IE8sxE8 UNIVERSITY OF

R CALCARY

{2y
@é\

s CREWES

Surface Wave Analysis
ior Estimating S-wave. V.elocity,

Khaled Al Dulanjan
Robert R. Stewart
November 30, 2007



E3 5 E8 UNIVERSITY OF

CALGARY T{; CREWES

Outline

eintroduction
eBackground
eLocation

eWell Data Analysis

eSurface Wave Analysis:
=Acquisition Parameters
-Dispersion Curves
=Inversion

eConclusion
eFuture Work
eAcknowledgment



E3 5 E8 UNIVERSITY OF

CALGARY T{; CREWES

Introduction

e Priddis Survey: Data collected by University of Calgary
2007 Field School and used here includes:
— Well Data (125m deep)
— 2-D Seismic Data

® Objective: S-Wave velocity model of the near surface

® Motivation: Static corrections for S-waves
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Background

e Significant portion (2/3 according to Park et al. 1999) of seismic
energy is imparted into Rayleigh waves when using a compressional
source

e Dispersion of Rayleigh waves:

* Isotropic Homogenous Half Space
* Layered Earth
* Phase velocity and group velocity: Fgi==ay

c: phase velocity v: group velocity
f: frequency

* Normal Dispersion

* Phase velocity: function of frequency and 4 earth parameters ( P-wave
velocity, S-wave velocity, density, and thickness)
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Background

® Surface wave methods developed for
geotechnical engineering and seismology
purposes

® Current surface wave methods

® Multichannel Analysis of Surface Waves
(MASW) method (Park et al., 1999)
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Priddis Site
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Well IData

Depth (m) P-wave velocity (m/s)
039 | 600 |
3.9-17.6 1900

17.6-28.3 2080
28.3-39.3 2250
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Suriace Wave Analysis Workflow

Data Acquisition Formatting to KGS Building Geometry

format

Creating Dispersion icking Norm: Creating a Five-
Curves Mode layer Initial Model
for Vg

Inverting for Vg1-D
and 2-D profiles
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Acquisition Parameters

A 5-pound sledgehammer source
10 Hz vertical geophones

Receiver spacing~ 2.5 m

Shot interval~ 12.5 m

Near offset~ between (0 and 37.5 m
Record length~ 600 ms

Sample rate~ 0.125 ms

Station # smele o5 101 102 103 104

... F F F F

Source Geophones

Distance =



CALGARY ‘A{;CREWES

Shot Gather
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Dispersion Cunve Calculation
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(After McMechan & Yedlin, 1981)



(1) A shot gather: u(x,t)
(2) Fourier Transform: U(x,w)= f u(x,r)e™” dt

U(x,w) is expressed as the multiplication of the phase spectrum, P(x,w),
and the amplitude spectrum, 4(x,®)

U(x,0) = A(x,0)P(x,0) = A(x,w)e”"

where ¢ = Cﬂ, and ¢, 1s the phase velocity.

w

(3) Transformation:
E(@,0) = [e*[Ux,0)|Uxw)dx = [e [ A(x,0) |A(x,0)|Jdx
where 6 1s an offset-dependent phase shift.

This will have a maximum at ¢ =6=-"_ C, can be estimated where peak of E

occurs.
(Park et al., 1998)
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Dispersion Curve

Dispersion Curve (Record # = 2044)
(Mid-Station # = 149)

The cutoff frequency, £, of
he ™ mode:
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Inversion

e Initial model:

— P-wave velocity and
3.900 240 0.405
depth from well data - o — 2] T
° ° E 283 10,700 a3z : EI 0,405
— Constant Poisson’s ratio~ 2300 11000 500 a0

0.405 5 ENER Iriinity 920 0.405

e Inversion using SurfSeis
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Inverted S-wave Velocity vs. Initial
Model

5-LAYER VELOCITY MODEL (Record = 2044)
(Mid-Station = 149)

Depth (meter)
0O 25 5 75 10125 15 17.5 20 225 25 27.5 30 325 35 37.540 425 45 475

—
(@)
(@)
(@)

(%]
3
w
—
£
>
e
(=3
L=
@
—

[ 5(39 136 105 525
: -S taﬁcs—--*— e
. h4() 1020 1125 1225

- Initial — Final — Current



£2 5288 UNIVERSITY OF

CALGARY ‘A{;CREWES

2-D S-wave Velocity Profile

S-Welocily

FS2007v_NEW(CUT)2004-2020( eroPadded)(Vs). GRD
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Conclusion

¢ In a real layered earth, surface waves are
dispersive with multiple modes.

¢ Different modes can be imaged using
dispersion curves.

e Dispersion curves can be inverted for S-wave
velocity model of the near surface.

e Well data of the near surface were analyzed for
Priddis site, and showed good correlation with
the surface wave inversion results.
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Euture Work

® Re-acquiring the seismic data with longer
record length, and using a 3 component land
streamer.

e Calculate S-wave static correction using
surface wave methods.
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