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- Alternative to hydraulic
fracturing = dynamic
loads

- Dynamic wave
generated by electrical
discharge

From fracture to fragmentation....
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i g T Pulsed Arc Electro-Hydraulic
Discharge Fracturing

Experimental facility
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Discharge Fracturing
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o g T Coupling between damage and
permeability

Fracture

Permeability measurement

PSD test
(mercury intrusion)
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U By Dynamic load - Shock wave

Effect of a single shock wave
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Multiple shocks

U By Dynamic load - Shock wave
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U B Dynamic load - Shock wave

Multiple shocks

T 028

Permeability 1077 m

T19
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Confinement : equivalent to 2200 m
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M Computational model

« Generation of the shock wave
* Induced damage in the reservoir

» Growth of permeability due to damage

« Simulation of the experiments

S

* Model « reservoir » simulations
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" ez Generation of the shockwave in water
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- Injection of energy in small region Free boundary
(between the electrodes)
- Rely on the EOS of water
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p =998.3 kg/m?

AnowwAg

st

initiale*

: 1 bar

T
P

A1epunoq paxi

initiale

Zz00om

Injection Of energy

VYA YYVAYYVYVVVYVVYVVVYV Y

\\)
(@]

Symmetry

N
e

Puissance (10')
N
N
/
/

e
ol

(e

2 4 6 8
Temps (107°%s)

()

Electrical power injected P(1)

Pressure wavg

CFMR, Paris 16/10/2014



.

. IVERSITE
. DE PAU ET DES
- PAYS DE ADOUR

Anisotropic damage
Crack closure effect
« Rate dependent response
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Constitutive modelling

Based on continuum damage mechanics

Desmorat et al. 2007
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Classical rate dependent formulation
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Rate dependent formulation
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4 Wi Evolution of permeability
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(Bary 1996, Jason et al. 2007 ...)
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Model Wave propagation

Specimen

7.63E+DE

Medium confinement: | -
1500 m =

Injection of
energy

» Different confinement levels™™

Surface level : P,,=2MPa, P

rad

=2MPa
Medium confinement : P,,=19.5MPa, P, , =9.1MPa

High confinement : P_, =40MPa, P,,, =25MPa
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LY Evolution of damage / Evolution of
permeability
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Radial Tangential

Medium confinement (1500 m),
vertical stress = 19.5 Mpa, confinement stress = 9.1 MPa
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permeability
Repeated shocks
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Evolution of damage / Evolution of

Evolution of permeability
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s UBE  Simulation on a representative problem
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U1 Simulation on a representative problem

Damaged depth with time
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] i Concluding remarks

Design and experiment a potential alternative
methodology to hydraulic fracturing:

- Describing damage of mortar and rocks due to dynamic
loads : anisotropic damage, crack closure, rate dependent
effects

‘ Modelling the anisotropic evolution of permeability

Comparisons with experiments

Evaluation on representative geometries
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