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Linking Laboratory, Computational and Field Experie nce

OUTLINE
3% Motivation: why knowledge of anisotropy is important

3% AnIsotropy: what we do in the lab
3% AnISotropy: new approach in the field

3% AnNISOtropy: bring this approach to the lab

% Laser Doppler Interferometry
3% Validation experiments

3 Conclusion
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¥ Why knowledge of anisotropy Is
Important?

o
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@ Seismic Image: oll reservolr
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¥ How anisotropy is determined at laboratories:

basic principles

1. traveltime
2. travel path
3. velocities

. 1

Slowness

Inversion

Density
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How anisotropy iIs determined at laboratories:
complicate experimental systems
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How anisotropy iIs determined at laboratories:
clear or unclear data interpretation
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How anisotropy iIs determined at laboratories:
expensive rigs

Institute of Geology, Prague, Czech Republic
Courtesy of Dr. Miroslav Brajanovski
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3% AnIsotropy: new approach in the field

The Inversion approach

stiffness  slowness polarlzatlon
density

tensor l l \

Cij klpjplAk

e System of three linear equationsin C
for each measurement

« Solution by

Total Least Squares

e Uses P and S waves

« Assumes lateral homogeneity

[Dewangan & Grechka, 2003]
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Polarisation
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Inverted density scaled stiffness tensor

polarlzatlon
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Field:3C geophone X Y

http://www.crewes.org/
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E.l. Galperin 1984:
The Polarization Method of Seismic
Exploration

http://www.crewes.org/
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It will be nice If,

3 Size of receivers will be small

¥ Complementary measurements of Waves polarizations
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Measurements of wave polarisation
In laboratories
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Laser Doppler Interferometer 1C

sample

Bragg Cell

Photo Detector
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3 C laser interferometers are available on market, but...

BmunZZ
\/"—*-\T B/BeamZX

Y

Beam ZY

4

Y-ais

N
X-axis

Beam ZZ V,

Beam ZX V,, =V,cos8 +¥V, sin#
Beam ZY V¥V, =V cosy +V siny
From the equations above, the follow ing
equations hold true:

v -¥ ., cosd v
V. = 2 2 . V., = 20
* sin@ '
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Displacement

Vertical displacement, nm




S — wave measurements using interferometer?

It IS possible

Measurement 1 Measurement 2
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S wave = ]/Z(Measurementl x COS ((X)— Measurement 2 x COS (O())
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Reflective tape

50-um-diameter glass beads




Optimization of the direction of measurement (laser beam incident angle)
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3C at the lab

VA

Particle Velocity \(ector
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MODELLIN I
LABORATC ‘
STRICTLY J
NO roo0 or priNk 15
PERMITTED 1N Tw

Rock Physics laboratory at Curtin University,
Perth, Western Australia
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Test experiment 1. S wave splitting

L
T
T
N 7 Ll /
T
T
/ ‘
T
L
I
T
T

Curtin University is a trademark of Curtin University of Technology
CRICOS Provider Code 00301J

o n
<

% Curtin University



Tested
media
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SV and SH measurements at 3C configuration
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Test experiment 1 (b) Comparison: Interferometer vs
Transducer: Same source (S-transducer) and
Measurements at the SAME directions

interferometer S transducer




Test experiment 2. artificial TI media
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Polarization of g-P wave: Experimental result

S wave arrival (based on polarisation)
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Polarization of g-P wave: Experimental result
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Polarization of g-P wave: Forward modelling

paper reinforced phenolic : Stiffness tensor

176 96 77 0 0 0)

96 176 77 0 0 0

77 77 120 0 0 0
“=lo 0o o0 34 o0 oY

0 0 0 0 34 0

Dip
Azimuth
incident Dip




Test experiment 3: walk away artificial TI media

paper reinforced phenolic

Vp || 3519 m/s

Vp L 2875 mi/s
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paper reinforced phenolic: 3C common shot
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Polarization of g-P wave: Forward modelling

paper reinforced phenolic : Stiffness
tensor
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Anisotropy analysis based on velocities and
polarization: Algorithm

A corresponding

If we measure the phase (wavefront) velocities: polarization vector

a A — A a density-scaled
ljkl p i p s ] T / stiffness tensor.

hase slowness vectc
If measured are group (ray) velocities: p P

C(TC'(4)v) = 4
r(x)ik = i X X

v group (ray) velocity
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Linking Laboratory, Computational and Field Experience

Conclusions (not final!)

3k 3 component velocity field method has been transferred to laboratory

% A method for estimation of anisotropy of rock samples based on the
laboratories measurements of the velocities and polarizations of
elastic waves has been proposed

3k More theoretical analysis of the wave behavior at interfaces is

necessary to fully unlock the potential of the presented method for
stiffness tensor estimation.

3% Next step in this study: Measurements of anisotropy under triaxial

stress l
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*Figure from the book “Les Tremblements de terre” (Earthquakes)
by Ferdinand André Fouqué 1889
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Linking Laboratory, Computational and Field Experience
from countries and continents
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Thank you!




Elastic anisotropy determination

Apparatus

Measurements
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Apparatus for elastic anisotropy determination at the

Rock Physics Laboratory, Department of Exploration
hysi in University of Technology 2010.

Algorithm
aijklpipkAj =4,
T (4)yv)=4
elastic properties

(anisotropy) r(x )ik = Ay X X
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