4 fmin



fmax/?2












________________

(sw) swiy




Time (ms)

40.0 40.5 41.0 41.5 42.0
0

50 |
100 = .

B ——— ;
150} ]

Trace Number [amp=1500.000 percnt=300 twav.seq]



A

. -

AR A

(sw) swiy




Time (ms)

54

56

58

Trace Number [amp=1500.000 percnt=300 twav.seq]












1 twav.seg

pbal=

.5: A
?: i_ !
j? R

Pl
ii

A,.“mr_:

_ A:‘:A:

:x

[
1_::

‘_A

0.15

0.10

0.05

-104

(w) uonens|g

Time (s)



Trace Number

50

45

c008.seg Data Rescaled By Max Abs Values

,. -

0.6
Time (s)

0.8

12



200000

150000

100000

50000

-50000

-100000

-150000

-200000
0

c008.seg

Trace 1

0.05

0.1 0.15
Time (s)

0.2



=1.250 sec. dt=0.00050

Trace 10 tmax

o w
z z
> >
(8] [$]
c C
[ [5)
3 >
o o
[0} [0}
@ o
w [T
-
, , , °
© © © o o
g 8 8 3
¥ * + S
fo) (o] 3 o
& § & g
—- s}
apnydwy
I
|
|
|
|
|
|
|
|
|
“““““
|
,
|
,
,
|
,
,
,
,
“““““
,
| P
, @
,
| Q
| £
! E
| =
|
|
“““““
,
|
|
,
|
|
,
,
,
,
“““““
,
: .
, , , -
1= = o = S S
8 3 8 8 8
g 5 g g g
=] S S = I
@ o -~ | h



48 traces tmax=1.250 sec. dt=0.0005

Time (s)

1.4



(cm)

Scale

100
90
80
70
60
50
40
30
20
10




90

z

@o

o /& Borehole
T R

Im

1m R

—T ééA) Reference

Phone

270

[}

Seismic Source ‘ <:|

(azimuth,vertical)

Zenith (0 deg) (270,135)
(0,180) |
|
|
|
|
|
|
|
|
West (270 deg) \/ | East (90 deg)
B,
&,,o} (270,90)
%Q
Q
)
P Nadir (180 deg)












=03

T—Comp. ch

Hodogram: Shot=141 R= 209.5 T= 299.5

0
R—Comp. ch=02




[0}

03

T—Comp. ch

(A) Deepest station off by 180 degrees (B) Station just above, correct result

Hodogram: Shot=001 R= 155.9 T= 245.9 Hodogram: Shot=003 R= 328.6 T= 58.6
5 L e s R L L L L I L L L B B
L 4 - 6 1 |
B Go T ) - %‘9@ T :

IO} C © T i
- & T . A ©® T 7
- 0® T ] C ©© T ]
C T 1 3 - I T ]
L 4 - % L 1 4
o b b T by o by 1 . 0_|||||||||||||_ [ R AR
IR N R g. L L L L B R
— - - Q — —_ -
C T 1 o B 1T 7
- 1 J 4L -2k — —
2 T . B T @ i
r T T L + G(Déa 4
r % 1 f T E
o v v = L L o ol b v T b by 14
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6

R—-Comp, ch=02 R—-Comp. ¢ch=02















(B) Channel 3

(A) Channel 2

0.00025

0.500 sec. dt:

bmrg0003.seg 73 traces tmax:

0.00025

0.500 sec. dt:

bmrg0002.seg 73 traces tmax:

Azimuth (degrees)

Azimuth (degrees)



Transverse

(A) Hodogram: Data as recorded

L065.seg Offset=10.304

Shot (100.00,101.27,0.00) Rec. (100.00,100.00,-10.22)
Scale Factor:7.74e+00 millivolts

(B)  Hodogram: Data rotated to align with T-axis

brotL065.seg Offset=10.304

Shot (100.00,101.27,0.00) Rec. (100.00,100.00,-10.22)
Scale Factor:8.34e+00 millivolts

0.5

o

Transverse

o

-0.5

0
Radial


















CPT-3

bequtwav.seg

r-v v}v

;v ,z

?

,rrr/#'__#ﬁ#

I
Wl

ww.— (e
e

ﬂm,_‘

o.'10
Time

.d,\.. %
,," @m..._d
W

rdYe

GeoLogan97 SH-Wave T-component:

0.05

o

(w) uonens|g

s)

(

short distance from CPT-3

B

1997

Seismic Survey 15 July

CPT-3 Survey by ConeTec GeoLogan97 Field Day
Water table not known (borehole sealed at bottom)

ConeTec

" Sand”

|
(SI9)oW) UONBAJ[H

=}
G




|
)
Lo

Elevation (meters)
1
v

[ ‘

2
|

GeolLogan97 P-Wave V-component: bequpwav.seg

Elevation (m)

Time (s)

Seismic Survey 15 July 1997, short distance from CPT-3
CPT-3 Survey by ConeTec GeoLogan97 Field Day
Water table not known (borehole sealed at bottom)



Elevation (m)

GeoLogan97 T-component shifted by Picks: bequbshf.seg

= =
-10-
-15 ] 7
0 0.02 0.04 0.06 0.08

Time (s)

alignment time



(B) BVSP Solution

(A) vfitw.m Solution

LSQE-= +/- .00054sec

GeolLogan 1997 40 lterations 1<Z<20 meters

Geologan 1997 SH

0.1

T T
I I
I I »
I I -
! L 3
| | % S
I I
I I
1 | <
T T S
S
I I &
I I
| l 2
! 1 £ S
! | [l =1
| € | ©
— Qs Y
o
I I <
<
' ! S
I I =
I I @
[y | E
| E w
[ =)
£ 3 i
—is—n |
< h I =
<
I I ©
I I
2 | |
£ ! B
< | E=1
8 &w !
- I I
I I o
\ \ g
%& | | e
I I
nmwm I I
| | b
~ <+ o o - © © o°
| l 2 b 2 2 54
pdeq
S
«
\\\\\\\\\\\\ 3
S
I
I
I
I
I
I
I
I
I
I ©
O S
A ST
1 o
! E
! [
| ®
' L
I £
I S
I +>
¢ | S
| =}
I
I
I
I
I
I
I
I
I
' N
L — S
i ]
I
I
I
I
I
I
I
I
I
|
& =)
- 8
























C, #0



u(x,t) =exp(—ox)-cos(Bx— wt),



B+ia



4v/Dw*C,
(20C;)? + D2






D:2<C1+q/C12—|—w2C§>.



207G,
c= Do .




(-’ e’
(B2 +a2)*



_ 200w
(B2 +a2)*







o8



6 = arccos Z(U’Sl)) ,









FREQ= 138.0 Hz Velocity=221.2139 +/— 5.8 m/s [0001 1997.0715]

Post Velocity Relative Time (msec)

T T T [ T T T T [ T T T T [ T T T T [ T T T 1T

© @ e @ Q o 6 - © 0 [olio) )

=11 -10 -9
Geophone Elev. (m)




Velocity (95%conf) Elevations: —13.00 to —8.00 m [0001 1997.0715]

1000 .

@ 0
s} Q
s} e}
T T

Phase Velocity (m/s)
N
]
[e]
T

Frequency (Hz)

100

Semblance Values Elevations: —13.00 to —8.00 m [0001 1997.0715]

o7

o
)
T

<
IS
T

Semblance (unitless)

o
N
T

0.0 P S S

Frequency (Hz)









yi=—+

(t;—1).






y=mx-+b



1/m



1 (in)Z*NZ(X?)}

“m [(Bx) (yi) —NY (xivi)]




S

I~









2 2 ):(ts*f)zi

V=% = TN



2

NNE(2) - ()]
=0c’- )
) (Syi) = NY (ayd)]*

GV:G

3=















dB =20log,, = —20(logpe) a(r—r,).

olo



(r—ry)



Decibels

FREQ= 104.0 Hz (FIT: —2.8924 dB/m, 104.1 dB)

40

20—

NOk

[0001
—

1997.07
T

f




Decay (1/m)

0.5

0.3

0.2

0.1

0.0

Decay (95%conf) Elev. —13.00 to

-8.00 m [0001 1997.0715]

@h’hﬂﬂﬂ

50

Frequency Hz

100

150



(Xxi) (Lyi) = N (xiyi)

(Tx)? =N (x2)



L (i = (mxi+b))"

N—1






No?
INE () - (Lu)?]

S}
[

O, =



At









Attenuation RelaxTime=0.002408 (+/-)0.000164 sec.

=0.50

551 (+/-)33  95% Conf. No error weighting Balance:

Velocity C1=228738 (+/-)7380 C2:

700

600 -~~~ """"""-

500" ----

300"~

(s/w) Ayoojep

20077777 ---

100 -——"-""""--

Frequency (Hz)

Frequency (Hz)



m? /s?



m? /s


















(B)

. T
,
o | |
: ! ol !
- ! |
(3 , , , |
(] | | , |
IS} ! ” , | ,
!
i ” . ,
o - - | | ,
g . ,
] ,\\, | ,
2 ’ - ,
gl i ,
o i , , | \\ ,
1 ' ,
0 | | | | ,\\
Q ! "ol , | | i
n ] ” | ” , |
, !
gl | ,
(&) \,\\, , ” ,
, !
8| " | ,
o | , P | ,
g | i i ,
o ! | | : ,
] , | , ; ,
g B |
g o | ”
8| iN , |
[3Y) . , | ,
[ i ; , | ,
~— B , , ,
(&) w , | ,
1%2] - ” ,
£ ” |
o \\ , |
I_ . :
o | |
) c
) | |
m <
= b
.0 ; 1 Z
2| | H
< ” \\ y
2 m
o ! e
y, m|
!
.s“ (9]
g | m m
gl
gl
=
3
T T 1T T ]
00
S
o
o ,
S ” |
[te} | |
: !
: !
!
c !
o : |
o , |
o ! |
o | |
g |
| |
=3 ! |
g |
o , |
gl | |
| !
Tl | |
o : |
[%2] , |
| !
1S3 ! |
S | |
0 ! |
T ! |
o ! ,
I} ! |
[} ! F
gl |
= , , |
c , , | ,
o i ! , | 0 n
=1 ] ! , | 40| 0
[} ! , | , |
gl \ , |
= ! , | , m
& n 5 |
] ! , | |
2 , , | , |
S i , | ,
[} , | | ,
=2 ! 1 , ,
2 o - m
] ! | |
] , , | y
] ! , L mm
l ! , | | 1e
I | , | m U
1l ! , | q
] ! , | e
] ! | | _Lv”
] ! | |
] ! | |
L]
| !
| !
|
o
!
!
o




(

3.321e+00

=238000.000000 C2=525.000000 Lsge=:
T

2.206 ms C1

Quality Factor, Q

40

30
Frequency Hz

20

10

Velocity Relaxation Time:

25.000000

=10000.000000 C2=:

2.500 ms C1

Velocity Relaxation Time:

Quality Factor, Q

200

150

100
Frequency Hz

50




9048 045 Shot 9048 recorded on k009.seg

4

° L | | | | | |
o3 0 50 100
° meters

8001, o Shot 8001 recorded on k008.seg



File: k008.seg Shot Point: 8001

100

(sw) awi] [eAly

I I I I I I
I I I I I I
I I I I I I
| | | | | +1
I I I I | +
I I I I + I

@

| | E | ot 1

T S e P
] - i i i i
i P~ i ot i i
I 1o I [ I I
I [N I [ I I
I [ I I I I
I = I Wt I I
© I s I T+ I I
g | [ | o | |
S i ol i [ i i
= 1 | E 1 1 1 1

ELo T R N [ E—
ﬁ o " = " "
g o i £ i i
£ 3 I = I I
s 2 : 8 : :
z ® T ] T T
c I I I I
s ¥ i /+\ | 1
7 @ i © I I
o 8 i g | |
< I} L] I} I}

ot i i it it ettt St it
@ I I I
i | | |
I I I
I I I
I I I
i i i

F------ e R R R
I I I I I I
I I I I I I
| | | | | | |
I I I I I I I
| r | | | | | |
I f I I I I I I
| | | | | | |

=) ) o o o =) o o =)

< «© ~ © w @ Y -

50

30

Station Number

10



S

(sw) swi]

IR

(sw) swi]



geophone 8

geophone 2 geophone 9

geophone 1

overburden
Shot A Vi




Xa1 -

=lq1






1%









Xa 1
Xa2
Xps
X9

17
17%)
p8
p9



—1 T
m=[G'G] G".d



Vi

3 [—



Direct Wave: V1= 923 (+/-) 35 m/s

STATION



geophone B
LEVEL
Shot B

geophone 2

geophone 1

overburden
\al

granite bedrock
REFRACTOR V2










11



Vs









Ty ~1>



SO O ==

R =

o O = O =

- o O O

Xa 1
Xab

ta1
Tab
Iph1
I
0.0



e















—_O = =

S o o=

(=N e )

Xal
Xa2
4000

fal
Lab
1.0

.005












+=0Observed Times —-Solution

20 STATION 30
Receiver Structure (V1=900 V2=4123 m/s)




Y-meters North

T rrrr T T T T T T T T T
9900 — —
k009 shot &y
[ E—) |
- FTEN
< °
- [, —
&
9850 — 03 400" —]
~ < .
— w ° —]
]50“
[ .- —e-t R |
9800 |— L7 o N —
e N
[ , N |
/ // P \\ \\
[ Shot K010 ot 24 idto Iide 3 20 \\ \ \ ]
(sourge delay time = | |
— .0083 o from (ine 1V, / —
\ \ N e 4 ! !
— \ \ N // / —
\ N 20 /
9750 [— \ NI 7 / ]
N T 4
N .
- N e .7 _
o T = — “(vove front. shot k010
— 150 —
— 1 ° —]
— - = 1Q0° ’ * 3 4
Phe B © a8 . ]
9700 — - - N //,76 |
— / Pis = \ —
/ s \
— B / - R A ' wove front. shot K011 —
! kon/shot  ° N \ VO
[ ; .015 s/ dalog Tima)\ ° Vo | |
| ! © I I
N T T T Y T O I O
9800 9850 9300 9950 10000

X—-meters East









noise (set picks=0)

:

trace 20

Station
0 10 20 30 40
pick
—
0.05+
6
«
‘“é 0.10
51N
0.15 E :

Scaled by 0.02532636 bsclk011.seg

Plotted with Seismic Unix (SU)




Trace Number 20

ime

Trace 20 Pick-
0.0466 sec

L e R

0.1

Time (s)



Gm=d,



* :tP7
T+Tg+v2
s









SE






1 x23

0 0

1












Xer



—97,, +9T,, = 0.









107;, = .0890
107;, =0.150 °












Vi
h= cos(le) TJ
Vi

0 = arcsin (Vz









Vs



1%



Observed Times —-Solution

+=

By -

— | ” »
2 o= = €
€ . ®» E © ~
N~ o> =S ")
© c
® L2 ® 8 T
< Coom 5
d e g
>
> N\--- e N T ]
| |
= < | |
o 8 | |
= 1! | y
< I '
= | |
QO ' '
2 | |
2 ' i
5o [, [EE N S
2 | )
0 ” )
o | | o
@ | | Z.
= ! ' %
[ | | 2
5 | | °
o | |
“““ I I
| |
| |
| | |
— I I I
m | | B
= | | | |
o o o o
S S 8 3
(oosw) awi] [eALly (w) voneAs|g

30

0
Receiver Station Number

2

10

=10m

V1 Velocity Solution (m/s) H1

I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I | I I I

R P remmmmmm s Tommmmmm - a--f-
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I
I I I I d
I I I I I

S oo R D A-- -
1 i i i |
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I

R H [ Lo A R
I I I | |
I I I I I
I I I I I
I I I \ I
I I I I
I I I ' I
I I I I I
I I I I I
I I I I I
I I I I
I I I I
I I | I I

JE Lo Tl __d____]
I I v I 1
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I

I I I I
I I I I
I I I I I
I I I I
o o o o o
S S =3 =} =}
« =] o @ <

s/w) AND0JaA UBPINGIBAQ

30

Receiver Station Number

10



248750

248700

248650

ey
/
i3

oo

248600
Meters

116150
116200 —
116250 —



(A)

20
Rayleigh Wave -, [ P-wave refraction
-' a . 4 ’

0.21- 5 » 0
) ©
Bl £
(’:P(/

)} !
0.4 ’\,)
.g ) l} (,}\‘ B P-wave Enhanced (array v51)
= M ‘i( }-)
’ (/" .\,:'
oot Be,
| \" H / " )
M)
(L )k k")f <
] )) " "}u
o i
( \ ‘, E”' '
[ <' ])J
)
VG
] \H 16

(array v51)



+=0bserved Times —-Solution

1140 m/s

Vi=

60

Shot Station Number

FEY-----r---

2228 m/s)

1140 V2=

river bottom

Shot Structure (V1
T
20

(oasw) awi] [eALy

(w) uoneas|g



delf =2



delf =0.5



Semblance

v
o
£
=
o

)
@
>
a
@
[
=
o

25 30
Frequency (Hz)




Mass Density

SV and P Velocities

S I

—30F -~

22

2.1

1.9

1.8

200 400 600 800 100012001400

0

g/cm3

m/s



Dispersion: Phase Velocity

mode 5

mode 3 mode 4

S/W Alo0jaA 8seud

Frequency Hz



Rayleigh Wave source wavelet

0.04

Time (s)

Amplitude Spectrum

I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I ] ' |

i ity B Mt ity
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I

e e
I ] I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I

R R I UV S
i | i
I I I ]
I I I I
I I ) I
I I I
I I l I
I | I I
I I I
I | I I
I I I I

I I I
d i I i

i A i B e
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I
I I I I

I I I
) . I
I ] T
I I I i
Il Il Il Il

- ®© © ¥ o o
S S o o

100

Frequency Hz



Geophone X—Coordinate
10 20 30




(B)

100.0 175.0 217.0 165.0 387.0

Rayleigh Wave Vs:

(A)

Model: Vs Vp Den [VSave=223.32 m/s]

0.200 Lsqe=5.142e+00

0.000 1.600 3.200 6.600 16.000 deltz

Zi=

2500

1 1 | Z
I I I @
I I I c
I I I 3
I I I o
I I I @ =
T T T 2
i I ' S
” ” L= 8
oo oo Foommeeoooo Tommmom oo =3
I I I «
I I I &
I I I I
S 1 1 1 £
I I I >
2 I I I o
, , , sz
bommeeee - . e A —— 35
I I I L2
1 1 1 3
I I I o
I I I 5
1 1 1 @
i | ' £
I I I o>
L. . v o=
h ] 3¢
I I -9
I I (]
' ' >
I I
I [P - N
I >
I ,
I I
: ] S
R e EREERREEEEEE, 32
! ®» .
" >
I
I
I
v o
) =]
) - N
[ b
=]
T 3
I
I
I
I
| =3
e e e e iy 3
I
I
I
I
! =3
R,  REREEEE SR LR L LRy SEEEERREES <
| N
' I
' >
I )
, N
i T remte ®3
, =3
I L
' [
I
I
! o
i [ ittt il Mttty «
I
I
I
I
R e ] °
I
I
I
I
L o
) =) o
S I S
3] « =



2500

1 1 [N
1 1 [ S
' ' . 3
1 1 I ® @
. . LA 3
T T T o]
] ] ] 3
1 1 1 o &
“““““““ R e =TI |
! ! ! & g
1 i i 2
1 1 1 4
1 1 1 >
1 1 1 1
| | o 54
I I I <
| | | > 1
i i i i)
s =
“““““““ A S =]
; ; A ©Lo®
2 : | i B
s 1 1 1 G2
I i i 1 ©o
z 1 i i =
3 1 1 1 >
@ 1 1 1 N
1 1 1 8o
| L : TR
e
on
-
No
a8
om
> i
N
53
238
|-
&
N
=8
]
=
o1
>N
3
T T T ©
A S L —| a
1 v 3
“““““ [ S Y/ S
N ' N
® 1
, N
] : z
= ' z
1 )
E , 28
-8 e e e ety i R 83
° =
= 1 o
i3 ! i
| | b
1 &
“““““ A o =)
< ' ' I
= 1 1 1 1 °
3 ) ) ) ) g
3 8 3 8 3 8
3 & & & 2 2
(s/w) Apoojap eseyd



6.7E+01 2.5E+01 2.2E+01 Used

Singular Values= 1.1E+01 5.5E+00 2.2E+00 9.6E-01 3.3E-01 2.4E-02 Not Used

(B) Singular Values

calculated

Wavelength vs Velocity

(A)

0
—4Qf-----------
R

w yibua anepm

100

Velocity m/s



File: wavV.seg Trace: 1---2 Phase Velocity

50

Coherence

40

30

Cross Power Spectrum
Frequency Hz

geophones

Meters Offset

sjeqioeq

50

=]
S

=)
@

200

(sw) sut






Se(f

~












t=T-¢0(f)/2n






T=1/f












G (f)I?

€= Gii(f) Gu(f)






r.seg Order=156

elation
o

100
Frequency Hz

Stagoked Autocorr
Amplitude Spectrum: bstkbxcl

Y iol il

)
A

nnnnn

apnyjdwy

lation

ked Autocorre

. Stac

©




NP












Iy



Solution to Lamb’s Problem

(After Mooney, 1974)
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X,(t) =exp(—at)-sin(2xf,.),
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ground surface

Vp=800 m/s Vs=100 m/s Density=1600 kg/m 3

Vp=2000 m/s Vs=400 m/s Density=1700 kg/m3

half space




Dispersion: Phase Velocity
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Motion Stress Vector (H and V)

Motion Stress Vector (H and V)
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Dispersion: Group Velocity
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Rayleigh Wave source wavelet
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Z = —(1+ stab)



stab



stab = 0.1






2 (1-2)

- X(Z)
Vo) =5 (1 +stab) + Z)









(xj—xj—l) —)’j—1> / (1+stab) .



Particle Velocity
zero crossing on derivative

Particle Displacement
peak motion on displacement
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Af =1/(NAt) = 1/tmax
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Model Depths disper.d 0, 2.0Q, 2.05

Dispersion: Group Velocity
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(A) Kelvin Voigt (KV) e (B) Kelvin Voigt Maxwell Blot (KVMB)
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Equivalent KV Damping Ratio
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