
Memorandum- UTAH DEPARTMENT OF TRANSPORTATION 

DATE: April 12, 2001 

TO: Frank Ashland- UGS 

FROM: Jim Higbee, P .E.- Geotechnical Engineer 

SUBJECT: Legacy Parkway Seismic Shear Wave Velocity Data 

It was good to talk with you again. Here are two sets of the seismic shear wave velocity data 
we had taken on the Legacy Parkway project. The first three soundings were performed to an 
approximate depth of 37 meters, while the fourth (located at the north interchange in 
Farmington), was unfortunately only run to 16 meters. I've also provided location maps 
showing their four locations. 

Hope this is useful for your future use. 
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CONE!:, Seismic Wave Velocity Calculations 

Job No.: 
Client: 
Location 
CPT Date: 
CPT No.: 

Test 
Depth 

(m) 

0.90 
1.90 
2.90 
3.90 
4.90 
5.90 
6.90 
7.90 
8.90 
9.90 
10.90 
11.90 
12.90 
13.90 
14.90. 
15.90 
16.90 
17.90 
18.90 
19.90 
20.90 
21.90 
22.90 
23.90 
24.90 
25.90 
26.90 
27.90 
28.90 
29.90 
30.90 
31.90 
32.90 
33.90 
34.90 
35.90 
36.90 

• 
00-300 
Kleinfelder 
Legacy Parkway 
5/1/00 
SC-14-312 

Ray Incremental 
Path Distance 
1m) (m) 

1.02 
1.85 0.84 
2.80 0.95 
3.77 0.97 
4.76 0.98 
5.75 0.99 
6.74 0.99 
7.74 0.99 
8.73 1.00 
9.73 1.00 
10.73 1.00 
11.72 1.00 
12.72 1.00 
13.72 1.00 
14.72 1.00 
15.72 1.00 
16.72 .1.00 
17.72 1.00 
18.71 1.00 
19.71 1.00 
20.71 1.00 
21.71 1.00 
22.71 1.00 
23.71 1.00 
24.71 1.00 
25.71 1.00 
26.71 1.00 
27.71 1.00 
28.71 1.00 
29.71 1.00 
30.71 1.00 
31.71 1.00 
32.71 1.00 
33.71 1.00 
34.71 1.00 
35.71 1.00 
36.71 1.00 

Geophone Offset (m): 

Source Offset (m): 

Vs 
Interval Interval 
Depth Time 
1m) (ms) 

1.20 3.81 
2.20 5.50 
3.20 6.62 
4.20 6.06 
5.20 6.35 
6.20 6.91 
7.20 7.04 
8.20 9.17 
9.20 7.47 
10.20 7.66 
11.20 8.15 
12.20 7.35 
13.20 7.99 
14.20 7.83 
15.20 6.39 
16.20 6.87 
17.20 4.15 
18.20 4.63 
19.20 4.00 
20.20 4.05 
21.20 4.64 
22.20 5.50 
23.20 5.01 
24.20 5.01 
25.20 4.03 
26.20 3.91 
27.20 3.79 
28.20 4.03 
29.20 3.79 
30.20 4.29 
31.20 4.06 
32.20 4.29 
33.20 4.17 
34.20 3.05 
35.20 3.49 
36.20 3.50 

0.20 

0.74 

Vs 
Interval 
Velocity 

(mls) 

219.3 
171.9 
147.1 
162.5 
155.9 
143.7 
141.3 
108.6 
133.4 
130.2 
122.4 
135.8 
125.0 
127.5 
156.3 
145.4 
240.7 
215.8 
249.8 
246.7 
215.4 
181.7 
199.5 
199.5 
248.0 
255.7 
263.8 
248.1 
263.8 
233.0 
246.2 
233.0 
239.7 
327.8 
286.5 
285.7 

PLATE H-1 
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SBT 
12 

Clayey Silt 
Silty Clay 
Clay 
Clayey Silt 
Silty Clay 

Clayey Silt 

Silly Clay 
Clayey Sill 
Clay 

Silly Clay 

Clayey Sill 

Sill 
Clayey Sill 

• Silt 

Sensitive Fines 

Silt 
Clayey Sill 
Slit 
Clayey Sill 
Silly Clay 

Clayey Silt 

Sill 

Clayey Sill 

Silty Clay 

Clayey Silt 

SUt 

SBT: Soil Behavior Type (Robertson and Campanella 1 9 

PLATE H-2 
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Job No.: 
Client: 
Location 
CPT Date: 
CPT No.: 

Test 
Depth 

(m) 

1.80 
2.80 
3.80 
4.80 
5.80 
6.80 
7.80 
8.80 
9.80 
10.80 
11.80 
12.80 
13.80 
14.80 
15.80 
16.80 
17.80 
18.80 
19.80 
20.80 
21.80 
22.80 
23.80 
24.80 
25.80 
26.80 
27.80 
28.80 
29.80 
30.80 
31.80 
32.80 
33.80 
34.80 
35.80 
36.80 

Seismic Wave Velocity Calculations 

00-300 
Kleinfelder 
Legacy Parkway 
5/10/00 
SC-15-361 

Ray Incremental 
Path Distance 
(m) (m) 

1.71 
2.67 0.96 
3.65 0.98 
4.64 0.99 
5.63 0.99 
6.63 1.00 
7.62 1.00 
8.62 1.00 
9.62 1.00 
10.62 1.00 
11.62 1.00 
12.61 1.00 
13.61 1.00 
14.61 1.00 
15.61 1.00 
16.61 1.00 
17.61 1.00 
18.61 1.00 
19.61 1.00 
20.61 1.00 
21.61 1.00 
22.61 1.00 
23.61 1.00 
24.61 1.00 
25.61 1.00 
26.61 1.00 
27.61 1.00 
28.61 1.00 
29.61 1.00 
30.61 1.00 
31.61 1.00 
32.61 1.00 
33.61 1.00 
34.61 1.00 
35.61 1.00 
36.61 1.00 

Geophone Offset (m): 

Source Offset (m): 

Vs 
Interval Interval 
Depth Time 
Jm) (ms) 

2.10 7.52 
3.10 7.14 
4.10 7.14 
5.10 6.58 
6.10 6.58 
7.10 7.52 
8.10 7.71 
9.10 9.02 
10.10 7.42 
11.10 7.19 
12.10 8.04 
13.10 7.61 
14.10 6.77 
15.10 7.33 
.1.6.10 7.19 
17.10 6.63 
18.10 6.90 
19.10 4.80 
20.10 4.73 
21.10 4.16 
22.10 3.91 
23.10 4.40 
24.10 5.62 
25.10 5.98 
26.10 4.89 
27.10 4.64 
28.10 4.04 
29.10 3.42 
30.10 3.73 
31.10 4.13 
32.10 3.76 
33.10 3.76 
34.10 4.21 
35.10 4.14 
36.10 3.31 

0.20 
0.61 

Vs 
Interval 
Velocity 

(m/s) 

127.4 
137.4 
138.5 
150.9 
151.2 
132.5 
129.3 
110.6 
134.5 
138.9 
124.2 
131.3 
147.6 
136.3 
139.0 
150.7 
144.8 
208.2 
211.3 
240.3 
255.7 
227.2 
177.9 

·167.2 
204.4 
215.5 
247.5 
292.3 
268.0 
242.1 
265.9 
265.9 
237.5 
241.5 
302.1 

PLATE H-5 
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PLATE H-8 



Job No.: 
Client: 
Location 
CPT Date: 
CPT No.: 

Test 
Depth 

(m) 

0.85 
1.85 
2.85 
3.85 
4.85 
5.85 
6.85 
7.85 
8.85 
9.85 
10.85 
11.85 
12.85 
13.85 
14.85 
15.85 
16.85 
17.85 
18.85 
19.85 
20.85 
21.85 
22.85 
23.85 
24.85 
25.85 
26.85 
27.85 
28.85 
29.85 
30.85 
31.85 
32.85 
33.85 
34.85 
35.85 
36.55 

Seismic Wave Velocity Calculations 

00-300 
Kleinfelder 
Legacy Parkway 
5/1/00 
SC-33-358 

Ray Incremental 
Path Distance 
(m) (m) 

0.86 
1.74 0.88 
2.71 0.97 
3.69 0.98 
4.68 0.99 
5.68 0.99 
6.67 1.00 
7.67 1.00 
8.67 1.00 
9.67 1.00 
10.66 1.00 
11.66 1.00 
12.66 1.00 
13.66 1.00 
14.66 1.00 
15.66 1.00 
16.66 1.00 
17.66 1.00 
18.66 1.00 
19.66 1.00 
20.66 1.00 
21.66 1.00 
22.66 1.00 
23.66 1.00 
24.66 1.00 
25.66 1.00 
26.66 1.00 
27.66 1.00 
28.66 1.00 
29.66 1.00 
30.66 1.00 
31.65 1.00 
32.65 1.00 
33.65 1.00 
34.65 1.00 
35.65 1.00 
36.35 0.70 

Geophone Offset (m): 

Source Offset em): 

Vs 
Interval Interval 
Depth Time 

em) (ms) 

1.15 9.40 
2.15 9.59 
3.15 9.58 
4.15 9.40 
5.15 7.52 
6.15 6.58 
7.15 5.64 
8.15 6.01 
9.15 6.21 
10.15 6.91 
11.15 5.27 
12.15 6.01 
13.15 6.32 
14.15 5.71 
15.15 5.72 
16.15 6.16 
17.15 5.57 
18.15 5.86 
19.15 6.62 
20.15 5.03 
21.15 4.37 
22.15 5.07 
23.15 4.37 
24.15 4.65 
25.15 4.94 
26.15 4.93 
27.15 3.67 
28.15 3.66 
29.15 4.09 
30.15 3.71 
31.15 3.67 
32.15 4.04 
33.15 3.85 
34.15 4.14 
35.15 3.38 
36.00 2.35 

0.20 
0.56 

Vs 
Interval 
Velocity 

(m/s) 

94.1 
100.7 
102.7 
105.4 
132.2 
151.3 
176.8 
166.0 
160.7 
144.5 
189.5 
166.2 
158.1 
175.0 
174.7 
162.2 
179.4 
170.6 
151.0 
198.7 
228.8 
197.2 
228.8 
215.0 
202.4 
202.8 
272.4 
273.2 
244.5 
269.5 
272.4 
247.5 
259.7 
241.5 
295.8 
297.8 

PLATE H-9 
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Job No.: 
Client: 
Location 
CPT Date: 
CPT No.: 

Test 
Depth 

(m) 

0.85 
1.85 
2.85 
3.85 
4.85 
5.85 
6.85 
7.85 
8.85 
9.85 
10.85 
11.85 
12.85 
13.85 
14.85 
15.85 

Seismic Wave Velocity Calculations 

00-300 
Kleinfelder 
Legacy Parkway 
5/9/00 
RC-373 

Ray Incremental 
Path Distance 
(m) (m) 

0.89 
1.76 0.87 
2.72 0.96 
3.70 0.98 
4.69 0.99 
5.68 0.99 
6.68 1.00 
7.67 1.00 
8.67 1.00 
9.67 1.00 
10.67 1.00 
11.67 1.00 
12.66 1.00 
13.66 1.00 
14.66 1.00 
15.66 1.00 

Geophone Offset (rn): 

Source Offset (m): 

Vs 
Interval Interval 
Depth Time 

(m) (ms) 

1.15 5.78 
2.15 7.33 
3.15 6.63 
4.15 5.36 
5.15 4.79 
6.15 5.50 
7.15 5.92 
8.15 6.48 
9.15 6.35 
10.15 5.36 
11.15 5.73 
12.15 5.64 
13.15 4.04 
14.15 5.17 
15.15 4.70 

0.20 
0.61 

Vs 
Interval 
Velocity 

(m/s) 

150.1 
131.0 
148.0 
184.6 
207.3 
180.9 
168.3 
153.9 
157.1 
186.2 
174.3 
177.1 
247.3 
193.2 
212.6 
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LGS GEOPHYSICS INC. 
engineering. envirol'lmental. mining geophysics ___________________ _ 

Introductjon 

Presented in this report are the results of a downhole, seismic 
shear wave survey conducted within Boring B-2, located at the east 
central area of the Ogden Municipal Buildinq, 26th Street and 
Washington Boulevard, Ogden, Utah. The purpose of the survey was to 
determine _ the seismic shear fN'ave velocities of the subsoils at 
successive, five foot depth intervals within the boring. The 
seismic velocities thus measured for.m the basis for dete~ininq the 
elastic moduli.of the sUbsoils under dynamic, low strain ex lO-ES 
to -E4 in./in.) and high loading rate oonditions. These moduli, a~ 

deter.mined by this survey, are a function of the gross strength 
characteristics of the earth materials being investigated, under 
these low strain and high loading rate oonditions. 

Fjeld InyestlqatiQDS 

Field investigations were conducted in April, 1997. The test hole 
bad been cased with 2 in. ID, PVC caSing and hackfilled with sand 
in preparation for conducting the survey. The downhole measurements 
were conducted using two orthogonal geophone units, spaced five 
feet apart, with each unit containing a vertical, a transverse and 
a radially oriented geophone.. The field procedure consisted of 
placing the t~o units into t,he cased boring and recording the 
a.rrival of the various components of surface generated seismic 
waves as they arrived, sucoessively, at the upper and lower units. 
This seismdc enerqy was qenerated in such a way that it contained 
a relatively large, horizontally polarized, shear wave component. 
The ground motions caused ~y this su~face signal, on its successive 
~rrival at the two qeophone units in the boring, were then 
transmitted to the seismograph where it was s~sequently amplitied 
and recorded. The direction of the energy impact was then reversed 
to confir.m the onset of the shear wave arrival, thereby making use 
of its polarization characteristic and facilitat1nq its 
ide~tification. The qeophones were then lowered five ft. and the 
p~ocess repeated for each successive five foot depth increment to 
the bottom of the test hole. 

Eguipment,; 

A signal enhancement seismoqr~ph ~as used in the data collection. 

1104 Ashton ~\lf .• Suite 10l, Solt toke City. Utah (801) 466-1784 
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avoid possible siqnal distortion. A signal voltage sampling rate of 
50,000 measurements per second was used in the analog to diqital 
converter step to allow a high degree of accuracy (+ 0.1 
milliseconds) in determining the arrival times of the seismic 
signals of interest. The frequency response of the vertical and the 
radial and transversely mounted, horizontal geophones within each 
of the geophone packages was 8 Hz. 

Data RegnctjoD, Cgmments 

The use of two geophone packages, separated by a five ft. interval, 
enabled the measurement of interval times as well as the total 
travel time to the geophones from the source. use of the interval 
times in the calculations avoids the possibility of potential 
measurement error due to any delay inherent in the ti~in9 system 
and essentially eliminates the affect of different travel time 
paths, of the seismic energy, as a source of error. Corrections 
were made in the depth increments in detertl,\ining the seismic 
velocities to compensate for the 3 foot offset of the seismic 
source from the hole collar. 

The shear modulus (G) was c~uted by the relationship given below, 
using the shear wave velocity (Vs) measured for each depth 
increment and the in situ density Cd) of the material. 

G = d (Vs) 2 

(d~50il moist unit weight/gravity constant(32.2 ft./sec. 2 )} 

Youngs' modulus wa$ then deter-mined for eaCh depth increment, using 
the shear modulus and P-oissons,,' ratio for the same increment, by 
the follo~inq relationship: 

E = 2G(1+p) 

Poissons' ratio can be dete~ined from the ratio of the 
compressional and the shear wave seismic velocities. However, the 
compressional seismic velocities, unlike the shear wave velocities, 
are affected by water saturation and are thus not representative of 
the unsaturated condition required for the Poissons' ratio 
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determination. For this reason an assumed 
and .40 was used for in determining- the 
presented in Tables I.. We believe that 
appropriate under these circumstances since 
relatively ~inor affect on the results of 
moduli calculations. 

Results 

NO. 473 

page 3 

Poissons' ratio of .35 
Youngs modulus values 
an assumed value is 
Poissons' ratio has a 
the shear and Youngs 

The results of the calcUlations together with the seismic veloc
ities measured are presented on Table I. 

We have appreciated providing this service to you. Please contact 
us if there are any questions on the above or if we may he of 
further service to you~ 

LGS GEOPHYSICS INC. 

-;;1~~ 
LaMonte Sorenson 
Principal 

P.S 
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TABLE I 

RESULTS OF DOWNHOLE SHEAR WAVE 
SURVEY, BORING B~2, OGDEN 

MUNICIPAL BUILDING, OGDEN, UTAH 

DEPTH 
(ft. ) 

0- 5 
5-10 

10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-55 
55-60 
6'0-65 
65-70 
70-75 
75-80 
80-85 
85-~O 

90-95 
93-98 

Vs 
(ft. /sec. ) 

'-1- « tf 
861 'l.-IP 

666 1- 0 ; ,0 
1053 '3 '1-(, z:> 
1053 ,r 

870 '1--,-'),1-

800 'l-L{5'C(; 

714 "J--f ""~ 

833 "l'i3.q 
970 /Ly}·"l..--
714 /L-11'(.. 

909 271, ( 

952 1- q"''L 

8 33 1.--'5 > 9 
8 69 "L v;y r cr 
833 -z. 'f~, 9 
869 '2 "-Ir~ 
833 'l-<)'l. ~ 
741 '2.1 ~,~ 
770 1, )L{. 7 
81 7 'l t(~J) 

G 
(lb./ft.Z) 

2.77 x 
1.65 
4.66 
4.66 
2.82 
2.39 
1.90 
2.56 
2.82 
1.92 
3.08 
3.38 
2.56 
2 '1 82 
2~56 
2.82 
2.56 
2.05 
2.21 
2.49 

lCE6 

" 
" 

" 
" 
" 
" 
\\ 

\\ 

" 
\\ 

\\ 

\\ 

" 
\\ 

Vp = compressional wave velocity 
Vs shear wave velocity 

SOil unit weights used: 

o - 10' 
10- 20' 
15-100' 

120 pcf 
135 PCf 
120 pcf 

7.76 x 10E6 
4 _ 62 " 

12.58 
12.58 

7.90 
6.70 
5.32 
7.17 
7.90 
5.34 
8.62 
9.46 
7.17 
7.90 
7.17 
7.90 
1.17 
5.74 
6.19 
6.97 

.. 
" 
" 
" 
II 

\\ 

" 

" 

" 

" 
" 

p = Poissons' ratio 
G = shear modulus 
E ~ Younq·s modulus 

Poissons' ratio assumed: 

o - 10' 
10- 20' 
20-100' 

.40 

.35 

.40 
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~dm~M"';· DuiJdin 
PROJECT 2500 W~ BOUI":'" 0ideIl. Utah 
lOB NO '417:e007 DATE 03-11-" 

,age lof 5 
LOG OF TEST BORlNG NO. B-2 

. 
CIJ I ...:s,fi :Jl R1G TYPE CMESSO 

• ou .... .... ....... 
~J~p m &lIm!"StllD Aaer ::II-C - Q('I)-. - 0 • °i f BORING TYPE 

g~ III l- .e .• = t.u.o surfACE ELEV • CJ fila.- ~,~~ 
.... 

eLf'! II ., ,Dt-J: -c DA11JIt .c -+--
lOt j ..--

o u .,.0 

i. 1M ~~Il I &,4110- ::n~ 
f'+-U ---"'-~ff -ct.~ -.+ REl'lARKS UXSUAL CLASSIFttATJ:ON orCIt D ea::: ~~ t5!!B !8lls co-. 

Q.-LL. UILM m ..... 'f-~ ::xnuu 
0 

~ 
Cl very moist SANDY CLAY with major mOlS 

FnL soft (topsoil) to 4 .: fine to coarse saDd; 
dark bl'OWDy FILL 

,. OM moist SANDY GRAVEL with silt; fine to 
III .. Fn.l medium coarse IIDd; fm. and coarse gravel: 
III .. dense dart brown. FILL 
01 ~ 

'III ~ 

S 
oj .. 

~ 
).( n 12 82 34.9 Cl moist SANDY (JAY; fine sand; dark 
"-0( stiff brown to bJac::k 
:~ 

~ grades to brown 

~ 
::~ GPI slightly moist SANDY GRAVEL with trace silti 
4I!' .... OM medium fiDe to coatse sand; fine and 10 ... ; 
,~ ~:-{ ID 60 dense to sobtoooded to rounded. coarse gravel -. >< dense and small cobbles; bIOWJl .. :.: -... .... ... ~-.... : .. ~ 
;.": .... 

J 
.... : .. ..;: 
.[.#! 
4I!'''' 

15 .. ~ ..... ,)( 1> 60 saturated grades wirh SOD'&e silt ...... 
~>( dense ;.": 

.. =! '-;'': 
.. ~. 

~~ .' , 

~..:t. 
~~ 
~~ 
~z. 

20 ~z. 
~;I. 

~,.., D 37 Umfated 

"!'".:r. >( medium 
~.r. 

' •• !111~ dense 

~~ 
~Ait. ., .. 
.;i.'= .;;:: 
~z. 

2S ~~ 
""'---' GIlOIJIMIATER SA.14PL.E TYPE 

DePTIt HOUR DATE A - Auger cut! f nsll. 
SZ 13.6 14:47 103-10-97 s - 2" D.O. 1.38" J.p. tuba cample. 

i 13.6 Jl:GO 104-17-97 
U - 3" 0.0. 2.4211 1.0. 't .... I.lq)lc. 
T - 3" OaD. thin-waUed Shelby 1:_. 

OAGRA 
FIGURE 4B 

Earth & Environmental 
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Page :I of 5 
LOG OF TEST BORING NO. B-2 

.:. • • '- :Jl RIG TYPE CMESSO 
!:~~ A. ..... -1 +- .... Cf.+. 

3-3/4" m if8now-Stem Aucer - .:l' - 0 .Ofi I IOItING TYPE 0"'. .- t- ~-& .. LO 
~~ U q. ..... illt- f.,+-+-- 11 ~C SURFACE ELEV. - QI ., ,.0 ... .1: ~c:c:& DATUM .I: --1-- .t::. i rIA. Q U ClW3 - UtQ 

lel ..... : tm I ~~ ilf~ 
'1--", cc OCSJ 0 --III .... a CUClI: LD .. .. ~-h lis :§~~ REMARKS VISUAL CLASSIFICATION o"":U: UIU') CD..J en en 

2S ~~ '-,..' In 11 

~ 
~)-t! Cl sara.nted sn..TY CLAY 1'0 CLAY with 
).~ medium stiff occasional thin seama of sUt and 

~ to sliff fine saud; seams to 118 'Ii brown 

~ ~ 30 ~~ID 11 94 29.S 

~Y 
~ ~ ~ 3S ~:;;ID 1() 85 35.5 

~~ 
~ ~ ~ 40 ~ "',;ID 10 16 32.4 occasional silt and fiDe silty 

~v, saud seams % "V' 

~ ~ 
~ 45 

~ ~:? In 13 lOS 12.2 stiff grades with. more silt and (me 
sand seams 

~ 
"J..'. 

~ ~ 
so % 

'--- SN'lPLE TYPE 

,f--.l~~-+-,.!!~;""+"."....!:~.".......-l A .. .Auger cutt;,ms • 
2 S • 2" 0.0. t.38" I.D. tube s_l.~ 
~ U - 3" O.D. 2.42" 1.0. tube $a...,le. 
... T - 3" O,,\). dt~n~ .... lled Shelby tube. 

D - 3 ,,40 O.D. 2.42- 1.0. tube S8Dple. 
C .. California SpLit spoon Sanple eAGRA FIGURE4B 

Eal1h & Environmental (eon't) 
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page 3 of 5 
LOG OF TEST BORlNG NO. B-2 

_&3 
~:ii 
~ ..... 
CLOt 
-0+--+_ ... 
cc:. 
Bli 

DEPTH 
13*6 
13.6 

I. = L :a lUG TYPE .... .... +- ......... - =- IXIIJ-E - D Cl..C: I BORING TYPE 
3 I- o -'E .. L.O • II -.... • lIIdi e .... ~~ ,,~ SLIRf~CE ELEV • 
'- • • };!!,.~ ~A.() :JC[& Gf .-1: DATUM of .... at - "0 

l- i ::1~ ru 8l+U ce--_ 
ilia 

i8~ 
._-.... 

LD III ~, co-.. REMARKS CD..J 0) 17) !:)UX.)u 

~ 
;)0( .. D 17 106 22*0 CI saturarcd 
... 'Iff stiff .'" .. 

~ :-: ~ ~ ~ ~ ~ ~ ~ ~ ) .. :' D 14 ]01 24.7 

~ 
><. 
·X 

~ ~ ~ ~ ~ ~ ~ ~ )01 .... D 14 

~ >( 
.. ) .. ~. 

~ ~ ~ 
GKlJlDWAmt UMPL! TYPE 

ttIUt DA.TE 
14:47 D3-1~97 
12iOO 14=17-97 

A - Auger ct.Itti~ 
s - 2- O~P. 1.SS- 1.0. tuba --.pte. 
U - 3" O~D. 2.42- J.D. tube ... le. 
T - 3D 0.0. thin-watled Shel tube. 
D - 3 1/4'1 O.D. 2.4zn J.D. t~ s-.,Le • 
c .. caL ifarn;a Spl it Spoon S8q)le 

CME5SO 
3:3/4" m lIaDow-Stp 'PIS!' 

VISUAL CLASSl:FICATl:DN 

CLAY wiIb occasioDal fine saud . 1 ¥ sUt seams; scams to 14"; blOWn 
wirh some gray 

possible gmvd in drilling 
at 53 .. 5' 

OAGRA 
Earth & EnvirDnmentsl 

FlGURE 48 
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'age 4 of 5 
LOG OF TEST BORING NO. B .. 2 

. 
c. • • t.. ~ ,UG TTPE 

• O~ ~ +C~ 
.... tH-

~- - - 0 
l ... :! I BOI1NO TYPE 

~ ... .. gc'J::. ~t.2 ... u ... ·"1 .,,~ SURFACE ElEV • 
LII - CU .. ~ t!IL" ~iC. II -c DATUM -of-- .c Ii - .0 ....... 11. a. :3 11ft. 

~.tii ~~l! ----.. -ceil 11m IE CCSlIlO - .... o ltD: L.D III II -..rLL c..a:s DO.&. .co-. REmRKS Ull...&? t!J~ m UJ mo-Pt-'D Q-oIU J:Ua..D ::KIXJIU 

~ ~ ~. 
~ ~~In 10 

~'Y 
~ ~ ~ ~ ~ ~ 
~ ~xn 17 103 23.6 

~~ 
~ ~ ~ ~ ~ ~ ~ very 'tiff % 

SAMPLE TYPE 
.1-!~~-4-!~~-~1--I A - Augllr cuttings. 

S - 2D a.D. 1.38- 1.0. tube • .-ple • 
. 1--==--4=-;':':';;:~:!::""~'::":"....J U r 38 O.D. a.421' 1.0. tube • ...,La. 
L-....==----'=====.....I:::":"'':::'=-:::...!..--J T - S" 0.0. thtn-walled Sh@oLby tlJ~. 

D - 3 1/4" O.D. Z.Al" I.D. rube sample. 
C - Cal;fornia splft Spoon S.mpLe 

CME550 
3-314" ID HoIIow-Stpn A..,. 

VZSUAL CLASSXFXCATIDN 

min silt/sand seams exhibit 
inclined bedding 

grades with leiS silt layers 

posm."le gravel layer 93.5' 
10 94.S· 

OAGRA 
Ealth &: Environmental 
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PIII.SofS 
LOG OF TEST BOlUN"G NO. B-2 

JOB NO. 
_15:: 
;J-C 
0 .... 

~~ 
~ ~ -+-.. 11111 

&&1 ~.E.t UIILC') 

100 

lOS 

lUl 

11S 

120 

125 ----- DEPt" 
2 13.6 
~ 13.6 ... 

-
_i : L ::II RIG TTn 

+C5I CD +- .... ...... - OM-C - D D.C , IJORJMG TYPi 
If f- af •• 1 Inc.. 0 • at 

1 ~ SURFACE ELEV. u c ... ~I:I:. - II • '.a«+-L ~a.u .... c:: 
DATlJ4 .J:: - i t;1~ 

+-IIU;S - "0 0.. t ..~ 

~~:Jt ~tn-=-"'.0 --..... ~o • , ~'D r-D~ ~8lA gu:J REnARf(S 
(!) .... en D-U 

~ 
[)(Io 41 
)( 

1->.,"; 

GIlOUIItijATER SAMPLE nPE 
1 NCd I DAT£' A .. ~r cutt;np 
1.4:47 103-10.97 

112:00 104-11-97 
S • 2" 0.0.. '.3811 J.D. 1:..- RllPllt. 
U - 3" 0.0. 2.42M I.D. ~ubc --.ple. 
T .. ~ 0.0 .. t'htn-wallad Shlby tube • 
D .. 3 1/4" 0.0. 2.42" I.D. tube aa.pLe. 
c . californ1. split spoon ~Le 

CMESSO 
3-314" m BoUow-stan allm:: 

VISUAL a..ASSIFICAl'ItW 

Stopped drilling 11 100.0'. 

Stopped sampliD,g *1 101.5'. 

lDstalled 2- blank flush «mplt:d PVC 
pipe to 101.5'. 

BatiiJled anpJar space with 3/4" 
minw; sand, sloughiDc duriDg 
drilling at 56.0' to 60.0', and IS.0' to 
25.0'. 

Backfilled from 3.0' to 7.5' consisted 
of 318- minus benumite clay chips. 

The di.scus&ion in the teltt under the 
section titled, SUBSURFACE 
CONDITIONS, is necessary to a 
proper underaanding of the nature 
of the subsurface materials. 

OAGRA 
EIHtIJ & Environmental 
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LGS GEOPHYSICS INC. 
engineering. environmental. '1'lininq geophysics ___________________ _ 

Introduction 

Presented in this report are the results of a downhole, seismic 
shear wave survey conducted within Borinq B-2, located at the east 
central area of the Ogden Municipal Building, 26th Street and 
Washington Boulevard, Ogden, Utah. The purpose of the survey was to 
deteJ:m1ne . the 5eismic shear ~ave velocities of the subsoils at 
successive, five foot depth intervals ""ithin the boring. The 
seismic velocities thus measured for.m the basis for dete~ninq the 
elastic moduli.of the subsoils under dynamic, low strain (X lO-E5 
to -E4 in./in.) and high loading rate oonditions. These moduli, as 
determined by this survey, are a function of the qross strength 
characteristics of the earth materials being investigated, under 
these low strain and hiqh loading rate oonditions. 

Fjeld InxestlqatioDS 

Field investigations were conducted in April, 1997. The test hole 
bad been cased with 2 in. IO, PVC casinq and backfilled with sand 
in preparation for conducting the survey_ The downhole measurements 
were conducted usinq two orthogonal geophone units, spaced five 
feet apart, with each unit containing a ve~tical, a transverse and 
a radially oriented geophone.. The field procedure consisted ot 
placing the two units into t,h.e cas@d boring and recording the 
.rrival of the various components of surface generated seismic 
waves as they arrived, successively, at the upper and lower units. 
This se1smdc energy was generated in such a way that it contained 
a ~elatively large, horizontally polarized, shear wave co~nent. 
The ground motions caused by this surface signal, on its successive 
~rrival at the two qeophone units in the boring, were then 
transmitted to the seismograph where it was s~sequently amplified 
and recorded. The direction of the energy impact was then reversed 
to confir.m the onset of the shear wave arrival, thereby making use 
of its polarization characteristic and facilitatinq its 
ldeqtification. The qeophones ~ere then lowered five ft. and the 
process repeated for each successive five foot depth increment to 
the bottom of the test hole. 

Egpipment; 

A signal enhance~ent seismoqr~ph ~as used in the data collection. 

1104 Ashton ~'Ie .• Suitt 101. Solt loke Citro Utoh (801) 466-1784 
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avoid possible signal distortion. A siq.nal voltaqe sampling rate of 
50,000 ~ea5ur8ments per second was used in the analog to digital 
converter step to allow a high deqree of accuracy (+ 0.1 
milliseconds) in determining the arrival times of the seismic 
signals of interest. The frequency response of the vertical and the 
radial and transversely mounted, horizontal geophones within each 
of the geophone packages was B Hz. 

nata Reduction, Cgmment s 

The use of two 9eophone packages, separated by a five ft. interval, 
enabled the measur«ment of interval t~es a~ well as the total 
travel time to the qeophones from the source. Use of the interval 
times in the calculations avoids the possibility of potential 
~asuzement error due to any delay inherent in the ttminq system 
and essentially elinrlnates the affect of different travel time 
paths, of the seismic energy, as a source of error. Corrections 
were m.ade in the depth increments in deterD;lininq the seismic 
velocities to compensate for the 3 foot offset of the seismic 
source from the hole collar. 

The shear modulus (G) was c~uted by the relationship given below, 
using the shear wave velocity (Vs) measured for each depth 
increment and the in situ density (d) of the Daterial. 

G == d (VS) 2 

(d~50il moist unit weight/gravity constant(32.2 ft./sec. 2 )} 

Youngs' modulus wa~ then deter.mined for eaCh depth incrament, using 
the shear modulus and Poissons .. ' ratio for the same increment, by 
the followinq relationship: 

E == 2G(l+p) 

Poissons' ratio can be dete~ned from the ratio of the 
compressional and the shear wave seismic velocities. However, the 
compressional sei~c velocities, unlike the shear wave velocities, 
are affected by water saturation ana are thus not representativQ o~ 
the unsaturated condition required for the Poissons' ratio 
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deter.mination. For this reason an assumed Poissons' ratio of .35 
and .40 was used for in determininq the Younqs modulus values 
presented in Tables I. We believe that an assumed value is 
appropriate under these circumstances since Poissons' ratio has a 
relatively minor affect on the results of the shear and Youngs 
moduli calc~at1ons. 

Results 

The re8ults of the calCUlations together with the seismic veloc
ities measured are presented on Table I. 

We have appreciated providing this service to you. Please contact 
us if there are any questions on the above or if we may be of 
further service to you. 

LGS GEOPHYSICS INC. 

£11Jtr~ 
LaMonte Sorenson 
Principal 



TAB~ I 

RESULTS OF D01lNBOLE SHEAR WAVE 
SURVEY, BORING B ..... 2, OGDEN 

KONICIFAL BUILDING, OGDEN, O'l"AH 

DEPTH Vs G E 

(ft .. ) (ft./sec. ) (lb. 1ft .. 2) (lb. 1ft .2) 

0- 5 861 2.77 x lOE6 7.76 x lOE6 
5-10 666 1.65 " 4.62 " 

10-15 1053 4.66 " 12.58 .. 
15-20 1053 4.66 1f 12.58 " 
20-25 870 2.82 " 7.90 ., 
25-30 900 2.39 " 6.70 " 
30-35 714 1.90 " 5.32 " 
35-40 833 2.56 " 1 .. 17 " 
40-45 970 2.82 '" 7.90 "" 
45-50 714 1.92 '" 5 .. 34 "" 
50-55 909 3.0S ", 8.62 ". 

55-60 952 3.38 " 9.46 l' 

60-65 833 2.56 \\ 7.17 "" 
65-70 869 2.82 " 7.90 " 
70-75 833 2.56 - 7.17 ~ 

75-80 869 2.82 " 7.90 "" 
80-85 833 2.56 'II' 7.17 " 
85-~O 741 2.05 '" 5 .. 74 '" 
90-95 770 2.21 " 6.19 '\\ 

93-98 817 2.49 " 6.97 ", 

Vp = compressional wave velocity p r;::;: Poissons' ratio 
Vs .... shear wave velocity G - shear modulus 

E ~ Younq·s modulus 

SOil unit weights used: . Poissons' ratio assumed: 

o - 10' 120 pcf o - 10' .40 
10- 20' 135 pcf 10- 20' .35 
15-100' 120 pef 20-100' .40 
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:=.~A~~rr~ LOG OF TEST BOmNG NO. B-2 

.~3 I .:sat; :» RIG TYPE CME550 
of- ... ...... Hi!" m lfDIIow-5t1111 ADRr ::s-c - ~I t;L8 • 0'5 , lOR IIG TYPE 

~.: .. ~ .. fACE ELEV • u . _! if'"" ~iil 'I :!~ ~,f:.!! im • • ~ OAltM ~ j 
a 0 - .0 

i~l ~~I I !!H ~, .... " -.- ..... 
-ct.:JI ~ REI'IARJ(S VDiUAI. L1.ASSIFXCATICN 0_ .t!1 ~ Q- UIL..., m ~u 

'ate lof 5 

0 

~ 
cr very moist SANDY CLAy with m8jor motS 

FII..L soft (toptOil) to 4·: fiDe to COItSe SlId; 
daIl:: bmwn., FILL 

'" aM moist SANDY ClRAVEL wilb silt; ti;Qe to 
III ~ F1L~ mectium come IIDd; fiDe aod COUIC gmrel; 
<II ~ dense dB brawn, PILL 
~ ~ 
III l-

S 
~ I. 

~ 
;~ D 12 82 .34~9 Cl. moist SA!4DY OAY: fiDa sand; dark 
t:< stiff browu to black 

.)04 .... 

~ &tides to brown 

~ 
~ GPI slightly moist SANDY GRAVEL with uacc silt; ...... OM JDedium fiDe to COIISe sud; fine and 10 I. P'< D fit) dcmeto aabtoaoded. to rc:wmde4 come Jr&ftl 

~ 
~J( dense and small cobbles; blOWJl 
">~ itt .. : ... ~ 

''-: ...... 
I .. ~ .-,.. .... : 

~, 
15 -.. ?I~ D 60 srades 'Widlsozae Jill -"~ satnratcd 

;..: p(, dease 
.f#: foX ..... . ~. 
~ .;;r. 

2t .~ 

~ 
20 ~¢. 

I~ .... ~ D 37 satUrated ~~ ~,c medium !'"~ .. ' . 

~:.e 
.... ,..~ cIcDse 

rs ." . '!'":.e 
~;Z 

~~ 
2S ~~ 
~ iIilIIGUIIDlIATIR SAMPLE: TYPE 

FIGURE 48 



P ... 20f 5 
LOG OF TEST BORING NO. B-2 

. 
~SSO ~fi~ • . I ~ .... ...... RIC TYPE 

!i .LB .as • 1OI1IG TYPE ~"ffi~_A'" g:;:. • to-~! SURFACE ILiV. i!~ u 
~r: ~~l:. i :t& 

~:l 
.. • DATUM --t-- .t::. i riA. • .::::z - II 

jH t. I- k!1 ji;k ~--It.1: 018 0 
i~~ RalARl(S VISUAL a.ASSIFICATItW 1..0 cI • ~ ~- CD~ CI) 

2S '!""" .... ",.~ In 11 

~ 
X Cl ~ SILTY ClAY TO (1AYwilh 
.,.~ mmmmstiff occasional thin ICIlDI of lilt mel 

~ to atiff fiDe smd; IUlllllO 1I8lt; brOWB 

~ ~ 30 ~ l>< In 11 94 29.5 
~>( 

~ ~,.:, ~ ~ ~ as 

~ ~~ In 10 IS l:~!LS 

X 

~ 
'X. 

~ ~ 
40 ~ ;-;:. D 10 16 ~1.4 occasioDaJ silt ad fiDe silty 

~ ~x SBDd~ 
'x' 

~ ~ ~ 45 ~ ;:..~ ID 11 lOS 22.1 srifT grades with. more silt ad fiDe 

~ 
~H: ADd seams 
'J4" 

~ ~ ~ SO 
L--

OAGRA FIGURE4B 
Ealflt & Errviron",.",.' (conlt) 



P-ee 30# 5 Mmdcl_A 
PROJECT ... i&iiiii P.If Uiili 
OB NO 7:8 DATE i 

LOG OF TEST BORING NO. B-2 
J 

-&1 ~;: 
~ ..... 

J:: .EJ:.! 

~£! c • m 
50 

5S 

60 

6S 

10 

7S - I DBtTIl ir 13..6 
~[ 13.6 

J ~I 
:. RIG TYPE ...... ~ 

BCR I,", TYPE - .,8 ~ • 
3 • II 

SlJlf~CE ELEV. C ... L++- '041-
'- • • ~.c .!"'o ~'" 

• ·-c DATlJII 

it - - .0 

1 I !!l: ~ ..... u -----~~l - ... REnARKS co-.. & .... ~" 
//. t..x. ID 17 ~ »'0 CI SIIUI'atCd 

~~ 
_iff 

~ ffi ~ 
~ ~ ffi ~ ffirK In 14 101 U.7 
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UGS 

APR 2 9 2003 

Earthtec Testing & Engineering P. C. 133 North 1330 West OTero, Utah 84057 

Phone: (801) 225-5711 Fax: (801) 225-3363 

To: Francis Ashland, P.G. 

Company: Utah Geological Survey 
1594 West North Temple 
SLC, Utah 84114-6100 

From: Curtis Tanner 

Date: April 25, 2003 

Subject: CPT Logs and Shear Wave Velocity Data 

Enclosed: One copy of the CPT Data including Shear Wave Velocity Data for: 

Comments: 

Nestle Tank Site, 815 Raymond Klauk Way, Springville, UT 
Morinda (Tahitian Noni) Site, 1150 South Auto Mall Dr. American Fork, UT 

Curtis Tanner, P.E. 
133 North 1330 West 
Orem, Utah 84057 
801-225-5711 Office 

801-225-3363 Fax 



,CONE$EC
1 -- Cone Tee Inc. 

Geotechnical and Environmental $ite Investigation Contractors 
3589 West 500 South, Suite 3, Salt Lake City, UT 84104. Tel:(801) 973-3801 • Fax:( 801) 973-3802 

Web: www.conetec.com • Email: ctecslc@attglobal.net 

December 24,2001 

Mr. Dave Nelson 
Earthtec Testing & Engineering, Inc. 
133 North 1330 West 
Orem, UT 84057 

Re: CPT Results 
Morinda Site 
American Fork, Utah 

Dear Dave, 

Job No.: 01-352 

Tel: (801) 225-5711 
Fax: (801) 225-3363 

Per your request, we have completed the CPT investigation for the above referenced 
project. Enclosed is one set of standard CPT plots, seismic CPT plots, pore pressure 
dissipation plots, CPT interpretations and a data diskette. The diskette contains data 
files for the CPT plots (*.cor files), the files for the PPD plots (*.ppd files) and the 
interpretation files (*.if* files). The interpretation files with the "ifp" extension are 
printable text files, while the interpretation files with the "ifi" extension are comma and 
delimited files that can be imported into any spreadsheet. The following table 
summarizes the work performed at the site. 

CPT CPT Maximum PPD PPD Ueq 
Depth Depth Duration Comments 

Location Filename (tt) (tt) (sec) (tt) 

CPT-1 352CP01 100.88 37.89 200 36.0 Seismic 

Many correlations have been developed for design parameters based on CPT data. 
The interpretations are presented only as a guide for geotechnical use and should be 
carefully scrutinized for consideration in any geotechnical design. 

Assumptions have been made regarding soil unit weights, groundwater level and 
interpretational methods, which mayor may not apply to this site. The undrained shear 
strength calculations have been determined based on an assumed Nkt value of 12.5 and 
the estimated depth to groundwater is based on the results of the pore pressure 
dissipation test. Additionally, the following table summarizes the values assigned to the 
specific soil behavior type zones. 

ConeTec, Inc. 

A Member of the Cone Tee/Gregg Family of Companies 



Mr. Dave Nelson 
Earthtec Testing & Engineering, Inc. 
December 24, 2001 
Page Two 

Zone SPT Unit Wt. 
QtlN (kN/m3

) 

0 1.0 19.5 
1 2.0 17.5 
2 1.0 12.5 
3 1.0 17.5 
4 1.5 18.0 
5 2.0 18.0 
6 2.5 18.0 
7 3.0 18.5 
8 4.0 19.0 
9 5.0 19.5 
10 6.0 20.0 
11 1.0 20.5 
12 2.0 19.0 

Unit Wt. 
(pct) 
124.1 
111.4 
79.6 
111.4 
114.6 
114.6 
114.6 
117.8 
120.9 
124.1 
127.3 
130.5 
120.9 

Job No.: 01-352 

K Description (cm/s) 
1x10·15 Undefined 
1x10·15 Sensitive Fines 
1x10-l Organic Soil 
5x10-8 Clay 
5x10-7 Silty Clay 
5x10-6 Clayey Silt 
5x10·~ Silt 
5x10-4 Sandy Silt 
5x10-3 Silty Sand/Sand 
5x10-2 Sand 

5 Gravelly Sand 
1x10·15 Stiff Fine Grained 
1x10·~ Cemented Sand 

We appreciate the opportunity of providing these services to you. If you have any 
questions regarding the enclosed material or if, we can be of additional assistance, 
please contact us. 

Sincerely, 

CO";;i!' In~~ 
~ -~) 

Shawn D. Steiner, P.E. 
Manager 

ConeTec, Inc. 

A Member of the ConeTeclGregg Family of Companies 



Shear Wave Velocity Calculations 

Job No.: 01-352 
Client: Earthtec 
CPT No.: CPT-1 
Location 
Date: 

Morinda AF 
12/18/01 

Geophone Offset (m) : 0.20 
Source Offset (2') (m): 0.61 

Test Geophone Ray 
Depth Depth Path 

(m) (m) (m) 

0.75 0.55 0.82 
1.75 1.55 1.67 
2.75 2.55 2.62 
3.75 3.55 3.60 
4.75 4.55 4.59 
5.75 5.55 5.58 
6.75 6.55 6.58 
7.75 7.55 7.57 
8.75 8.55 8.57 
9.75 9.55 9.57 
10.75 10.55 10.57 
11.75 11.55 11.57 
12.75 12.55 12.56 
13.75 13.55 13.56 
14.75 14.55 14.56 
15.75 15.55 15.56 
16.75 16.55 16.56 
17.75 17.55 17.56 
18.75 18.55 18.56 
19.75 19.55 19.56 
20.75 20.55 20.56 
21.75 21.55 21 .56 
22.75 22.55 22.56 
23.75 23.55 23.56 
24.75 24.55 24.56 
25.75 25.55 25.56 
26.75 26.55 26.56 
27.75 27.55 27.56 
28.75 28.55 28.56 
29.75 29.55 29.56 
30.75 30.55 30.56 

Incremental Time Interval 
Distance Interval Velocity 

(m) (ms) (m/s) 

0.84 8.46 99.8 
0.96 7.19 133.0 
0.98 8.32 117.8 
0.99 6.63 149.1 
0.99 7.19 138.1 
0.99 8.45 117.7 
1.00 7.05 141.3 
1.00 5.92 168.4 
1.00 5.36 186.1 
1.00 5.02 198.8 
1.00 4.93 202.5 
1.00 5.64 177.1 
1.00 5.08 196.6 
1.00 5.07 197.1 
1.00 5.08 196.7 
1.00 4.23 236.2 
1.00 4.23 236.3 
1.00 4.93 202.7 
1.00 4.94 202.3 
1.00 4.60 217.3 
1.00 4.79 208.7 
1.00 5.08 196.8 
1.00 5.50 181 .8 
1.00 5.35 186.9 
1.00 4.52 221.2 
1.00 4.23 236.3 
1.00 4.65 215.0 
1.00 3.66 273.2 
1.00 4.09 244.4 
1.00 3.81 262.4 

Interval Interval Interval 
Depth Velocity Depth 
(m) (fUs) (ft) 

1.05 327.4 3.4 
2.05 436.2 6.7 
3.05 386.4 10.0 
4.05 489.1 13.3 
5.05 452.9 16.6 
6.05 386.2 19.8 
7.05 463.5 23.1 
8.05 552.5 26.4 
9.05 610.6 29.7 
10.05 652.2 33.0 
11.05 664.3 36.2 
12.05 580.8 39.5 
13.05 645.0 42.8 
14.05 646.3 46.1 
15.05 645.1 49.4 
16.05 774.9 52.6 
17.05 774.9 55.9 
18.05 664.9 59.2 
19.05 663.6 62.5 
20.05 712.7 65.8 
21.05 684.5 69.0 
22.05 645.4 72.3 
23.05 596.2 75.6 
24.05 612.9 78.9 
25.05 725.4 82.2 
26.05 775.2 85.4 
27.05 705.2 88.7 
28.05 896.0 92.0 
29.05 801.8 95.3 
30.05 860.7 98.6 
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ConeTec~ Inc. 
Geotechnical and Environmental Site Investigation Contractors 

PO Box 22082, Salt Lake City, UT 84122 • 3589 West 500 South, Suite 3, Salt Lake City, UT 84104 
Tel: (801) 973-3801 • Fax: (801) 973-3802 • Web: www.conetec.com • Email: conetecslc@attglobal.net 

September 23, 2002 

Mr. Curtis Tanner 
Earthtec Testing & Engineering, Inc. 
133 North 1330 West 
Orem, UT 84057 

Re: CPT Results 
Tank Center 
Springville, Utah 

Dear Curtis, 

Job No.: 02-360 

Tel: (801) 225-5711 
Fax: (801) 225-3363 

Per your request, we have completed the CPT investigation for the above referenced 
project. Enclosed is one set of standard CPT plots, seismic CPT plots, pore pressure 
dissipation plots and a data diskette. The diskette contains data files for the CPT plots 
(*.cor files), the files for the PPD plots (*.ppd files). The following table summarizes the 
work performed at the site. 

CPT CPT Maximum PPD PPD Ueq 
Depth Depth Duration Comments Location Filename 
1ft) (ft) (sec) 

(ft) 

CPT-1 360CP01 150.10 16.24 400 12.1 Seismic to 
100 ft. 

Many correlations have been developed for design parameters based on CPT data. 
The interpretations are presented only as a guide for geotechnical use and should be 
carefully scrutinized for consideration in any geotechnical design. 

Assumptions have been made regarding soil unit weights, groundwater level and 
interpretational methods, which mayor may not apply to this site. The fol/owing table 
summarizes the values assigned to the specific soil behavior type zones. 

ConeTec, Inc. 



Mr. Curtis Tanner 
Earthtec Testing & Engineering, Inc. 
September 23,2002 
Page Two 

Zone 
SPT UnitWl 
QtlN (kN/m3

) 

0 1.0 19.5 
1 2.0 12.5 
2 1.0 17.5 
3 1.0 17.5 
4 1.5 18.0 
5 2.0 18.0 
6 2.5 18.0 
7 3.0 18.5 _._-

8 4.0 19.0 
9 5.0 19.5 
10 6.0 20.0 
11 1.0 20.5 
12 2.0 19.0 

Job No.: 02-360 

UnitWl K 
Description (pcf) (em/s) 

124.1 1x10·1:> Undefined 
79.6 1x10·( Sensitive Fines 
111.4 1x10·15 Organic Soil 
111.4 5x10-B Clay 
114.6 5x10-( Silty Clay 
114.6 5x10-6 Clayey Silt 
114.6 5x10·s Silt 
117.8 5x10"" Sandy Silt 
120.9 5x10-3 Silty Sand/Sand 
124.1 5x10-2 Sand 
127.3 5 Gravelly Sand 
130.5 1x10-1 :> Stiff Fine Grained 
120.9 1x10·5 Cemented Sand 

We appreciate the opportunity of providing these services to you. If you have any 
questions regarding the enclosed material or if, we can be of additional assistance, 
please contact us. 

Sincerely, 

Enclosures 

ConeTec, Inc. 



Shear Wave Velocity Calculations 

Job No.: 02-360 
Client: Earthtec Testing & Engineering 
CPT No.: CPT-1 
Location 
Date: 

Tank Center 
9/7/02 

Geophone Offset (m): 0.20 
Source Offset (2~) (m): 0.61 

Test Geophone Ray 
Depth Depth Path 

(m) (m) (m) 

0.80 0.60 0.86 
1.80 1.60 1.71 
2.80 2.60 2.67 
3.80 3.60 3.65 
4.80 4.60 4.64 
5.80 5.60 5.63 
6.80 6.60 6.63 
7.80 7.60 7.62 
8.80 8.60 8.62 
9.80 9.60 9.62 
10.80 10.60 10.62 
11.80 11.60 11.62 
12.80 12.60 12.61 
13.80 13.60 13.61 
14.80 14.60 14.61 
15.80 15.60 15.61 
16.80 16.60 16.61 
17.80 17.60 17.61 
18.80 18.60 18.61 
19.80 19.60 19.61 
20.80 20.60 20.61 
21.80 21.60 21.61 
22.80 22.60 22.61 
23.80 23.60 23.61 
24.80 24.60 24.61 
25.80 25.60 25.61 
26.80 26.60 26.61 
27.80 27.60 27.61 
28.80 28.60 28.61 
29.80 29.60 29.61 
30.80 30.60 30.61 

Incremental 
Distance 

(m) 

0.86 
0.96 
0.98 
0.99 
0.99 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

Time Interval 
Interval Velocity 

(ms) (m/s) 

8.60 99.6 
6.63 144.5 
6.62 148.1 
6.49 152.4 
6.20 160.1 
6.35 156.7 
6.48 153.8 
7.33 136.0 
7.19 138.8 
6.89 144.9 
7.07 141.2 
6.92 144.3 
6.31 158.3 
5.57 179.4 
4.96 201.4 
4.96 201.5 
4.81 207.8 
5.27 189.6 
5.26 190.0 
5.71 175.1 
5.42 184.4 
5.71 175.1 
6.32 158.2 
6.16 162.3 
6.02 166.1 
6.16 162.3 
5.72 174.8 
5.71 175.1 
5.57 179.5 
4.51 221.7 

Interval Interval Interval 
Depth Velocity Depth 

(m) (ft/s) (ft) 

1.10 326.7 3.6 
2.10 474.1 6.9 
3.10 485.9 10.2 
4.10 499.8 13.4 
5.10 525.3 16.7 
6.10 514.0 20.0 
7.10 504.3 23.3 
8.10 446.2 26.6 
9.10 455.2 29.8 
10.10 475.2 33.1 
11.10 463.2 36.4 
12.10 473.4 39.7 
13.10 519.2 43.0 
14.10 588.3 46.2 
15.10 660.8 49.5 
16.10 660.8 52.8 
17.10 681.5 56.1 
18.10 622.0 59.4 
19.10 623.3 62.6 
20.10 574.2 65.9 
21.10 604.9 69.2 
22.10 574.2 72.5 
23.10 518.8 75.8 
24.10 532.3 79.0 
25.10 544.7 82.3 
26.10 532.3 85.6 
27.10 573.3 88.9 
28.10 574.3 92.2 
29.10 588.7 95.4 
30.10 727.1 98.7 
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Introduction 

On 17 February 2003, Spectral-Analysis-of-Surface-Wave (SASW) tests were performed 

at nine locations at the Metropolitan Water District, Water Treatment Plant at the mouth of Little 

Cottonwood Canyon, in Salt Lake City, Utah. The test were conducted by Dr. James A. Bay, 

Inthuorn, Sasanakul, Jeffery Gilbert, and Kenneth D. Jewkes from Utah State University. The 

purpose of the testing was to determine the shear wave velocity profiles across the facility. 

The SASW Method 

Genera] Theory The SASW method is a nonintrusive seismic technique used to determine 

the shear wave velocity profile of a siti~. L. sing wave sources and receivers on the ground surface 

(1-4). Unlike other surface seismic methods, such as refraction, the SASW method can be used 

to detect and measure the properties of softer layers located beneath stiffer layers. 

The SASW method is used to measure the propagation velocity of Rayleigh-type surface 

waves. These surface waves propagate along the ground surface, and exhibit wave motion that 

attenuates with depth into the earth. Practically all wave motion occurs at depths within one 

wavelength of ground surtace. The velocity of Rayleigh-type surface waves is largely controlled 

by the shear modulus of the material through which the waves are propagating, with the Rayleigh 

wave velocity about 10% less than the shear wave velocity of that materiaL 

When surface waves propagate through a uniform material with a constant shear 

modulus, waves with various wavelengths will all propagate with the same velocity. This 

condition is shown ;.n Fig. 1. If the velocity varies with depth, different wavelengths will 

propagate at different velocities. This is known as dispersion and plots that show the variation in 

wave velocity with either wavelength or frequency are called dispersion curves. For example, a 

dispersion curve for a system with two layers (a soft layer over a stiffer layer) is shown in Fig. 2. 

Wavelengths that are less than the thickness of the surface layer only disturb the surface layer 

and propagate with a velocity that is only influenced by the softer, surface layer. As the 

wavelengths become longer than the thickness of the surface layer, the waves disturb the stiffer 

layer and exhibit velocities that are influenced by the stiffer layer. As the wavelengths become 

longer, the stiffer layer exerts mure inlluem.:e until the wavd~ngth:s b~(';UIIlt: lung n::lati V~ tu 

thickness of the surface layer, and the wave velocity is only influenced by the stiffer layer. More 

complicated layered systenls result in more complicated dispersion curves. 
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Testing Procedure The SASW method requIres two or more receIvers, capable of 

measuring the vertical motion of the ground surface, a source or sources capable of generating a 

wide range of frequencies, and a recording instrument capable of separating the waveforms from 

the receivers into their various frequency components. The general testing configuration used 

for the testing at the water treatment plant is shown in Fig. 3. The receivers and the source are 

positioned along a line with the distance between the source and the first receiver the same as the 

distance between the first receiver and the second receiver. The distance between the second and 

third receiver is equal to the distance from the source to the second receiver. Measurements are 

made simultaneously between receivers 1 and 2, and receivers 2 and 3. For a given spacing, 

wavelengths from 0.5 time the spacing between receivers, to 2 times the spacing between 

receivers can usually be measured. Testing typically begins with a short spacing and then the 

spacing is increased in subsequent tests to measure longer wavelengths. An 8-lb instrumented 

hammer was used as a wave sources to generate high frequencies (short wavelengths) at receiver 

spacings of 6 and 12 ft. At longer receiver spacings, a 4500-lb drop weight was employed to 

generate lower frequencies (longer wavelengths). Site geometry limited the longest receiver 

spacing at each site, with maximum spacings ranging from 17U to JUU f1. Tests at each receiver 

spacing are usually repeated by reversing the direction of wave propagation to average out any 

receiver-coupling effects and any effects of lateral variability at the site. The waveforms are 

recorded and spectral analyses performed on a Fast-Fourier-Transform (FFT) dynamic signal 

analyzer. 

Drop Weight 
Source Receiver 1 Receiver 2 Receiver 3 

~ ~,A r-n ~I'" 0 ~I'" 2D ~I 
Fig. 3 SASW Testing Configuration 



Forward Modeling Procedure The dispersion curve for a site is measured using the 

procedures described above. An iterative forward modeling process is then used to determine 

the shear wave velocity profile of the site from the measured dispersion curve. This involves 

making an initial estimate of the shear wave velocity profile and assuming values of mass 

density and either Poisson's ratio or confined compression wave (P-wave) velocity. Forward 

modeling is then performed with a computer to determine the theoretical dispersion curve for the 

estimated profile. The theurt:tic..:al ui:spersion curve is then compared to the measured dispersion 

curve and the estimated profile is modified accordingly. This procedure is repeated until the 

measured and theoretical dispersion curves match each other very closely, at which point the 

estimated profile will closely represent the actual velocity profile at the site A program 

developed by Professor Jose M. Roesset of the University of Texas is used to perform the 

forward modeling (5). 

Testing at Little Cottonwood Canyon Water Treatment Plant 

Locations of nine SASW test locations are shown on the aerial photograph in Fig. 4. The 

lines indicate the alignment of receiver arrays with the approximate centerline of the array 

marked with a circular target. 

Outer Access Gate The experimental dispersion curve measured at the outer access gate 

is shown in Fig. 5. The comparison between the experimental and theoretical dispersion curves 

determined from forward modeling is shown in Fig. 6. A plot of the shear wave velocity profile 

is shown in Fig. 7. Tabulated values of the parameters used in forward modeling are presented 

in Table 1. 

Southwest of Aeration Basin The experimental dispersion curve measured southwest of 

the aeration basin is shown in Fig. 8. The comparison between the experimental and theoretical 

dispersion curves determined from forward modeling is shown in Fig. 9. A plot of the shear 

wave velocity profile is shown in Fig. 10. Tabulated values of the parameters used in forward 

modeling are presented in Table 2. 

South of Old Chemical Building The experimental dispersion curve measured south of 

the old chemical building is shown in Fig. 11. The comparison between the experimental and 

theoretical dispersion curves determined from forward modeling is shown in Fig. 12. A plot of 

the shear wave velocity profile is shown in Fig. 13. Tabulated values of the parameters used in 

forward modeling are presented in Table 3. 
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Fig. 4 Aerial Photograph Showing the SASW Test Locations at the Little Cottonwood Canyon 

Water Treatment Plant. 
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Fig. 5 Experimental Dispersion Curve Measured at the Outer Access Gate, Little Cottonwood 

Canyon Water Treatment Plant. 

I I 

xoo 
u 
V 
tr.l 

2 
1500 

~ 
'u 
0 

Qj 

> 0 
cu 1000 >-rn 
~ 
cu -- - -
u ._-"-r.S 
I-< 500 ~ 

(/') 

o '------'- , I I I I I 

1 10 100 

Wavelength, ft 

Fig. 6 Comparison between Experimental and Theoretical Dispersion Curves from Outer 

Access Gate. Little Cottonwood Canyon Water Treatment Plant. 

6 



Shear Wave Velocity, ftlsec 

o 500 1000 1500 2000 2500 3(00 350) 
O~----~I~~~~'~-==~I~--~I--~r=I----~I---' 

20 r- -

40 - -
~ 

,,,0" '------

0.. 
C,) 

Q 60 r- -

80 - -

lOO~----~I----__ ~I----~I------~I----~----_~I--~ 

Fig.7 Shear Wave Velocity Profile Determined from SASW Test at Outer Access Gate, Little 

Cottonwood Canyon Water Treatment Plant. 

Tablel Soil Profile from SASW Test at Outer Access Gate, Little Cottonwood Canyon Water 

Treatment Plant. 
Layer Shear Wave Assumed P-Wave A: sumed Unit 

Thicknes~ Velocity Velocity Weight 
Layer No. (ft) (ftlsec) (ftlsee) (lb/ft3) 

1 0.25 3000 5610 120 

2 1.75 700 1350 120 

3 5.0 650 1220 120 

4 18.0 935 1750 120 

5 24.0 YUU 16~O llU 

6 51.0* 2500 4680 135 

>i' Halt-space In model 
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Cottonwood Canyon Water Treatment Plant. 
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Fig. 10 Shear Wave Velocity Profile Determined from SASW Test Southwest of Aeration 

Basin, Little Cottonwood Canyon Water Treatment Plant. 

Table 2 Soil Profile from SASW Test Southwest of Aeration Basin, Little Cottonwood Canyon 

Water Treatment Plant. 
Layer Shear Wave Assumed P-Wave Assumed Unit 

Thickness Velocity Velocity Weight 
Layer No. (ft) (ft/see) (ftlsee) (lb/ft

3
) 

1 0.2 2500 4680 145 

2 1.3 425 795 120 

3 6.5 700 1310 120 

4 17.0 825 1540 120 

.5 20.0 1600 2990 120 

6 30.0 1800 3370 135 

7 75* 3200 5990 135 

'i' Hall-space III model 
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Fig, 11 Experimental Dispersion Curve Measured South of Old Chemical Building, Little 

Cottonwood Canyon Water Treatment Plant. 
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Table 3 Soil Profile from SASW Test South of Old Chemical Building, Little Cottonwood 

Canyon Water Treatme.,t Plant. --
Layer Shear Wave Assumed P-Wave Assumed Unit 

Thickness Velocity Velocity Weight 
Layer No. (ft) (ftlsec) (ftlsee) (lb/fr~ ) 

1 0.2 3000 5610 145 

2 1.3 500 935 120 

3 6.5 700 1310 120 

4 10.0 825 1540 120 

5 20.0 1600 2990 120 

6 30.0 1800 3370 135 

7 42.0* 2400 4490 135 
'. 

>;< Half-space In model 
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Northwest of Filter Building The experimental dispersion curve measured northwest of 

filter building is shown in Fig. 14. The comparison between the experimental and theoretical 

dispersion curves determined from forward modeling is shown in Fig. 15. A plot of the shear 

wave velocity profile is shown in Fig. 16. Tabulated values of the parameters used in forward 

modeling are presented in Table 4. 

South of new Maintenance Building The experimental dispersion curve measured south 

of the new maintenance building is shown in Fig. 17. The comparison between the experimentnl 

and theoretical dispersion curves determined from forward modeling is shown in Fig. 18. A plot 

of the shear wave velocity profile is shown in Fig. 19. Tabulated values of the parameters used 

in forward modeling are presented in Table 5. 

North of new Maintenance Building The experimental dispersion curve measured north 

of the new maintenance building is shown in Fig. 20. The comparison between the experimental 

and theoretical dispersion curves determined from forward modeling is shown in Fig. 21. A plot 

of the shear wave velocity profile is shown in Fig. 22. Tabulated values of the parameters used 

in forward modeling are presented in Table 6. 

East of Sludge Drying Heds The experimental dispersion curve measured east of the 

sludge drying beds is shown in Fig. 23. The comparison between the experimental and 

theoretical dispersion curves determined from forward modeling is shown in Fig. 24. A plot of 

the shear wave velocity profile is shown in Fig. 25. Tabulated values of the parameters used in 

forward modeling are presented in Table 7. 

North of Sludge Drying Beds The experimental dispersion curve measured north of the 

sludge drying beds is shown in Fig. 26. The comparison between the experimental and 

theoretical dispersion curves determined from forward modeling is shown in Fig. 27. A plot of 

the shear wave velocity profile is shown in Fig. 28. Tabulated values of the parameters used in 

forward modeling are presented in Table 8. 

Field North of Sludge Drying Beds The experimental dispersion curve measured in field 

north of the sludge drying beds is shown in Fig. 29. The comparison between the experimental 

and theoretical dispersion curves determined from forward modeling is shown in Fig. 30. A plot 

of the shear wave velodly prufile is shuwn in Fig. 31. Tabulalt:u yalu~s uf lh~ paraIIld~l:S u:st:d 

in forward modeling are presented in Table 9. 
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Table 4 Soil Profile from SASW Test Northwest of Filter Building, Little Cottonwood Canyon 

Water Treatment Plant. 
Layer Shear Wave Assumed P-Wave Assumed Unit 

Thickness Velocity Velocity Weight 
Layer No. (ft) (ft/sec) (fUsee) (lb/ft

3
) 

1 0.15 2400 4990 145 

2 1.85 500 935 120 

3 6.0 750 1400 120 

4 7.0 1200 2245 120 

5 14.0 1300 2430 120 

6 16.0 1400 2620 120 

7 30.0 1600 2990 120 

8 30.0 1700 3180 120 

9 75* 3000 5610 135 

'i' Half-space In model 
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Fig" 18 Comparison between Experimental and Theoretical Dispersion Curves from South of 

New Maintenance Building. Little Cottonwood Canyon Water Treatment Plant. 
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Fig. 19 Shear Wave Velocity Profile Determined from SASW Test South of New maintenance 

Building, Little Cottonwood Canyon Water Treatment Plant. 

Table 5 Soil Profile from SASW Test South of New Maintenance Building, Little Cottonwood 

Canyon Water Treatment Plant. 
Layer Shear Wave Assumed P-Wave 

.. .......,...--
Assumed Unit 

Thickness Velocity Velocity Weigli~ 
Layer No. Cft) (ft/sec) (ft/sec) Ob/ft

3
) 

1 0.2 2500 4680 145 

2 1.3 650 1220 120 

3 4.0 800 1500 120 

4 5.0 825 1540 120 

5 18.0 1600 2990 17.0 

6 30.0 1800 3370 135 

7 40.0* 2150 4020 135 
.'--:. H~II - space In model 
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Fig. 20 Experimental Dispersion Curve Measured North of New Maintenance Building, Little 

Cottonwood Canyon Water Treatment Plant. 
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Fig.22 Shear Wave Velocity Profile Determined from SASW Test North of New Maintenance 

Building, Little Cottonwood Canyon Water Treatment Plant. 

Table 6 Soil Profile from SASW Test North of New Maintenance Building, Little Cottonwood 

Canyun WaLt;[ Tn;utlllt:ut Plant. 
Layer Shear Wave Assumed P-Wh'/e Assumed Unit 

Thickness Velocity Velocity Weight 
Layer No. (ft) (ft/sec) (ft/sec) (lo/n

3
) 

1 0.2 2500 4680 145 

2 1.3 650 1220 120 

3 4.0 825 1540 120 

4 9.0 875 1640 120 

5 18.0 1600 2990 120 

6 30.0 1800 3370 135 

7 20.0* 2150 4020 135 

'I. Hall-space In model 
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Fig.23 Experimental Dispersion Curve Measured East of Sludge Drying Beds, Little 

Cottonwood Canyon Water Treatment Plant. 
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Fig. 24 Comparison between Experimental and Theoretical Dispersion Curves from East of 

Sludge Drying Beds. Little Cottonwood Canyon Water Treatment Plant. 
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Fig.25 Shear Wave Velocity Profile Determined from SASW Test East of Sludge Drying 

Beds, Little Cottonwood Canyon Water Treatment Plant. 

Table 7 Soil Profile from SASW Test East of Sludge Drying Beds, Little Cottonwood Canyon 

Water Treatment Plant. 
Layer Shear Wave AssllJ.'ed P-Wave Assumed Unit 

Thickness Velocity \, elocity Weight 
Layer No. (ft) (fUsee) (ft/see) (lb/ft3) 

1 0.5 525 980 120 

2 1.0 775 1450 120 

3 5.5 950 1780 120 

4 13.0 1100 2060 120 

5 31.0 1600 2990 120 

6 50.0 1800 3370 135 

7 20.0* 2400 4490 135 

>/. Half-space In model 
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Fig.26 Experimental Dispersion Curve Measured North of Sludge Drying Beds, Little 

Cottonwood Canyon Water Treatment Plant. 
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Fig.27 Comparison between Experimental and Theoretical Dispersion Curves from North of 

Sludge Drying Beds. Little Cottonwood Canyon Water Treatment Plant. 
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Beds, Little Cottonwood Canyon Water Treatment Plant. 
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Table 8 Soil Profile from SASW Test North of Sludge Drying Beds, Little Cottonwood Canyon 

Water Treatment Plant 
Layer Shear Wave Assumed P-Wave Assumed Unit 

Thickness Velocity Velocity Weight 
Layer No. (ft) (ft/see) (fUsee) Ob/ft3) 

1 0.5 400 750 120 

2 1.0 550 1030 120 

3 5.5 775 1450 120 

4 13.0 1l0O 2060 120 

5 34.0 1600 2990 120 

6 55.0 1800 3370 135 

7 31.0* 2600 4860 135 

* Half-space m model 
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Fig, 29 Experimental Dispersion Curve Measured in Field North of Sludge Drying Beds, Little 

Cottonwood Canyon Water Treatment Plant. 
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Fig. 30 Comparison between Experimental and Theoretical Dispersion Curves from Field 

North of Sludge Drying Beds, Little Cottonwood Canyon Water Treatment Plant. 
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Fig. 31 Shear Wave Velocity Profile Determined from SASW Test in Field North of Sludge 

Drying Beds, Little Cottonwood Canyon Water Treatment Plant. 
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Table 9 Soil Profile from SASW Test in Field North of Sludge Drying Beds, Little Cottonwood 

C W T t PI t anyon ater rea men an . 
Layer Shear Wave Assumed P-Wave Assumed Unit 

Thickness Velocity Velocity Weight 
Layer No. (ft) (ft/sec) (ft/sec) Ob/ft

3
) 

1 2.0 420 790 120 

2 6.0 800 1500 120 

3 7.0 1350 2530 120 
-. 

4 14.0 1450 2710 120 

5 16.0 1550 2900 120 

6 30.0 1600 2990 120 

7 30.0 umo :';:.37U 120 

8 45.0* 2700 5050 135 

* Half-space In model 

Conclusions 

High quality dispersion curves were obtained from field SASW measurements at all of 

the sited except the site East of the sludge drying beds. This site was on a constructed fill, and 
there was significant scatter in the dispersion data. The Forward modeling procedure resulted in 
guuu maLdll::S bt::tween experimental and theoretical dispersion. This indicates that shear wave 
velocity profiles presented should accurately represent the shear wave velocity profiles at each 
site. 
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Metro water plant data (Say and others, 2003) 

layer thickr Vs (ft/s) b/c layer thickr Vs (tVs) b/c 47fl-'i t1 0.25 3000 8.33333E-05 t1 0.25 3000 8.33E-05 
1.75 700 0.0025 1.75 700 0.0025 ttt.(q~ I 

5 650 0.007692308 5 650 0.007692 
18 935 0.019251337 18 935 0.019251 
24 900 0.026666667 24 900 0.026667 1),.,0 51 2500 0.0204 51 2500 0.0204 

1 

100 0.076593645 100 0.076594 
o·t:; 

-; Vsmean 1305.6 397.9 Vs30 1305.6 397.9 

t2 0.2 2500 0.00008 t2 0.2 2500 0.00008 
L(3 Z J( 

1.3 425 0.003058824 1.3 425 0.003059 tfL(Cjrz- ~ 
6.5 700 0.009285714 6.5 700 0.009286 
17 825 0.020606061 17 825 0.020606 
20 1600 0.0125 20 1600 0.0125 /}..,O 
30 1800 0.016666667 30 1800 0.016667 
75 3200 0.0234375 25 3200 0.007813 

150 ..,\~ .~ 0.085634765 100 0.07001 

Vsmean 1751.6 533.9 Vs30 1428.4 435.4 

t3 0.2 3000 6.66667E-05 t3 0.2 3000 6.67E-05 
1.3 500 0.0026 1.3 500 0.0026 I.(}Z ~f 
6.5 700 0.009285714 6.5 700 0.009286 

lfyO,1 q 10 825 0.012121212 10 825 0.012121 
20 1600 0.0125 20 1600 0.0125 
30 1800 0.016666667 30 1800 0.016667 
42 2400 0.0175 32 2400 0.013333 1-~ 

( 
110 II 0.07074026 100 0.066574 

'"1""1 
Vsmean 1555.0 474.0 Vs30 1502.1 457.8 

t4 0.15 2400 0.0000625 t4 0.15 2400 6.25E-05 l/37 '2-1 
1.85 500 0.0037 1.85 500 0.0037 

6 750 0.008 6 750 0.008 ift.(qz.- q 
7 1200 0.005833333 7 1200 0.005833 

14 1300 0.010769231 14 1300 0.010769 
16 1400 0.011428571 16 1400 0.011429 /},l 30 1600 0.01875 30 1600 0.01875 
30 1700 0.017647059 25 1700 0.014706 

o 

75 3000 0.025 

~~t~ 
100 0.07325 

180 0.101190694 
Vs30 1365.2 416.1 

Vsmean 1778.8 542.2 

t5 0.2 2500 0.00008 t5 0.2 2500 0.00008 t.f37, 1-
1.3 650 0.002 1.3 650 0.002 

4 800 0.005 4 800 0.005 'ff{'13 I 
5 825 0.006060606 5 825 0.006061 

18 1600 0.01125 18 1600 0.01125 
~( 30 1800 0.016666667 30 1800 0.016667 

40 2150 0.018604651 41.5 2150 0.019302 

98.5 0\( 11;0 .v 0.059661924 100 0.06036 

Vsmean 1651.0 503.2 
** actual total depth 98.5 :=-l ::>"'" 

Vs30 165 .7 505.0 



t6 0.2 2500 0.00008 t6 0.2 2500 0.00008 
1.3 650 0.002 1.3 650 0.002 

4 825 0.004848485 4 825 0.004848 
9 875 0.010285714 9 875 0.010286 

18 1600 0.01125 18 1600 0.01125 
30 1800 0.016666667 30 1800 0.016667 
20 2150 0.009302326 20 2150 0.009302 

82.5 A.-S'\ 0.054433191 82.5 0.054433 
** not vs30 (too shallow) 

Vsmean 1515.6 462.0 Vs30 1515.6 462.0 

t7 0.5 525 0.000952381 t7 0.5 525 0.000952 '1?12- 1-t{- c( 
1 775 0.001290323 1 775 0.00129 

Lf t{ q~ 1-1- 1.-5.5 950 0.005789474 5.5 950 0.005789 
13 1100 0.011818182 13 1100 0.011818 
31 1600 0.019375 31 1600 0.019375 

f1-- \ 'V 50 1800 0.027777778 49 1800 0.027222 
20 2400 0.008333333 

~\o/" 
100 0.066448 

121 0.07533647 
Vs30 1504.9 458.7 

Vsmean 1606.1 489.5 

t8 0.5 400 0.00125 t8 0.5 400 0.00125 t(,~ 61 ~ 
1 550 0.001818182 1 550 0.001818 

iL(tf.>1.. -11 5.5 775 0.007096774 5.5 775 0.007097 
13 1100 0.011818182 13 1100 0.011818 
34 1600 0.02125 34 1600 0.02125 

'L- ~ f7 55 1800 0.030555556 46 1800 0.025556 
31 2600 0.011923077 

~tt~ 
100 0.068789 

140 0.08571177 
Vs30 1453.7 443.1 

Vsmean 1633.4 497.9 

t9 2 420 0.004761905 t9 2 420 0.004762 
6 800 0.0075 6 800 0.0075 
7 1350 0.005185185 7 1350 0.005185 

14 1450 0.009655172 14 1450 0.009655 

f),~~ 16 1550 0.010322581 16 1550 0.010323 
30 1600 0.01875 30 1600 0.01875 
30 1800 0.016666667 25 1800 0.013889 
45 2700 0.016666667 'i ~1-ll)h 

100 0.070064 
150 ~~~ 0.089508176 'iqC.;lf 0 

Vs30 1427.3 435.0 
Vsmean 1675.8 510.8 



Vs30 of mean plot Vs30 of mean plot 

depth thickness Vs 
0 1 600 0.001666667 
1 6 780 0.007692308 depth thickness Vs 
7 1 890 0.001123596 0 1 600 0.001667 
8 2 1010 0.001980198 1 6 780 0.007692 

10 5 1200 0.004166667 7 1 890 0.001124 
15 5 1210 0.004132231 8 2 1010 0.00198 
20 5 1350 0.003703704 10 5 1200 0.004167 
25 5 1500 0.003333333 15 5 1210 0.004132 
30 15 1520 0.009868421 20 5 1350 0.003704 
45 5 1780 0.002808989 25 5 1500 0.003333 
50 5 1810 0.002762431 30 15 1520 0.009868 
55 5 1860 0.002688172 45 5 1780 0.002809 
60 15 1900 0.007894737 50 5 1810 0.002762 
75 25 2130 0.011737089 55 5 1860 0.002688 

100 5 2190 0.002283105 60 15 1900 0.007895 
105 15 2610 0.005747126 75 25 2130 0.011737 
120 20 2670 0.007490637 100 
140 10 2960 0.003378378 
150 100 0.065559 

150 0.084457788 Vs30 1525.4 464.9 

Vs30 1776.0 541.3 
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