy i . R

A=
g

figrnaes:

ngy|

O E s s
) A /7 i

N -E :
gy o)

Y ‘====;:b-’[:—_..--i___:, == :
P '.(‘hstmvhe; Jumbux g e |

speraes
®_ es s
-

WAY

o)
>
topd
]
m._ae soro -

n
ALLBROOK

-
it

L I\
Elm’s y A
o !! . i
_=
: N
sr |
vl L]
Al
i,
".;::Eﬁ:-Aisi:;i?ii:;.v
e
Hgn: .Sc*J

1 MILE

1000 2000 3000 4000 5000 6000 7000 FEET
1 5 0 1 KILOMETER

Figure A-1. Site location map for the borehole at Epiphany Lutheran Church. The
accelerograph is located approximately 50 meters from the borehole.
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Figure A-2. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset. Approximate S-wave time picks are indi-
cated by the inverted triangles.
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Figure A-4. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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UNITED STATES SAN FERNANDO QUADRANGLE

IOR CALIFORNIA—LOS ANGELES CO.
DEPAI;?‘SES;Q :LT:UER\I,IQ;ER 7.5 MINUTE SERIES (TOPOGRAPHIC)
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Figure A-6. Site location map for the borehole at Jensen Generator Building. The
accelerograph is located approximately 25 meters from the borehole.
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Figure A-7. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset. Approximate S-wave time picks are indi-
cated by the inverted triangles.
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Figure A-8. Vertical component record section. Approximate P-wave arrivals are indi-
cated by the solid circles.
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Figure A-9. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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Figure A-11. Site location map for the borehole at Jensen Main Building. The ac-
celerograph is located approximately 40 meters from the borehole.
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Figure A-12. Horizontal component record section

tions) superimposed for identification of S
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Figure A-13. Vertical component record section. Approximate P-wave arrivals are
indicated by the solid circles.
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Figure A-14. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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UNITED STATES SANTA SUSANA QUADRANGLE
DEPARTMENT OF THE INTERIOR CALIFORNIA

GEOLOGICAL SURVEY 7.5 MINUTE SERIES (TOPOGRAPHIC)
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Figure A-16. Site location map for the borehole at Knolls Elementary School. The
accelerograph is located approximately 25 meters from the borehole.

44




Time (sec) Time (sec)
0 0.1 0.2 0.3, 0 0.1 0.2 0.3
o QRN T N TS T T ST TN TN PR PR T T
v\‘ v/\ \n
'-G(XXXXW‘ 35 _——«-:{X‘}X,o-om-———c—,
i wni :
5 AP0 M

_ y<x.>o‘n}c . 40 - ¥ N S

": OC”.\‘—”M - 45 _——oa'(X\pO()oooo-‘ -
15 -——~(' oo F—{{o0—e00——er
. .

e, s
50 4 M
v,
o ~
/¥ \an o -

A i
20 =1 \a’uc: o y, -
N 55 - SR
\/ e -
- et A/

25 - "; X KN X _____.J((p(bmm___o_e
J 60 - .

o\ v
30 - W\ VT 65 - y ”\s,_.. =

'; " ] 'O(})"'c:coo-cw ——
35 LA LA UL B B R 70 LI ILRLELLE LR BLLLALE LR L
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Figure A-17. Horizontal component record section (from impacts in opposite direc-
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are
indicated by the inverted triangles.
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Figure A-18. Vertical component record section. Approximate P-wave arrivals are
indicated by the solid circles.
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Figure A-19. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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GEOLOGICAL SURVEY . 7.5 MINUTE SERIES (TOPOGRAPHIC)
o) N ¢ ‘/
N R A Li'g

% A

\-—-»\

fl’lt Qfan F¢ rnandoValle \
\ = 4

---K ‘S’ubstav ;

Sylm ar Converter West

252 | SE
(OAT MOUNTAI

797 |

a1gg | !

T3IN
LAY
17'30" :
"Knollwood,
GDH Cour b
’795 =
\);u, ;
-

1 SCALE 1:24 000
1 0 1 MILE
_—a—t—— v
: 1000 ) 1000 2000 3000 4000 5000 6000 7000 FEET
! 5 0 1 KILOMETER

Flgure A-21. Site location map for the borehole at Los Angeles Dam. The accelerograph
is located approximately 35 meters from the borehole.
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Figure A-22. Horizontal component record section

tions) superimposed for identification of S

indicated by the inverted triangles.

(from impacts in opposite direc-

-wave onset. Approximate S-wave time picks are
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Figure A-23. Vertical component record section. Approximate P-wave arrivals are
indicated by the solid circles.
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Figure A-24. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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UNITED STATES SAN FERNANDO QUADRANGLE

DEPARTMENT OF THE INTERIOR CALIFORNIA—-LOS ANGELES, CO.
GEOLOGICAL SURVEY 7.5 MINUTE SERIES (TOPOGRAPHIC)
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Figure A-26. Site location map for the borehole at Olive View Hospital. The accelero-
graph is located approximately 30 meters from the borehole. Another borehole near this

site, “Oliveview” was published in USGS Open-File Report 82-833 and was located -%-
kilometer southwest from the Olive View Hospital site shown above.
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Figure A-27. Horizontal component record section (from impacts in opposite direc-
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are
indicated by the inverted triangles.
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Figure A-28. Vertical component record section. Approximate P-wave arrivals are
indicated by the solid circles.
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Figure A-29. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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UNITED STATES SAN FERNANDO QUADRANGLE

DEPARTMENT OF THE INTERIOR CALIFORNIA—LOS ANGELES CO.
GEOLOGICAL SURVEY ~ 7.5 MINUTE SERIES (TOPOGRAPHIC)
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Figure A-31. Site location map for the borehole at Rinaldi Receiving Station. The
accelerograph is located approximately 10 meters from the borehole.
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Rinaldi Receiving Station

Figure A-32. Horizontal component record section (from impacts in opposite direc-
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are
indicated by the inverted triangles.
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Figure A-33. Vertical component record section. P-wave arrivals are indicated by the
solid circles.
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Figure A-34. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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Figure A-36. Site location map for the borehole at Sepulveda V.A. Hospital. The
accelerograph is located approximately 30 meters from the borehole.
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Figure A-37. Horizontal component record section (from impacts in opposite direc-
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are
indicated by the inverted triangles.
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Figure A-39. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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GEOLOGICAL SURVEY

VAN NUYS QUADRANGLE
CALIFORNIA-LOS ANGELES CO.
7.5 MINUTE SERIES (TOPOGRAPHIC)
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Figure A-41. Site location map for the borehole at Sherman Oaks Park. No accelero-

graph is located at this site.
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Figure A-42. Horizontal component record section (from impacts in opposite direc-
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are

indicated by the inverted triangles.
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Figure A-43. Vertical component record section. P-wave arrivals are indicated by the

solid circles.
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Figure A-44. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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Figure A-46. Site location map for the borehole at Sherman Oaks Woodman. No
accelerograph is located at this site.
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Figure A-47. Horizontal component record section (from impacts in opposite direc-

tions) superimposed for identification of S
indicated by the inverted triangles.
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Figure A-48. Vertical component record section. P-wave arrivals are indicated by the
solid circles.
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Figure A-49. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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Figure A-51. Site location map for the borehole at Sylmar Converter West. The
accelerograph is located approximately 10 meters from the borehole.
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Figure A-52. Horizontal component record section (from impacts in opposite direc-
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are
indicated by the inverted triangles. '
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Figure A-53. Vertical component record section. P-wave arrivals are indicated by the
solid circles.

95



Time (sec)

0 0.05 0.1 0.15 0.2 0.25
0 PR S R SN NN S SN SR THN RN SN SH S S R T ST T N R
10 -
20- -
30- -
7 ] i
9 407 N
() ] N
E i i
Q. R
) ] P S i
Qo 60 - -
70 -
80 - -
90 -
L I L L

Sylmar Converter West

Figure A-54. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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Figure A-56. Site location map for the borehole at White Oak Church. The accelero-
graph is located approximately 50 meters from the borehole.
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Figure A-57. Horizontal component record section (from impacts in opposite direc-
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are

indicated by the inverted triangles.
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Figure A-58. Vertical component record section. P-wave arrivals are indicated by the
solid circles.
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Figure A-59. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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APPENDIX—C
Comparison of velocity models from OFR. 96-740 and this report
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Figure C-1. Comparison of S-wave models Epiphany Lutheran Church.
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Figure C-2. Comparison of P-wave models Epiphany Lutheran Church.
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Figure C-3. Comparison of S-wave models Jensen Generator Building, and a model

derived from averaging suspension data over the equivalent depth intervals of the new
model.
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Figure C-4. Comparison of P-wave models Jensen Generator Building.
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Figure C-5. Comparison of S-wave models Jensen Main Building, and a model derived

from averaging suspension data over the equivalent depth intervals of the new model.
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Figure C-6. Comparison of P-wave models Jensen Main Building.

Jensen Main Building
P-Wave Velocity

= New model
— OFR 96-740

) | 2 T 1 |

500 1000 1500

velocity (m/sec)

124

2000

2500

(o)



depth (m)

20

40

60

80

100

i

Knolls Elementary School
S-Wave Velocity

== New model
— OFR 96-740

500 1000 1500

velocity (m/sec)

Figure C-7. Comparison of S-wave models Knolls Elementary School.
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Figure C-8. Comparison of P-wave models Knolls Elementary School.
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Figure C-9. Comparison of S-wave models Los Angeles Dam.
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Figure C-10. Comparison of P-wave models Los Angeles Dam.
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Figure C-11. Comparison of S-wave models Olive View Hospital.
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Figure C-12. Comparison of P-wave models Olive View Hospital.
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Figure C-13. Comparison of S-wave models Rinaldi Receiving Station, and a model
derived from averaging suspension data over the equivalent depth intervals of the new

model.
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Figure C-14. Comparison of P-wave models Rinaldi Receiving Station, and a model

derived from averaging suspension data over the equivalent depth intervals of the new
model.
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Figure C-15. Comparison of S-wave models Sepulveda V.A. Hospital, and a model
derived from averaging suspension data over the equivalent depth intervals of the new

model.
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Figure C-16. Comparison of P-wave models Sepulveda V.A. Hospital, and a model
derived from averaging suspension data over the equivalent depth intervals of the new

model.
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Figure C-17. Comparison of S-wave models Sherman Oaks Park.
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Figure C-18. Comparison of P-wave models Sherman Oaks Park.
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Figure C-19. Comparison of S-wave models Sherman Oaks Woodman, and a model
derived from averaging suspension data over the equivalent depth intervals of the new

model.
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Figure C-20. Comparison of P-wave models Sherman Oaks Woodman.
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Figure C-21. Comparison of S-wave models Sylmar Converter West.
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Figure C-22. Comparison of P-wave models Sylmar Converter West.
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Figure C-23. Comparison of S-wave models White Oak Church.
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Figure C-24. Comparison of P-wave models White Oak Church.
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