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« Computational power has advanced to a state where
performance of wavefield simulations for complex realistic 3D
models is possible

* Digital rock methodology offers, for the first time, a powerful
framework for the analysis of dynamic elastic properties by
using numerical simulations of elastic wave propagation directly
on microtomographic images of real rocks
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« NUMERICAL CODES for simulation of elastic properties

« SEGMENTATION of CT-images
 FEM simulations for validation of theoretical models
* FD simulations of elastic wave propagation

« POROELASTIC FD simulations vs. EXPERIMENT

)
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Numerical codes

1. FEM parallel numerical code
(Garboczi, 1998)

* OpenMP;

e SGlI Altix 370

2. 3D viscoelastic FD parallel code

(Bohlen, 2002)

o MPI;

* SGI Altix 370, LINUX Cluster; Cray T3E

» absorbing, periodic, free boundary;

* generalized standard linear solid as
attenuation model

3. 2D poroelastic FD parallel code

(Krzikalla & Mueller, 2007)
 MPI;

* SGI Altix 370, LINUX Cluster; Cray T3E
e absorbing, periodic, free boundary;

» seismic sources are applied to each

Phase G
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Numerical codes: Strong points
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Numerical codes

Examples: poroelastic rheology

Compression of saturated porous
medium at different frequencies
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Comparison of theoretical high and low
frequency limits with numerical results:

low frequency (red line): drained, soft

high frequency (black&blue lines): undrained, stiff
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Numerical codes

Examples: crack interaction

Wet rock Crack
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Numerical codes

Examples: patchy saturation ()

Comparison simulated velocity and attenuation (circle S)
with exact analytical solution (black curve)
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Numerical codes

Examples: patchy saturation (lI)

Comparison numerical results (dots) with exact analytical solution (curves)
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Image processing & segmentation:
Shale sample

organic matter
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Image processing
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Image segmentation
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FEM simulations vs. Gassmann fluid substitution for

the oll saturated quartz/clay composites

(a) (b) Gassmann’s predictions are adequate
700 .

600} @A__...-——ﬂnterstitim clay— =3

Dispersed clay (no contacts)/“”'E

2 900f FEM black ]
S G-CPA  cyan
“ G-Hill d
g 400F B G-I(I -R rSreen 1
- g
% “00 G-ég-K‘P-R blug
Double shell model for analytical analysis (a) /Framewmk clay "y
and numerical simulations (b): quartz — white; 200r g

f‘sz-Coating (contacts)

clay — grey; fluid — black

1083 0.2 03 0.4
fraction of clay
Dispersed clay Framework clay Coating clay Interstitial clay
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FEM simulations vs. fluid substitution using coherent

potential approximation (CPA): heavy oll case

X-ray microtomogram of a real rock used in FEM simulations
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Elastic wave propagation using FD code

Segmentation of clean and well
consolidated Donnybrook sandstone
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Wave propagation through porous media: FD
simulation of particle velocities
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Patchy saturation experiment: experimental setup

1 - Computer tomograph;

2 - ultrasonic
pulse-receiver;

3 — oscilloscope;

4 — jacketed sample

1 - X-ray transparent
jacket;
2 - injection pipe;
—_ 3 - ultrasonic
5min transducers

10min
17min

20min

I CT-images of water saturation
& ! of Casino sandstone (Otway Basin, Australia) ‘l‘m'
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Patchy saturation experiment: simultaneous measurements

of ultrasonic velocities and water saturation

Transducers ‘llm '
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* Numerical simulations of elastic properties are successfully
used for

verification of conventional methods of fluid substitution
for shaly sand and heavy oil cases;

gualitative description of elastic wave propagation in
clear and well consolidated sand;

guantitative interpretation of the results of patchy
saturation experiment;

» Further work should be done for quantitative simulation of
elastic velocities in rocks.
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