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Explorations of the hydromechanical behavior of fractures and faults

In Underground Research Laboratories (URL)
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* Large cm scale displacements on pre-existing discontinuities

* High permeability increase

* A great amount of the displacement is aseismic

* No existing device to resolve 3D-displacements on a fracture in situ E-2000
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Injection

Hole Some current researches
“Reproducing” field scale injections ...
5. in underground research laboratories...
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Past and Current projects in URLs ...

Mt-Terri

N

SHALES
FS experiment (2015)

Tourhemire m

SHALES
Fluids and Faults experir
(2014)
POROUS
CARBONATES
HPPP experiment (2011)
Hydroseis-HPMSCa experiments (2015)
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New Instrument and Protocol developments

* A carved cylinder anchored downhole
* Cylinder deformations related
to the forces/displacements at its boundaries

. High Pressure
mm | Water Injection

* Interval Pressure Tests

* Synchronous measurements :

3 components of the displacements, Pressure, Flowrate
* 500-to-1000Hz sampling rate
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Coupling pressure and near-borehole mechanical response
—

In situ estimation of fractures properties

. o o . 2) Fracturin; eopenin,
 Pre-leakage elastic response of the injection chamber )g =
 Anisotropic elastic effect of fractures ol ’ =
O'h‘
* During the Leak-off period . *

Well-pressure, P,,

Injection flow, Q, Injection flow, Q.
I I I I Time
—>

First pressurization Second pressurization

(Fontbonne, 2005)

* Importance of shear on the hydraulic behaviour
of natural fracture planes
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Coupling pressure and near-borehole mechanical response

To improve the stress tensor estimation

Joint inversion of Pressure (FOP, FCP) and Displacement data (slip vector’s magnitude, dip and
dip direction) on the identified activated plane (dip and dip direction)
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Application 1: Anal

sis of Fault Opening Pressures (FOP)

Strong contrasts in FOP values depending on the injection location in the fault zone
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Application 2: Monitoring aseismic to seismic transition

on an injected-with-water fault (Experiments in carbonates, France)
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Forward analyses of the size of the pressurized zone

Model Loading » When seismicity occurs, pressurized fluids already flow
with Measured in a large area of the fault (radius of 12m)
Injected Pressure = f(t)

» High Permeability increase follows dilatancy variations
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Inversion of Fault dynamic friction variations and size of rupture zone

* Reasonable match of the slip

With a « classical » rate and state law o ; f ) ' ' ' Jso 2
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Application 3: New insights about location of seismicity

Induced by HM tests in a fault zone

* Oneinclined injection hole (INJ)
* Several monitoring holes
(accelerometers, distributed strain, pore pressure, electric resistivity)
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Measured slip mainl

IS aseismic

And
Induced seismicity is not
on the activated plane

(De Barros et al., submitted)

Pres. (MPa)

* Seismicity mainly occurs > 100seconds after FOP

* No seismicity at the injection source

* Magnitudes <-3.7

(slip <0.001 103m ; radius of the slipping zones 0.3m)
* Some focal mechanisms could match
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Conclusion: Hydromechanical activation of faults
—

* Alot of non-linear hydromechanical effects that produce:
* Local Coulomb failure on well oriented planes
* Small displacements but high permeability increase

- Fault permeability can increase a lot without fault activation ?!?

MtTerri fault Rustrel fault
In shales MODEL 1: immature fault zone In layered carbonates

Weakening ~_

— Strengthening

- Initial aseismic highly dilatant slip
Is it a « typical » fluid pressurization effect?

Friction variations can be described with a rate and state « laboratory » law
Autosimilarity from mm to dam scales?

- Origin of seismicity ?

Different strength and permeability properties of the fault or of layers off the slipping surface
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Conclusion: A New Test to characterize Fractured Rocks In Situ

Rock Mech Rock Eng
DOI1 10.1007/s00603-013-0517-1

ISRM SUGGESTED METHOD

ISRM Suggested Method for Step-Rate Injection Method
for Fracture In-Situ Properties (SIMFIP): Using a 3-Components
Borehole Deformation Sensor

Yves Guglielmi - Frederic Cappa - Hervé Lancgon -
Jean Bernard Janowczyk * Jonny Rutqvist
C.F. Tsang " J. S. Y. Wang

© Springer-Verlag Wien 2013 Prototype validated in a relevant environment

» About 20 —to — 25 tests in the different URLs
»Measurement range:
Uaxial = 0,7mm
Uradial = 3,5mm
» Resolution of 3um
» Current operating pressures 6MPa

Next probes developed to operate at 15MPa

A Energy
W Geosciences

EARTH & ENVIRONMENTAL SCIENCES AREA




Underground Research Laboratories (URL) Good locations to conduct experiments on faults

*3- dlmensmnnal meter/to decamgte'r ?cale exploratlon
of the unaltered fault ;one heterogenelty

o B

deformations and inducédsej
near field.

* A field laboratory enwronment whe §re‘ pressures,

Fin the source

* Possibility to develop academic experiments of fault activation
analogue to industrial injections

A 'z Energy LSBB laboratory in Carbonates, France
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Thank You

LTournemire, ISRN URL

Collaborators:
F.Cappa

L.De Barros e I Witglerr] sw|sstopo
J.Durand ‘ |
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