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Motivation

" Pore compliance is commonly the main cause of pressure sensitivity

= A multi-physics approach helps assign and constrain causative
mechanisms for rock physics models

" This talk presents:

= Simultaneous acoustic and electrical anisotropy measurements under
pressure

= Cyclic stress and poroelastic parameters
= NMR T2 relaxations as functions of pressure in water-saturated rocks
= Strain localization images acquired with MXCT and acoustic measurements

April 2018 ROSE Conference 2




SIMULTANEOUS ACOUSTIC AND ELECTRICAL
ANISOTROPY
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Joint Inversion of Acoustic and Electrical Properties

Resistivity and Acoustic Velocities Fitting Porosity and Aspect Ratio Estimation
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Resistivity can be matched by joint inversion

However, the porosity reduction required for

a velocity match is too high Mao and Prasad
(in preparation)
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CYCLIC STRESS AND POROELASTIC
PARAMETERS
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HYSTERESIS IN ROCK PROPERTIES

T

STIFF PORES
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Modulus measurements by Hasanov
CT Images by Schindler

NMR T2 relaxations by Livo
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Grain Scale Changes
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NMR T2 RELAXATIONS
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NMR T2 Relaxation Changes with Pressure

BEREA SANDSTONE SANDSTONE 1
1 T T T T T r oo T oo T T T T T 1 T T T rrrrry T L | T T F ooy L "'I'”l T T
—14.7psi —14 7psi : i > 7 um

——500psi 0.8—4 um ——500psi 1-7pym ——>

~e 0.8 -|——1000psi 7 52 0.8/ —1000psi i | 1
> ——1500psi > ——1500psi i |
) 7)) : :
o O ! !

506 a1 = - 1 1 H|
O 0.6 1 1
a ) 5 : i |
= Increase in error = Increase in error | :
—— & < 1
c L < ] NFEETE H= = ; e e is ! I

3 0.4 device limitations G 04F device limitations | | 1
5 5 AN
Pt o 1 1

— 0.2+ - E 0.2+ E 1 M|

M |
1 Tl I 1l L " 0 R | el | - A 2 i W Arrtrdae | o Al el
10 107 1072 107 10° 10 107 107 107 10° 10" 102 10°

April 2018

Pore-Size micron

surface relaxivity — 21.2 um/s
pore sizes 0.8 —4 um, >4 um
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Pore-Size micron

surface relaxivity — 22.8 um/s
pore sizes1—7 um, >7 um

Guliyev, 2018



Compressibility of Pore Clusters
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Larger pore sizes

Lower frequency

April 2018

Larger pores = lower characteristic frequency;
Smaller pores = higher characteristic frequency:

PSD changes with pressure should be reflected in frequency shift for ¢”’
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Results - Imaginary Conductivity
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MCT IMAGING & ACOUSTIC MEASUREMENTS
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Imaging Core Scale Changes

Ultrasound laboratory data give us bulk elastic properties. We still need to
resolve their sensitivity to millimeter scale changes in:

* Texture, heterogeneity, fluid saturation and flow

* Stress, grain damage and grain rearrangements

Can time lapse monitoring be improved by high resolution
imaging?
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Seismic FWI imaging

Travel-time
Tomography
How accurate are these images
(ground truth)?
Reconstruct bulk velocities given
the impedance changes?
FWI

Virieux & Operto. 2009

April 2018 ROSE Conference 15




Imaging by FWI

FWI Image (initial pass) FWI Image (not-final pass)

Optical Image

Forghani-Arani et al., 2017
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In Summary

* It is critical to make simultaneous multi-physics measurements
to understand seismic and electrical properties

* Pore cluster compliance helps to better explain pressure
dependent changes

* Laboratory scale experiments are needed to calibrate and
provide ground truth for FWI (Full Waveform Inversion) seismic
images for physical properties
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BEYOND: ICE AS A PORE-FILLING PHASE

Application to ISRU (In Situ Resource Utilization)
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Cryogenic Deformation of Saturated
Limestone
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Cryogenic Deformation of Saturated Tuff
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Strength & Cryogenic Temperature
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Controlling Effect of Ice
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TAKK!

Questions?
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