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BOREHOLE P- AND S-WAVE VELOCITY AT THIRTEEN SITES
IN SOUTHERN CALIFORNIA

by
James F. Gibbs, David M. Boore, John C. Tinsley, and Charles S. Mueller

INTRODUCTION

The U.S. Geological Survey (USGS), as part of a program to aquire seismic velocity
data at locations of strong-ground motion in earthquakes (e.g. Gibbs, et al., 2000), has
investigated thirteen additional sites in the Southern California region. Of the thirteen
sites, twelve are in the vicinity of Whittier, California and one is located in San Bernardino,
California.

Several deployments of temporary seismographs were made after the Whittier
Narrows, California earthquake of 1 October 1987 (Mueller et al., 1988). A deployment,
between 2 October and 9 November 1987, was the motivation for selection of six of the drill
sites. Temporary portable seismographs at Hoover School (HOO), Lincoln School (LIN),
Corps of Engineers Station (NAR), Olive Junior High School (OLV), Santa Anita Golf
Course (SAG) and Southwestern Academy (SWA), recorded significant aftershock data.
These portable sites with the exception of Santa Anita Golf Course were co-sited with
strong-motion recorders.

Stations at HOO, Lincoln School Whittier (WLB), Saint Paul High School (STP),
Alisos Adult School (EXC), Cerritos College Gymnasium (CGM), Cerritos College Physical
Science Building (CPS), and Cerritos College Police Building (CPB) were part of an array
of digital strong-motion stations deployed from “bedrock” in Whittier to near the deepest
part of the Los Angeles basin in Norwalk. Although development and siting of this new
array (patially installed at the time of this writing) was generally motivated by the Whittier
Narrows earthquake, these new sites (with the exception of HOO) were not part of any
Whittier Narrows aftershock deployments. A similar new digital strong-motion site was
installed at the San Bernardino Fire Station during the same time frame.

Velocity data were obtained to depths of about 90 meters at two sites, 30 meters
at seven sites, and 18 to 25 meters at four sites. Lithology data from the analysis of
cuttings and samples, was obtained from the two 90-meter deep holes and from five of
the shallower holes to supplement the velocity interpretation. The two 90-meter boreholes
(SB1, CPB) have been instrumented with borehole seismometers for continuous monitoring
of earthquake activity (Rogers, et al., 1998). No drill samples or cuttings were obtained
from the other six sites but driller’s logs were scanned for major changes noted there. The
velocity models at those sites were interpreted using only the measured data and major
changes in the driller’s log as noted above.

The sites are shown in Figure 1 and listed in Table 1, which gives references to
information regarding the strong-motion data. Several hundred strong-motion records
of the main-shock were written by this moderate size earthquake (M = 5.9) making it
important from a scientific and engineering prospective (Brady et al., 1988, Shakal et al.,
1988).
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Figure 1. Regional map showing the locations of boreholes (triangles) included in this
report. Inset shows the locations of the Cerritos College boreholes at an expanded scale.
Locations of roads and cities are approximate.



Table 1. Site names, three letter codes, and coordinates using the North American

Datums of 1927 (NAD27) and 1983 (NADS3).

Station StaCode Lat:NAD27 Long:NAD27 Lat:NAD83 Long:NADS3
Cerritos College Gymnasium CGM 33.88663 -118.09329 33.88664 -118.09419
Cerritos College Physical Sci. Bldg. CPS 33.88589 -118.09698 33.88590 -118.09788
Cerritos College Police Bldg. CPB 33.88212 -118.09680 33.88213 -118.09770
Corps of Engineers Station * NAR 34.03219 -118.05225 34.03220 -118.05315
Hoover School * HOO 33.98491 -118.02889 33.98492 -118.02979
Lincoln School * LIN 34.09043 -118.09305 34.09044 -118.09395
Lincoln School Whittier WLB 33.98535 -118.04061 33.98536 -118.04151
Los Alisos Adult School EXC 33.89559 -118.08428 33.89560 -118.08518
Olive Junior High School * OLV 34.10073 -117.97409 34.10074 -117.97499
San Bernardino Fire Station SB1 34.10534 -117.28201 34.10535 -117.28289
Santa Anita Golf Course SAG 34.13096 -118.03074 34.13097 -118.03164
South Western Academy * SWA 34.11533 -118.13046 34.11534 -118.13136
St. Paul High School STP 33.95158 -118.05369 33.95159 -118.05459

* Strong-motion accelerograph located near borehole (see location maps in Appendix A).



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 meters
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 source offsets varied from 2 to 4 meters depending
on available space and depth of the borehole. Shallow holes (30 meters or less) were offset
2 or 3 meters.

Downhole measurements were made at 2.5-meter intervals at ten locations and at
2-meter spacing at three of the shallower boreholes. The measurements were made by
moving a three-component geophone to each depth and clamping it to the casing by an
electrically-activated lever arm. A second three-component geophone was placed on the
surface near the shear source used to verify timing of the triggered recorder. The data
were recorded on diskettes using a 12-channel recording system.

VELOCITY PROFILES

The procedure for determining velocities is summarized in Figure 2. 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
first-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 at the two sites (CBP, SB1) where geologic information
was available. At five sites (CGM, CPS, EXC, STP, WLB) simplified lithology, determined
from drill cuttings, was used to supplement the velocity determinations. At the remaining
six sites (NAR, HOO, LIN, OLV, SAG, SWA) the velocity models were determined without
the benefit of lithology or electric 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. 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. 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. Commonly, an additional layer
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boundary corresponding to the top of the zone of water saturation was needed to fit the
P-wave data.

Some of the dynamic Poisson’s ratios o, calculated with initial velocity models,
resulted in ratios that were out of the accepted range of values (0.0-0.5). To obtain a
value in the acceptable range we made minor adjustments to the velocities using one or
more of the following procedures: repicking shallow arrivals (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 small changes were made in the P-wave velocities at shallow depths (for more
details see, Gibbs, et al., 1999). Overall, the changes in velocity required to produce
acceptable values of o were small and were only in a few layers.

For example, at San Bernardino Fire Station several velocity models were tried to get
Poisson’s ratio into the accepted range. We were forced to average the P-wave velocity over
the top 8.5 meters to get the ratio from a negative value to a value of 0.04. The preferred
model in which the S-velocity follows the lithology (in general, the S-wave velocity is a
better indicator of lithology than P-wave velocity) is included in Appendix A.

SUMMARY VELOCITY PROFILES

Figures 3-5 show the S-wave velocity profiles determined from the borehole measure-
ments at the thirteen sites. The velocity profiles are plotted at the same scale for ease of
comparison. Figures 6-8 show the P-wave velocity profiles for the same sites as Figures
3-5, respectively.

DESCRIPTION OF APPENDICES

Appendix A contains for each site: a location map, S- and P-wave time-series records,
a time-depth plot, and tables giving arrival times and velocity values. The upper and lower
bounds on the velocity plots show approximate 68 percent confidence limits. The bounds
are not symmetrical because they are based on the inverse velocities in the layers. Appendix
B contains tables of P- and S-wave velocity models and the Poisson’s ratios obtained from
those models.
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Figure 3. S-wave velocity models shown on the same figure for comparison.
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Figure 4. S-wave velocity models shown on the same figure for comparison.
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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
indicated by the hatch marks.
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Figure A-4. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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BBLE A-1. S-wave arrival times and velocity summaries.

Location: Cerrites College Gymnasium: £ Coordinates:  33.88ee63 -112.09323 Hole Code: 279s
hoffset = Z.00 travel-time file: F:)CGMYWCGMS.TT

61

nlayets = &
dift) tslis) tvrt(s) wvavgim/s) sig rsdlisec) vin/s) wlim/s) wvaln/s) deh i) thkife) wiftls) vliiv/s) walfc/s)
8.2 0.0lZe 0.0098 25k 0.0000 255 243 262 8.2 8.2 37 al? a8
l6.4 0.0193 0.01l&8 Z70 0.0000 5 z88 77 233 le. 4 8.2 943 03 38l
4.6 0.0313 0.0300 ZE0 0.000z 5 Z17 218 z19 41.0 24.6 711 704 718
3E.8 0.0420 0.041E 241 =0.0004 3 49 247 ZE0 8z.0 41.0 816 a1l g2z
41.0 0.0540 0.0530 236 0.000z 4 3z9 320 338 L 14.4 1079 1080 1103
49.2  0.0637 0.0631 238 0.0000
7.4 0D.0738  0.0731 239 0.000L
65.6 0.0835 0.0832 240 -0.0002
73.8 0.0936 0,093z 241 -0.0001
2.0 0.1040 0.1032 247 0.0003 Explanation:
90.& 0.1108 0.ll08 248 -0.0005 dim) = depth in meters
E.E 0.1173 0.1les 252 0.0003 dift) = depth in fest
tslis) = phserved arrival time in seconds (from source
to receiver, along a slant path). For the arrival
times used in the 3S-wave model, the times are the
average of picks from traces ohtained from haumer
hlows differing in directien hy 180 degrees.
tvrt(s) = wertical travel time computed from the model
vavglm/s)= average wvelocity from the surface to each depth,
computed as avg vel = dim)/tvrt(s)
sig = sigua, standard deviation normalized to the
standard deviation of hest picks
rsdlisec)= residual (ohserved - fitted travel time), in secs
dehim) = depth to hottom of layer in meters
thiz(m) = thickness of layer in meters
vimfs) = walocity of layer in meters per second
vlinfs) = lower limit of wvelocity in meters per second
(see text for explanation of welocity limits)
vuin/s) = upper limit of welocity in meters per second
dehife) = depth to hottom of layer in feet
thi(ft) = thickness of layer in feet
viftfs) = welocity of layer in feet per second
vi{fess) = lower limit of wvelocity in feet per second
vulft/s) = upper limit of velocity in feet per second
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twrtis) = wertical travel time computed from the modal
vavglm/s)= awverage velocity from the surface to each depth,
couputed as avg vel = dim)/tvet(s)
sig = zigma, standard deviation normsalized to the
standard deviation of hest picks
rsdlisec)= residual (ohserved - fitted travel time), in secs
deb () = depth to hottom of layer in meters
thk (m) = thickness of layer in meters
vin/s) = velocity of layer in meters per second
vlinfs) = lower limit of welocity in meters per second
isee text for explanation of velocity limits)
wain/s) = upper limit of welocity in meters per second
deh(ft) = depth to hottom of layer in feet
thk(ft) = thickness of layer in feet
vift/g) = velocity of layer in fest per second
vlift/s) = lower limit of welocity in feet per second
walftfs) = upper limit of welocity in feet per second
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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
indicated by the hatch marks.
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Figure A-8. Vertical component record section. Approximate P-wave arrivals are
indicated by the dots.

23



Time (sec)
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

o

Depth (meters)
B =
o o ol

N
o

N
(631

w
o

Cerritos College
Physical Science Building

Figure A-9. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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AELE A-3. B-wave arrival times and welocity summaries.

Location: Physical felences Building: 5 Coordinates:  33.88583 -118.09700 |Hole Code: 237
hoeffset = 2.00  travel-time file: F:\CPEYCPRS.TT

nlayers = 3
dim) dift) tslis) twrt(s) wvavgin/s) sig rsdlisec) debim) thkim) wim/s) vlim/s) vain/s) debift) thkife) wife/s) vlifc/s) waifc/s)
Z.5 8.2 0.0178 0.0138 185 1 0.0008 Z.5 Z.5 185 1381 189 8.2 8.2 607 594 620
5.0 16.4 0.0280 0,050 z00 1 -0.0009 15.0 12.5 Zle Zlg ZED 49.% 41.0 T1E 710 TEl
7.8 Z4.6 0.0380 0.0364 Z06 1 0.0003 z9.0 14.0 Z83 z51 Z88 5.1 45.9 830 8z3 836
10.d 32.8 0.0487 0.0479 £09 1 -0.000&
1E.E 41.0 0.0803 0.0594 £10 1 D.000E
15.0 43,2 0.0711 0.0708 zlz 1 =0.0004
17.5 £7.4 0.0817 0.0807 217 1 0.0004
£0.0 gE.6 0.081& 0.090g zzl 1 0.000L Explanation:
2e.8 73.8 0.101z 0.l008 224 1 0.0003 dim) = depth in meters
28.0 g82.0 0.1102 0.1104 22h L -0.0005 dift) = depth in feet
27.5 0.2 0.12058 0.1203 229 1 -0.0001 tslis) = ohserved arrival time in seconds (from source
23.0 951 0.1267 0.1262 230 1 0.oo00z to receiver, along a slsmt path). For the arrival

times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.
tvrt(s) = wertical trawvel time computed from the model
vavgiu/s)= average wvelocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)
sig = sigma, standard deviation normalized to the
standard deviation of hest picks
rsdl{sec)= residual (ohserved - fitted travel time), in secs

dthim) = depth to hottom of layer in meters
thi {m) = thickness of layer in meters
wimfs) = wvelocity of layer in meters per second

vlin/s) lower limit of velocity in metars per second
tgee text for explanation of velocity limits)

vuin/s) = upper limit of welocity in meters per second

deh(ft) = depth to hottom of layer in feet

thiz{fe) = thickness of layer in feet

vife/s) = welocity of layer in feet per second
vlift/s) = lower limit of welocity in feet per second

vuift/s) = upper limit of velocity in feet per second
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AELE A-4. P-wvave arrival times and welocity summaries.

Location: Physical Sciences Building: P Coordinates:
hoeffset = 2.00  travel-time file: F:\CPEYCPRP.TT

dim) dift) tslis) twrt(s) wvavgin/s) sig rsdlisec)
z.8 8.2 0.0034 0.0071 353 1 0.000%
£.0  l6.4 0.0114 0.0119 420 1 -0.0014
7.5 Z4.6 0.0194 0.0168 448 1 0.o00zl

0.0 328 0.0214 00,0216 463 1 -0.0006

12,5 41.0 10,0284 0.0264 473 L -0.0014

18,0 43,2 0.0310 0.0313 480 1 =0.0008

17.8  57.4 0.0346 0.0334 524 1 0.00l0

Z20,0 656 0.0366 0,.0358 5e3 10,0009

zz.5 73.8 0.0380 0.0377 £37 1 o.o00z

28,0 82,0 0.0400 0,0378 628 10,0000

7.5 80,2 0.041f 0.0419 =111 1 -0.0004

3.0 35.1 0.0430 0.043Z 671 1 -0.0003

33.88583 -118.03700 Hole Code: 237

nlayers = 3

debim) thkim) wim/s) vlim/s) vain/s) debift) thkife) wife/s) vlifc/s) waifc/s)
Z.5 Z.5 353 3zz 390 8.2 8.2 1158 1087 1280
15.0 12.5 ELY 495 540 49.% 41.0 1635 l6Eg 1771
z9.0 14.0 1172 1076 1287 5.1 45.9 3845 3530 4223

Explanation:
din) =
dife) =
tslis) =

tvre(s) =
vavg(w/s) =

sig =

rsdlizec)=
dth (m) %
thiz{m) -
vin/s)

vlin/s)

Tuinfs) =
dehift) =
thi(fe) =
viftfs) =
vlift/s) =
wuifess) =

depth in meters

depth in feet

ohserved arrival time in seconds (from source

to receiver, along a slant path). For the arrival
times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.
vertical travel time computed from the model
average welocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)

sigma, standard deviation normalized to the
standard deviation of hest picks

residual (chserved - fitted travel time), in secs
depth to bottom of laysr in meters

thickness of layer in meters

velocity of layer in meters per second

lowar limit of wvelocity in meters per second

tgee text for explanation of velocity limits)
upper limit of welocity in meters per second
depth to hotton of layer in feet

thickness of layer in feet

welocity of layer in feet per second

lower limit of wvelocity in feet per second

upper limit of velocity in feet per second
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Figure A-12. Horizontal component record section (from impacts in opposite directions)

superimposed for identification of S-wave onset.
indicated by the hatch marks.
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Figure A-13. Vertical component record section. Approximate P-wave arrivals are
indicated by the dots.
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Figure A-14. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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ABLE A-5. 5-wave arrival times and wvelocity summaries.

Location: Cerritos Police Building: 3 Coordinates:  33.88Z12 -118.09680 Hole Code: 283
hoffsat = 4.00  travel-time file: F:)\CPENCPBS.TT

nlayers = 7
dim) dift) tslis) twrt(s) wvavgin/s) sig rsdlisec) deb(m) thlin) winfs) vlim/s) wuin/s) deh (ft) thk(ft) wift/s) wvlift/s) walft/s)
Ei:E .2 0.0204 0.0l09 2z3 1 -D.0002 3.0 3.0 zz3 224 z38 3.8 3.5 T8 738 770
.0 le.4 0.0294 0.0Z29 Z18 1 0.000l 9.0 6.0 z04 20l 207 23.5 19.7% 663 653 620
7.5 Z4.6 0.0404 0.03LE £13 1 0.0006 £3.0 14.0 zE3 256 Z6Z 75,8 45.3 243 g4l g58
10,0 3E.8 0.0496 0.0464 El6 1 -0.0003 3E.0 3.0 Z9E z30 £33 105.0 £9.8 J66 LT 98z
1z, 4l1.0 0.0890 0.08A0 2i3 1 0.oo00z 46.0  14.0 345 345 352 180.9 45.9 1143 1131 1156
15.0 43, 0.0876 0.0657 ZE8 1 -0.0004 78.0  3E.0 418 416 420 EEE. 3 105.0 137% 1368 1380
17.6 E7.4 0.0770 0.0753 E3E 1 -0.0003 g9.8 1l.8 480 447 459 £94.6 38.7 1477 1450 1505
0.0  RE.6 0.0864 0.0850 E3E 1 =-0.0003
ZE.E 3.8 0.0980 0.0944 238 1 -0.0001
5.0 8.0 0.1080 0.1033 24z 10,0003
7.5  30.z 0.1140 0.111% 246 1 o.o0lo
30.0  98.4 0.1208 0.l203 249 1 -0.0006 Euplanation:
32.5 106.6 0,129 0.128% 2E3 1 0.0001 dim) = depth in meters
35.0 114.8 0.1356 0.1357 258 1 -0.00l0 dife) = depth in feet
37.5 1230 0.1446 0.1429 262 1 0.0009 tslis) = ohserved arrival time in seconds (from source
40.0 13l.2 0.1509 0.1501 Z87 1 0.000l to receiver, along a slant path). For the arriwval
4z.5 139.4 0.1584 0.1572 270 1 0.0004 times used in the S-wave model, the times are the
450 147.6 0.1644 0.1644 274 1 =0.0007 average of picks from traces ohtained from hammer
47.5 1585.8 0.1718 0.1709 278 1 0.0003 blows differing in direction hy 180 degrees.
0.0 164.0 0.1970 0.1769 z83 1 -0.0004 tvrti{s) = wertical travel time computed from the model
§z,5 17z.Z 0.1838 0.1823 287 10,0002 vavgim/s)= average welocity from the surface to each depth,
E5.0 1&0.4 0.1896 0.1888 291 1 0.0003 couputed as avg_vel = dim)/tvrt(s)
E7.6 189.6 0.1960 0,1948 Z98 10,0007 zig = zigua, standard deviation normalized to the
60.0 136.9 0.Z008 0.Z008 293 1 -0.0004 standard deviation of hest picks
62,5 E05.1 0.2070 0.206% 30z 1 =0.0002 rzdlisec)= residual (ohserved - fitted travel time), in secs
gE.0 Z13.3 0.21Z0 0.ZlzB 306 1 =0.0011 dth () = depth to hottom of layer in meters
67.5 2ZL.5 0.2190 ©0.z21a7 309 1 =0.0001 thik (m) = thickness of layer in meters
70,0 £29.7 0.ZER4 0.2247 31l 10,0004 vin's) = welocity of layer in meters per second
7.5 E37.9 0.2316 02307 314 L 0.0006 vlin/s) = lower limit of welocity in meters per second
7E.0 Z4A.1 0.2368 0.2367 317 1 -0.0002 (see text for explanation of velocity limits)
7.5 Zh4.3  0.2428  0.2427 319 1 =0.0001 vuim/s) = upper limit of velocity in meters per second
80.0 £6Z.5 0.2484 0.2483 32z 1 -0.0002 dehift) = depth to hottom of layer in feet
B2.5 270.7 D0.2545 0.2539 325 1 0.o0007 thl(ft) = thickness of layer in feet
8.0 Z78.9 D.ZE96 0.Z5M4 38 1 0.0000 vift/s) = welocity of layer in feet per second
87.5 287.1 0.2645 0.Z650 330 1 -0.0004 vlift/s) = lower limit of velocity in feet per second
83,8 Z9%4.6 0.2704 0.Z701 a3z 10,0001 vulftfs) = upper limit of welocity in feet per second
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ABLE A-6. P-wave arrival times and wvelocity summaries.

Location: Cerritos Police Building: P Coordinates:  33.88Z12 -118.09680 Hole Code: 283
hoffsat = 4.00  travel-time file: F:)\CPENCPBP.TT

nlayers = 3
dim) dift) tslis) twrt(s) wvavgin/s) sig rsdlisec) deb(m) thk(m) winfs) wlim/s) wvainm/s) deh (ft) thk(ft) wvift/s) vlift/s) wvalft/s)
Ei:E 8.2 0.0144 0.0070 383 1 0.0013 3.0 3.0 353 358 364 238 23.8 1173 1164 1133
.0 le.4 0.0180 0.0129 353 1 0.0002 12.5 3.5 724 625 79z 41.0 11.5 2410 2z47 2598
7.5 Z4.6 0.0E31 0.0Z0%9 353 1 -0.0006 g89.8 77.3 1733 1723 1749 £94.6 Z53.6 708 5671 Eras
10,0 32.8 0.0279 0.0Z64 378 1 -0.0004
12.5 41.0 0.0309 0.0298 419 1 =0.0002
15,0 43,2 0.0321 0.0313 480 10,0000
17,5 57.4 0.0330 00,0327 538 1 -0.0002
0.0 65.6 0.0339 0.034Z 586 1 =0.0006 Explanation:
22.5 73.8 0.0380 0.0356 632 1 0.000l dim) = depth in meters
25,0 82,0 0.0381 0.0370 675 10,0008 dift) = depth in feet
2 7.8 0.2 0.0336 0.03&5 7158 1 0.0009 tslis) = ohserved arrival time in seconds (from source
a0.0 92.4 0.0398 0.0399 752 1 -0.0002 to receiver, along a slant path). For the arrival
325 106 6 0.0414 0.0413 786 1 -0.0001 times used in the S-wave model, the times are the
35.0 114.8 0.0429 0.04Z28 a18 1 0.0000 average of picks from traces obhtained from haumer
an. 85 123,00 0.0450  0.044Z2 948 1 0.0006 hlows differing in directien hy 180 degrees.
40.0 131.Z2 0.0459 0.0457 876 1 0.o000l tvrt(s) = wvertical travel time computed from the model
42,5 139.4 0.0474 0.0471 303 1 0.o00z vavgim/s)= average welocity from the surface to each depth,
450 147.6 0.0486 0.0485 927 1 0.0000 computed as avg wel = diun)/ tvrt(s)
47.5 155.8 0.0801 0.0500 351 1 0.oo000 sig = sigma, standard deviation normalized to the
£0.0 164.0 0.0510 0.0514 k] 1 -0.0008 standard deviation of hest picks
§z,5 17z.Z 0.082% 0.08Z8 394 1 =0.0004 redl{sec)= residual (ohserved - fitted travel time), in secs
E5.0 180.4 0.05846 0.0543 1013 1 0.0002 dth{m) = depth to hottom of layer in meters
7.5 188.6 0.0881 0.0EE7 1032 1 0.0003 thi () = thickness of layer in meters
60.0 196.9 0.0570 0.0872 1080 1 -0.0002 wimfs) = velocity of layer in meters per second
62,5 2081 0.0888 0.0%86 1087 1 =0.0002 vlinfs) = lower limit of wveloocity in meters per second
6.0 Z13.3 0.0800 0.0800 1083 1 =0.0001 {see text for explanation of velocity limits)
67.5 fzl.5E 0.0615 O0.06L% 1098 1 0.o0000 vulnfs) = upper limit of wvelocity in meters per second
70,0 223.7 0.0624 0,06239 1113 1 -0.0008 dehift) = depth to hottom of layer in feet
TE.5 E237.9 0.0639 0.06043 1127 1 -0.0005 thk(ft) = thickness of layer in feet
7E.0 Z4A6.1 0.0654 0.0658 1140 1 -0.0004 wiftfs) = welocity of layer in feet per second
7.5 Zh4.3 0.067F  0.067Z 1153 1 0.000Z vlift/s) = lower limit of velocity in feet per second
80.0 Z6Z.5 0.0690 0.0687 1165 1 0.0003 vulft/s) = upper limit of welocity in feet per second
gz.&5 Z70.7 0.0705 0.0701 1177 L 0.0004
5.0 Z78.9 0.0714 0.0718 1188 1 =0.0002
87.5 287.1 0.0735 0.0730 1193 1 0.0008
83.8 294.6 0.0744 0.0743 1209 1 0.0001
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Figure A-16. Site location map for the borehole at Corps of Engineers Station.
accelerograph is located approximately 45 meters from the borehole.
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Figure A-17. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset.

Approximate S-wave time picks are
indicated by the hatch marks.
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Figure A-18. Vertical component record section. Approximate P-wave arrivals are
indicated by the dots.
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Figure A-19. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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AELE A-7. B-wave arrival times and velocity summaries

Location: Corps of Engineers Station: 5 Coordinates:
hoffset = Z.00 travel-time file: F:\NARANARS.TT

dim) dift) tslis) twrt(s) wvavgin/s) sig rsdlisec)
z.0 6.6 0.01z3 0.0083 241 1 0.0006
4.0 13.1 0.01Bl1 0.0le6 24) 1 -0.0004
6.0 19.7 0.0&70 0.0249 z41 1 0.o008
a.0 26.% 0.0343 0.0343 £33 1 -0.0010

10.0 2.8 0.0433  0.0438 Zz8 g -D.00lE

1z2.0 39.4 0.0539 0.083Z ZZ6 1 0.0000

14.0 45.9 0.0588 0.0534 240 1 -0.000Z

lg.0 Ez.5 0.0647 0.0837 28l 1 0.0006

1a.0 §3.1 0.0698 0.0889 26l 1 0.0005

20.0 65.6 0.0749 0.0742 270 10,0004

2z.0 72.2 0.0738 0.0794 277 1 -0.0009

34.03219
nlayers

deb (m)

6.0
12.0
Zz.0

=118

ehk(n) win/s) vlim/s) wain/s)

6.0
6.0
10.0

.D5Z25

3

241
zlz
38l

Explanation:
din) =
dife) =
tslis) =

tvre(s) =
vavg(w/s) =

sig =

rsdlizec)=
dth (m) %
thiz{m) -
vin/s)

vlin/s)

Tuinfs) =
dthift)
thiife)
viftss)
vlift/s)
wuifess) =

n

Hole Code: 293

deb (ft) thhl(ft) w(ft/s) vlift/s) wvulfe/s)

237 Z46 19.7 19.7 79z 778 a08
207 z17 9.4 18.7 695 678 714
370 394 7.2 3Z.8 1252 1214 1292

depth in meters

depth in feet

ohserved arrival time in seconds (from source

to receiver, along a slant path). For the arrival
times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.
vertical travel time computed from the model
average welocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)

sigma, standard deviation normalized to the
standard deviation of hest picks

residual (chserved - fitted travel time), in secs
depth to bottom of laysr in meters

thickness of layer in meters

velocity of layer in meters per second

lowar limit of wvelocity in meters per second

tgee text for explanation of velocity limits)
upper limit of welocity in meters per second
depth to hotton of layer in feet

thickness of layer in feet

welocity of layer in feet per second

lower limit of wvelocity in feet per second

upper limit of velocity in feet per second
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AELE A-8. P-wave arrival times and welocity summaries.

Location: Corps of Engineers Station: P Coordinates:
hoffset = Z.00 travel-time file: F:\NAR\NARP.TT

(m)  dife) tslis) twvrtis) wvavgim/s) sig rsdlisec)
z.0 6.6 0.0091 0.0055 362 ¢ n0.o0lz
4.0 13.1 0.0116 0.0110 36E 1 -0.0007
6.0 19.7 0.0182 0.0166 362 3 0.o008
a.0 Z6.& 0,019 0.0191 413 3 0.000%
0.0 2.8 D0.0Z2E8  0.0Eils 463 1 0.0009
z.0 39.4 0.0Z42 0.0Z41 433 1 =0.0001
4.0 45.9 0.0254 0.0255 £43 1 -0.0004
5.0 Ez.E 0.0éee  0.0DEg3 E94 3 -0.0008
a.0 §3.1 0.0278 0.0284 635 2 -0.0007
0.0 65.6 0.0294 0.0298 672 1 -0.0004
Z.0 7¢.2 0.0318 0.0312 705 10,0008

34.03213 -118.0582258 Hole Code: 233

nlayers = 3

debim) thkim) wim/s) vlim/s) vain/s) debift) thkife) wife/s) vlifc/s) waifc/s)
6.0 6.0 36Z 343 376 19.7 19.7 1188 1146 1233
1z.0 6.0 798 TE4 g3 39.4 13.7 Z61% 2378 E91E
2z.0 10.0 1408 1294 1545 7z.Z 3z.8 4622 4746 5070

Explanation:
din) =
dife) =
tslis) =

tvre(s) =
vavg(w/s) =

sig =

rsdlizec)=
dth (m) %
thiz{m) -
vin/s)

vlin/s)

Tuinfs) =
dehift) =
thi(fe) =
viftfs) =
vlift/s) =
wuifess) =

depth in meters

depth in feet

ohserved arrival time in seconds (from source

to receiver, along a slant path). For the arrival
times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.
vertical travel time computed from the model
average welocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)

sigma, standard deviation normalized to the
standard deviation of hest picks

residual (chserved - fitted travel time), in secs
depth to bottom of laysr in meters

thickness of layer in meters

velocity of layer in meters per second

lowar limit of wvelocity in meters per second

tgee text for explanation of velocity limits)
upper limit of welocity in meters per second
depth to hotton of layer in feet

thickness of layer in feet

welocity of layer in feet per second

lower limit of wvelocity in feet per second

upper limit of velocity in feet per second



UNITED STATES WHITTIER QUADRANGLE
DEPARTMENT OF THE INTERIOR CALIFORNIA
GEOLOGICAL SURVEY 7.5 MINUTE SERIES (TOPOGRAPHIC)
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Figure A-21. Site location map for the borehole at Hoover School. The accelerograph
is located approximately 30 meters from the borehole.
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Hoover School

Figure A-22. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset.

Approximate S-wave time picks are
indicated by the hatch marks.
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Figure A-23. Vertical component record section. Approximate P-wave arrivals are
indicated by the dots.
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Time (sec)
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Figure A-24. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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AELE A-9. F-vave arrival times and welocity summaries.

Location: Hoower School: 8 Coordinates: 33.98431 -118.02830 Hole Coda: 293
hoffset = 3.00 travel-time file: F:\HOOW\HOOSZ.IT
nlayers = 2
dim) dift) tslis) twrt(s) wvavgin/s) sig rsdlisec) deb(m) thlim) wim/fs) vlim/s) wvain/s) deb (ft) thil(ft) w(ft/s) vlift/s) wvulfe/s)
Z.5 8.2 0.0087 0.00583 470 1 0.0004 7.5 T8 470 464 476 4.6 4.6 1542 1521 1563
5.0 l6.4 0,012 0.0108 470 1 -0.0002 Z5.0 17.5 790 777 804 g8z.0 £7.4 ZE33 Z543 £639
7.8 Z4.6 0.0166 0.0160 470 1 =0.0008
10.d 3.8 0.0200 0.0191 o] 1 0.000l
1E.E 41.0 0.0238 0.0DEE3 £l 1L 0.0003
15.0 49.2 0.0Z62 0.0Z5E 539 1 0.0003
17.5 7.4 0.0281 0.0Z86 6lz 1 0.000l Explanation:
£0.0 5.6 0.0323 0.0318 529 10,0002 dim) = depth in meters
2e.8 73.8 0.035F 0.0349 6dd 1 0.0003 d{ft) = depth in fest
25.0 22.0 0.0377 0.038l 143 1 -0.0007 tslis) = ohserved arrival time in seconds (from sourca

to receiver, along a slant path). For the arrival
times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.

tvrtis) = wertical trawvel time computed from the model

vavgim/s)= average welocity from the surface to each depth,
computed as avg_vel = dim)/ovrt(s)

sig = sigma, standard deviation normalized to the
standard deviation of hest picks

rsdl{sec)= residual (ohserved - fitted travel time), in secs

deh (m) = depth to botton of layer in meters

thi (m) = thickness of layer in meters

vin's) = welocity of layer in meters per second

vlimfs) = lower limit of welocity in meters per second
{sea text for explanation of welocity limits)

vuinfs) = upper limit of wvelocity in meters per second

dth(ft) = depth to hottom of layer in feet

thk(ft) = thickness of layer in feet

vift/s) = welocity of layer in feet per second

vl(ft/s) = lower limit of welocity in feet per second

vulft/s) = upper limit of welocity in feet per second
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ABLE A=10, P-wave arrival times and wvelocity summaries.

Location: Hoower School: P Coordinates:
hoffset = 3.00 travel-time file: F:\HOOC\HOOPZ.IT

dim) dift) tslis) twrt(s) wvavgin/s) sig rsdlisec)
z.8 8.2 0.0066 0.0037 680 1 0.0009
E.0 Ll6.4 0.0090 0.0074 Ge0 10,0004
7.5 Z4.6 0.0114 0.0110 680 1 =0.0008

0.0 32,8 0,013 0.0130 771 1 -0.0008

12,5 41.0 0,01583 10,0149 837 L 0.0000

18,0 43,2 0.0177 0.0163 289 1 0.0008

17.85  57.4 0.0192 0.0188 330 10,0001

Z20,0  6E.e  0.0207 0.0208 ELK] 1 -0.0003

zz.5 73.8 D0.0228 0.02Z7 330 1 -0.0001

28,0 82,0 0.0249  0,0247 1013 10,0000

33.98431 -118.02830 Hole Code: 233

nlayers = 2

debim) thkim) wim/s) vlim/s) vain/s) debift) thkife) wife/s) vlifc/s) waifc/s)
7.5 T8 630 664 597 4.6 4.6 2Z31 z2173 ZZ86
Z5.0 17.5 1283 1241 138 g8z.0 £7.4 4211 4072 4359

Explanation:

dim)
dift)
tslis)

tvrkis)

vavgim/s)=

sig

rsdlisec)=

dthm)
thi(m)
vin/s)
vlim/s)

vuin's)
dehift)
thk{ft)
vift/s)
vliftss)
ulft/s)

depth in meters

depth in feet

ohserved arrival time in seconds (from source

to receiver, along a slant path). For the arrival
times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.
vertical travel time computed from the model
average weloocity from the surface to each depth,
computed as avg_vel = dim)/ovrt(s)

sigua, standard deviation normalized to the
standard deviation of hest picks

residual (ohserved - fitted travel time), in secs
depth to hottem of layer in meters

thickness of layer in meters

velocity of layer in meters per second

lower limit of wvelocity in meters per second

{sea text for explanation of welocity limits)
upper limit of velocity in meters per second
depth to hottom of layer in feet

thickness of layer in feet

velocity of layer in feet per second

lower limit of welocity in feet per second

upper limit of weloecity in feet per second
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. Figure A-26. Site location map for the borehole at Lincoln School. The accelerograph
is located approximately 91 meters from the borehole.
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Figure A-27. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset.

Approximate S-wave time picks are
indicated by the hatch marks.
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Figure A-28. Vertical component record section. Approximate P-wave arrivals are
indicated by the dots.
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Figure A-29. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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ABLE A-11. R-wave arrival times and velocity summaries.

Location: Lincoln School: 8 Coordinates: 34.09043 -118.03300 Hole Coda: 300
hoffser = 3.00 travel-time file: F:i\LIM\LINSZ.IT
nlayers = 3
dim) dift) tslis) twrt(s) wvavgin/s) sig rsdlisec) debim) thkim) wim/s) vlim/s) vain/s) debift) thkife) wife/s) vlifc/s) walfc/s)
Z.5 8.2 0.0144 0.0098 256 1 -0.0008 3.0 3.0 Z5h 243 z64 9.8 9.8 841 818 865
5.0 l6.4 0.0197 0.0le6 302 1 0.0006 zz.0 19.0 413 408 418 TE.E 6Z.3 1354 1338 1371
7.8 Z4.6 0.0Z50 0.0ZZ6 332 1 0.o008 29.7 7.7 470 452 490 97.4 5.3 1544 1484 1609
10.d 32.8 0.0308 0.0E87 343 1 0.0006
1E.E 41.0 0.0383  0.0347 260 1 -0.0004
15.0 43,2 0.0414 0.0408 368 1 =0.000Z
17.5 £7.4 0.0468 0.04a8 374 1 -0.0007
£0.0 5.6 0.0B30 0,03 378 1 -0.0008 Explanation:
2e.8 73.8 0.0600 0.0BBB 383 1 0.0007 dim) = depth in meters
28.0 82.0 0.0648 0.0641 390 1 0.0002 dife) = depth in fest
27.5 0.2 0.0696 0.0694 396 1 -0.0002 tslis) = ohserved arrival time in seconds (from source
23.7 7.4 0.0745 0.0741 401 1 0.0000 to receiver, along a slsmt path). For the arrival

times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.
tvrt(s) = wertical trawvel time computed from the model
vavgiu/s)= average wvelocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)
sig = sigma, standard deviation normalized to the
standard deviation of hest picks
rsdl{sec)= residual (ohserved - fitted travel time), in secs

dthim) = depth to hottom of layer in meters
thi {m) = thickness of layer in meters
wimfs) = wvelocity of layer in meters per second

vlin/s) lower limit of velocity in metars per second
tgee text for explanation of velocity limits)

vuin/s) = upper limit of welocity in meters per second

deh(ft) = depth to hottom of layer in feet

thiz{fe) = thickness of layer in feet

vife/s) = welocity of layer in feet per second
vlift/s) = lower limit of welocity in feet per second

vuift/s) = upper limit of velocity in feet per second
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AELE A-1Z. P-wave arrival times and velocity summaries.

Location: Lincoln School: P Coordinates: 34.09044 -118.03306 Hole Coda: 300
heffset = 32.00 travel-time file: F:\LIN\LINF.TT
nlayers = 3
dim) dift) tslis) twrt(s) wvavgin/s) sig rsdlisec) deb(m) thlim) wim/fs) wlim/s) wvain/s) deb (ft) thl(ft) w(ft/s) vlift/s) wvulfe/s)
z.8 8.2 0.0110 0.0068 368 1 0.0004 3.0 3.0 368 358 378 9.8 9.8 1z07 1178 1241
5.0 l6.4 0.0126 10,0111 450 1 -0.0002 22.0 19.0 675 666 684 72.2 62.3 2213 Zled 2243
7.5 Z4.6 0.0162 0.0148 E06 1 0.0003 z9.7 7.7 783 Tz 787 97.4 ZE.3 Z470 £3687 zE8z
10.0 32.8 0.0130 0.0185 540 1 -0.0002
12,5 41.0 0.0226 0.02ZZ E6E 1 -0.0002
1E.0 43,2 D.0Z80 0.DEZES E78 1 =0.0004
17.5 57.4 0.0296 0.02%6 E31 1 -0.0004
£0.0 B5.6 0.0336 0.0333 500 1 -0.000L Explanation:
285 73.8 0.0378 0.0370 609 1 0.0008 dim) = depth in meters
25.0 82.0 0.041& 0.0403 62l 1 0.0006 dife) = depth in feet
27.5 0.2 0.0440 0.0436 631 10,0001 tslis) = ohserved arrival time in seconds (from source
23.7 7.4 0.0464 0.0465 638 1 -0.0003 to receiver, along a slsmt path). For the arrival

times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.
tvrt(s) = wertical trawvel time computed from the model
vavgiu/s)= average wvelocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)
sig = sigma, standard deviation normalized to the
standard deviation of hest picks
rsdl{sec)= residual (ohserved - fitted travel time), in secs

dthim) = depth to hottom of layer in meters
thi {m) = thickness of layer in meters
wimfs) = wvelocity of layer in meters per second

vlin/s) lower limit of velocity in metars per second
tgee text for explanation of velocity limits)

vuin/s) = upper limit of welocity in meters per second

deh(ft) = depth to hottom of layer in feet

thiz{fe) = thickness of layer in feet

vife/s) = welocity of layer in feet per second
vlift/s) = lower limit of welocity in feet per second

vuift/s) = upper limit of velocity in feet per second



UNITED STATES : WHITTIER QUADRANGLE
DEPARTMENT OF THE INTERIOR CALIFORNIA
GEOLOGICAL SURVEY 7.5 MINUTE SERIES (TOPOGRAPHIC)
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Figure A-31. Site location map for the borehole at Lincoln School Whittier.
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Lincoln School Whittier

Figure A-32. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset.

Approximate S-wave time picks are
indicated by the hatch marks.
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Figure A-33. Vertical component record section. Approximate P-wave arrivals are
indicated by the dots.
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Figure A-34. Time-depth graph of P-wave and S-wave picks.

Lincoln School Whittier

Oct 24, 2001
F\WLB\WLBSTIME.GR#
FAWLB\WLBS.DT

Line segments are

straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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ABLE A-13. B-wave arrival times and velocity summaries.

Location: Lincoln School - Whittier: & Coordinates:
heffset = Z.00  travel-time file: F:\WLEV\WLES.TT

dim) dift) tslis) twrt(s) wvavgin/s) sig rsdlisec)
1.0 3.3 0.0155 0.0072 139 1 -0.0006
3.0 9.8 0.018l 0.0LEL 198 1 0.0006
5.0 l6.4 0.02z5 0.0Z09 239 1 0.0003
7.0 3.0 0,073 0.0iag E63 1 0.0003
3.0 9.5 0.033% 0.03E4 £78 1L 0.0004

11.0 36.1 0.0382 0.038Z z38 1 =0.0008

13.0 42,7 0.0438 0.0433 296 1 -0.0006

15.0 43,2 0.0807 0.0437 30z 10,0007

17.0 EE.& 0.05E8 0.0RES 307 1 0.0000

18.8 60.7 0.0598 0.0598 209 1 -0.0002

33.98535 -118.04060 Hole Code: 301

nlayers = 2

debim) thkim) wim/s) vlimfs) vain/s) debift) thkife) wife/s) vlifc/s) waifc/s)
1.5 1.8 139 135 14z 4.3 4.9 455 444 466
18.5 17.0 347 344 351 60.7 5.8 1140 1130 1150

Explanation:

dim)
dift)
tslis)

tvrkis)

vavgim/s)=

sig

rsdlisec)=

dthm)
thi(m)
vin/s)
vlim/s)

vuin's)
dehift)
thk{ft)
vift/s)
vliftss)
ulft/s)

depth in meters

depth in feet

ohserved arrival time in seconds (from source

to receiver, along a slant path). For the arrival
times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.
vertical travel time computed from the model
average weloocity from the surface to each depth,
computed as avg_vel = dim)/ovrt(s)

sigua, standard deviation normalized to the
standard deviation of hest picks

residual (ohserved - fitted travel time), in secs
depth to hottem of layer in meters

thickness of layer in meters

velocity of layer in meters per second

lower limit of wvelocity in meters per second

{sea text for explanation of welocity limits)
upper limit of velocity in meters per second
depth to hottom of layer in feet

thickness of layer in feet

velocity of layer in feet per second

lower limit of welocity in feet per second

upper limit of weloecity in feet per second
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UNITED STATES WHITTIER QUADRANGLE

DEPARTMENT OF THE INTERIOR CALIFORNIA
GEOLOGICAL SURVEY 7.5 MINUTE SERIES (TOPOGRAPHIC)
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Figure A-36. Site location map for the borehole at Los Alisos Adult School.
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S-WAVE
Time (sec)

0 0.05 0.1 0.15 0.2

O....I...

Depth (m)

30

. ' Oct 24, 2001
Los Alisos Adult School FA\EXC\EXCT.DT

FAEXC\EXCT2.GRA

Figure A-37. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset.

Approximate S-wave time picks are
indicated by the hatch marks.
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P-WAVE
Time (sec)
0 0.05 0.1 0.15 0.2
O PR R TR [ SR T T SR NN SR TR SR S N S S T

Depth (m)

30 +———m——7————T—————————
Oct 24, 2001

Los Alisos Adult School FAEXC\EXCV.DT
FAEXC\EXCV1.GRA

Figure A-38. Vertical component record section. Approximate P-wave arrivals
indicated by the dots.

65

are



Time (sec)

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
0 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

Depth (meters)
o
|
-
n
I

30 T T T T T T I T T T I T T T I T T T I T T T T T T

Oct 15, 2001

Los Alisos Adult School FAEXC\EXCP.DT
FAEXC\EXCPTIME.G

Figure A-39. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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ABLE A-15. B-wave arrival times and wvelocity summaries.

Location: Los Alisos: 3 Coordinates: 33.83560 -118.08427 Hole Coda: 302
heffset = Z.00  travel-time file: F:\EMCVWEXCS.TT
nlayers = 3
dim) difty tslis) tvreis) wvavgim's) sig rsdlisec) debim) thikim) wim/s) wlim/s) wvaim/s) debife) thk{fe) wift/s) wlife/s) wuaife/s)
.5 8.2 0.01e3 0.01Z3 1594 1 -0.000Z Z.5 fasin 194 128 zan 8.z 8.2 626 6l3 656
5.0 l6.4 0.0283 0.0E3Z ELE 1 0.0003 14.0 11.5 4z z39 245 45,9 37.7 794 784 204
7.8 Z4.6 0.0345 0.0335 2z4 1 =0.0003 27.8 13,8 Z6Z z53 Zak 0.2 44.3 854 349 870
10.d 32.8 0.0449 0.0439 ZE8 1 0.000l
1E.E 41.0 0.0884 0.054Z 23l 1 0.0008
15.0 43,2 0.0648 0.064Z 234 1 0.0000
17.5 7.4 0.0743 0.0738 237 1 0.0000
£0.0 5.6 0.0830 0.08233 240 1 -0.0007 Explanation:
2e.8 73.8 0.0936 0.09z9 242 1 0.0003 dim) = depth in meters
28.0 8z2.0 0.1017 0.l0z4 244 1 -0.0010 dife) = depth in fest
27.5 0.z 0.1132 0.1119 246 10,0009 tslis) = ohserved arrival time in seconds (from source

to receiver, along a slant path). For the arrival
times used in the S-wave model, the times are the
average of picks from traces obtained from haumer
hlows differing in direction hy 180 degrees.

tvrt(s) = wertical trawvel time computed from the model

vavgiu/s)= average wvelocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)

sig = sigma, standard deviation normalized to the
standard deviation of hest picks

rsdl{sec)= residual (ohserved - fitted travel time), in secs

dthim) = depth to hottom of layer in meters
thi {m) = thickness of layer in meters
wimfs) = wvelocity of layer in meters per second

vlin/s)

lowar limit of wvelocity in meters per second
tgee text for explanation of velocity limits)
vuin/s) = upper limit of welocity in meters per second

deh(ft) = depth to hottom of layer in feet

thikift) = thickness of layer in feet

wift/s) = welocity of layer in feet per second
vlift/s) = lower limit of welocity in feet per second

vuift/s) = upper limit of velocity in feet per second
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ABLE A-16, P-wave arrival times and velocity summaries.

Location: Los Alisos: P Coordinates: 33.83560 -118.08427 Hole Coda: 30z
hoffser = 2.00 travel-time file: F:\EXCVEXCP.TT
nlayers = 4
dim) dift) tslis) tvrtis] wvavrgim's) sig rsdlisec) deb(m) thki(n) winfs) wvlin/s) wvain/s) deb (fr) thk(fe) wvi(fefs) vlife/s) wvulfe/s)
z.5 8.2 0.0093 0.0069 361 z 0.000% 2.5 2ok 361 344 380 8.2 8.2 1186 11239 1248
5.0 l6.4 0.0116 0.0118 4zz £ -0.00lL 12,5 10.0 509 491 EE7 41.0 3.8 1669 lall 1730
7.8 Z4.6 0.0182 0.0147 4438 3 0.0009 z0.0 7.8 1358 1185 1530 65.6 4.8 4456 3889 §z18
10.d 32.8 0,022 0.0:17 46f 4 0.0001 E7.5 7.8 711 g50 785 0.z 4.8 E334 £133 EETE
1E.E 41.0 0.0270 0.0Ees 470 3 D.oool
15.0 43,2 0.0Z86 0.0Z84 5z8 3 =0.0001
17.5 £7.4 0.030e 0.0303 E78 3 0.0002
£0.0 5.6 0.0320 0.03Z1 623 3 -0.0003
2e.8 73.8 0.0358 0.03G6 632 2 n.o00l Explanation:
28.0 g82.0 0.0392 0.0391 639 2 0.0000 dim) = depth in meters
27.8 0.z 0.0426 0.0426 A48 4 -0.0001 dift) = depth in fest
tslis) = phserved arrival time in seconds (from source
to receiver, along a slant path). For the arrival

times used in the 3S-wave model, the times are the
average of picks from traces ohtained from haumer
hlows differing in directien hy 180 degrees.
tvrt(s) = wertical travel time computed from the model
vavglm/s)= average wvelocity from the surface to each depth,
computed as avg vel = dim)/tvrt(s)
sig = sigua, standard deviation normalized to the
standard deviation of hest picks
rsdlisec)= residual (ohserved - fitted travel time), in secs

dehim) = depth to hottom of layer in meters
thiz(m) = thickness of layer in meters
vimfs) = walocity of layer in meters per second

vlin/s) lower limit of welocity in meters per second
(see text for explanation of welocity limits)

vuin/s) = upper limit of welocity in meters per second

dehife) = depth to hottom of layer in feet
thi(ft) = thickness of layer in feet
viftfs) = welocity of layer in feet per second

vi{fess) = lower limit of wvelocity in feet per second
vulft/s) = upper limit of velocity in feet per second



UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

BALDWIN PARK QUADRANGLE
CALIFORNIA—-LOS ANGELES CO.
7.5 MINUTE SERIES (TOPOGRAPHIC)
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Figure A-41. Site location map for the borehole at Olive Junior High School. The

accelerograph is located approximately 46 meters from the borehole.
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S-WAVE
Time (sec)

0] 0.05 0.1
O....I....

0.15 0.2

Depth (m)

18

T T T T T T T T T T T T T T T T Oct 24‘ 2001

. . . G:\OLV\OLVT.DT
Olive Junior High School G\OLV\OLVT.GRA

Figure A-42. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset.

Approximate S-wave time picks are
indicated by the hatch marks.
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P-WAVE
Time (sec)
0 0.05 0.1 0.15 0.2
0 M SR | PR 1

Depth (m)

R e L

Oct 24, 2001
G\OLV\WVERT.DT
G:\OLV\OLVV.GRA

Olive Junior High School

Figure A-43. Vertical component record section. Approximate P-wave arrivals are
indicated by the dots.
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Time (sec)
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Figure A-44. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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ABLE A-17. f-wave arrival times and velocity summaries.

Location: Olive Jr. High &School: 2 Coordinates:  34.10073 =-117.37408 Hole Code: 303
heffset = 3.00 travel-time file: G:\OLWWOLVE.TT
nlayers = 3
dim) difty tslis) tvrtis] wvavgim's) sig rsdlisec) deb(m) thkin) winfs) wvlin/s) wvain/s) deb (fr) thk(fe) wvi(fefs) vlife/s) wvulfe/s)
1.0 3.3 0.014% 0.0048 £03 z =0.0009 1.5 L z09 Z00 z13 4.3 4.3 685 655 718
3.0 9.8 0.0l 0.0L00 £33 1 0.0007 11.0 3.8 BZY Elz 543 36.1 3l.2 1728 1679 1781
5.0 lA.4 0.0188 0.0138 262 1 0.o00l 16.8 £E.3 G35 £37 63l EE.1 19.0 2087 1987 223E
7.0 E3.0 0.0196 0.0176 337 1 0.0006
4.0 E9.5 D0.02E6 0.0Zl4 4z0 1 0.000L
11.0 3.1 0.0ZE3 0.028Z 436 1 -0.0008
13.0 4.7 0.0231 0.0283 453 1 0.000l
15,0 43,2 0.03z20 0.031% 476 10,0000 Explanation:
16.8 B5.1 0.0345 0.0343 439 1 0.0000 dim) = depth in meters
dffe) = depth in feet
telis) = ohserved arrival time in seconds (from source
to receiver, along a slant path). For the arrival

times used in the S-wave model, the times are the
average of picks from traces obtained from haumer
hlows differing in direction hy 180 degrees.
tvrt(s) = wertical trawvel time computed from the model
vavgiu/s)= average wvelocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)
sig = sigma, standard deviation normalized to the
standard deviation of hest picks
rsdl{sec)= residual (ohserved - fitted travel time), in secs

dthim) = depth to hottom of layer in meters

thi {m) = thickness of layer in meters

wimfs) = wvelocity of layer in meters per second
vlimfs) = lower limit of velocity in meters per second

tgee text for explanation of velocity limits)
vuin/s) = upper limit of welocity in meters per second

deh(ft) = depth to hottom of layer in feet

thikift) = thickness of layer in feet

wift/s) = welocity of layer in feet per second
vlift/s) = lower limit of welocity in feet per second

vuift/s) = upper limit of velocity in feet per second
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ABLE A-18. P-wave arrival times and velocity summaries.

Location: Olive Jr. High &School: P Coordinates:  34.10073 =-117.37408 Hole Code: 303
hoffset = 2.00  travel-time file: G:iVOLWYOLVP.TT
nlayers = 3
dim) dift) tslis) tvrtis) wvavgim's) sig rsdl{sec) dehin) thikim) wim/s) wvlim/s) wvaim/s) deb(fe) thk{fe) wiftls) wlife/s) wuaift/s)
1.0 3.3 0.0101 0.0032 309 1 =0.0001 1.8 1.5 308 a0z ile 4.9 4.9 1013 930 1038
3.0 9.8 0.0091 0.0068 444 10,0002 11.0 2.5 786 Mz aoo 6.1 2.z 2879 2534 2625
§.0 16.4 0.0106 0.0093 £37 1 0.0000 16.8 5.8 283 937 103z EE.1 19.0 3223 3078 3386
7.0 Z3.0 0.0130 0.0L13 59l 10,0002
.0 Z3,5 0,0150 0,0144 625 1 -0.0001
11.0 36.1 0.0174 0.0163 649 1 =0.0001
13.0 42,7 0.0192 0.0190 685 1 -0.0002
B0 43.2 0,012 0.0210 714 10,0004 Explanation:
16.8 551 0.0230 0.02z8 736 1 -0.0002 dim) = depth in meters
dffe) = depth in feet
telis) = ohserved arrival time in seconds (from source
to receiver, along a slant path). For the arrival

times used in the S-wave model, the times are the
average of picks from traces obtained from haumer
hlows differing in direction hy 180 degrees.
tvrt(s) = wertical trawvel time computed from the model
vavgiu/s)= average wvelocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)
sig = sigma, standard deviation normalized to the
standard deviation of hest picks
rsdl{sec)= residual (ohserved - fitted travel time), in secs

dthim) = depth to hottom of layer in meters

thi {m) = thickness of layer in meters

wimfs) = wvelocity of layer in meters per second
vlimfs) = lower limit of velocity in meters per second

tgee text for explanation of velocity limits)
vuin/s) = upper limit of welocity in meters per second

deh(ft) = depth to hottom of layer in feet

thikift) = thickness of layer in feet

wift/s) = welocity of layer in feet per second
vlift/s) = lower limit of welocity in feet per second

vuift/s) = upper limit of velocity in feet per second
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Figure A-46. Site location map for the borehole at San Bernardino Main Fire Station.
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Figure A-47. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset. Approximate S-wave time picks are
indicated by the hatch marks.
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Figure A-48. Vertical component record section. Approximate P-wave arrivals are
indicated by the dots.
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Figure A-49. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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ABLE A-19. S-wave arrival times and velocity summaries.

Location: Jan Bernardino Fire Station: &8 Coordinates: 3410534 -117.28201 |Hole Code: 305
hoffsat = 4.00  travel-time file: F:)\3BIYSBIS.TT

nlayers = ]
dim) dift) tslis) twrt(s) wvavgin/s) sig rsdlisec) deb(m) thk(nm) winfs) wlim/s) wvainm/s) deh (ft) thk(ft) wvift/s) vlift/s) wvalft/s)
Ei:E 8.2 0.0140 0.0034 237 1 =0.0019 3.7 3.7 237 254 3lz Lgud L2 L k] 33z 1024
.0 le.4 0.0230 0.0le2 298 1 0.001% l6.2 12,5 293 293 306 £3.1 41.0 98z 962 1004
7.5 Z4.6 0.0304 0.0DZLE £98 1 0.0019 41.2 Z5.0 365 3e0 370 135.2 g8z2.0 1137 1182 1213
10,0 32.8 0,035 0,033 z98 1 -0.0008 3.5 18.3 408 401 416 195.2 60.0 1339 1314 13658
12.5 41.0 0.0428 0.0419 z98 1 =0.0011 78.0 18.8 460 450 472 ZE85.9 60.7 1511 1478 1543
15.0 43,2 0.0436 10,0803 293 1 -0.00E4 0.0 li.0 556 Ez0 597 £95.3 39.4 1824 1706 1960
17,5  57.4 0.0800 10,0878 203 10,0008
0.0 65.6 0.0870 0.0647 309 1 0.0011
2.5 73.8 0.0v40 0.0718 3ls 1 0.0016
5.0 8.0 0.0790 0.0784 319 1 -0.0003
27.5 0.z 0.0852 0.0852 323 Z -0.0009 Explanation:
a0.0 92.4 0.,09320 0.0921 ze 1 0.000& dim) = depth in meters
3.5 106.6 0.0990 0.0989 329 1 -0.0006 dift) = depth in fest
a5.0 114.8 0.1070 0.1058 331 1 0.0006 tslis) = ohserved arrival time in seconds (from source
an. gk 130 001132 0.llz26 333 1 0.0000 to receiver, along a slant path). For the arrival
40.0 13l.2 0.1132 0.1135 335 1 =0.0008 times used in the 3S-wave model, the times are the
4z.5 139.4 0.1270 0.1259 337 1 0.000& average of picks from traces ohtained from haumer
450 147.6 0.1328 0.13z1 341 1 0.0003 hlows differing in directien hy 180 degrees.
47.5 155.8 0.1384 0.138% G344 1 -0.0002 tvrt(s) = wertical travel time computed from the model
0.0 164.0 0.1419 0.1443 346 z -D.o0zg vavglm/s)= average wvelocity from the surface to each depth,
§z,5 17z.Z 0.1800 0.1808 344 Z =0.0008 couputed as avg vel = diu)/tvrtis)
E5.0 180.4 0.1584 0.1566 351 1 0.0018 sig = sigua, standard deviation normalized to the
E7.6 189.6 0.163% 0.1627 353 10,0002 standard deviation of hest picks
60.0 196.9 0.1676 0.1687 356 1 -0.0014 rsdlisec)= residual (ohserved - fitted travel time), in secs
62,5 Z05.1 0.1740 0.1741 3549 1 =0.0004 dehim) = depth to hottom of layer in meters
650 Z13.3 0.1810 ©0.1798 362 1 0.001z thiz(m) = thickness of layer in meters
67.5 221.5 0.18564 0.1850 368 1 0.00l2 vimfs) = walocity of layer in meters per second
70,0 223,97 0.1904 0,1904 368 1 -0.0002 vliwfs) = lower limit of velocity in meters per second
7.5 E37.9 0.1956 0.1353 37 1 -0.0005 (see text for explanation of welocity limits)
7E.0 Z4A6.1 0.2004 0.2013 a3 1 -0.0011 vuin/s) = upper limit of welocity in meters per second
77.5 E54.3 0.Z084 0.Z067 375 1 0.0018 dthife) = depth to hottom of layer in feet
80.0 £6Z.5 0.Z110 D0.Zl114 378 1 -0.0006 thi(ft) = thickness of layer in feet
gz.5 Z70.7 0.2154 0.Z159 gz 1 -0.0007 viftfs) = welocity of layer in feet per second
85,0 Z78.9 D.ZEZ0E 0.ZZ04 386 & D.0003 vi(ic/s) = lower limit of wvelocity in feet per second
87.5 287.1 0.225% 0.2:249 389 1 0.oo00z vulft/s) = upper limit of velocity in feet per second
90,0 295.3 0.2306 0.2294 39z 3 0.0011
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ABLE A-20. P-wave arrival times and velocity summaries.

Location: Jan Bernardino Fire Station: P Coordinates: 3410534 -117.28201 |Hole Code: 305
hoffsat = 4.00  travel-time file: F:)8BIYSBIP.TT

nlayers = 4
dim) dift) tslis) tvrtis) vavgim/s) sig rsdlisec) debhin) thkim) wvimfs) wlimfs) wvaim/s) deb(ft) thkift) wiftss) wlift/s) wvualft/s)
£.5 8.2 0.0091 0.0058 430 1 -0.0019 8.5 8.5 430 421 441 27.9 27.9 1412 1381 1445
.0 le.4 0.0lef 0.01lle 420 1 0.001le 16.2 i i) 936 876 1006 £3.1 25.3 3072 -] 3301
7.5 Z4.6 0.0Z01 0.0174 430 1 0.0003 0.0 £3.8 1647 1614 1680 £28.7 176.5 402 5Z35 EE13
10,0 32.8 0.0231 0.02l4 468 10,0002 .0 zZ0.0 z094 1870 z3ne 295.3 65.6 6870 6136 7803
12.5  41.0 0.0240 0.0240 520 1 =0.0010
15,0 43,2 0.0255 0,0267 56E 1 -0.0020
17,5 57.4 0.028F 0.0Z88 608 1 -0.0008
0.0 65.6 0.0309 0.0303 660 1 0.0002
Z¢.E 3.8 0.0336 0.0318 707 1 0.00ls Explanation:
25,0 82,0 D0.0345 10,0333 780 10,0009 dim) = depth in meters
7.5 30.2 0.0354 0.0343 789 1 0.0003 dift) = depth in feet
30,0 8.4 0.0386 0.03584 a28 1 0.0000 tslis) = ohserved arrival time in seconds (from sourca
3z.5 106.6 0.0381 0.0379 854 1 0.0000 to receiver, along a slant path). For the arrival
35.0 114.8 0.0405 0.03%4 a88 1 0.0009 times used in the S-wave model, the times are the
37.5 123.0 0.0414 0.0409 M 1 0.0004 average of picks from traces obtained from hauner
40.0 131.2 0.0435 0.0424 342 3 0.0009 hlows differing in direction hy 180 degrees.
42,5 139.4 0.0444 0.0440 967 1 0.0003 tvrtis) = wertical trawvel time computed from the model
450 147.6 0.0456 0.045% 929 1 0.0000 vavgim/s)= average welocity from the surface to each depth,
47.5 155.8 0.0465 0.0470 1011 3 -0.0006 computed as avg_vel = dim)/tvrt(s)
0.0 164.0 0.0485F 0.0485 1031 4 -0.0001 sig = sigma, standard deviation normalized to the
£z.5 17z, 0.0505 0.0800 1043 30,0003 standard deviation of hest picks
E5.0 1e0.4 0.0510 O0.0El6 1087 1 =0.0006 rsdl{sec)= residual (ohserved - fitted travel time), in secs
7.5 leg.6e 0.082F 0.083l 1083 Z =0.0008 deh (m) = depth to botton of layer in meters
60.0 196.9 0.0546 0.0546 1094 3 0.0000 thi (m) = thickness of layer in meters
62,5 E05.1 0.0888 0,086l 1114 Z  0.0003 vin's) = welocity of layer in meters per second
aE.0 Z13.3 0.087F 0.087m 1123 Z =0.0002 vlimfs) = lower limit of welocity in meters per second
7.5 2z1.5 0.0888 0.0891 1141 z -0.0004 tsee text for explanation of welocity limits)
70,0 E23.7 0.0800 0,0807 1154 g -0.0007 vainfs) = wpper linit of wvelocity in meters per second
TE.5  E237.9 0.0618 0.0619 1172 z -0.000L dth(ft) = depth to hottom of layer in feet
75.0 246.1 0.0625 0.0830 1130 z -0.0006 thki{ft) = thickness of layer in feet
7.5 Zh4.3  0.0640 0.064Z 1206 Z =0.0003 vift/s) = welocity of layer in feet per second
0.0 £6Z.5 0.0655 0.0654 1223 7 0.0000 vl(ft/s) = lower limit of welocity in feet per second
8z.5 Z70.7 0.0665 0.0666 1238 z -0.000Z vulft/s) = upper limit of welocity in feet per second
5.0 Z78.9 0.0680 0.0678 1253 Z 0.000l
87.5 287.1 0.0632 0.0690 1268 z  0.000l
90,0 295.3 0.0708 0.070Z 1282 3 0.0008
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Site location map for the borehole at Santa Anita Golf Course.
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Figure A-52. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset.

Approximate S-wave time picks are
indicated by the hatch marks.
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Figure A-53. Vertical component record section. Approximate P-wave arrivals are
indicated by the dots.
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Figure A-54. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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ABLE A-Z1. B-wave arrival times and velocity summaries.

Location: Santa Anita Golf Course: 5 Coordinates: 34.13096 -118.03070 Hole Coda: 304
heffset = 2.00  travel-time file: F:)\ZAG\BAGE_RE.TT
nlayers = 4
dim) difty tslis) tvrtis] wvavgim's) sig rsdlisec) deb(m) thkin) winfs) wvlin/s) wvain/s) deb (fr) thk(fe) wvi(fefs) vlife/s) wvulfe/s)
.5 8.2 0.0140 0.0088 284 1 0.000& 7.5 Fin 84 273 zgs 4.0 4.6 931 A 246
5.0 l6.4 0.0217 0.0176 284 1 D.00lE 17.4 5.4 343 335 38E £7.1 3E.5 1126 10393 1154
7.8 Z4.6 0.0285 0.0Z64 234 1 0.o000 z25.0 7.8 439 4z0 460 8z.0 4.9 1441 1377 1510
10.d 32.8 0.0343 0.0337 237 1 -0.0009 £3.6 4.6 5E3 L] 613 7.1 15.1 1214 ladd E031
1E.E 41.0 0.0417 0.0410 305 1 -0.0004
15.0 49,2 0.0485 0.0483 311 1 =0.0007
17.5 7.4 0.0873 0.085E 3ls 1 0.00l0
£0.0 5.6 0.06l8 0.06lZ 3z7 1 -0.000L
2e.8 73.8 0.0676 0.0663 336 1 0.000l Explanation:
28.0 82.0 0.0730 0.072Z6 344 1 -0.0001 dim) = depth in meters
27.8 80.2 0.0978 0.0771 357 1 0.0000 dife) = depth in fest
29.6 37.1 0.0813 0.0809 366 1 0.0000 tslis) = phserved arrival time in seconds (from source
to receiver, along a slant path). For the arrival

times used in the 3S-wave model, the times are the
average of picks from traces ohtained from haumer
hlows differing in directien hy 180 degrees.
tvrt(s) = wertical travel time computed from the model
vavglm/s)= average wvelocity from the surface to each depth,
computed as avg vel = dim)/tvrt(s)
sig = sigua, standard deviation normalized to the
standard deviation of hest picks
rsdlisec)= residual (ohserved - fitted travel time), in secs

dehim) = depth to hottom of layer in meters

thiz(m) = thickness of layer in meters

vimfs) = walocity of layer in meters per second

vlinfs) = lower limit of wvelocity in meters per second
(see text for explanation of welocity limits)

vuin/s) = upper limit of welocity in meters per second

dehife) = depth to hottom of layer in feet

thi(ft) = thickness of layer in feet

viftfs) = welocity of layer in feet per second

vi{fess) = lower limit of wvelocity in feet per second
vulft/s) = upper limit of velocity in feet per second
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ABLE AZZ, P-wave arrival times and welocity summaries.

Location: Santa Anita Golf Course: P Coordinates: 34.13096 -118.030758 Hole Coda: 304
hoffser = 3.00 travel-time file: F:\SAG\SAGP.TT
nlayers = 4
dim) dift) tslis) tvrtis] wvavgim's) sig rsdlisec) deb(m) thk(n) winfs) wlin/s) wvain/s) deb (fr) thk(fe) wvi(fefs) vlife/s) wvulfe/s)
z.5 8.2 0.0086 0.006L1 411 1 =-0.0009 7.5 b 411 401 4zl 4.6 Zd. 8 1348 1317 1381
5.0 l6.4 0.0186 0.01EZ 411 1 0.0014 17.4 5.4 609 L84 637 £7.1 3E.5 1339 1315 z091
7.8 Z4.6 0.0196 0.0182 411 1 =0.0001 z25.0 7.8 752 696 817 8z.0 4.9 2466 Zz8s Z679
10.d 2.8 0.0225 0.0Fi4 447 1 -0.0008 £3.6 4.6 1136 k] 1453 7.1 15.1 3727 3082 4785
1E.E 41.0 0.0271  0.0EsE 47z 1 0.0000
15.0 43,2 0.031Z 0.0308 491 1 0.000l
17.5 7.4 0.0350 0.0348 505 1 -0.0001
£0.0 5.6 0.0388 0.0380 Ez7 10,0008
2e.8 73.8 0.0416 0.0413 545 1 -0.0001 Explanation:
28.0 82.0 0.0450 0.0448 Eal 1 0.0001 dim) = depth in meters
27.8 0.2 0.0486 0.04&8 £av 1 -0.0008 dift) = depth in fest
29.6 7.1 0.0492 0.0487 608 1 0.0003 tslis) = phserved arrival time in seconds (from source
to receiver, along a slant path). For the arrival

times used in the 3S-wave model, the times are the
average of picks from traces ohtained from haumer
hlows differing in directien hy 180 degrees.
tvrt(s) = wertical travel time computed from the model
vavglm/s)= average wvelocity from the surface to each depth,
computed as avg vel = dim)/tvrt(s)
sig = sigua, standard deviation normalized to the
standard deviation of hest picks
rsdlisec)= residual (ohserved - fitted travel time), in secs

dehim) = depth to hottom of layer in meters

thiz(m) = thickness of layer in meters

vimfs) = walocity of layer in meters per second

vlinfs) = lower limit of wvelocity in meters per second
(see text for explanation of welocity limits)

vuin/s) = upper limit of welocity in meters per second

dehife) = depth to hottom of layer in feet

thi(ft) = thickness of layer in feet

viftfs) = welocity of layer in feet per second

vi{fess) = lower limit of wvelocity in feet per second
vulft/s) = upper limit of velocity in feet per second
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Figure A-56. Site location map for the borehole at South Western Academy. The
accelerograph is located approximately 10 meters from the borehole.
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Figure A-57. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset.

Approximate S-wave time picks are
indicated by the hatch marks.
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Figure A-58. Vertical component record section. Approximate P-wave arrivals are
indicated by the dots.
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Figure A-59. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).
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ABLE AZ3, B-wave arrival times and welocity summaries.

Location: South Western Academy: 3 Coordinates:  34.11533 -118.13050 |Hole Code: 308
heffset = 2.00  travel-time file: F:)\SWAVRWAR_RE.TT
nlayers = 3
dim) dift)y tslis) twrt(s) wvavgin/s) sig rsdlisec) debim) thkim) wim/s) vlim/s) vain/s) debift) thkife) wife/s) vlifc/s) waifc/s)
Z.5 8.2 0.0159 0.0107 233 1 -0.0009 4.0 4.0 233 zz 238 13.1 13.1 763 746 781
5.0 l6.4 0.0238 0.0EZ0Z 247 1 0.0003 15.0 11.0 329 323 336 49.% 36.1 1080 1089 1102
7.8 Z4.6 0.0302 0.0278 Z70 1 0.0003 29.5 14. 5 5z7 E11 543 96.8 47.6 1728 1678 1781
10.d 32.8 0.0378 0.0354 E8E 1 0.0009
1E.E 41.0 0.0430 0.0430 291 3 -D.00lE
15.0 43,2 0.0508 0.0508 Z96 1 =0.0008
17.5 £7.4 0.0855 0.0853 alg i -0.0008
£0.0 5.6 0.0613 0.0s0L ek 1 0.0006 Explanation:
2e.8 73.8 0.065F 0.0648 347 1 0.000l dim) = depth in meters
28.0 82.0 0.0700 0.089% 359 1L 0.0000 dife) = depth in fest
27.5 0.z 0.0745 0.0743 amn 1 -0.0002 tslis) = ohserved arrival time in seconds (from source

to receiver, along a slant path). For the arrival
times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.

tvrt(s) = wertical trawvel time computed from the model

vavgiu/s)= average wvelocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)

sig = sigma, standard deviation normalized to the
standard deviation of hest picks

rsdl{sec)= residual (ohserved - fitted travel time), in secs

dthim) = depth to hottom of layer in meters
thi {m) = thickness of layer in meters
wimfs) = wvelocity of layer in meters per second

vlin/s) lower limit of velocity in metars per second
tgee text for explanation of velocity limits)

vuin/s) = upper limit of welocity in meters per second

deh(ft) = depth to hottom of layer in feet

thiz{fe) = thickness of layer in feet

vife/s) = welocity of layer in feet per second
vlift/s) = lower limit of welocity in feet per second

vuift/s) = upper limit of velocity in feet per second
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EBLE A-24.

Location:
= 2.00

South Western Academy:
file:

57.4
65.6
73.8
82.0
90.2
6.8

travel-tine

tslis)
0.00594
0.01E6
0.0154
0.0184
0.0236
0.0Z64
0.0304
0.0326
0.0354
0.0384
0.0414
0.0434

tvrt (s)

0.00&7
0.0107
0.0146
0.0188
0.0224
0.0263
0.0233
0.03z22
0.035L
0.038L
0.0410
0.0434

vavrgim/s)

437
467
El3
540
]
570
538
621
640
113
570
680

Ll o ol e el B TR S T o

P=wrave arrival times and wvelocity summaries.

Coordinates:
F:\BWANSWAP.TT

sig resdl(sec)

0.0008
0.0002
=0.0003
-0.0008
0.0006
=0.0004
0.0007
0.0000
-0.0001
0.0000
0.000L
-0.000z

=118, 13080

Hole Code: 30m

vin/s) wlim/=) wain/s) debift) thkife) wife/s) vlifc/s) waifc/s)
437 423 4Ll 13.1 13.1 1432 1288 1473
64l 623 660 49.2 6.1 2102 04z Z16S
249 823 876 96.8 47.6 Z785 £701 874
Explanation:
dim) = depth in meters
dffe) = depth in feet
tslis) = ohserved arrival time in seconds (from source
to receiver, along a slant path). For the arrival
times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.
tvrt(s) = wertical trawvel time computed from the model
vavgiu/s)= average wvelocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)
sig = sigma, standard deviation normalized to the
standard deviation of hest picks
rsdl{sec)= residual (ohserved - fitted travel time), in secs
dthim) = depth to hottom of layer in meters
thi {m) = thickness of layer in meters
wimfs) = wvelocity of layer in meters per second
vlinfs) = lower limit of wvelocity in meters per second
tgee text for explanation of velocity limits)
vuin/s) = upper limit of welocity in meters per second
deh(ft) = depth to hottom of layer in feet
thiz{fe) = thickness of layer in feet
vife/s) = welocity of layer in feet per second
vlift/s) = lower limit of welocity in feet per second
vuift/s) = upper limit of velocity in feet per second
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Figure A-61. Site location map for the borehole at St. Paul High School
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S-WAVE
Time (sec)
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0.15 0.2
O....I...

Depth (m)

30

St. Paul High School

Figure A-62. Horizontal component record section (from impacts in opposite directions)
superimposed for identification of S-wave onset.

Approximate S-wave time picks are
indicated by the hatch marks.
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Figure A-63. Vertical component record section. Approximate P-wave arrivals are
indicated by the dots.
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Time (sec)
0 0.02 0.04 0.06 0.08
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Depth (meters)
o
|

e e L L
St. Paul High School

Figure A-64. Time-depth graph of P-wave and S-wave picks. Line segments are
straightline interpolations of model predictions at the observation depths. The times for
zero depth, not shown, are given by hoffset divided by the velocity in the uppermost layer
(see accompanying tables of velocities for specific values).

101



"SOIJID0[OA [[}1M UOIIR[III0D I0] UMOYS St AS0[0Y)ITT "UOIJRIASD pIep

-ue)s auo Surjussaxdal saur paysep Yim so[goid AJD0[A dARM-J PUR -§ 'GY-Y on31]

NENEREENE ENENE AN NN 1 1 1 1 | i 1 1 om
] ] - Hnus Asaa il
1 ‘auly Aakejd ‘ONVS ] i i
4 i - - it - G2
1 i I ! 06Y f: i
1 ilivesl - : i -
1 i|; : . : 02
1 i i ] L O
i |5 @
1 il s : O
J e k as1e0d H i =3
K 0} WnIpaw ‘ONVS
4 il - . -Sbg
- il : / ! @
J 5 [9ABIY BWOS - LLE B
- - _mmch KiBA _cxohn_ - L. OF
J : ysiMoliak B! ‘ONVS i I
| Ggs i | K
- = aiqeu; - -G
4 L A13A ‘}30s ‘umoiq s A
1 : aled *11IS AONYS 4 )
: sweeyi | ! S/ 222 i
Trny — LI — TrrTr — TirrT — LI L L L L — L L T O
00S¢ 00S 1t 00S O 0001 00S 0
(08s/w) AjoojeA d (os/w) Ayo0joA S

looyos ybiH |ned 1S

102



puooes xad geey ur Aatoorea Jo ammiT aaddn = (s/a97)na

pucoas ad a8y ur A9700T8A Jo SIWIT J340T = (§/93)T4

pucoss 1ad gesy ur I=feT FJo A3TooTea = (579304

428 UT A24ET JO0 SSEUMDTUA = (93)HYL

a3y ur =i jo wo33oq o3 yidsp = (97)q9p

pucoss 1sd sasgem ur Aatooran Fo ammiT asddn = (s mina
[S9TMIT A3T00Tsa o uoTsewerdws 1oy jtes =8s)

puooes 1ad sisgam ur AQTo0TEA o SIMIT JBAOT =  (S/WM)T4

puopas iad siagem ur aader jo A3To0TRA = (5,/m)a

£1398M UT I3f¥T JO SSEUHOITYY = M) AL

s189am Ul iafe] Jo Woggod o3 yadsp = (W) g ap

F0BS UT Y(BWTL TRARIL PEIATI - PRAIRSHO) TENPTSED = (08S)TRSZ
syatd 953y JO UOTLETASD pavpuUeds

B 00 PRITTEWIOU UOTIETARp pavpmeds ‘embrs = EB1s
(5)33485/ (Mp = T34 Baw =¥ pasndwon

‘yadep yoes 09 20eFANS AUl WoIy AjTooTas abeasae (s m)bava

Tepom 2ys moay peondmon EWTL TaARAT TEATIAA = (5)33a3
rzasifsp Q8T AQ UWOTI9EATP UT AUTIIIITR SA0Tq
18mmey moay pauTedqo s30ern woxry syatd go sbersae
Y3 B¢ SEWMTY BYY TEPOM BAMM-§ SYJ UT PISW SIWIY

Teatiie eyl iof C(yaed guers ¥ PBuoTe ‘i1sareosa o3
BDINOS MWOAF) SPUODES UT IWEY TEATAAY paAIRSqe = (5)Ts9 £000°0- T PLE SELOCO RELOTO 2706 §°L2
gmag ur yadep = 1aie Too0o0ta T 93g FE30°0 489070 0728 052
s1a9am ut yidap = (mp o000 T 95g EEQ0°0  FROOTOD BTEL 922
iargem rdig gogota T FRE £850°0 §830°0 9759 0°0z
£000'0 T 0FE FTS0°0  T250°0 F°L5 FRA
a000°0- T age LPPO0°0 EFROCOD Z7EF 0°sT
co00to- T BEE 0ge0’o  gLe0’0 0°TE gl
Toooto- T 0zg ZTe0°0  LTEQ'D 8728 00t
PLAT LR 2081 8%z 2706 015 Tik (a3 3L §LE Logoto T ang S¥Z0°0  0920°0 8°F2 Ea
0gET 2027 ATzt boLs 854 JLE Lag TiE 54T 0oz Toooto T 282 g470°0  26T0°0 797 05
984 £24 L 28 2'8 £e2 122 LZ2 92 3 goooto T LZ2 oTTo"o TRTO'O Z°8 §°2
(s/agina (s/93)Ta (579304 (33)H43 (9399 ts/mna (s/myTa (s/mja  (mjaya  (m)gap {oes)TRsa Brs (s/mibava (s)aaas (s)1s4 (a3 (m)p
£ = sisferu
- IL°8d18hAI8 L BTT) BWTA-T34EI3Z (02 = A9E7j0U
L0E -8po] BTOH  g9ES0°8TT- 8STSE°EE SERYEUTRIO0] g :Tooysg ubTH Twed "3g tUOTI®OO

‘saTIeWmMs AJT00TAA PUE SEWTY TUATIIN aiwa-g °§7-¥ ITAV

103



V0T

ABLE A-Z6, P-wave arrival times and wvelocity summaries.

Location: 8t. Paul High School: P Coordinates:
hoeffset = 2.00  travel-time file: F:\STPYBTPP.TT

(m)  dife) tslis) twvrtis) wvavgim/s) sig rsdlisec)
z.8 8.2 0.0074 0.0059 425 =0.0001
£.0  l6.4 0.0114 0.0102 49z 2 0.0008
7.5  Z4.6 0.0188 0.0144 Ez0 3 0.0009
0.0  3zZ.8 0.0184 0.0187 53k 3 -0.0007
2.5 41,0 0,0240 0,0230 544 Z 0.0007
E.0 43,2 0.0280 0.0i48 604 1 0.0000
7.8 1
0.0 1
2.5 1
5.0 1
7.8 1

—

57.4 0.0260 0.0Z6l a7l -0.000z
B5.6 0,027 0.0273 731 0.000z
73.8 0.0284 0.0Z86 787 -0.0003
8.0 0.02% 0.0Z98 234 -0.0003
90.& 0.0316 0.0311 284 0.0004

33.95158 -118.05368 Hole Code: 307

nlayers = 3

debim) thkim) wim/s) vlim/s) vain/s) debift) thkife) wife/s) vlifc/s) waifc/s)
Z.5 Z.5 4Zz5 408 447 8.2 8.Z 1394 1340 1452
13.0 10.5 LEE £74 £a7 4z.7 34.4 1919 1882 1958

27.5  14.58 1934 1

Explanation:
din) =
dife) =
tslis) =

tvre(s) =
vavg(w/s) =

sig =

rsdlizec)=
dth (m) %
thiz{m) -
vin/s)

vlin/s)

Tuinfs) =
dehift) =
thi(fe) =
viftfs) =
vlift/s) =
wuifess) =

290 zlll 0.z 47.6 6543 6200 6927

depth in meters

depth in feet

ohserved arrival time in seconds (from source

to receiver, along a slant path). For the arrival
times used in the S-wave model, the times are the
average of picks from traces ohtained from hammer
hlows differing in direction hy 180 degrees.
vertical travel time computed from the model
average welocity from the surface to each depth,
computed as avg vel = diu)/tvet(s)

sigma, standard deviation normalized to the
standard deviation of hest picks

residual (chserved - fitted travel time), in secs
depth to bottom of laysr in meters

thickness of layer in meters

velocity of layer in meters per second

lowar limit of wvelocity in meters per second

tgee text for explanation of velocity limits)
upper limit of welocity in meters per second
depth to hotton of layer in feet

thickness of layer in feet

welocity of layer in feet per second

lower limit of wvelocity in feet per second

upper limit of velocity in feet per second



APPENDIX—B

Poisson’s Ratios



Table B-1l. Poisson's ratio calculated from P- and S-wave velocity models fo
the Cerritos College Gymnasium site.

P wave - dZbot, pvel, for file: CGMP.VEL

f.00000 437.000

10. 0000 348.000

Z9.4000 1563.00
8 wave — dZbot, svel, for file: CGMS.VEL

2.50000 255. 000

5.00000 Z88.000

12.5000 217.000

Z5.0000 249,000

Z8.4000 329.000

debot p dzbot = d2bot thick pvel svel pssnrat
6. 000E+00 Z.500E+00 &Z.500E+00 &2.500E+00 4.370E4+02 2.550E+0Z2 0.24
&.000E+00 5.000E+00 5.000E+00 Z.500E+00 4.370E4+02 2.880E+02 0.12
6. 000E+00 1.250E401 &.000E400 1.000E400 4.370E402 2.170E+02 0.34
1.000E+01 1.250E+401 1.000E+01 4.000E4+00 3.480E402 2.170E+02 0.18
2_.940E401 1.Z250E401 1.250E4+01 2.500E+400 1.563E+03 Z.170E+02 0.49
2.940E401 Z.500E401 2.500E401 1.250E401 1.563E+03 Z2.490E+02 0.49
2.940E4+01 Z2.940E401 2.940E401 4.400E400 1.563E+03 3.290E+02 0.48
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Takle B-6. Poisscon’s ratioc calculated from P- and S-wave velocity models

for the Lincoln School =ite.

P wave — dZbot, pvel, for file: LINE.VEL

3.00000 368,000
22,0000 &75,. 000
29,7000 753,000
8 wave - dZbot, =zvel, for file: LINSZ.VEL
3.00000 256,000
22.0000 413,000
29,7000 470.000
dZ2keot p dZbot = dZbot thick

3.000E+00 3.000E+00 3=.000E400 3.000E+00
Z.200E+01 2.200E+01 2.200E+01 1.900E+01
Z.970E+01 2.970E+01 2.970E+01 7.700E+00

110

pvel
3. 680E+0Z
6.750E+02
7.530E+02

zvel
Z2.560E+02
4. 130E+0Z2
4.700E+0Z

pesnrat
0.03
0.20
o.18
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Takle B-9. Poisscn’s ratioc calculated from P- and S-wave velocity models
for the Olive Juniocr High School site.

P wave — dZbot, pvel, for file: OLVE.VEL

1.50000 30%.000

11.0000 786.000

15,8000 983.000
8 wave - dfZbot, =wvel, for file: OLVE.VEL

1.50000 =0%9.000

11.0000 527.000

1a.8000 636,000

dZbeot p dZbot = dZbot thick pvel gvel ©pssnrat
1.500E+00 1.500E+00 1.500E+00 1.500E+00 3.090E+0Z 2.090E+02 o.08
1.100E+01 1.100E+01 1.100E+401 9.500E+00 7.860E+02Z 5.270E+0Z 0.08%
1.580E+01 1.680E+01 1.680E401 5.800E+00 2,830E+0=2 &.360E+0Z2 0.14
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Table B-11l. Poisson's ratic calculated from the P- and S-wave velocity model
for the Santa Anita Golf Course zite.

P wave - d2bot, pvel, for file: ZAGP.VEL

7.50000 411.000

17.4000 60%9.000

25.0000 75Z.000

29,6000 113&. 00
8 wave — dZbot, svel, for file: SAGS RE.VEL

7.50000 284.000

17.4000 343.000

25.0000 439.000

22,6000 553.000

dzZbot p dZbot = dZbot thick prvel svel pssnrat
7.500E+00 7.500E400 7.500E4+00 7.500E+400 4.110E+02 =2.840E+02 0.04
1.740E+01 1.740E+01 1.740E+01 9.200E400 &.020E+02 3.4350E+0Z2 0850
2.500E+401 2.500E401 2.500E4+01 7.600E400 7.5Z20E4+02 4.390E+02 0.24
Z.980E+01 2Z.260E+01 Z.260E+01 4.600E+400 1.138E+03 5.530E+02 0.34
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