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Desiccation Cracks

Forced Fluid Invasion
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Ice Lenses

Bentonite Kaolin

Viggiani — Grenoble
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Polygonal Faults in Marine Sediments

Cartwright (2005)

Cartwright (2009)



Sandstones, carbonates, basalt
Depleted gas reservoirs

Oil reservoirs (depleted or EOR)
Deep coal beds

Salt caverns

Hydrates
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Relative Length Scales: Footings
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Relative Length Scales: Tunnels

intact rock jointed rock soil
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Relative Length Scales: Fractures

intact rock jointed rock soil

“——
AID>>1 AD~1
solid structured granular

Griffith (1921)
Irwin (1957)

3/117/2011



3/117/2011

Discontinuities in SOILS

Granular materials
o’ dependent stiffness, strength, dilation
Frictional T.¢= o' tand

No cohesion =& o'20 everywhere

Effective stress compatible mechanisms

"... Coulomb... purposely ignored the fact that
[soils] consist of individual grains

Coulomb's idea proved very useful as a working
hypothesis .... but it developed into an obstacle
against further progress as soon as its
hypothetical character came to be forgotten by
Coulomb's successors.

The way out of the difficulty lies in dropping the
old fundamental principles and starting again
from the elementary fact that [soils] consist of
individual grains"

Terzaghi (1920)
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Particle Forces

Skeletal
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Particle Forces

Electrical
attraction

repulsion

Laponite

1200 H,0 24 Na*
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Particle Forces — Spherical Particles

boundary-
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Force Balance: Viscous Drag
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Forced Fluid Invasion

Immiscible fluid

Miscible fluid

e
Visions of Science.jpg

Effective stress compatible mechanisms
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critical fines
content FC*

Grain Size Distribution: The Role of Fines

(for mechanical properties ...)

H *

Sediment| eyp, FC
Silt ~0.7 ~25%
FC* _ fine __ ecoarse i
- M - 1 Kaolinite ~1.5 ~20 %
total + ecoarse + eﬁne lllite ~3.7 ~11%
Montmorillonite ~5.4 ~8%

Fines Migration and Clogging

early Q

fines migration

& clogging

after large Q

J. Valdez
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Gas-H,0 Interfacial Interaction

Caution: Surface Tension and Contact Angle

water droplet in CO2

atm gas

liquid 20 MPa

Espinoza - GT
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Immiscible Fluids

Desiccation Cracks

Forced invasion immiscible fluid
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Desiccation and Crack Initiation
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Crack Initiation Displacements
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Crack Initiation: Capillary Forces
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~ Isotropic

Consolidation 1D Consolidation

Soil is in compression EVERYwhere

Air entry line

e=d/t
B ae _ PT S
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Pore Size Distribution u, =PIsSs 1
e 10"
36mm % % 36mm

Deionized water 0.1M NaCl

dispersed - aggregated

Tip Conditions

€,=2.105

Sediment in compression EVERYwhere
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Crack Propagation
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Crack propagation
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Forced Air
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Effluent flow rate
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Crack Propagation Velocity
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Boreholes — Anisotropic Stress Field
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Invasion vs. Open-mode Discontinuities
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desiccation

Miscible Fluids
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Forced Miscible Fluid - Device
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Crack initiation — Seepage Drag Forces
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Pressure Diffusion

T=104 T=5x10+ T=0.12

@~

Miscible vs. Immiscible Fluid Invasion
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Immiscible (gas, ice, hydrates, roots)

(b) Miscible fluid (a) Immiscible Phase
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Grain Dissolution

Volcanic Ash Soils: Formation

e=0.8-1.5 e=2.0-7.0

S.~0.1-1 m?/g S,=50-t0-200 m?/g

volcanic glass hallosite
imogolite
alophane

k,=1-sing k= ??
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Dissolution

Evolution Distributed |Homogeneous
Pressure-solution
Localized = pipes/fingers

Questions: dissolution / rates
porosity
kO
shear strain localization
flow & pressure field evolution
pipes: exclusion distance
detection: Vs, q;
healing (chemo, bio, others)

Reactive Fluid Transport

low reaction rate

diffusion 104 103 1022 10" 10" 102 103 104 Pe = D
dominant ' o .

: Advection rate
101 _—

Diffusion rate
| | 102 o

103

advection
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104
al
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v
Reaction rate Fredd & Fogler 1988, 1998
bbbl Fredd & Miller's 2000
Advectionrate Golfier et al. 2002
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Experimental schematic
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Experimental Results
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DEM Simulation

Lateral stress coefficient, K
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Shear Localization?

FEM simulation

natural sediments

Polygonal Fault Sy

_seabed

250m

Cartwright (2005)

3/117/2011

35



The Man In A Red Turban
Jan van Eyck (1433 - Oil)

Thank You
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