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BOREHOLE VELOCITY MEASUREMENTS AT FIVE SITES THAT RECORDED
THE CAPE MENDOCINO, CALIFORNIA EARTHQUAKE OF 25 APRIL, 1992

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

INTRODUCTION

The U.S. Geological Survey (USGS), as part of an ongoing program to aquire
seismic velocity and geologic data at locations that recorded strong-ground motion during
earthquakes, has investigated five sites in the Fortuna, California region (Figure 1). We
selected drill sites at strong-motion stations that recorded high accelerations (Table 1) from
the Cape Mendocino earthquake (M 7.0) of 25 April 1992 (Oppenheimer et al., 1993). The
boreholes were drilled to a nominal depth of 95 meters (310 ft.) and cased with schedule
80 pvc-casing grouted in place at each location. S-wave and P-wave data were acquired
at each site using a surface source and a borehole three-component geophone. This report
contains the velocity models interpreted from the borehole data and gives reference to
locations and peak accelerations at the selected strong-motion stations.

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 source offset was 4 meters except at Rio Dell where available
space limited the offset to 3.5 meters. These offsets are shown in the data tables.

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
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.

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
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Figure 1. Regional map showing the locations of boreholes (triangles) included in this
report. LFS and RIO are in the towns of Loleta and Rio Dell, respectively, and RVM
and FFS are in the town of Fortuna. Locations of river and coastline are approximate.
The projection of the fault rupture for the 1992 Cape Mendocino mainshock (shaded)
corresponds to model B of Murray et al. (1996).



Table 1. Site names, station codes, coordinates using North American Datum of 1927
(NAD27) and 1983 (NAD83), and peak horizontal accelerations.

Station Name StaCode Lat:NAD27 Long:NAD27 Lat:NAD83 Long:NAD83 pga (cm/sQ)
College of the Redwoods CRW 40.69913 -124.20045 40.69898 -124.20162 171
Fortuna Fire Station FFS 40.58969 -124.14630 40.58954 -124.14746 349
Loleta Fire Station LFS 40.64438 -124.21976 40.64423 -124.22093 252
Redwood Village Mall (Fortuna) RVM 40.58472 -124.14538 40.58457 -124.14654 114
Rio Dell RIO 40.50334 -124.09913 40.50320 -124.10029 539
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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. 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 available 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. Commonly, an additional layer 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., 2000). Overall, the changes in velocity required to produce
acceptable values of o were small and were only in a few layers.

SUMMARY VELOCITY PROFILES

Figures 3 and 4 show the S- and P-wave velocity profiles determined from the borehole
measurements at the five sites. The velocity profiles are plotted at the same scale for ease
of comparison.

DESCRIPTION OF APPENDICES

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. 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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on the same figure for comparison.
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Figure A-1. Site location map for the borehole at College of the Redwoods.

accelerograph is located approximately 30 meters from the borehole.

The
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TAELE A-1. 5-wave arrival times and velocitysunnaries.

Location: College of the Bedwoods: 8 Coordinates: 40.63313-124.20045 Hole Code: 303
hoffset= 4.00 travel-timefile: G:%\FORTUNAYREDWOODSYCRWS _RE.TT
nlayers= 8

dim) dift) tslis)tvrtis) vavgin/s)sig redlisec) dthin) thkiw) win/s) vlin/s)wainf=s)  deb(fe) chi(ft) wifc /=) wvlifc /sl valftss)
. . z40

z.0 6.6 0.018& 0.0083 £40 1 -0.0001 z.0 z.0 23l 243 6.8 6.8 786 758 a17
4.5 14.8 0.0Z04 0.0151 292 1 0.0005 5.0 4.0 363 354 384 13.7 13.1 1210 1140 128k
7.0 Z3.0 0.0Z54 0.0Z27 308 1 -0.0008 7.0 1.0 i8l 73 zg8d B5.8 65.9 923 9la 331
9.5 31.% 0.035Z 0.031e 300 1 0.0010 35.0 g.a Elg 437 £ag 114.8  Z6.2 1634 1630 1764
12,0 33.4 0.042Z6 0.040F5 294 1 0.0000 49.5 14 .5  3EE 380 340 16z 4  47.6  llAE 1147 1182
14.5 47.6 0.0506 0.0494 293 1 -0.0008 7z.0 ZZ.8 383 385 393 Z36.2 73.8 1E7e 17ad 1738
17.0 EE.& 0.0534 0.0583 291 1 -0.0004 9.5 17.5 463 455 471 2938 E7.4  lEZD 1438 L1545
19.5  64.0 0.068Z2 0.0672 Z90 1 -0.0003 4.5 5.0 El3 474 Eal 31000 le.4 legd L1EEE 1237
ZE.0 TE.Z 0.0778 0.078l z84 1 0.0005

Z4.5 80.4 0.0860 0.0850 Z88 1 0.0000

£7.0 88.6 0.0940 0.0939 z88 1 -0.0008

£9.5 96.8 0.1010 0.0988 299 1 0.00l&

32.0 105.0 0.1044 0.1036 309 1 0.0001 Explanation:

34.5 113.%Z 0.1092 0.1084 3ls 1 0.0002 dim) = depthin meters

37.0 121.4 0.115%2 0.11%50 3E% 1 -0.0004 dift] = depthin fast

39,8 179.6 0.1ZE0 0.1271 324 1 =-0.0008 tslis) = ohservedarrivaltine in seconds (from source

42.0 137.8 0.1Z9% 01231 3E28 1 -0.0004 o receiver, along & slant path). For the arrival
44,5 146.0 0.137¢ 01362 327 1 0.0006 tinesused in the 3-wvave model, the times are the

47.0 184.Z 0.1436 01432 328 1 0.0000 average of picks frow traces ohtained frow haumer
43,5 1e6Z.4 0.151Z 01503 329 1 0.0006 blows differingin directionby 180 degrees.

EZ.0 170.6 0.1574 0_15a7 33z 1 0.0004 twrtis) = verticaltravel time computed from the model

E4 5 178.8 0.1630 0.1631 334 1 -0.0004 vavg (u/s)=averagevelocity from the surfaceto each depth,

E7.0 187.0 0.16%6 0.163% 336 1 -0.0002 computedas avg vel = dim) /tvrt (=)

E3.5 1952 01760 0.1760 338 1 -0.0003 sig = gigma, standarddeviationnormalizedto the

2.0 Z03.4 0.18F6 0.1824 340 1 -0.0001 standarddeviationof best picks

645 Fl1.6 0.1886 0.188% 24z 1 =-0.0008 rzdl {sec)=residual (ohserved- fittedtrawel time), in secs
67.0 Z19.8 0.195Z 0.19&Z 243 1 =-0.0003 dthim) = depthto hottomof layer in meters

63,5 ZE8.0 0.Z0Z¢ 0.Z0L7 345 10,0003 thk(m) = thicknessof layer in meters

TE.0 Z36.% 0.209% 0.Z08l 346 1 0.0009 vin/s) = wvelocityof layer in meters per second

4.5 Z44.4 0.2148 0.Z13% 349 1 0.00ll vlin/s) = lower limit of welocityin meters per second

7.0 ZRZ.6 02190 0.Z189 Ly 1 -0.0001 {zsee text for explanationof welocitylimits)

735 Z60.8 0.ZEZ36 0_ZZ43 354 1 -0.0009 wain,/s) = upper linit of welocityin meters per second

2.0 269.0 0.ZE9Z 0.ZE9 357 1 -0.0007 dthift) = depthto hotbomof layer in feet

845 Z77.Z 0.2340 0.Z351 359 1 -0.0013 thk{ft) = thicknessof layer in feet

87.0 Z285.4 02404 02405 362 1 -0.0002 vift/s) = welocityof layer in feet per second

89.5 793.6 0.Z476 0.2453 364 1 0.00la vlift/=) = lower linit of welocityin feet per second

92.0 301.8 0_ZElZ 0O.Zk02 367 1 0.0003 vl ft/=) = upper linit of welocityin feet per second

94.5 310.0 0.Z556 0.Z556 370 1 -0.000Z



a1

TAELE A-Z. P-wave arrival times and velocitysunnaries.

Location: College of the Bedwoods: P Coordinates: 40.63313-124.20045 Hole Code: 303
hoffset= 4.00 travel-timefile: G:\FORTUNAREDWOODSYCRUP. TT
nlayers= 3

dim) dift) tslis)tvrtis) vavgin/s)sig redlisec) dthin) thkiw) win/s) vlin/s)wainf=s)  deb(fe) chi(ft) wifc /=) wvlifc /sl valftss)

z.0 6.6 0.01Z8 0.00%87 348 1 0.0000 z.0 z.0 348 336 36l 6.8 6.8 1143 1104 118k
4.5 14.8 0.0134 0.0102 440 1 0.0000 4.0 1.0  EE3 EEZ 1= 45.4 9.4 1833 1810 1287
7.0 Z3.0 0.01lg4 0.0147 475 1 -0.0004 94.6 80.8 15:0 15817 1RZ& 310.4 Zed. 4 4986 43480 5013
9.5 31.% 0.0Z14 0.019:2 435 1 0.00a7

12.0 33.4 0.02Z86 0.0Z36 £0s 1 0.00a7

14.5 47.6 0.029Z 0.0Z7%5 oyl 1 0.0007

17.0 EE.& 0.0304 0.0292 58z 1 0.000&

19.5  64.0 0.031s 0.0308 632 1 0.0002 Explanation:

Z2.0 TE.Z 0.0324 0.03Z8 577 1 -0.0005 dim) = depthin meters

Z4.5 80.4 0.034Z 0.0341 718 1 -0.0003 dift) = depthin feet

27.0 88,6 0.0354 00358 TEE 1 -0.0007 tslis) = ohservedarrivaltime in seconds {(from source
235 6.8 0.0372 0.0374 783 1 -0.0005 to receiver, along & slant path). For the arrival
3E.0 105.0 00384 0.0391 813 1 -0.0008 timesused in the 3-wave model, the tines are the
34 5 113.2 00408 0.0407 848 1 -0.0001 average of picks frow traces chtained from hammer
37.0 1El.4 0.04F3 0.0423 874 1 0.0003 blows differingin directionby 180 degrees.

39.5 17Z9.6 0.0440 0.0440 238 1 =-0.0002 twrt(s) = werticaltravel time computed from the model

42.0 137.8 0.0458 0.04E58 z0 1 0.0000 vavg iufs)=average velocity fron the surfaceto each depth,
44,5 146.0 0.0476 0.0473 341 10,0002 conputedas avg vel = dinj /tvrt (=)

47.0 184.% 0.0494 004239 el 10,0003 sig = zigua, standarddeviationnoruwalizedto the

43,5 16Z.4 0.0506 00506 379 1 -0.0001 standarddeviationof best picks

EZ.0 170.6 00528 00522 34 1 0.0005 rzdl(sec)=residual {ohserved- fitted travel time), in secs
E4 5 178.8 0.0538 0.0539 1012 1 -0.0002 dthim) = depthto hotton of layer in meters

E7.0 187.0 0.0556 0O.0BRS  10Z7 1 0.0000 thkim) = thicknessof layer in meters

F3.5 195 2 0.0562 0.0571 1041 1 -0.0005 vin/s) = welocityof layer in meters per second

62.0 Z03.4 0.0582 0.0583 1055 1 -0.0007 vlin/s) = lower limit of welocityin metersper second

645 Zl1.6 0.0600 0.0804 1087 1 =-0.0008 {gee text for explanationof welocitylinits)

7.0 Z13.8 0.06le 0.06Z1 1073 1 -0.0008 vin/s) = upper limit of welocityin meters per second

635 ZEB.0 0.0634 0.0637 1091 1 -0.0004 dth(ft] = depthto hottomof layer in feet

TE.0 E36.Z 0.065Z 0.06584 1101 1 -0.0003 thizift) = thicknessof layer in feet

74,5 Z44.4 0.0878 0.0870  lllZ 10,0007 vift,/s) = wvelocityof layer in feet per second

7.0 Z8Z.6 0.0696 0.0887 1121 1 0.0009 vl(ft /=) = lower linit of welocityin feet per second

73,5 Z60.8 0.0708 0.0703 1131 1 0.0004 valft /=) = upper linit of welocityin feet per second

2.0 £69.0 0.0726 0.07Z0 1140 1 0.000&

845 Z77.Z 0.074Z 0.0736  ll4% 1 0.0005

87.0 Z85.4 0.0760 0.0752  1llE& 1 0.00a7

9.5 £93.6 0.0766 0.0769  llad 1 -0.0004

92.0 301.& 0.0786 0.0788  117% 1 0.0000

94.5 310.0 0.0796 0.0802 1174 1 -0.0008
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Figure A-6.

Site location map for the borehole at Fortuna Fire Station. The
accelerograph is located approximately 35 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
indicated by the hatch marks.
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Figure A-8. Vertical component record section.
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Approximate P-wave arrivals are
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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. For the depth
intervals 37—44.5 m and 72-87 m arrival times were difficult to pick and were downweighted
in fitting the model. The times for zero depth, not shown, are given by the horizontal
offset (hof fset) divided by the velocity in the uppermost layer (see accompanying tables
of velocities for specific values).
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0-17 ft: 5Y3/2 dk olive gray to10YR4/6 dk yellowish 0
U“[H brown silt (ML) and lean silty clay (CL); sl. stiff; sl. sticky,
=24 l. plastic, no COs; few org. smears, no petrol. odors.
17-46 ft: 10YR4/4 yellowish brown med-cse sand and
8| gravelly sand; sl. dense, poor sorting, loose; takes fluid. 0
46-64 ft: 5G5/1 greenish gray sandy clay (CLS) and lean
silty clay (CL-ML); stiff, sticky, plastic, no COs or fossils .
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64-134 ft: 5Y5/4 olive to 2.5Y4/4 olive brown sand (SW)
and gravel (GW) w/ rare interbedded silt (ML) and clay.
V. dense, poorly sorted, mostly non-sticky. Franciscan
provenance indicated by greenstone, red chert, minor
serpentinite and graywacke; sorting improves in basal
10 ft of interval.

134-146 ft: 5GY4/1 dark greenish gray clayey silt and

146-192 ft: %Y4/4 olive sand (SP) and gravelly sand
(SWG); quiet-drilling intervals are 3-6 inches thick and
are either sand or silty sand interbeds.

192-246 ft: N/4 to 5GY4/1 gray - dk. greenish lean gray
silty clay and clayey silt; v. stiff, s. sticky, sl. plastic, no
COsor obvious fossils; USC >4.5 Tsq.ft. Scattered
bursts of wood and bark fragments; fines slake in water.

246-285 ft: 10YR4/3 brown coarse lithic sand and
gravelly sand and gravel with few silt interbeds (SW,

si GW); v. dense, poorly sorted, non-sticky, non-plastic,
no COs; Franciscan clast source. 100# pulldown @ 280

285-316 ft: 5Y5/3 olive silt (ML) and lean silty clay (CL);

i

i dark sitstone chips and common wood fragments; 90
}N}N}i}i}i} fines are stiff, sl. sticky, sI. plastic, no COs.

Total drilled depth = 316 ft 100

I il (ML); sticky, plastic, no COs or fossils; UCS >4 Tisq.ft. |
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Figure A-10. S- and P-wave velocity profiles with lithology. Dashed lines represent plus and minus one standard deviation of velocities.
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TAELE A-3. 5-wave arrivaltimes and velocity sunnaries.

Location: Fortuna Fire StationZ: 3 Coordinates: 40.58969-124.14630 Hole Code: 303
hoffset= 4.00 travel-timefile: G:%\FORTUMAWFFSZYFF3Z5.TT
nlayers= &

dim) dift) tslis) tvrt(s) vavgin/s)sig rsdlisec) dthim) thkiw) winfs) vlin/s) waln/s)  dehifc) thk(ft) vifc/s) vlifc/ s walfc/s)
3.7

Z.0 6.6 0.0284 0.0116 172 1 0.000% 3.7 172 167 178 12,1 12,1 -1 5dg L1
4.5 14.2 0.0296 0.023% 183 1 -0.0010 10.0 6.3 346 327 266 .8 2007 1134 1073 1202
7.0 Z3.0 0.03k6 0.0310 225 1 0.000% 13,5 N 439 473 456 g4.0 il 1433 13g8 1435
3.5 31.% 0.0416 0.0383 248 1 0.000% 75.6 Ee.l BEZS 8zl 838 z48.0 1l84.1  Z7Z1 2694 2743
12,0 33,4 0.0464 0.0443 271 1 0.000l 7.0 £l1.4 730 711 751 318.E 702 E396 2332 2463
14 5 47 6 0.0502 0.0500 230 1 -0.0008

17.0 &R & 0.0564 00557 305 1 -0.000&

13.5 64.0 0.061Z 0.0614 318 1 -0.0013

EE.0 TE.Z 00643 0.0644 342 1 -0.0004

24 5 &80.4 0.0673 0.0674 364 1 -0.0003 Explanation:

27.0 88%.8 0.071ls 0.0704 a8z 1 0.000& dim) = depthin meters

23,5 F6.8 0.0732 0.0734 402 1 -0.0007 dift] = depthin feet

32,0 105,00 0.0774 0.0764 413 1 0.000% tzlis) = ohservedarrivaltine in seconds (from source

4.5 113.%Z 0.0824 0.079% 434 1 0.00&6 to receiver, along & slant path). For the arrival
37.0 1k1.4 0.0868 0_08BEE 449 £ 0.0040 tinesused in the 3-wvave model, the times are the

33,5 1F3.6 00883 0.085% 462 2 0.0030 average of picks frow traces chtained from hammer
470 137.8 0.09EZ 0.088% 475 2 0.0034 blows differingin directionby 180 degrees.

44 & 146.0 0.0934 0.091% 486 Z 0.00le twrt(s) = werticaltravel time computed from the model

47.0 154.2 0.0944 0.094% 437 1 -0.0004 vavg(u/s) = averagevelocity from the surfaceto each depth,

435 1aZ.4 0.0968 0.097% E07 1 =0.0010 computedas avg vel = dim) /evrt (=)

EZ.0 170.6 0.0%39% 01004 E17 1 -0.0018 sig = sigua, standarddeviationnornalizedto the

E4 5 178.8 0.1040 0.1036 ) 1 0.0002 standarddeviationof best picks

E7.0 187.0 0.1060 0.1088 E3k 1 =-0.0008 rzdl {sec)=residual (ohserved- fittedtrawel time), in secs
E9.5 195.Z 0.1100 0.1096 E43 1 0.000z2 dthim) = depthto bottomof layer in meters

2.0 Z03.4 0.112% 0.11:f EED 1 -0.0008 thk(m) = thicknessof layer in meters

64,5 Zl11.6 0.11le0 0O.11%54 EEg 1 0.0002 vin/s) = wvelocityof layer in meters per second

7.0 Z19.8 0.1Z04 01187 Egk 1 0.00l6 vlin/s) = lower limit of welocityin meters per second

63,5 ZEB.0 0.1Z1% 01217 7l 1 -0.0008 {zsee text for explanationof welocitylimits)

TED 2362 0_1E44 01247 £ 2 -0.0004 vin/s) = upper limit of welocityin meters per second

745 Zd4d4.4 0O.1ETD O.1EM Eaa 3 -0.0008 dthift) = depthto hotbomof layer in feet

7.0 28E.6 0.1E36 01309 Lae 1 -0.0014 thk{ft) = thicknessof layer in feet

79,5 FA0.8 0.1347 0.1344 Eaz 1 0.0002 vift/s) = welocityof layer in feet per second

8.0 Z69.0 0.1417 0.1373 E3% Z 0.0033 vlift/=) = lower linit of welocityin feet per second

84 5 Z77.2 01432 0.1412 Eag 3 0.0019 vl ft/=) = upper linit of welocityin feet per second

87.0 285.4 0.1456 0.144f 601 3 0.0009

83,5 293.8 01484 0.1481 604 1 0.0003

92.0 301.8 01512 0.151% 607 1 -0.0004

94 5 310.0 0O_1552 0.1549 610 1 0.0002

97.0 318.2 0_.1580 0.1583 613 1 -0.0004
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TAELE A-4. P-wave arrival times and velocity sunnaries.

Location: Fortuna Fire Station: 7 Coordinates: 40.58969-124.14630 Hole Code: 303
hoffset= 4.00 travel-timefile: G:YFORTUNAWFFSV\WERT\FF3P.TT
nlayers= 3

dim) dift) tslis) tvrt(s) vavgin/s)sig rsdlisec) dthim) thkiw) winfs) vlin/s) waln/s)  dehifc) thk(ft) vifc/s) vlifc/ s walfc/s)

Z.0 6.6 0.0110 0.004%8 471 1 0.0004 3.7 3.7 4z1 413 430 12,1 1z.1 1382 1354 1410
4.5 14.2 0.0114 0.0091 433 1 0.0010 g7.00 3.3 Z3sl 2382 Z4l0 lg7.0 174.9  72ll 7716 7308
7.0 Z3.0 0.0114 0.0102 638 1 0.000% 97.0 40.0 1743 1726 1772 318 ¢ 1l3l.z BTwY Laa3 Lal3
3.5 31.% 0.01Z4 0.0112 f4m 1 0.0007

1.0 33,4 0.01E6 0.0123 78 1 0.0000

14 5 476 0.01E8 0.0133 1088 1 -0.0008

17.0 EE @ 0.0140 0.0144 1183 1 -0.000&

135 64.0 0.0150 0.0154 1264 1 -0.000& Explanation:

EZ.0 TE.Z 0.016Z 0.0185  133& 1 -0.0004 dim) = depthin meters

24 5 &80.4 0.0172 0.0175 1398 1 -0.0005 dife) = depthin feet

27.0 &88%.8 0.0184 0.018e 1454 1 -0.0003 tslis) = ohservedarrivaltime in seconds {(from source
£9.5 96,8 0,019 0.01%  lRO3 1 -0.0008 to receiver, alonga slant path). For the arrival
J2.0 105.0 0.0Z06 0.0Z07  lh48 1 -0.0002 tinesused in the S-wave model, the times are the
4.5 113.%Z 0.0Z16 0.0Z17  LlhE& 1 -0.0002 average of picks from traces ohtained frow hauwer
37.0 1kl.4 0_0Z3F 0.0ZE8  LlAEL 1 0.0003 blows differingin directionby 180 degrees.

33,5 1.6 00236 0.0238 1658 1 -0.0003 twrt(s) = werticaltravel time computed from the model

47 0 137.8 0_0Z50 0.0249 1688 1 0.0000 vavg(u/s)= averagevelocity from the surfaceto each depth,
44 L 146.0 0_0Z60 0.0Z53 1717 1 0.0000 computedas avg vel = dim) /vt (=)

47.0 154.2 0_0Z72 0.0E70 1742 1 0.0002 sig = sigma, standard deviationnormalizedto the

43 5 16F.4 0_0Z30 0.0Z80 1766 1 0.0009 standarddeviationof best picks

EZ.0 170.6 0.0234 0.0291 1723 10,0003 rsdl (sec)=residual {ohserved- fitted travel time), in secs
E4.5 175.8 0.0308 0.0301 1809 1 0.0006 dthim) = depthto hottomof layer in meters

E7.0 187.0 0.0314 0.031Z2 1828 1 0.000Z2 thk(m) = thicknessof layer in meters

E9.5 195,22 0.032Z4 0.03Z6 1225 1 =-0.0003 vinfs) = velocityof layer in meters per second

2.0 Z03.4 0.0338 0.0340  l8zZ 1 -0.0003 vlin/s) = lower limit of welocityin meters per second

64,5 Z11.6 0.03%4 0.035F 1819 1 -0.0001 {gee text for explanationof welocitylimits)

7.0 Z19.8 0.0374 0.0369  l8l6 1 0.000& wain,/s) = upper linit of welocityin meters per second

63.5 ZE8.0 0.0384 0.0383 1814 1 0.0000 dth(ft] = depthto hottomof layer in feet

TE.0 236.2 0.03%4 0.0338 1811 1 -0.0004 thi{ft) = thicknessof layer in feet

74 0 Z244.4 0.0410 0.0412 1809 1 -0.0002 vift/s) = welocityof layer in feet per second

7.0 2R8E.6 0.04E0 0.04Z6 1807 1 -0.0007 vlift/=) = lower linit of welocityin feet per second

73.5 Z60.8 0.0436 0.0440 1805 1 -0.0005 vl ft/=) = upper linit of welocityin feet per second

82.0 Z263.0 0.0462 0.0455 1803 1 0.0007

84 5 Z77.2 0.047¢ 0.0489 1802 1 0.0007

87.0 285.4 0.0486 0.0483 1200 1 0.0002

835 293.8 0.0500 0.0488 1733 1 0.0002

92,0 301.8 0.05l4 0.0El2 1797 1 0.0002

94 5 310.0 0.05Ze 0.05Z6 179 1 -0.0001

97.0 318.2 0.0536 0.0540  179% 1 -0.0005
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Figure A-1.

Site location map for the borehole at Loleta Fire Station. The
accelerograph is located approximately 15 meters from the borehole.
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Figure A-12. 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-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 the horizontal offset (hof fset) divided by the velocity
in the uppermost layer (see accompanying tables of velocities for specific values).
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| W/ few silty sand (SM) interbeds; compact; few org. sit 30

i] driling; few wood fragments; mod. sorting.
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Total drilled depth = 313 ft
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sl. sticky, sl. plastic, no COs.

fines upward in 5-ft-thick beds; sl. sticky, sl. plastic, non-
effervescent; gravel beds ~6 in. thick; Franciscan source.
82-95 ft: 5Y4/1 dark gray silt and lean silty clay (CL-ML)

laminae.
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132-225 ft: Mainly lean silty clay (CL) interbedded with
some silt (ML) and a few thin brown and yellow sandy and ]
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Few fine org. fragments, incl. wood, reed fragments, and 50 4
charcoal. Fine grained intervals lack sand. No invertebrate
fossils.
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Figure A-15. S- and P-wave velocity profiles with lithology. Dashed lines represent plus and minus one standard deviation of velocities.
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TAELE A-5. 5-wave arrivaltimes and velocity sunnaries.

Location: Loleta Fire Station: 5

hoffset =

4.00

L e m e R S o e S S s e e O O o I T SR e i i Y S S e w L R o e e i Y R o e R ]

tslig) tvrt(s) vavgin/s) sig rsdl (sec)
L0174

o L e o B B o R e o [ e [ o e e e e e e o o o o s e s e e e e e e e e e o )

travel-time file: G:Y\FORTUNAYLOLETAYLFSS.TT

0.

[ e e o B o B e e e [ e e e e e e s o o o o e e o e e e e e e e e e o )

oowe

Coordinates: 40.64438-124.21376 Hole Code: 310

e e el e S e S e e e e e =l el =l =l el e el el el =l ST Sl S Sl Sy Sy Sy Sy S

=0.

oool

nlayers =

dthim) thi
0z
5.0 3
11.0 6
19,5 8
4.5 5
35.0 10
5.0 Z0
g3.0 13
gz.0 14
4.5 1%

10

{m)

[ T e T e Y o e e o )

vin/s) vlin/s) vainss)

& 47 -1 6.6 6.8 40
Z0Z 133 Z11 la. 4 2.8 174
466 441 494 6.1 19.7 1529
za9 8z 96 ad.0 7.9 943
739 674 a17 a0.4 l6.4 bl Yot
43z 47z 443 114.8 4.4 1418
393 393 40z 180.4 aLb. & 1305
433 433 03 2231 47 7 1616
EET E4E kg3 2630 4t 3 1876
708 A2l 73l 210.0 41.0 £313

Explanation:

dim) depth in meters
dift) depthin feet
tsli=)

gli
634

ohsarvedarrival tinwe in seconds (from source

dehft) thi(fe) vife/s) vlift/s) vulftss)

g7l
o3z

to receiver, along & slant path). For the arrival

timesused in the 3-wave model, the tines are the
average of picks from traces ohtained from haumer

blows differingin directionby 180 degrees.
twrt(s) = werticaltravel time computed from the model

vavg iwfs)=average velocity from the surfaceto each depth,

conputedas avg vel = dinj /tvrt (=)

sig = zigua, standarddeviationnoruwalizedto the

standarddeviationof hest picks

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

dthim) = depthto hotton of layer in meters

thi(m) = thicknessof layer in meters

vin/s) = welocityof layer in meters per second

vlin/s) = lower limit of welocityin metersper second
{gee text for explanationof welocitylinits)

vin/s) = upper limit of welocityin meters per second

dthift] = depthto bottomof layer in feet

thk(ft) = thicknessof layer in feet

vift,/s) = wvelocityof layer in feet per second

vl(ft /=) = lower linit of welocityin feet per second

valft /=) = upper linit of welocityin feet per second
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TAELE A-6. P-wave arrival times and velocitysunnaries.

Location: Loleta Fire Stacion: P

hoffset =

4.00

e e i Y R e e i O R A e e T S e i i S S e e O R i e i Y R S e R SR R e N )

tsl{s) twrt (s) vavgin/s) sig rsdl (=sec)
o103
J01EZ
L0160
.olaz
L0E10
.0ZE8
L0234
LOERE
LOEM
0304
L0328
L0358
L0376
039z
.0410

o e e e Y Y e e o o o o o o e s e e s e e e e e e e e Y o s e o o Y e )

travel-timefile: G:\FORTUNALOLETALF3P.TT

0.
.009s
0133
0168
.0187
(0217
L0237
LOZET
L0278
02598
J0321
0345
0369
0393
0410

o e e e s Y e Y N o o o o o o e e e s e e e e e e e e e o Y e o e

0043

415
473
527
Sak
608
668
7lE
7al
796
827
g4z
a5k
267
a7
303
331

Coordinates: 40.64438-124.21376 Hole Code: 310

1

I el el e e R o el Sl e e e e e e S e e e o e el el ol S e S R e R e e N e

0.000a

.00ok
.0oog
.0oaa
000z
.ooog
.ooos
.Qoos
.0oog
.ooog
.ooo4
.golo
.0oog
0004
.oooz

i vinfsl vlin/s) nainfis)

nlayers= 7
dthim) thi
o k0
5.0 3.0
11.0  &.0
4.5 13.5
350 1005
B3.0  33.0
4.5 Zg.5

dehift) thi(ft) vife/s) vlift/s) vulfc/s)

415 338 434 6.6 6.6 1361 1305 1473
£3z 437 e 16.4 9.8 1745 1631 1275
708 663 751 36.1 13.7 23zl 2135 2463
1262 1211 1317 a0.4 44 .3 4133 3372 4327
1029 934 1087 114.2 4.4 33N 3260 3502
1737 1708 1787 ZZ3z.l 108.3  E700 Ea0E £733
1885 1833 1334 310.0 6.9 Bl86 B03E g344

Explanation:

dim) = depthin meters

dift) = depthin feet

tzlis) = ohservedarrivaltine in seconds {(from source

to receiver, along & slant path). For the arrival
tinesused in the 3-wvave model, the times are the
average of picks frow traces ohtained frow haumer
blows differingin directionbhy 180 degrees.
twrtis) = verticaltravel time computed from the model
vavg iufs)=averagevelocity from the surfaceto each depth,
computedas avg vel = dim) /tvrt (=)
sigua, standard deviationnormalizedto the
standarddeviationof best picks
rzdl {sec)=residual (ohserved- fittedtrawel time), in secs

sig

dthim) = depthto hottomof layer in meters

thk(m) = thicknessof layer in meters

vinfs) = velocityof layer in meters per second

vlin/s) = lower limit of welocityin meters per second
{gee text for explanationof welocitylimits)

wain,/s) = upper linit of welocityin neters per second

dthi{ft] = depthto bottomof layer in feet

thi{ft) = thicknessof layer in feet

vift/s) = welocityof layer in feet per second

vlifty/=) = lower linit of welocityin feet per second

vl ft/=) = upper linit of welocityin feet per second
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Figure A-16. Site location map for the borehole at Redwood Village Mall. The
accelerograph is located approximately 10 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 the horizontal offset (hof fset) divided by the velocity
in the uppermost layer (see accompanying tables of velocities for specific values).
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Total drilled depth = 302 ft

0-3 ft: FILL:5Y5/1 gray gravelly sand (SWG).

Redwood Village Mall

ology 0

o

P Velocity (m/sec)

1000 2000 3000

3-22 ft: 10YR5/4 brown lean silty clay (CL); mod

stiff, sticky, plastic, no COs; no orgs. or odors.

22-60 ft: 10YR5/3 brown sand (SW) and interbedded 10
gravel (GW) w/ rare interbeds of sandy silt (MLS);

poorly sorted; prob. multiple fining-up sequences.

60-92 ft: 5GY5/1 to 10GY4/1 dk. greenish gray lean 20
silty clay (CL); stiff, sticky, plastic, no COs; Abundant ]
redwood? frags; thin sand 73-75 ft. |

92-128 ft: 2.5Y5/3 It. olive brown lithic m-c sand (SW) & 30 |
gravel (GW) w/ interbeds of lean silty clay (CL-ML);
poorly sorted; subrounded chert, ss, qtzite clasts;
prob. multiple fining-up sequences.

4
128-174 ft: N4/ gray silt and lean silty clay (CL); 0
laminated, stiff, sl.sticky, plastic, no COsor fossils;
no apparent microfossils; UCS >4.5 Tisq.ft.

50

174- 220 ft: 5Y3/1 v. dark gray med-cse sand (SP) &
gravelly sand (SWG); non-sticky, non-plastic, no COs or
fossils; clast lith seems like modem Eel R. 60

220-240 ft: 10Y3/1 dk greenish gray lean silty clay (CL);
v. stiff, sticky, sl. plastic, USC >4.5 T/sq.ft. 70

240-289 ft: 10Y 5/1 gray coarse lithic sand and ]
gravelly sand and gravel with silt interbeds (SW, SWG, 80 —
GW); v. dense, poorly sorted, non-sticky, non-plastic,

no COs.

290-302 ft: 5GY5/1 dark greenish gray sand and gravel 90
(SWG) w/ cobbles; fine sand and silt interbeds in basal

4 feet; nonsticky, nonplastic,no CO3

—_
o
o

829 mis
713}

Depth (meters)

2333 |

Figure A-20. S- and P-wave velocity profiles with lithology. Dashed lines represent plus and minus one standard deviation of velocities.
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TAELE A-7. 5-wave arrival times and velocitysunnaries.

Location: Redwood Village Mall: § Coordinates: 40.58472-124.14538 Hole Code: 311
hoffset= 4.00 travel-timefile: G:%FORTUNAYEVM\RVHI.TT
nlayers= 3

dim) dift) tslis)tvrtis) vavgin/s)sig redlisec) dthin) thkiw) win/s) vlin/s)wainf=s)  deb(fe) chi(ft) wifc /=) wvlifc /sl valftss)
. Z. 385 &

z.0 6.6 0.01Z0 0.00%2 385 1 0.0004 z.0 363 40z 6.8 6.8 1262 1210 1313
4.5 14.8 0.019Z 0.01%0 294 1 -0.0008 2.0 6.0 ZEd z48 ZE3 6.2 13.7 832 B1E g5l
7.0 Z3.0 0.0Z80 0.0Z43 £81 1 -0.0005 13.0 10.0 744 71z 778 59.1 328 Z440 2336 2553
9.5 31.% 0.0340 0.0308 308 1 0.0010 7.5 3.5 453 445 470 0.z 31.z 1R03 1444 1543
12,0 33.4 0.0358 0.0342 381 1 0.0001 40.0 12,8 941 q1z 924 131.2  41.0 3110 2933 323k
14.5 47.6 0.0384 0.0376 334 1 -0.0003 5.0 150 495 437 E0k l180.4  49.%  1AZ7 1533 165A
17.0 EE.& 0.041% 0.0409 4la 1 0.0000 gz.0 7.0 3E0 285 l0za z03.4 Z3.0  3ll1s Z90s 3366
19.5  64.0 0.0458 0.0455 428 1 -0.0007 73.0 1l.0 733 703 766 239.5 38,1 Z40% 2308 ZElZ
Z2.0 TZ.Z 0.05Z0 0.0510 431 1 0.0002 9.5 le.5 127K 1176 1393 2938 R4l 4l8d 3857 4570
Z4.5 80.4 0.0584 0.0564 434 1 0.00l3
£7.0 88.6 0.0624 0.0619 436 1 -0.0001
£9.5 96.8 0.0656 0.0651 453 1 0.0000
32.0 105.0 0.0670 0.0677 47z 1 -0.001%
34.5 113.Z 0.0708 0.0704 430 1 0.0000 Explanation:
37.0 1E1.4 0.0736 0.0730 507 1 0.0002 dim) = depthin meters
395 123.6 0.0760 0.0757 L2z 1 0.0000 dift] = depthin fast
47 0 137.8 0.0808 0.0802 Lzd 1 0.0002 tslis) = ohservedarrivaltime in seconds {(from source
44,5 146.0 00856 00853 EZE 1 0.0000 o receiver, along & slant path). For the arrival
47.0 184.% 0.0304 0.0903 EZ0 1 -0.0002 tinesused in the S-wave model, the times are the
43,5 1e6Z.4 0.0%0 0_0953 E19 1 0.0004 average of picks from traces ohtained frow hauwer
EZ.0 170.6 0.101Z 01004 Elg 1 0.0005 blows differingin directionby 180 degrees.
E4 5 178.8 0.1052 0.1054 17 1 -0.0005 twrt(s) = werticaltravel time computed from the model
E7.0 187.0 0.1086 0.108% LEL 1 -0.0002 vavg(u/s)= averagevelocity from the surfaceto each depth,
F3.5 1952 0.1lle 0.1112 53k 1 0.0002 computedas avg vel = dim) /tvrt (=)
2.0 Z203.4 0.1136 0.1138 E45 1 -0.0004 sig = sigma, standard deviationnormalizedto the
64 5 Z11.6 0.1174 0.1172 EED 1 0.0000 standarddeviationof best picks
67.0 Z19.8 0.1Z16 0.1zZ06 EEE 1 0.0008 rzdl {sec)=residual (ohserved- fittedtrawel time), in secs
63,5 ZZ8.0 0.1Zdd 0.1zZ40 kgl 10,0002 dthim) = depthto hottomof layer in meters
TE.0 Z36.% 0.1Z7E 0.1Z274 Egk 1 -0.0004 thi(m) = thicknessof layer in meters
4.5 Z44.4 0.1Z96 01300 73 g -0.0008 vin/s) = wvelocityof layer in meters per second
7.0 ZRZ.6 0.1308 01319 Eg4 3 -0.0013 vlin/s) = lower limit of welocityin metersper second
73.5 Z60.8 0.1344 01339 E34 1 0.0003 {see text for explanationof welocitylimits)
2.0 263.0 0.1366 0.1359 604 3 0.000& vin/s) = upper limit of welocityin meters per second
845 Z77.%Z 0.1380 0.1378 6l 3 0.0000 dthift) = depthto hottomof layer in feet
87.0 Z85.4 0.1336 0.1338 BEZ 3 -0.0003 thk(ft) = thicknessof layer in fest
89.5 793.6 0.1417 0.1417 631 3 -0.0007 vift/s) = welocityof layer in feet per second

vlift/=) = lower linit of welocityin feet per second

vl ft /=) = upper linit of welocityin feet per second
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TAELE A-8. P-wave arrivaltimes and velocity sunnaries.

Location: RBedvood Willage Mall: T

hoffset =

4.00

L O SR e e i Y R R T R e B S S A e Y R o i i i Y R S R e i xS L o e )

tsl{s) twrt (s) vavgin/s) sig rsdl (=sec)
.005A
.0o078
.0100
.13z
.0148
.0148
L0158
L0178
.olas
.0198
.0zln
.Dzz4
.0z230
.0z45

[ e e e Y s Y Y N o o o R o o s s s s s s e e e e e e e e o o e i o e )

[ e e e Y s Y Y N o o o R o o s s s s s s e e e e e e e e o o e i o e )

.00z4
.00&3
L0094
.0117
0132
.0lde
.0lel
.0l74
k-1
0197
J0z08
(0219
J0Z31
(0Z42

823
740
743
811
a1l
330
L0EE
1122
llag
1246
1298
1345
1387
1425

Coordinates: 40.58472-124.14538 Hole Code: 311
travel-time file: G:FORTUNL EVM\WERTY, BVMP. TT
nlayers= &

L el e el e el S S S e S e T e T S S N el e ol = =N =Vl ST VY ST Sy o

0.0002

-0.
=0.
0.
0.
=0.
-0.
0.
0.
-0.
0.
0.
-0.
000z

0003
ooos
nooa
nolo
ooz
0007
ooolL
noon
nool
noon
nooz
nooz

dehin) thkim) win/s) vlin/s) vain/s) dehifc) thki{ft) vift/s) vlife/s) vul{ft/s)
.0

a.
18,
40.
55,
g3,

o
0
o
i
&

z.0
6.0
10.0
ZE.0
15.0
4.5

gz3 773 23k 6.6 6.6 2721 ZE3E 2938
713 623 746 6.2 13.7 2340 L ¥ 2445
1702 1534 1824 3.1 3.8 hRBZ Lzl 5385
2137 Z1Z5 2274 131.2 2.2 Ti08 6373 7460
1275 la08 1948 120.4 43.2  AlE3 5333 £330
2333 ZE83 2384 233.6 113,278kl 7430 T8E3

Explanation:

dim) = depthin meters

dift) = depthin feet

tzlis) = ohservedarrivaltine in seconds {(from source

to receiver, along & slant path). For the arrival
tinesused in the 3-wvave model, the times are the
average of picks frow traces ohtained frow haumer
blows differingin directionbhy 180 degrees.
twrtis) = verticaltravel time computed from the model
vavg iufs)=averagevelocity from the surfaceto each depth,
computedas avg vel = dim) /tvrt (=)
sigua, standard deviationnormalizedto the
standarddeviationof best picks
rzdl {sec)=residual (ohserved- fittedtrawel time), in secs

sig

dthim) = depthto hottomof layer in meters

thk(m) = thicknessof layer in meters

vinfs) = velocityof layer in meters per second

vlin/s) = lower limit of welocityin meters per second
{gee text for explanationof welocitylimits)

wain,/s) = upper linit of welocityin neters per second

dthi{ft] = depthto bottomof layer in feet

thi{ft) = thicknessof layer in feet

vift/s) = welocityof layer in feet per second

vlifty/=) = lower linit of welocityin feet per second

vl ft/=) = upper linit of welocityin feet per second
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Figure A-21. Site location map for the borehole at Rio Dell. The highway (US 101)
has been rerouted and is close to the borehole. The accelerograph is located approximately
10 meters from the borehole.
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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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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 the horizontal offset (hof fset) divided by the velocity
in the uppermost layer (see accompanying tables of velocities for specific values).
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Figure A-25. S- and P-wave velocity profiles with lithology. Dashed lines represent plus and minus one standard deviation of velocities.
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TAELE A-3. 5-wave arrival times and velocitysunnaries.

Location: Bio Dell: 5
hoffset =

3.50

e e i Y R e e i O R A e e T S e i i S S e e O R i e i Y R S e R SR R e N )

tsl{s) twrt (s) vavgin/s) sig rsdl (=sec)
L0ERG
.0Z8d
L0344
0444
L0530
L06EE
L0708
L0776
.08le
0860
0903
0964
.1oog
L1056
L1108

o e e e Y Y e e o o o o o o e s e e s e e e e e e e e Y o s e o o Y e )
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(0ZEd
0317
0411
.0E04
0598
L0852
L0T7E
L0817
0859
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0353
.1ool
1050
.1093

o e e e s Y e Y N o o o o o o e e e s e e e e e e e e e o Y e o e

0130
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231
238
24z
Z4e
252
2ed
28k
293
a0
320
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37
344

Coordinates: 40.50334-124.03314 Hole Code: 312
travel-timefile: G:\FORTUNAYRIO DELLYRIOS.IT

1

I el el e e R o el Sl e e e e e e S e e e o e el el ol S e S R e R e e N e

-0

0.
-0.
0.
0.
0.
0.
-0.
-0.
-0.

1
[=]

o e e Y e e 0 e o o O e

.0oas
0oa7
noos
noog
nooa
noos
oooz
ooLo
0003
noos
.0ool

.goa?
.gooz
.oooz
.ooog

nlayers= &
dthim) thi () win/=s) vlin/s) vain/s)  debifc) chkife) vift/s) vl {ft/=s) vuift/s)
Z.0 . 154 151 158 6.6 6.6 506 434 517
13,0 17.0 287 -1 Za3 fZ.3 EE. B 27 270 2ad
26.0 7.0 534 570 62d 85.3 3.0 1955 1263 2048
42,0 16.0 511 503 5z 137.8 52,5 1a73 1850 1707
2.0 Z0.0 £48 623 BE7 203.4 gE.6  Zlis 2038 Z1E7
94.5 3.5 74z 734 750 310.0 106.6 2434 2409 2480

Explanation:
dim) = depth in meters
dift) = depthin feet

tzlis) ohservedarrival time in seconds {from source

to receiver, along & slant path). For the arrival

timesused in the 3-wave model, the tines are the

average of picks frow traces ohtained frow haumer

blows differingin directionhy 180 degrees.

twrtis) = verticaltravel time computed from the model

vavg iufs)=averagevelocity from the surfaceto each depth,
computedas avg_vel = dimj /tvrt (=)

sig = sigma, standarddeviationnormalizedto the
standarddeviationof best picks

rzdl {sec)=residual (ohserved- fittedtrawel time), in secs

dthim) = depthto hottomof layer in meters

thk(m) = thicknessof layer in meters

vin/s) = welocityof layer in meters per second

vlin/s) = lower limit of welocityin meters per second
{gee text for explanationof welocitylimits)

wain,/s) = upper linit of welocityin meters per second

dthift) = depthto bottomof layer in feet

thi(ft) = thicknessof layer in feet

vift/s) = welocityof layer in feet per second

vlift/=) = lower linit of welocityin feet per second

vl ft/=) = upper linit of welocityin feet per second
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TAELE A-10. P-wave arrival times and velocity sunmaries.

Location: Rio Dell: P Coordinates: 40.50334-124.09314 Hole Code: 312
hoffset= 3.50 travel-timefile: G:\FORTUNA\RIO DELLYRIOP.TT
nlayers= &

dim) dift) tslis)tvrtis) vavgin/s)sig redlisec) dthin) thkiw) win/s) vlin/s)wainf=s)  deb(fe) chi(ft) wifc /=) wvlifc /sl valftss)

z.0 6.6 0.0114 0.0057 353 1 0.0000 z.0 z.0 353 344 364 6.8 6.8 11a0 1128 1194
4.5 14.8 0.011f 0.009% 471 1 -0.0002 £.a 3.0 544 604 634 16.4 9.3 211z 1928 ZZE1
7.0 Z3.0 0.0132 0.0117 £3s 1 0.0005 10.0 5.0 1451 1328 1539 3.8 le.4 4759 4358 LZ4k
9.5 31.% 0.0138 0.0134 708 1 -0.0003 6.0 lg.0 1211 1186 1238 B5.3 BELR 39 3889 406z
12,0 33.4 0.0158 0.01k4 778 1 -0.0001 4z.0 l1le.0 19:7 1874 1983 1378  RZ.E B3I 5144 6507
14.5 47.6 0.0180 0.017% 524 1 0.0001 94,5 EZ.E Z079 06l Z0a7 31000 172,z 6REIl 6761 F381
17.0 EE.g& 0.0Z0Z 0.019% 270 1 0.0002

19.5 64.0 0.0214 0.0Zle 20z 1 -0.0005

22,0 TE.Z 0.0238 0.0 9z3 1 -0.0001

Z4.5 80.4 0.0Z60 0.0Z57 9Lz 1 0.0000

£7.0 88.6 0.0E78 0.0E7% 98z 1 0.0001 Explanation:

£9.5 96,8 0.0290 0.0Z88  l0E4 1 0.0000 dim) = depth in meters

32.0 105.0 0.030Z2 0.0301 1063 1 0.0000 dift) = depthin feet

34.5 113.%Z 0.0314 0.0314 1039 3 -0.0001 tzlis) = ohservedarrivaltine in seconds {(from source

37.0 1k1.4 0.0332 0.0327 1132 1 0.0004 to receiver, along & slant path). For the arrival
33.5 1236 0.0333 0.0340 1162 1 -0.0003 timesused in the 3-wave model, the tines are the

42,0 137.8 0.0380 0.0353 1180 1 -0.0004 average of picks frow traces ohtained frow haumer
44,5 146.0 0.0388 0.0365  lZZ0 10,0002 blows differingin directionhy 180 degrees.

47.0 184.Z 0.0374 0.0377  li47 1 -0.0004 twrtis) = verticaltravel time computed from the model

43,5 16Z.4 0.039Z 0.0389  1Z73 1 0.000Z vavg iufs)=averagevelocity from the surfaceto each depth,

EZ.0 170.6 0.0408 0.0401 1237 3 0.0006 computedas avg_vel = dimj /tvrt (=)

E4 5 178.8 0.04Z0 0.0413  13E20 3 0.000& sig = sigma, standarddeviationnormalizedto the

E7.0 187.0 0.0432 0.0425 1341 3 0.0008 standarddeviationof best picks

E3.5 1952 0.0442 0.0437 1361 2 0.0004 rzdl {sec)=residual (ohserved- fittedtrawel time), in secs
62.0 Z03.4 0.0454 0.0443 1381 1 0.0004 dthim) = depthto hottomof layer in meters

645 Zl11.6 0.0466 0.04s8l 13339 1 0.0004 thk(m) = thicknessof layer in meters

67.0 Z19.8 0.0472 0.0473 ldla 1 =-0.0002 vin/s) = welocityof layer in meters per second

63,5 ZE8.0 0.0488 0.04835 1433 10,0002 vlin/s) = lower limit of welocityin meters per second

TE.0 Z36.%Z 0.0494 0.0437 1448 1 -0.0004 {gee text for explanationof welocitylimits)

74,5 Z44.4 0.0E5l0 0.0809 1483 1 0.0000 wain,/s) = upper linit of welocityin meters per second

77,0 258Z.6 0.05l8 0.05Z1 1477 1 -0.0004 dth(ft] = depthto hottomof layer in feet

79.5 Z60.8 0.0528 0.0533 1491 1 -0.0008 thi{ft) = thicknessof layer in feet

82.0 26%.0 0.0546 0.0545 1504 1 0.0000 vift/s) = welocityof layer in feet per second

845 277.2 0_055Z 0.05R7 1514 1 -0.000& vlift/=) = lower linit of welocityin feet per second

87.0 Z285.4 0_0563 0.0583  15E8 1 -0.0002 vl ft/=) = upper linit of welocityin feet per second

89.5 £93.6 0.0582 0.0581 1540 1 0.0000

92.0 301.% 0.0598 0.0833 151 1 0.0004

94.5 310.0 0.0610 0.0805 1561 1 0.0004
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Table E-1. FPoisson's ratios calculated from the P- and S-wave welocity models
determined for the College of the Redwoods site.

P wave - dibot, pwel, for file: CRIWE . WVEL

2 .00000 248 .000

14.0000 559.000

Q4. 5000 15z0.00
3 wave - dibot, =vel, for file: CRWZ RE.VEL

Z2.00000 Z240.000

& . 00000 Ie2.000

27 .0000 281.000

25.0000 S1e.000

49 . 5000 355.000

T2 .0000 I389.000

29.5000 453 .000

94 . 5000 51z .000

dibot p dibot = dZlot thick pwel swel pEsnrat
Z . 000E+00 Z .000E+00 Z .000E+00 2 .000E+00 F.480E+0Z Z.400E+0Z o.05
1.400E+01 & . JO0E+0O0 &.JO0E+0O0 4 . 000E+00 5.590E+02 3.690E+02 o.11
1.400E+01 Z.700E+0O1 1.400E+01 8 .000E+00 5.590E+02 Z.810E+02 o.23
9.4c0E+01 Z.700E+D1 Z.7FO0E+0O1 1.300E+01 1.5Z0E+03 Z.810E+02 0.48
9.4c0E+01 3.500E+01 3 .500E+01 g2 .000E+00 1.5Z0E+03 5.160E+02Z 0.43
9.4s0E+01 4.950E+01 4.950E+01 1.450E+01 1.5z20E+03 3.550E+02 o.47
9.4s0E+01 T7.200E+01 7.Z200E+01 Z2.Z50E+01 1.5z20E+03 3.890E+02 O.4&
9.4c0E+01 8.950E+01 2.950E+01 1.750E+01 1.5Z0E+03 4.630E+02 0.45
9.4c0E+01 O.450E+01 S.450E+01 5.000E+00 1.5Z0E+03 5.130E+02Z O.44
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Table E—-Z. Foisson's ratios calculated from the FP- and S-—wavwe welocity model=s
determined for +the Fortunsa Fire Station site.

P wave - dibot, pwel, for file: FF3SP.VEL

3.70000 4z21.000

57 .0000 Z2381.00

Q77 .00o00 1749 .00
3 wave - dibot, =vel, for file: tf=23 . WVEL

3.70000 172 .000

10.0000 346.000

19. 5000 439 .000

T5.6000 229.000

o7 .0aoao T30.000

dZbot_p dibot_ = dZlot thick pwel swel pEsnrat
3. 7O0E+0OO 2 .7O00E+0O0 2 .FO0E+0O0 2 .FO0E+O0 4.210E+02 1.720E+02 0.40
S.7O0E+O1 1.000E+01 1.000E+01 &.300E+00 Z2.381E+032 2 .4e0E+0OZ 0.49
5.700E+01 1.950E+01 1.950E+01 9. 500E+00 Z.381E+03 4.390E+02 0.48
5.700E+01 T.560E+01 5.700E+01 3 .750E+01 Z.381E+03 2.Z290E+02 0.43
9. 7O0E+01 T.560E+01 7.560E+01 1.860E+01 1.749E+03 2.Z290E+02 0.36
9. 7O0OE+O1 S.7O0E+0O1 o.7YO0E+0O1 Z2.140E+01 1.749E+032 7.300E+OZ 0.39
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Table E—-3. Foisson's ratios calculated from the FP- and S-—wavwe welocity model=s
determined for the Loletas Fire Station site.

P wave - dibot, pwel, for file: LFSFP.VEL

Z2.00000 415.000

5.00000 53z .000

11.0000 7O .000

Z24.5000 1282 .00

35.0000 l0z9.00

&8 . 0000 1737 .00

94 . 5000 1aa85.00
S wave - dZbot, swvel, for file: LF3IS.WEL

Z2.00000 Z256.000

S.00000 202 .000

11.0000 4e6.000

19. 5000 289.000

24 .5000 739,000

35.0000 432 .000

55.0000 298 .000

B2 . 0000 4932 .000

22 .0000 557 .000

Q4. 5000 TOs5.000

dZbot_p dibot_= dzlhot thicl pwel swvel pssnrat
2 .000E+00 Z .000E+00 Z .000E+00 2 .000E+00 4. 150E+02 Z.560E+0Z o.19
5.000E+00 5.000E+00 5.000E+00 3 .000E+00 5.3Z0E+02 Z.0Z0E+0Z 0.4z
1.100E+01 1.100E+01 1.100E+01 6. O00E+00 T.OB0E+0OZ 4. 660E+0Z 0.1z
Z2.450E+01 1.950E+01 1.950E+01 8. 500E+00 1.262E+03 2. 890E+02 o.47
Z2.450E+01 2.450E+01 2.450E+01 S.0a00e+00 1.262E+03 7 .FOO0E+OZ o.z24
3 .500E+01 3 .500E+01 3 .500E+01 1.050E+01 1.0Z9E+03 4. 3Z0E+0Z o.z29
6.800E+01 5.500E+01 5.500E+01 Z2.000E+01 1.737E+03 3 .98B0E+0Z o.47
E.800E+01 E.800E+01 E.200E+01 1.3200E+01 1.737E+O2 4 _ 930E+02 O.4&
9.450E+01 2 .Z00E+01 2 .Z00E+01 1.400E+01 1.8825E+023 5.570E+OZ O.45
9.450E+01 9.450E+01 9.450E+01 1.Z250E+01 1.885E+03 7 .050E+02 0.4z
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Table E—4. Foisson's ratios calculated from the FP- and S-—wavwe welocity model=s
determined for the Redwood Willaoge Mall =site.

F taavwe - dZbot, pwel, for file: EWTME . WEL

2 .00000 g2z29.000

2.00000 71z .000

18 .0000 170z .00

40. 0000 2197.00

55.0000 1a27+5.00

29.5000 23332 .00
S wave - dZbot, swvel, for file: BWTMS . WEL

2 .00000 285.000

2.00000 254 .000

12 .0000 744,000

27 .5000 458 .000

40. 0000 Q48 .000

55.0000 496 .000

E2.0000 950.000

73 .0000 733 .000

29.5000 1275.00

dZbot_p dibot_= dzlhot thicl pwel swvel pssnrat
2 .000E+00 Z .000E+00 Z .000E+00 2 .000E+00 2.290E+02 2 .850E+02 0.326
g2 .000E+00 2 .000E+00 2 .000E+00 &.000E+0O0 T.130E+0Z Z.540E+02 0.43
1.800E+01 1.800E+01 1.800E+01 1.000E+01 1.702E+032 T .440E+0OZ 0o.28
4. 000E+01 Z2.750E+01 Z.7F50E+01 9. 500E+00 2.197E+032 4.580E+02 o.42
4. 000E+01 4.000E+01 4.000E+01 1.250E+01 2.197E+032 O.4830E+02 o.z9
5.500E+01 5.500E+01 5.500E+01 1.500E+01 1.875E+032 4.960E+02 O.46
8.950E+01 6.200E+01 6.200E+01 7 .O000E+00 Z.333E+03 O.500E+02Z 0.40
2.950E+01 7.300E+01 7.300E+01 1.100E+01 Z2.333E+OZ T.3F0E+OZ O.45
2.950E+01 2.950E+01 2.950E+01 1.e50E+01 Z2.333E+OZ 1.275E+02 o.z9



Takhle E—-5.

P wave -
2 .00000
S5.00000
10,0000
26 .0000
42 0000
94 5000

2 waEve -
2 .00000
19,0000
Z26.0000
42 0000
&2 . 0000
o4 . 5000

dZbot_p
2 .000E+00
S.000E+00
1.000E+01
Z.600E+01
2.600E+01
4. Z00E+01
9.450E+01
9.450E+01

dizbot,

dizbot,

Poisson's
determined

ratio
for the Eino

pwel,

for file:

252 .000
&44.000
1451.00
1211.00
1927 .00
Z2072.00

=vel,

for file:

154.000
267 .000
59&.000
511.000
e48 . 000
742 .000

dibot_ =
2 .000E+00
1.900E+01
1.900E+01
1.900E+01
Z2.600E+0O1
4 Z200E+01
6.Z00E+01
9Q.450E+01

dZlbot
2 .000E+00
S.000E+00
1.000E+01
1.200E+01
Z.600E+01
4.200E+01
6.Z00E+01
9.450E+01

calculated
Dell

from
site.

RIOF .WEL

RIOS .WEL

thick
2 .a0ae+00
3 .a0ae+00
S5.000E+00
9. O00E+00
7 .a0ae+00
1.600E+01
Z2.000E+01
J3.Z50E+01

48

FP—

and S-wave

pwel

2.5320E+02
&.d40E+0Z
1.451E+03
1.211E+03
1.211E+02
1.927E+02
2.079E+O3
2.079E+O3

weloocity

=wvel
1.540E+02
Z2.e70OE+OZ
2. 6TOE+OZ
2. 6TOE+OZ
S.9c0E+O2
S.110E+02
6.480E+02
T.AZ0E+O0Z

models

pEsnrat

oooooooo

.38
.40
.48
.47
.34
)
.45
.43
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