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Figure 10. SH wave travel time graphs. 

Table 5. General model of the test site. 

Layer Depth (m) Thickness (m) Vp{m s ') V"u (m s ') 

0.1 1.0 240 165 
2 1.0 9.5 470 275 
3 10.5 (100)* 1590 275* 
4 20.5 1590 (585) 

*The thickness of layer 3 and the SH velocity of layer 4 are based on a single, un­

reversed observation 

Note that the 5H waves are unaffected by the 
groundwater table at a depth of 10m because 
the shear modulus of a fluid is zero (5 waves pro­
pagate through the matrix material only). The re­
fracted P waves, however, clearly show the pre­
sence of this boundary because the velocity of 
these waves in water is higher that the velocity 
of the matrix material. 

The general velocity model of the test site de­
rived from refraction experiments is given in Ta­
ble 5. This model is tested by the analysis of sur­
face wave dispersion presented in the next sec­
tion. 

SURFACE WAVE EXPERIMENTS 

Group and phase velocities of Love waves 
were measured from the 5H wave refraction re­
cords as a function of frequency. The group ve­
locity or velocity of energy propogation U is re­
lated to the phase velocity or velocity of the in­
dividual wave crests C by the equation 
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U = C - T (dC/dTj 

where T is the period (see, for example. Officer 
1974). I n practice, it is desirable to fit a theoreti­
cal model to observations of both C and U as a 
function of frequency to provide constraints on 
the model. Therefore both group and phase ve­
locity functions were investigated in this study. 
The analysis here will follow the procedures gi­
ven in Albert (in press). Observed dispersion val­
ues for 5H refraction records from line 2-2 are 
listed in Appendix C and are plotted in Figure 11. 
These records were used because they had the 
largest offset between the source and the receiv­
er. The Love waves observed on the seismograms 
had a frequency range of 29 to 43 Hz and phase 
velocities of 230 to 180 m S-l, corresponding to 
wavelengths of 8 to 4 m. 

Theoretical dispersion curves were calculated 
using computer programs given by Herrmann 
(1978). Two theoretical models, listed in Table 6, 
were used as input to the computer program. 
Model A is based on the average properties from 
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Figure 11. Love wave dispersion (e = observed 
values along line 2-2, a = values calculated us­
ing model A). 

Table 6. Theoretical models used to calculate 
Love wave dispersion. 

Thickness 

(m) 
P velocity 

(m S-I) 
SH velocity 

(m S-I) 

a. Model A, based on the average properties 
from all refraction lines. 

1.1 
9.5 

10.0 
00 

1.1 
9.5 

10.0 
00 

238 
467 

1590 
1590 

165 
276 
276 
585 

b. Model 8, based on the properties 
measured along line 2-2. 

233 

436 
1590 

1590 

150 

280 

280 

585 

Density 

(g cm- J) 

1.9 

2.0 
2.1 
2.2 

1.9 

2.0 

2.1 

2.2 

all of the refraction lines, while model B is based 
on the properties from line 2-2 only. The density 
estimates used in the calculations were based on 
surface measurements. * The densities have very 

*c. Miller, USAE Waterways Experiment Station, personal 
communication, 1980 
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Figure 12. Love wave dispersion (e = observed 
values along line 2-2, a = values calculated us­
ing model B). 

I ittle effect on the theoretical dispersion curves, 
as increasing the density values by 0.2 did not 
change the calculated dispersion values. 

The theoretical dispersion calculated from 
model A is plotted along with the observed val­
ues in Figure 11. The theoretical group and 
phase velocities are higher than the observed 
values. Figure 12 gives a plot of the values calcu­
lated using model B, which are in close agree­
ment with the observed dispersion. The agree­
ment between the theoretical and observed sur­
face wave dispersion confirms the refraction ve­
locities measured at this site. The values com­
puted using model A show that the site-to-site 
velocity variations have measurable effects on 
the surface wave propagation. 

The observed Love wave velocities at this site 
are very low. Observed group velocities for the 
frequency range of 25 to 45 Hz were less than 
200 m S-I. Because of these low velocities, an 

acoustic wave produced at the seismic source 
location will travel faster than the surface waves 
and interfere with their observations. The air 
wave will have an especially large effect on the 
seismic signals generated by noisy, continuous 
sources stich as vehicles. 

To show the dependence of the surface wave 
dispersion on the model parameters, partial deri­
vatives of phase velocity with respect to shear 



Table 7. Partial derivatives of phase velocity with respect to shear, wave velocity, 
a CI a {J, for model B (values of less than 0.01 are omitted from table). 

Period Frequency 
(5) (Hz) 0.0 0.5 

FIRST MODE 

0.02 50 0.85 0.60 
0.025 40 0.78 0.70 
0.035 29 0.44 0.52 
0.04 25 0.30 0.38 
0.05 20 0.16 0.19 
0.065 15 0.08 0.10 
0.10 10 0.04 0.05 
0.20 5 0.03 0.03 

SECOND MODE 

0.02 50 
0.025 40 0.01 
0.035 29 0.01 0.03 
0.04 25 0.02 0.04 
0.05 20 0.04 0.06 
0.10 10 0.02 0.04 

wave velocities for model B were computed. The 
values listed in Table 7 show that the shear wave 
velocities above 6 m control the first mode dis­
persion curves for the frequency range observed. 
Thus only the two uppermost velocity layers 
have been confirmed by the surface wave obser­
vations. 

SUMMARY AND DISCUSSION 

P and SH wave refraction measurements were 
used to determine the velocity structure of the 
RSC-ll test site. These measurements show that 
the area has a nearly horizontal, three-layer 
structure in the upper 20 m. The velocities and 
thicknesses of the layers are listed in Table 5. 

Love wave dispersion was used to confirm the 
properties of the two upper layers. The funda­
mental mode Love waves have observed phase 
velocities of 180 to 230 m S-1 for the frequency 
range of 43 to 29 Hz. Observed group velocities 
were less than 200 m S-1 for this frequency range, 
indicating that the direct acoustic wave will 
have a strong effect on the observation of seis­
mic signals generated by vehicles. 

Two methods can be employed in the future 
to increase the depth of penetration of the sur­
face waves. The first method is to extend the 
lower bound of the observed frequency range. 
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Depth (m) 
1.1 5.8 10.6 15.6 20.9 

0.12 
0.27 
0.65 0.01 
0.74 0.04 
0.74 0.14 0.03 
0.64 0.24 0.09 0.02 
0.53 0.32 0.17 0.07 
0.49 0.42 0.37 0.29 0.09 

0.12 0.39 0.41 0.11 
0.09 0.38 0.45 0.13 
0.07 0.35 0.52 0.18 
0.09 0.32 0.55 0.22 
0.19 0.29 0.58 0.30 0.01 
0.52 0.76 0.47 0.41 0.69 

As seen from Table 7, first mode Love waves in 
the range from 5 to 20 Hz would provide infor­
mation on depths up to 20 m. These waves can 
be recorded by using geophones with a lower na­
tural frequency (4 Hz). The second method, 
which is more promising because it would pro­
vide additional information at all depths, is to 
use higher mode surface waves. Partial deriva­
tives of phase velocity with respect to shear 
wave velocity for the second Love wave mode 
are also shown in Table 6. The dispersion of 
these waves is controlled by the deeper model 
parameters. Since the higher mode waves travel 
at a faster group velocity than those of the fun­
damental mode, these waves could be recorded 
by increasing the offsets between the seismic 
source and the receiver to allow mode separa­
tion to occur on the seismograms. Recording the 
data on magnetic tape would also allow numeri­
cal techniques to be used to improve the accur­
acy of the dispersion observations (Dziewonski 
and Hales 1972). With the additional information 
provided by the higher mode surface waves, the 
resolving power of the data set would be in­
creased enough so that a general ized I inear in­
version for structural properties would be feasi­
ble (Wiggins 1972). 

The results of this study have important impli­
cations to vehicle signature studies at this site. 
Since the velocity of the surface layer is very 



low, the direct acoustic wave from the vehicle 
will be a large part of the vehicle signature and 
will mask the seismic waves from the shallow 
layers. In addition, strong acoustic-to-seismic 

coupling will occur, and large amplitude surface 
waves with phase velocities near that of the 
speed of sound in air will dominate the signals 

(Haskell 1951 ). Using the group velocity curve in 
Figure 12, the dominant frequency of these air­
coupled surface waves (which will travel with a 
group velocity of 330 m S-1) is extrapolated to be 

less than 10 Hz. 
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APPENDIX A: P WAVE REFRACTION DATA 

Table A 1. Refraction travel times and fitted line segment times. 

All distances are in meters All times are in milliseconds 

X shot-receiver offset 
T travel times measured from refraction seismograms 

TLiNE travel time of least-squares line segments fitted to T dnd X 

DIF'F T - TLiNE 

RSG-l1 

LINE 
X. M 
1.n 
2.0 
1.0 
2.0 
3.0 
3.0 
4.0 
4.0 
5.0 
5.0 

LINE 
X. M 

5.0 
5.0 
6.0 
6,.0 
6.0 
7.0 
7.0 
8.0 
R.C 
9.0 
9.0 
9.0 

l?O 
15.0 
18.0 
21.0 
24.0 

LINE 
X t M 
24.0 
27.0 
30.0 
33.0 
36.0 

RSG-l1 

LINE 
X. M 

1.0 
2.0 
3.0 
3.0 
3.0 

LINE 
X, M 

3.0 
3.Q 
3.0 
£+.0 
5.0 
6.0 
6.0 
6.0 

LINE 1-1 P ~AVfS 

SEGMENT 
T, ~1 S 

3.5 
5.5 
3.5 
5.5 
7.5 

10.5 
10.5 
13.0 
14.5 
14.5 

SLGMENT 
T. MS 

14.5 
14.5 
17.0 
18.0 
17.5 
1Y.0 
19.0 
21.5 
21.5 
24.0 
25.0 
23.0 
31.8 
38.0 
£+5.5 
55.0 
60.0 

SEGMENT 
T. MS 
60.0 
6.3.0 
65.0 
67.0 
69.0 

NUMBER 
TLH~E 

2.9 
5.9 
2.9 
5.9 
H.R 
1:.8 

11.7 
11 .7 
14. fJ 
14.6 

NUMBER 
TLINE 

14.5 
14.5 
16.9 
16.9 
16.9 
19.4 
19.4 
21.8 
21.R 
24.2 
24.2 
24.2 
31.5 
38.3 
46.0 
53.3 
60.6 

NUM8ER 
TLINE 

60.4 
62.6 
64.8 
67.0 
69.2 

1 

3 

LINE 1-2 P WAVES 

SEGMENT 
T. MS 

3.5 
S.5 
8.0 
9.5 
Q.5 

SlGMENT 
T. MS 

8.0 
9.5 
9.~ 

12.5 
13.5 
16.5 
15.0 
17.0 

NUMBER 1 
TLINE 

3.0 
h.O 
9.0 
9.0 €).o 

NUMBER ~ 
TLIN[ 

8.9 
R.9 
8.9 

11.2 
13.5 
15.8 
15.8 
1:.8 

OIFF 
0.6 

-0.4 
0.6 

-0.4 
-1.3 
1.7 

-1.2 
1.3 

-0.1 
-0.1 

DIFF 
-0.0 
-0.0 

0.1 
1.1 
0.6 

-0.4 
-0.4 
-0.3 
-0.3 
-0.2 
0.8 

-1.2 
0.3 

-o.e 
-0.5 
1.7 

-0.6 

orFF 
-0.4 

0.4 
0.2 
0.0 

-0.2 

DIFF 
0.5 

-0.5 
-1.0 

0.5 
0.5 

DIFF 
-0.9 

0.6 
0.6 
1.3 

-0.0 
0.7 

-O.R 
1.2 
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7.0 
R.O 
9.0 
9.0 
9.0 

12.0 
12.0 
15.0 
18.0 
21.0 
21.0 
24.0 
27.0 
27.0 

LINE 
X. M 
27.0 
27.0 
30.0 
30.0 
33.0 
33.0 
36.0 

17.5 
20.0 
22.0 
23.0 
23.0 
29.0 
29.0 
36.0 
40.0 
50.0 
52.0 
58.0 
64.0 
64.0 

SEGt-lENT 
T. MS 

64.0 
64.0 
65.0 
64.0 
65.0 
65.0 
67.0 

10.1 
20.4 
22.7 
22.7 
22.7 
29.5 
29.5 
36.4 
43.2 
50.1 
50.1 
57.0 
63.8 
63.R 

NUi..,SER 
TLINE 

63.8 
63.8 
64.6 
64.6 
65.5 
65.5 
66.3 

"3 

RSG-11 LINE 2-1 P WAVES 

LINE SEGMENT NUMBER 1 
X, M T. M$ TLINE 

3.0 18.5 15.0 
3.0 13.5 15.0 
~.O 13.0 15.0 

LINE 
X, M 

3.0 
3.0 
3.0 
6.0 
6.0 
6.0 
9.0 
9.0 
9.0 

12.0 
12.0 
12.0 
15.0 
15.0 
15.0 
18.0 
18.0 
lR.D 
21.0 
21.0 
24.0 
24.0 
24.0 
27.0 
27.0 
27.0 

SEGP.lfNT 
T. MS 
18.5 
13.5 
13.0 
21.0 
21.0 
21.0 
26.5 
27.0 
27.0 
3~.O 
32.0 
32.0 
39.5 
40.0 
40.0 
49.0 
46.0 
4R.0 
58.0 
56.0 
62.0 
63.0 
62.0 
67.0 
6~.0 
67.0 

NUMBER 
TLINE 

13.9 
13.q 
13.9 
20.6 
20.6 
20.6 
27.4 
27.4 
27.4 
34.1 
34.1 
34.1 
40.9 
40.Q 
40.9 
47.6 
47.6 
47.6 
54.4 
~5 4.4 
61.1 
61.1 
61.1 
67.8 
67.8 
67.8 

2 

LINE SEGMENT NUM8ER 3 
X. M T. MS TLINE 
27.0 67.0 6~.7 
27.0 66.0 6~.7 
27.0 67.0 65.7 

-0.& 
-0.4 
-0.7 

0.3 
0.3 

-0.5 
-0.5 
-0.4 
-3.? 
-0.1 
1.9 
1 • 0 
0.2 
0.2 

DIFF 
o.? 
0.2 
0.4 

-0.6 
-0.5 
-0.') 

0.7 

DIFF 
3.5 

-1.5 
-?.o 

OIFF 
4.6 

-0.4 
-0.9 

0.4 
0.4 
0.4 

-0.9 
-0.4 
-0.4 
-1.1 
-2.1 
-2.1 
-1.4 
-0.9 
-0.9 

1.4 
-1.6 

0.4 
3.6 
1 • (, 
0.9 
1.9 
0.9 

-O.p 
-1.8 
-C.R 

OIFF 
1.3 
O· '1t. ...... 
1.3 



30.0 68.0 67.4 0.6 60.0 8&.0 84.9 1.1 
30.0 69.0 67.4 1 • €) 63.0 E6.0 86.9 -0.9 
30.0 69.0 67.4 I.£:. 
30.0 66.0 67.4 -1.4 
30.0 65.0 67.4 -1.4 
33.0 70.0 69.0 1.0 RSG-l1 LINE 3-1 P WAVES 33.0 69.5 69.0 0.5 
33.0 70.0 69.0 1 • 0 
33.0 68.0 69.0 -1.0 LINE SEGMENT NUM BER 1 33.0 67.U 69.0 -2.0 X , M Tt MS TLINE OIFF 
36.0 73.0 7:1.6 2.lf 0.0 0.0 0.0 -0.0 36.0 73.0 70.6 2.4 3.0 13.0 10.3 2.7 36.0 73.0 70.6 2.4 f.O 20.5 20.6 -0.1 36.0 68.5 70.6 -2.1 9.0 3C.0 30.S -0.9 36.0 67.0 70.6 -3.6 
39.0 70.0 72.3 -2.3 
39.0 70.0 7 r

; ~ -2.3 LINE SEGMENT NUMBlR r, '-.'" c.. 42.0 73.0 73.9 -0.9 )( . M T. MS TLINE DIFF 
42.0 73.0 73.9 -0.9 9.0 30.0 ~1.5 -1.5 
45.0 75.0 75.5 -0.5 12.0 3e.O 37.4 U.6 
45.0 75.0 75.5 -0.'5 15.0 44.5 43.2 1.3 48.0 78.0 77.1 o a 18.0 50.0 49.0 1.£1 . .; 
4R.O 78.0 77.1 0.9 21.0 54.0 54.8 -0.8 
51.0 78.0 78.8 -C.b 24.0 60.0 60.6 -0.6 51.0 78.0 78.8 -0.8 
54.0 80.0 80.4 -0.4 
54.0 RO.C AO.4 -0.4 LINE SEGMENT NUMBER 3 57.0 82.0 t.?O -0.0 X t M T. MS TLINE OIFF 57.0 83.0 82.0 leO 27.0 64.0 64.2 -0.2 60.0 82.0 83.6 -1.6 30.0 66.0 66.C O. 0 
60.0 85.0 83.6 1.4 33.0 68.5 67.7 O.B 63.0 86.0 85.3 0.7 36.0 69.0 69.5 -0.5 63.0 87.0 8~.3 1.7 

RSG-11 LINE 3-2 P wAVES 
RSG-11 LINE 2-2 P wAV [$ 

LINE SEGMENT NUMBER 1 
LINE SEGMENT NUMBER 1 X. M Tt MS TLINE DIFF 
X, M Tt MS TLINE OIFF 3.0 12.0 12.0 o .0 

3.0 10.0 10.0 0.0 

LINE SEGMENT NUMBER 2 
LINE SEGMfNT NUMBER 2 X. M T • MS TLINE OIFF 
x" tJ. T. MS TLINE DIFF 3.0 12.0 13.1 -1.1 

3.0 10.0 10.5 -0.5 6.0 19.0 19.:> -0.2 
6.0 18.0 11.4 o.~ 9.0 25.0 25.4 -0.4 
S.O 23.5 24.2 -0.7 12.0 33.0 31.5 1.5 

12.0 31.0 31.1 -0.1 15.0 38.0 37.7 0.3 
15.0 38.0 38.0 0.0 18.0 45.0 43.8 1 .2 
18.0 45.0 44.9 0.1 21.0 50.0 1;)0.0 0.0 
21.0 5~.5 51.8 1.7 24.0 56.0 56.1 -0.1 
24.0 59.0 58.6 0.4 27.0 61.0 ~2.3 -1.3 
27.0 64.0 65.5 -1.5 

LINE SEGMENT NUMBER ?I 
LINE SEGMENT NUMBER ~ X • M Tt MS TLINE DIFF 
X, M Tt MS TLINE DIFF 27.0 61.0 61.6 -0.6 
21.0 64.0 63.8 0.2 30.0 64.5 63.9 0.6 
30.0 66.0 65.7 (;.3 33.0 67.0 66.3 0.1 
30.0 64.5 65.7 -1.2 36.0 6R.0 68.6 -0.6 
33.0 68.0 67.6 0.4 
33.0 66.0 67.6 -1.6 
36.0 71.0 69.5 1.5 
36.0 69.0 6'3.5 -0.5 RSG-11 LINE 4-1 P iJAVES 
39.0 71.0 71.5 -0.5 
42.0 74.0 73.4 0.6 
45.0 77.0 75.3 1.7 LINE SEGMENT NUMBER 1 
48.0 78.0 77.2 0.8 X. M Tt MS TLINE DIFF 51.0 79.5 79.2 0.3 0.0 0.0 0.0 -0.0 
54.0 80.0 81.1 -1.1 1.0 6.0 5.2 0.8 
51.0 82.0 83.0 -1.0 2.0 10.0 10.4 -0.4 
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LINE SEGMENT NUMBER ,> 
!_ .. RSG-l1 LINE 5-1 P WAVES 

X , M T. '"1S TLINE DIFF 
3.0 11.0 11.9 -0.'3 

LINE SEGMENT NUMBER 1 6.0 17.0 18.2 -1.2 
9.0 23.0 24.5 -1.5 X • M Tt MS TLINE DIFF 

12.0 29.0 30.8 -1.8 3.0 14.0 14.0 0.0 
15.0 36.0 37.1 -1.1 
18.0 42.0 43.4 -1.4 

LINE SlGMENT NUMBER. ? 21.0 50.0 49.7 0.3 
24.0 58.0 56.0 2.0 X. M T, MS TLINE DIFF 

2.0 10.0 9.8 0.2 3.0 14.0 14 .2 -0.2 
3.0 13.0 11.9 1 • 1 6.0 21.0 20.5 0.5 
5.0 17.0 16.1 0.9 9.0 27.5 26.8 0.7 
6.0 2(1.0 18.2 I.? 12.0 33.0 33.1 -0.1 
7.0 20.5 20.3 0.2 15.0 39.0 39.4 -0.4 
8.0 23.0 22.4 0.6 18.0 lfl.f.O 45.7 -1.7 
9.0 25.0 24.5 0.5 21.0 52.5 52.0 0.5 

24.0 59.0 58.2 0.8 

LINE SEGMENT NUMBER 3 
SEGMENT NUMEER 3 X. M Tt MS T LI NE DIFF LINE 

24.0 58.0 57.6 0.4 . X, M T • MS TLINE DIFF 
27.0 60.0 60.4 -0.4- 24.0 59.0 59.2 -0.2 
30.0 63.0 63.2 -0.2 27.0 62.0 61.5 0.5 
33.0 66.0 66.0 o • 0 30.0 64.0 63.8 o ') .L 

36.0 69.0 68.8 0.2 33.0 65.0 66.1 -1.1 
36.0 69.0 68.4 0.6 

RSG-11 LINE 4-2 P IJAVES RSG-l1 LINE 5-2 P WAVES 

LINE SEGMENT NUMBER 1 LINE SEGMENT NUMBER 1 
X. M T. MS TLINE DIFF X • M T • MS TLINE DIFF 

0.0 0.0 -0.0 o • 0 3.0 12.0 12.0 0.0 
1.0 4.5 4.7 -0.2 
2.0 9.5 9.4 o • 1 

LINE SEGMENT NUMBER L 
X. M Tt MS TLINE DIFF 

LINE S[GMENT NUMBER 2 3.0 12.0 12.4 -0.4 
X. M T. MS TLINE DIFF 6.0 19.0 18.8 0.2 
3.0 11.5 11.9 -0.4- 9.0 25.5 25.2 0.3 
f .• O 19.0 18.0 1.0 12.0 31.0 31.6 -0.6 
9.0 24.0 24.0 0.0 15.0 39.0 38.1 0.9 

12.0 30.0 30.0 -0.0 18.0 44.0 44.5 -0.5 
15.0 36.0 36.0 -0.0 21.0 51.0 50.9 0.1 
18.0 42.0 42.1 -C.l 24.0 57.5 57.3 0.2 
21.0 48.0 48.1 -0.1 27.0 63.5 63.8 -0.3 
24.0 53.5 54.1 -0.6 
27.0 60.5 60.2 0.3 

2.0 9.5 9.9 -0.4 LINE SEGMENT NUMBER 3 
3.0 11 .0 11.9 -0.9 X, M T. MS T LI NE DIFF 
4.0 14.0 13.9 0.1 27.0 63.5 63.0 0.5 
5.0 16.0 15.9 0.1 30.0 64.5 65.0 -0.5 
6.0 18.0 18.0 C.o 33.0 66.5 67.0 -0.5 
7.0 20.5 20.0 0.5 36.0 69.5 69.0 0.5 
8.0 22.5 22.0 0.5 
9.0 24.0 24.0 0.0 

RSG-l1 LINE 6-1 P WAVES 
LIN~ SEGMENT NUMBER 3 
Xt T, MS TLINE DIFF 

LINE 27.0 60.5 60.2 0.3 SEGMENT NUMBER 1 
30.0 62.0 62.0 0.0 X t M Tt MS TLINE DIFF 
33.0 63.0 63.7 -0.7 0.0 0.0 0.0 -0.0 
36.0 66.0 65.5 0.5 1.0 6.5 5.1 1.4 

2.0 9.5 10.2 -0.7 

LINE SEGMENT NUMBER ., 
t';. 

X, M Tt MS TLINE OIFF 
3.0 11.5 12.0 -0.5 
6.0 17.5 18.2 -0.7 
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9.0 24.0 24.5 -0.5 LINE SEGMENT NUMbER ;;: ... 
12.0 31.0 3D.? 0.2 X, M T, MS TLINE DIFF 15.0 3B.0 37.1 0.9 3.0 12.0 12.1 -0.1 18.0 44.0 43.3 0.7 9.0 24.5 24.8 -0.3 21.0 49.0 49.6 -0.6 12.0 31.5 31.1 0.4 
24.0 56.0 55.9 0.1 15.0 38.0 37.4 0.6 27.0 61.5 62.2 -0.7 18.0 43.0 43.7 -0.7 2.0 9.5 9.9 -0.4 

3.0 12.0 12.0 (i .0 
4.0 Ilt.O 14.0 -G.C LINE SEGMENT NUMBER 3 :).0 1f-.O 16.1 -0.1 X, M T. MS TLINE DIFF 6.0 18.5 18.2 O.~ 24.0 65.0 S4.7 0.3 7.0 21.0 20.3 0.7 27.0 67.0 67.4 -0.4 
8.0 23.0 22.4 O.b 30.0 70.0 70.1 -0.1 9.0 24.5 24.5 -0.0 33.0 7,3.0 72.8 0.2 

LINE SEGMENT NUMBER "7 

R SG -11 LINE 7-2 ..... J P WAVES X .. M T. t~S TLINE DIFF 
27.0 61.5 61.9 -0.4 
30.0 64.5 63.9 0.6 LINE SEGMENT NUMB[R 1 33.0 66.0 65.8 0.2 
36.0 67.5 67.8 -0.3 X, M T. MS TLINE DIFF 

0.0 0.0 0.0 o • J 
3.0 12.0 12.0 0.0 

RSG-11 LINE 6-2 P WAVES 
LINE SEGMENT NUMBER .... 

( 

X, M T. MS TLINE OIFF 
LINE SEGMENT NUMBER 1 3.0 12.0 12.9 -0.9 X t M T, MS TLINE DIFF 6.0 19.0 19.1 -0.1 0.0 0.0 -0.0 O. 0 9.0 25.5 25.4 0.1 

1.0 4.0 4.2 -0.2 12.0 32.0 31.6 0.4 
2.0 8.5 8.4 0.1 15.0 39.0 37.8 1.2 

18.0 45.0 44.1 0.9 
21.0 49.0 50.3 -1.3 

LINE SEGMENT NUMBER 2 24.0 57.0 56.5 0.5 X, M T, MS TLINE DIFF 27.0 62.0 62.8 -0.8 3.0 12.0 12.1 -0.1 
6.0 19.5 18.7 0.8 
9.0 2f.O 25.3 0.7 LINE SEGMENT NUMBER "-

12.0 32.0 32.0 0.0 X. M T, ~s TLINE DIFF 15.0 41.0 38.6 2.4 27.0 62.0 61.9 0.1 
18.0 47.0 45.2 1.8 30.0 67.0 67.2 -0.2 
21.0 52.0 51.8 0.2 33.0 72.5 72.4 0.1 
24.0 5e.o 58.4 -0.4 
27.0 63.0 65.1 -2.1 
2.0 8.5 9.9 -1.4 
3.0 11.8 12.1 -0.4 

PSG-II LINE 8-1 P wAVES 4.0 14.5 14.3 0.2 
5.0 16.5 16.5 -0.0 
6.0 18.5 18.7 -C.2 
7.0 21.0 20.'3 I) .1 LINE SEGMENT NUMBER 1 
8.0 22.5 23.1 -0.6 x. "1 T, MS TLINE OIFF 
9.0 24.5 25.3 -0.8 0.0 0.0 0.0 -0.0 

1.0 5.3 4.7 0.6 
2.0 9.0 9.3 -0.3 

LINE SEGf"'ENT NUM BER "-.: ..; 

X. M T, MS T LINE OIFF 
27.0 63.0 63.1 -0.1 LINE SEGMENT NUMBER 2 
30.0 65.0 64.7 0.3 X, M Tt MS TLINE OIFF 
33.0 66.0 66.3 -0.3 3.0 11.0 10.6 0.4 
36.0 68.0 67.9 0.1 6.0 16.0 16.7 -0.7 

9.0 23.5 22.8 0.7 
12.0 30.0 28.9 1.1 
15.0 35.5 35.0 0.5 

RSG-11 LINE 7-1 P WAVES 18.0 41.0 41.1 -0.1 
21.0 46.5 47.3 -0.8 
24.0 54.0 53.4 O.b 

LINE SEGMENT NUMBER 1 2.0 9.0 8.5 0.5 
X, M T. MS TLINE DIFF 3.0 11.0 10.6 0.4 

3.0 12.0 12.0 0.0 4.0 13.0 12.6 0.4 
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5.0 14.0 14.6 -0.6 LINE SEGMENT NUMBER ~ 

6.0 17.3 16.7 O.b X. M T, r...,s TLINE DIFF 
7.0 18.0 18.7 -0.7 27.0 64.5 63.5 1.0 
e.o 19.0 20.8 -1.8 30.0 64.0 6~). 0 -1.0 
9.0 22.3 22.8 -0.5 33.0 65.8 66.6 -0.8 

36.0 69.0 68.1 0.9 

LINE SEGMENT NUf'1BER 1: 
..J 

X, M T, MS T LI NE OIFF kSG-11 LINE 9-2 P WAVES 
27.0 65.0 64.5 0.5 
30.0 66.5 66.8 -0.3 
33.0 68.5 69.1 -0.6 LINE SEGM[NT NU t-, BE R. 1 
36.0 72.0 71.4 0.6 X, M T. MS TLINE DIFF 

3.0 12.5 12.5 0.0 

R SG -11 LINE 8-2 P wAVES LINE SEGMENT Nur~8ER 2 
X. M T. MS TLINE DIFF 

LINE SEGMENT NUMBER 1 3.0 12.5 11.1 1.4 
X • M T. MS TLINE DIFF 6.0 17.0 17.8 -0.8 

0.0 0.0 0.0 -0.0 9.0 23.5 24.5 -1.0 
3.0 15.0 14.1 0.9 12.0 31.5 31.2 0.3 
1.0 5.0 4.7 0.3 15.0 37.5 37.9 -0.4 
2.0 9.0 9.4 -0.4 18.0 44.0 44 .6 -0.6 
3.0 13.3 14.1 -0.8 21.0 52.5 51.3 1.2 

2't.O 59.5 58.0 1 c:, . ..-
27.0 63.5 64.7 -1.2 

LINE SEGMENT NU~1 BER -X, M T, MS T LI NE DIFF LINE SEGMENT NUMBER 3 3.0 15.0 12.7 2.3 
9.0 26.0 24.1+ 1.6 X t r~ Tt ~s TLINE DIFF 

12.0 33.0 30.2 2.8 27.0 63.5 64.0 -0.5 
15.0 39.0 36.1 2.q 30.0 67.0 66.3 O.R 
18.0 43.0 41.9 1 .1 33.0 68.5 68.5 0.0 
21.0 47.5 47.8 -0.3 36.0 70.5 70.8 -0.3 
27.0 58.0 59.5 -1.5 

3.0 13.3 12.7 0.5 
RSG-11 P WAVES 4.0 15.5 14.6 0.9 LINE 10-1 

5.0 15.0 16.6 -1.6 
6.0 17.5 18.~ -1.0 

SEGMENT NUMBER 1 7.0 18.3 20.5 -2.2 LINE 
E.O 20.3 22.4 -2.2 X, ,., T. MS TLINE DIFF 
9.0 21.U 24.4 -3.4 0.0 0.0 -0.0 0.0 

3.0 11.5 10.7 0.8 
1.0 3.0 3.6 -O.E-

LINE SEGMENT NUM8ER 3 2.0 7.0 7.2 -0.2 
X, M Tt MS TLINE DIFF 3.0 10.3 10.7 -0.5 
30.0 69.0 6H.9 0.1 
33.0 70.0 70.2 -0.2 
36.0 71.5 71.4 0.1 ~;N~ SEV~E~! NU~~l~E 2 OIFF 

3.0 11.5 11.4 0.1 

R SG -11 LINE 9-1 P WAVES 6.0 16.5 17.9 -1.4 
9.0 24.0 24.4 -0.4 

12.0 29.0 30.9 -1.9 
LINE SEGMENT NUMBER 1 18.0 44.0 43.9 0.1 

21.0 50.0 50.5 -0.5 X, M Tt r1S TLINE DIFF 24.0 57.0 57.0 0.0 
3.0 11.0 11.0 0.0 27.0 64.0 63.5 0.5 

3.0 10.3 11.4 -1.1 

LINE SEGMENT NUM BER 2 4.0 13.5 13.5 -0.0 
5.0 16.8 15.7 1.0 x. M T, r-1S TLINE DIFF 6.0 19.0 17.9 1 .1 

3.0 11.0 11.9 -0.9 8.0 23.0 22.2 0.8 
6.0 19.0 18.3 0.7 9.0 26.0 24.4 1.6 
9.0 25.5 24.8 0.7 

12.0 31.5 31.3 0.2 
15.0 38.0 37.7 0.3 LINE SEGMENT NUMBER 3 
18.0 44.0 44.2 -0.2 X, M Tt MS TLINE DIFF 
21.0 49.0 50.6 -1.6 27.0 64.0 64.7 -0.7 
24.0 57.0 51.1 -0.1 30.0 68.0 66.9 1.1 
27.0 64.5 63.6 0.9 33.0 69.0 69.1 -0.1 

36.0 71.0 71.3 -0.3 
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RSG-ll LINE 10-2 P wAVES 15.0 34.5 35.1 -0.6 
IB.O 41.0 41.6 -0.6 
21.0 48.0 48.0 -0.0 

LINE SEGMENT NUMBER 1 24.0 54.0 54.5 -0.5 
X~ r~ T, MS TLINE DIFF 27.0 61.5 60.9 0.6 

0.0 o .0 -0.0 0.0 30.0 68.0 67.4 0.6 
1 .0 4.0 4.6 -0.6 
2.0 9.5 S.2 0.3 

LINE SEGMENT NUMBER 3 
X, ,.1 T, MS TLINE DIFF 

LINE SEGMENT NUMBER. 2 30.0 68.0 67.9 0.1 
X t M T t t4 S TLINE OIFF 33.0 69.0 69.2 -0.2 

3.0 12.0 12.2 -0.2 36.0 70.5 70.4 0.1 
6.0 18.5 18.9 -0.4 
9.0 26.0 2:·.5 0.5 

12.0 32.5 32.1 0.4 RSG-l1 TEST SITE L Il~E 11-2 P w~VES 
15.0 39.0 38.8 0.2 
18.0 ilS.O 45.4 -0.4 
21.0 51.5 52.1 -0.6 LINE SEGME~'JT NUMe[~ 1 
24.0 58.0 58.7 -0.7 X. M T. MS TLINE OIFF 
27.0 66.0 65.4 0.6 1.0 4.0 3.2 0.8 

2.0 9.5 10.0 -0.5 2.0 6.5 6.4 0.1 
3.0 11.5 12.2 -0.7 3.0 9.8 9.7 o • 1 
4.0 15.0 14.4 Q.6 3.0 9.5 9.7 -0.2 
5.0 16.5 16.6 -0.1 4.0 12.8 12.9 -0.1 
6.0 18.5 18.9 -0.4 
7.0 21.5 21.1 0.4 
8.0 24.0 23.3 0.7 ~!N~ SEV~E~! NU~~lNE " 
9.0 26.0 25.5 0.5 

c::: 
OIFF 

4.0 12.8 12.8 -0.0 
5.0 15.0 15.1 -0.1 

LINE SEGMENT NUMBER 3 6.0 17.5 17.3 0.2 
x. M T. MS TLINE DIFF 6.0 17.0 17.3 -0.3 
27.0 66.0 65.9 0.1 7.0 20.0 19.6 0.4 
30.0 67.5 67.3 0.2 8.0 22.0 21.9 0.1 
33.0 6~.O 68.7 -0.7 9.0 26.0 24.1 1.9 
36.0 70.5 70.1 0.4 9.0 23.8 24.1 -0.4 

12.0 30.5 30.9 -0.4 
15.0 36.0 37.7 -1.7 
1R.0 44.0 44.5 -0.5 

RSG-11 TEST SITE LINE 11-1 P W AV E S 21.0 50.0 51.3 -1.3 
24.0 60.0 58.1 1.9 
27.0 65.0 64.9 o • 1 

LINE SEGMENT NUMBER 1 
X. M T. MS TLINE OIFF 

1.0 3.0 3.2 -0.2 LINE SEGMENT NUMBER 3 
2.0 7.0 () • '5 0.5 X, M T, MS T LI NE OIFF 
3.0 9.5 9.7 -0.2 27.0 65.0 65.4 -0.4 
3.0 10.0 9.1 0.3 30.0 67.5 67.3 0.2 
4.0 12.8 13.0 -0.2 33.0 70.0 69.2 0.8 

36.0 70.5 71.1 -0.6 

LINE SEGMENT NUMBER 2 
X, M Tt MS TLINE DIFF RSG-11 LINE 11-1 P ~ AV E PEAKS 

4.0 12.8 11.5 1.3 
5.0 14.0 13.6 0.4 
6.0 15.0 15.8 -0.8 LINE S[GMENT NUM BEk 3 
6.0 15.0 15.8 -0.8 X. M T , f~ S TLI\!E DIFF 
7.0 18.5 17.9 0.6 30.0 72.0 71.8 0.3 
8.0 20.5 20.1 0.4 33.0 73.0 74.0 -1.0 
9.0 22.5 22.2 0.3 33.0 74.5 74.0 0.5 
9.0 22.0 22.2 -0.2 36.0 7~.5 76.2 -0.1 

12.0 28.0 28.7 -0.7 36.0 77.3 76.2 1 .0 
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Table A2. Fitted line segments. Characteristics of the line segments which were fitted to the data are listed for all lines. 

NPTS = no. of data points 
(XMIN, XMAXl = interval of line segment 

MSE = mean square error = (1/NPTSlV'l (T-TLINEJ2 

R SG -11 LINE 1-1 P WAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCEPT MSE CORREL 

NO. M M MIS TIMEt ~", S MS COEFF 
1 0.0 5.0 10 342. 0.0 0.3 D.99C9 
2 5.0 24.0 17 412. 2.4 0.2 0.9974 
3 24.0 36.0 5 1364. 42.A o .1 0.9918 

RSG-l1 LINE 1-2 P WAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCfPT MSE CORREL 

NO. M M MIS TIMEt MS MS CO[FF 
1 0.0 3.0 5 335. 0.0 0.3 O.Q931 
2 3.0 27.0 22 437. 2.1 0.2 0.9967 
3 27.0 36.0 7 3545. 56.2 0.2 0.7754 

R SG -11 LINE 2-1 P wAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCEPT MS[ CORR[L 

NO. M M MIS Tl'''1[, fJ! S ~'S CO[FF 
1 0.0 3.0 3 200. 0.0 1.4 0.9733 
2 3.0 27.0 26 445. 7.2 0.3 0.9916 
3 27.0 63.0 36 1844. 51.1 0.2 0.9440 

RSG-11 LINE 2-2 P wAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCEPT r-'SE CORR[L 

NO. M M MIS TIME, MS ~S COEFF 
1 0.0 3.0 1 300. -0.0 0.0 1.0000 
2 3.0 27.0 9 436. 3.6 0.3 0.9977 
3 27.0 63.0 16 1559. 46.5 0.2 0.9822 

R SG -11 LINE 3-1 P WAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCEPT MS[ CORREL 

NO. M M MIS TIME, MS MS CO[FF 
1 0.0 9.0 '+ 292. O. 0 0.7 0.9946 
2 9.0 26.0 (, 516. 14.1 0.4 0.9890 
3 26.0 36.0 4 1714. 48.5 0.2 0.9459 

RSG-11 lINE 3-2 P WAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCEPT MSE CaRREL 

NO. M M MIS TIMEt MS MS COEFF 
1 0.0 3.0 1 250. -0.0 0.0 1.0000 
2 3.0 27.0 9 488. 6.9 0.3 o .9971 
3 27.0 36.0 '+ 1277. 40.4 0.3 0.9460 

RSG-11 LINE 4-1 P wAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCEPT MS[ CORREl 

NO. M M MIS TIME, MS MS CaE FF 
1 0.0 2.0 3 192. 0.0 0.3 0.9941 
2 2.0 24.0 15 476. 5.6 0.3 0.9921 
3 24.0 36.0 5 1071. 35.2 0.1 0.9949 

RSG-11 LINE 4-2 ~ WAVES 
SEGMENT XMIN X AX NPTS VELOCITY INTERCEPT MSE CORREL 

NO. M M MIS TI~E, MS MS COEFF 
1 0.0 2.0 3 213. -0.0 0.1 0.9995 
2 2.0 27.0 17 498. 5.9 0.1 0.9991 
3 27.0 36.0 4 1714. 44.5 0.2 0.9459 

RSG-l1 lINE 5-1 P WAVES 
INTERCEPT MSE CORREl SEGMENT XM IN XMAX NPTS VELOCITY 

NO. M H MIS TIME, MS MS COEFF 
1 0.0 3.0 1 214. -0.0 0.0 1.0000 
2 3.0 24.0 8 477. 8.0 0.3 0.9973 
3 24.0 36.0 5 1304. 40.8 0.3 0.9653 
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RSG-l1 LINE 5-2 P WAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCEPT MS[ CORRfL 

NO. M M MIS TIMEt MS MS COEF~ 
1 0.0 3.0 1 250. -0.0 o • P 1.0000 
2 3.0 27.0 9 467. 5.9 0.2 O.QC)Q2 
3 27.0 36.0 4 1500. 45.0 o .2 O.9:1?4 

RrG-11 lINE 6-1 P WAV~S 
S GMENT XMIN XMAX PTS VELOCITY INTERCEPT M ~,r CORREl 

NO. M M ~1 /s TIM[, ~!:S i"lS COFFf 
1 0.0 2.0 ":t 19 f •• 0.0 r, t.: C.9b15 ~. u .~; 
2 2.0 27.0 17 478. 5.7 0.1 0.9990 
3 27.0 36.0 4 1538. 44.4 (I.? O.9f{:"'7 

RSG-11 lINE 6-2 P WAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCfPT M Sf CORR[L 

NO. ~1 M MIS TIM r, fJ1 S f':S (OEFF 
1 0.0 2.0 3 ?33. -0.0 (; .1 0.9994 
2 2.0 27.0 17 453. 5 ~ ..... 0.2 o .99t,2 
3 27.0 36.0 4 1875. 48.7 o • 1 o .98[t6 

RSG-l1 LINE 7-1 P lJAVES 
SEGMENT XM IN XMAX NPTS VELOCITY INTERCEPT MSE (OR.REL 

NO. r., M MIS TIME, "'~ S ~, S COEFF 
1 0.0 3.0 1 250. -0.0 0.0 1.0000 
2 3.0 20.0 5 476. 5.8 0.2 0.9981 
3 20.0 36.0 4 1111. 43.1 a • 1 0.9918 

RSG-l1 LI~E 7-2 P WAVES 
SEGMENT MIN XMAX NPTS VELOCITY INTERCEPT MSE CORREl 

NO. M M MIS TIME, MS ~1S C OE 1= F 
1 0.0 3.0 2 250. 0.0 o • 0 1.0000 
2 3.0 27.0 9 481. 6.7 0.3 0.9975 
3 27.0 33.0 3 571. 14.7 o • 1 0.9992 

R G-l1 LINE 8-1 P WAVt.S 
SEGMENT XM IN XMAX NPTS VELOCITY INTERCEPT MSE CORREL 

NO. M M MIS TIM[, MS MS COEFF 
1 0.0 2.0 3 215. 0.0 0.2 0.9959 
2 2.0 25.0 16 490. 4.4 0.2 0.9969 
3 25.0 36.0 4 1304. 43.8 0.3 0.9618 

RSG-11 lINE 8-2 P WAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCEPT MSE CORRfl 

NO. M M MIS T Ir-1 E, M.S MS COE FF 
1 0.0 3.0 5 213. O. 0 0.3 0.9965 
2 3.0 28.0 14 51-.S. 6.h o.~ 0.9800 
3 28.0 36.0 3 2400. 56.4 0.1 0.9865 

RSG-l1 lINE 9-1 P WAVES 
SEGt~ENT XMIN XMAX NPTS VELOCITY INTERCEPT MS[ CORREl 

NO. M M MIS TIME, MS r:;s COEFF 
1 0.0 3.0 1 273. -0.0 0.0 1.0000 
2 3.0 27.0 9 465. 5.4 0.3 0.9978 
3 27.0 36.0 4 1967. 49.8 0.5 0.7664 

RSG-l1 LINE 9-2 P WAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCEPT MSE CORR [L 

NO. M M MIS TIMEt MS MS COEFF 
1 0.0 3.0 1 240. -0.0 0.0 1.0000 
2 3.0 27.0 9 448. 4.4 0.3 0.9966 
3 27.0 36.0 4 1333. 4·3.8 0.2 0.9666 
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R SG -11 LINE 10-1 P WAVES 
SE.G~1£NT xt-1 I N XMAX NPTS VELOCITY INTERCE.PT M~[ CORREL 

NO. M M r., IS T I 1"'[ t tv~ S t4 S COEFF 
1 0.0 3.0 5 280. -0.0 0.2 0.9960 
2 3.0 27.0 14 460. 4.8 0.3 0.9968 
3 27.0 36.0 4 1364. 44.9 0.3 0.9308 

RSG-l1 LINE 10-2 P ~AVES 
S~Grl[f'JT XMIN X r-j A X NFTS VELOCITY INTERCFPT r4 ~~ r CO R R fL 

NO. M M MIS TIPr, MS ~: ::' COEFF 
1 0.0 2. 0 3 217. - D. (J r... r; 

v • ~ (\ • '3 '3 ~.~ e 
2 2.0 27.0 17 452. 5.6 0.1 0.9991 
3 21.0 36.0 4 214.) • 53.3 o • ~ 0.9333 

RSG-11 T [ST SIT~~, LINE 11-1 P WJ\VES 
SEG~"ENT XMIN XMA X NPT':', VlLOCITY INTERCEPT M'Cf' CORR[L 

NO. M r"i MIS TI~lE, t~ S ~s COEFF 
1 0.0 4.0 r.- 308. a.o 0.1 0.9988 ..J 

~ 4.0 30.0 1: 465. 2 0 . ' 0.2 O.S9;3B 
3 30.0 36.Q 3 2400. 5:~.lt o .1 0.9865 

RSG-ll TEST SITE LINE 11-2 P WAVES 
s:: G r~ t~ N T X ~~ I N X rJ,A X NPTS VELOCITY IN TERCEPT Poi C'r 

• I ... ) :, ~ CORREl 
NO. !Vj M M /s TIME, MS t-l S C OE r. F 

1 0.0 4.0 5 310. 0.0 r ,-., 
u •• -:: D.99f~4 

2 4.0 27.0 14 it if~!. 3.7 o ~' . ,.: o .9 q (;7 
j 27.0 -56.0 4 1~7~. 48.3 o.~ 0.9371 

LInE 11-1 P WAVE PEAKS 

3 30.0 36.0 5 1313 49.3 0.3 .8314 
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Table A3. P wave velocity structure. 

Spread Thickness 
t Depth 

t 

Line Length Layer Velocity A B Dip** A B 
(m) (m s-l) (m) (m) (deg) (m) 

1 36 1 233 0.3 0.3 -1.1 0.3 0.3 
2 424 8.7 11.7 -4.7 9.0 12.0 
3 1965 

2 63 1 233 1.0 0.5 0.4 1.0 0.5 
2 445 9.8 9.7 1.0 10.8 lu.l 
3 1844 

3 36 1 203 1.6 0.8 0.7 1.6 0.8 
2 502 8.9 8.8 1.9 10.4 9.6 
3 1463 

4 36 1 203 0.6 0.7 -0.6 0.6 0.7 
2 487 7.7 10.0 -4.3 8.3 10.7 
3 1315 

5 36 1 217 1.0 0.7 0.3 1.0 0.7 
2 472 8.0 9.6 -1.8 9.0 10.4 
3 1394 

6 36 1 217 0.7 0.7 0.8 0.7 0.7 
2 465 9.2 10.3 -2.6 9.9 11.0 
3 1688 

7* 36 1 215 0.7 0.8 -0.2 0.7 0.8 
2 479 (12.3) (2.5) ( 16.0) (12.9) (3.3) 
3 (725) 

8* 36 1 215 0.5 0.8 -0.6 0.5 0.8 
2 501 10.3 12.9 -4.4 10.8 13.7 
3 1686 

9 36 1 248 0.8 0.7 0.7 0.8 0.7 
2 456 10.4 9.2 2.7 11.2 9.9 
3 1588 

10 36 1 248 0.7 0.8 0.3 0.7 U.8 
2 456 9.3 11.1 -3.9 lU.O 11.~ 

3 1663 
11 36 1 310 0.6 0.7 1.6 0.6 0.7 

2 449 10.8 10.4 -2.4 11.4 11.1 
3 1443 

Note * Lines 7 and 8 are affected by a low velocity anomaly. See text 
for discussion. 

t A refers to forward profile (e.g., 1-1 ) at each site; B refers 
to the reversed profile (e.g., 1-2) • 

** A dip downward from A to B is negative. 
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Figures A1-A16. Graphs of travel time vs offset distance. Graphs for lines 1, 2, 4, 5, 6, 9,10, and 11 are included here. Graphs 
for lines 3, 7, and 8 are contained in the body of the report. 
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Figure A 1. Line 1-1 P waves. 
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Figure A3. Line 2-1 P waves. 
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Figure A2. Line 1-2 P waves. 
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Figure A4. Line 2-2 P waves. 
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Figure A6. Line 4-2 P waves. 
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Figure A7. Line 5-1 P waves. 
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Figure A9. Line 6-1 P waves. 
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Figure A11. Line 9-1 P waves. 
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Figure AB. Line 5-2 P waves. 
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Figure A13. Line 10-1 P waves. Figure A 14. Line 10-2 P waves. 
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APPENDIX B: SH WAVE REFRACTION DATA 

Table B1. SH wave refraction travel times and fitted line segment times. All distances are in meters; all times are in 
milliseconds. Symbols are the same as those in Appendix A. Lines 1-1, 1-2, 2-1, 2-2,11-1, and 11-2 are listed. 

33.0 1-3.3.0 1::'.0 -;?o 
36.C 145.0 145.9 -0.9 
3 Q .C 1~4.Q 156.7 -2.7 

RSG-l1 L I r.j E 1-1 SH IIJAV[S 42.0 169.C 167.5 1 .5 
4 I~. 0 177.0 17R.3 -1.3 
4:5. C 190.0 189.2 0.8 

LINE SEGMENT NUM t)[ ~ 1 51.0 1 cc g •. :; 200.0 -1.0 
X • M T. ~I' ("" TLINE DIFF 33.0 133.0 135.0 -2.0 ,) 

o • ~ G.O -0.0 f..O 3f .... 0 lq6.C Ilt5.9 e.1 
3.0 1 P • 0 18.2 -0.2 39.0 155.0 1 ~6. 7 -1 .7 
Z).O lE.5 18.2 n ~ 

IJ ... J CJ2.D 169.0 167.5 1.5 
:3.0 18.0 113.2 -0.2 45.0 177.0 1 78.3 -1.3 

48.0 188.0 189.2 -1.2 
51.0 199.0 200.0 -1.0 

L I f\J[ SLGMfNT NUMHfR ~ 54.0 212.0 210.8 ~.2 
X • ~~ T. ~S T L I ~!E OIFF 57.0 219.5 221.6 -2.1 

~,. a 1.~ • a 20.2 -2.2 6 ~3 .0 241.0 243 •. 3 -2.3 
6.0 31 • C 30.9 e.1 66.C 262.0 25CJ.l 7.9 
<?o '12.0 1+1.6 C • If ~) 4.0 20R.O 210.11 -2.8 

12.0 53.0 :;2.3 0.7 57.0 221 .0 221.6 -0.6 
1 ~J. 0 60.0 63.0 -3.0 60.0 235.0 232.5 2.5 
18.0 74.5 7? .• 7 U .8 63.0 246.0 2CJ3.3 2.7 
21.0 c:o.o R4.4 :'".6 66.0 257.0 25CJ.l 2.9 
30.0 116.0 116.6 -0.6 54.0 208.0 210.8 -2.8 
3E.0 137.0 138.0 -1.0 ~ 7.0 22G.0 221.6 -1.t; 
~.O 18.5 2('.2 -1.7 60.0 232.0 232.5 -o.Cj 
e.o 30.0 30. Q -O.e; 63.0 247.0 2'13.3 3.7 
9~O 42.0 41 .6 (1.4 66.0 256.0 254.1 I.? 

1~·. 0 53.0 52.3 0.7 6'3.0 262.5 264.9 -2.4 
1~, .0 62.5 63.0 -0.5 
18.0 74.0 7.3.7 0.3 
21 .0 50.0 8CJ.4 5.6 LINE SlGM[NT NUMBEK 3 
27.0 107.0 105.9 1 .1 X • M T, ..,S TLINE DIFF 
38.0 115.0 116.6 -1.6 69.0 262.5 260.1 2.4 
3::-·.0 125.0 127.3 -7.3 72.0 265.0 265.2 -0.2 
36.0 136.5 138.0 -1.5 78.0 272.0 275.5 -3.5 

~,. 0 18.0 20.2 -2.::' 81.0 279.0 280.6 -I.e; 
6.0 30.5 3C.9 -O.l; 84 .• 0 286.0 285.7 0.3 
9.0 4:2.0 41.6 r.4 87.0 293.5 2QO.9 2.6 

12.0 52.0 52.3 -0.3 
15.0 63.0 6:.0 -O.C 
1 8.0 74.0 7 ~I. 7 0.3 

RSG-11 LINE 2-1 SH WAVES 21.0 gg.O 8 4 .4 4.6 
24.0 97.5 95.2 2.3 
30.0 l1q.5 116.6 -2.1 LINE ~[GMENT NU"'BER 1 3:.0 125.5 127.3 -1.8 
:3~,. 0 1~7.0 13B .0 -1.0 x. M T. MS TLINE DIFF 

0.0 o • 0 -0.0 0.0 
~ n ..J." 26.0 25.5 0.5 

R SG -11 LI NE 1-2 ~H \Jt.VES ~.O 25.0 25.5 -(1.5 

L HJ[ SEGMENT f\lUMBER 1 LINE SEGMENT NUMBER 2 
x. M T, t..,s T LINf DIFF x. M T, rots TLINE OIFF 

0.0 0.0 -0.0 o • 0 3.0 26.0 2B.5 -2.5 
b.O 38.5 38.5 O.C 6.0 36.0 3k.4 -2.4 

s.o 43.0 4£<, • 3 -5.3 

:::f['~ENT NUMBER 
12.0 52.5 ~P.l -~.6 

'L I ~jE 2 15.0 68.0 68.0 0.0 
X. M T. MS TLINE DJFF 18.0 79.5 77.8 1 .7 

('.0 3R.5 37.6 0.° 21.0 90.0 87.7 2.3 
q.D 47.0 4El.4 -1 .4 ~4.0 101 .0 97.6 3.4 

12.C 62.0 ~,9 .3 2.7 27.0 110.5 107.'1 3. ] 
15.C 7::.0 70.1 ?CJ 3C.O 117.0 117.3 -0.3 
IP.C Bo.r PC.9 ~.1 3~.0 128.0 127.2 o.~ 
21.0 94.0 91.7 ~.3 3S.'J 141.0 137.0 4.0 
24.C 1C~.C 102 • t, - o. f· 3.(' 25.0 28.5 -5.5 
3~.C 133.0 1 ?5. 'J -2.0 6.0 35.0 ~8.4 -2.CJ 
3 f·. ~ lCJ3.0 14c).9 -2.S :,.0 44.0 43.3 -4.3 
3t).C 154.~ 156.7 -2.7 12.0 ~O.O 58.1 -q.l 
42.0 169.0 1f-7.~ 1 .5- 1e.o 79.0 77.8 1.2 
CJ~.C 177.5 1 78. '3 -w.B 24.0 104.0 97.6 6.4 
4,~. a 183.8 1F9.2 -1 .2 27.0 111.0 107.4 3.~ 
51.0 200.0 2(0.C 0.0 30.0 120.0 117.3 2.7 
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3.3.0 129.Q 127.2 1.8 
3f-.0 142.0 137.0 ~,. a LINF S[GMfNT NUMBfR ,.... 

" 
33.0 13~,.0 127.2 r:: 0 x. ,.~ T, fY;S TLINE DIFF 
36.0 145.0 

_it. ,_ 3.0 17.0 16.q 0.6 137.0 ~. 0 
39.0 149.0 146.9 2.1 3.0 19.0 16.4 2.h 

42.0 155.0 156.1 -1.7 4.0 20.0 20.2 " '" 
~.O 24.:; 

-v.L 
33.0 130.0 127.2 2.R 23.9 o. fJ 
36.0 143.0 137.0 (,.0 6.0 27.0 27.6 -0 .I~, 

45.C 165.0 166.6 -1.6 6.0 2q.J 27.6 1.4 
~1.0 186.0 lR(,.3 -0.3 7.0 ?IO. a ~1.3 -1.3 
54.0 195.0 196.2 -1.2 

g.o 34.0 35.0 -1.0 
57.0 201.0 206.1 -5.1 9.0 37. r::;, ~·2 .8 -1.'2 
60.0 215.0 215.9 -0.9 9.0 :.Y.O 38.8 () '" 

12.0 
U.L 

6:.0 220.0 225.8 -~ .• 8 50.n 4q.9 0.1 
66.0 226.0 235.6 -9.6 

15.0 ~9.0 61.1 -2.1 
18.0 70.0 72.2 -2.2 
21.0 81.0 83.4 -~~t.4 

24.0 g9.0 S4.6 4.4-
RSG-l1 LINE 2 -2 SH WAVES 21.0 10P.D 105.7 2.~ 

30.0 117.0 116.9 0.1 
33.0 127.0 128.0 -1.0 

LINE SfGMENT NUMHER. 1 3';.0 13S.0 139.2 -0.2 x. M T. MS TLINE OIFF 
0.0 o.a 0.0 -0.0 
3.0 20.0 2:).0 n.o 
3.0 20.0 20.3 c.o RSG-l1 LINE 11-2 SH wA,VES 

L I ~~E SEGMENT NUMPER 2 LINE SEGMENT NUMBER 1 

X • M 12 MS TLINE OIFF x, M T • MS 1LINE DIFF 
3.0 _ 0 .0 22.8 -2.8 0.0 o • 0 -0.0 0.0 
6.0 30.0 33.5 -3.5 1.C 5.3 5.7 -0.5 
9.(\ 42.0 44.3 -2.3 2.0 12.0 11.4 0.6 

12.0 '56.0 5".0 1.0 3.0 17.0 17.1 -0.1 
15.0 70.0 65.1 q.3 3.0 17.0 17.1 -0.1 
18.0 80.0 76.5 . ., • 5 
21.0 89.5 B7.2 2.3 
24.0 100.5 97.9 2.6 X!N~ SEV~E~! NU~e~~ 

") 

27.0 109.5 108.1 0.8 I~[ 
1:.., 

DIFF 
3e.o 122.0 119.4 2.6 3.0 17.0 1(: .9 0.1 
33.0 131.0 130.1 c.q 3.0 17.0 16.9 C.1 
36.0 143.0 140.8 2.2 4.0 19.0 20.9 -1.9 

3.0 20.0 22.8 -?8 5.0 25.0 24.9 0.1 
b.O 34.0 33.5 0.5 6.0 28.5 2R.9 -0.4 
g.o 45.0 44.3 0.7 6.0 30.0 28.9 1 .1 

12.0 56.0 55.0 1.0 6.0 29.0 28.9 0.1 
15.0 68.0 65.1 2.3 7.0 33.0 32.E 0.2 
18.0 82.5 16.5 6.0 8.0 36.5 36.8 -0.3 
21.0 8R.0 87.2 0.8 9.0 40.0 40.8 -0.8 
24.0 91.0 97.9 -0.9 9.0 41.0 40.8 0.2 
27.0 104.0 108.7 -4.7 9.0 41.0 40.8 0.2 
30.0 117.5 119.4 -l.g 12.0 52.0 52.7 -0.7 
33.0 130.0 130.1 -0.1 12.0 51.0 52.7 -1.7 
36.0 143.0 140.8 2.2 15.0 65.0 64.7 0.3 
33.0 123.0 130.1 -7.1 15.0 64.0 64.7 -0.7 
45.0 178.0 173.0 5.0 18.0 71.0 76.6 0.4 
33.0 125.0 130.1 -5.1 18.0 78.0 16.6 1.4 
36.0 135.0 140.8 -s.e 21.0 89.0 88.6 0.4 
39.0 150.0 151.6 -1.6 21.0 89.0 88.6 0.4 

24.0 102.0 100.5 1.5 
24.0 102.0 100.5 1.5 
27.0 115.0 112.4- 2.6 

RSG-11 1[ST SITE LINE 11-1 SH 30.0 125.0 124.4 0.& 
30.0 125.0 124.4 0.6 

wAVES 33.0 137.0 136.3 0.1 
33.0 135.0 136.3 -1.~ 

LINE SEGMENT NUMBER 1 
36.0 146.0 14B.3 -2.3 

X. M T, MS TLINE DIFF 
36.0 146.0 148.3 -2.3 

0.0 0.0 -0.0 0.0 
1.0 6.0 6.4 -0.4 
2.0 13.0 12.8 0.2 
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Table 82. Fitted line segments for all SH refraction lines. 

RSG-l1 LINE 1-1 SH WAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTERCEPT MS£ CORR EL 

"NO. M M MIS Tlt-1E, r.,s MS COEFF 
1 0.0 3.0 4 165. -0.0 o .1 0.9998 
2 3.0 36.0 31 280. 9.5 0.4 0.9970 

R SG -11 LINE 1-2 SH wAVES 
SEGfv1ENT XMIN XMAX NPTS VELOCITY INTERCEPT MSE CORR rL 

NO. M M MIS TIME, MS MS COEFF 
1 0.0 6.0 2 156. -0.0 0.0 1.0000 
2 6.0 69.0 43 277. 16.0 0.4- 0.9984 
3 69.0 87.0 6 585. 142.1 O.g 0.9624 

RrG-l1 lI~E 2-1 SH WAV~S 
SGMfNT MIN XMAX N TS VELOCITY IN TERCEPT MSE CORR El 

NO. M M MIS TIMf:, MS ~1 S COfFF 
1 0.0 3.0 3 118. -0.0 0.2 0.9996 
2 3.0 66.0 35 304. 18.7 0.7 0.9946 

RSG-11 LINE 2-2 SH WAVES 
SEGMENT XMIN XMAX NPTS VELOCITY INTfRCEPT MS~ CORR F.:L 

NO. P1 M ~1 /S TIME, MS MS COE.FF 
1 0.0 3.0 3 150. 8.0 0.0 1.0000 
r, 3.0 45.0 29 280. 12.1 0.6 0.9941 c 

RSG-l1 TEST SITE LINE 11-1 SH wAVES 
SEGMENT XMIN XMAX NPT VELOCITY INT[RCEPT MSE CORR [l. 

NO. M M MIS TIME., MS r.4 $ CO[f"F 
1 0.0 2.5 3 15b. -0.0 o .1 0.9990 
2 2.5 36.0 19 269. j::, "2: 

~ ....... ) 0.4 0.9981 

RSG-l1 LINE 11-2 SH WAVES 
$E.Grv'ENT XMIN XMA j( NPT ,~. V[LOCIT Y INTERCEPT MSE CORRfL 

NO. M f1 M ;r:-, .. ' ..:> T I ~1 E, MS MS COEFF 
1 0.0 3.0 5 175. -0.0 0.2 0.9992 
c.:: 3.0 36.0 29 251. 5.0 0.2 0.9993 

Table 83. SH wave velocity structure for all refraction lines. 

Spread Thickness 
length Velocity (m) Dip Depth 

(m) m s-l A B (deg) A B 

1 87 1 165 1.0 1.6 1.0 1.6 
2 279 (20.7) (19.5) 0.2 (21.7) (21.1) 
3 (585) (-0.2) 

2 66 1 165 1.9 1.2 1.9 1.2 
2 291 1.6 

11 36 1 166 0.6 0.5 0.6 0.5 
2 260 1.6 
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Figures 81-84. Craphs of SH wave travel time vs. offset distance. Craphs for lines 1-1,1-2,2-1, and 2-2 are included here. 
Graphs for line 17 are given in the main body of this report. 
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Figure 81. Line 1-1 SH waves. 
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Figure 83. Line 2-1 SH waves. 
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APPENDIX C: SURFACE WAVE DISPERSION CALCULATIONS 

Table C1. Theoretical group and phase velocity dispersion 

for model A (based on average properties). 

. a. Model A . 

Thickness P veloci ty SH veloci ty Densit~ 
(m) (m s-1) (m s-1) (g cm- ) 

1.1 238 165 1.9 
9.5 467 276 2.0 

10.0 1590 276 2.1 
00 1590 585 2.2 

b. Love wave dispersion, fundamental mode. 

Phase Group 
Period Frequency Velocity Velocity 

(s) (Hz) (m s-1) (m s-1) 

.020 50 210 155 

.022 45 218 159 

.024 42 225 165 

.026 38 231 172 

.028 36 237 180 

.030 33 242 188 

.032 31 246 196 

.034 29 249 204 

.036 28 252 210 

.038 26 255 215 

.040 25 257 223 

.042 24 259 228 

Table C2. Theoretical group and phase velocity dispersion 
for model B (based on line 2-2 refraction velocities). 

a. Model B. 

Thickness P velocity SH veloci ty Densit~ 
(m) (m s-1) (m s-1) (g cm- ) 

1.1 233 150 1.9 
9.5 436 280 2.0 

10.0 1590 280 2.1 
00 1590 585 2.2 

b. Love wave dispersion, fundamental mode. 

Phase Group 
Period Frequency Velocity Velocity 

(s) (Hz) (m s-1) (m s-1) 

.020 50 183 104 

.022 45 190 113 

.024 42 198 121 

.026 38 205 129 

.028 36 213 136 

.030 33 221 144 

.032 31 227 153 

.034 29 233 162 

.036 28 239 172 

.038 26 244 181 

.040 25 248 189 

.042 24 251 197 




