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Fluid and Fault project

* Objective of the project: to constrain a relationship
relating permeability, pressure, stress and strain in fault
zones in shale.

* Does the permeability only depend on fluid pressure and
the minimum in-situ stress?

« Do we need to take into account ‘“limited” shear-
reactivation of natural discontinuities to explain fluid
migration?

 Are the hydraulic response and the plastic behavior of
discontinuities always associated?
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Injection: fluid pressure and strain
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Map view of the experiments

Fracture damage zone [[] Seismic sensor
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West damaged zone:
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« 0= 4 MPa, horizontal and oriented N162° +15° E,

« 0, = 3.8 MPa, sub-vertical (plunge=83-82° and azimuth=N072° ) and
« 03=2.1 MPa, plunge=7-8° and azimuth NO72° .
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Map view of the P- (left panels, a and b) and S-wave (right panel, c and d)

velocity variations observed during test 1
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De Barros et al., 2018
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Fluid dynamics — flow across fault

w oz

Localization of leaks in the tunnel (test series TEST1 and TESTS).

No leak when injecting in the western compartment (TEST2) or the core zone (TEST3-6)
The fault acts as a barrier for flow
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Test-1: Discrete Element Model using 3DEC
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Numerical results: irreversible displacements!
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Permeability evolution

FOP (Formation Opening Pressure): more than
0.1 L/min
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Permeability evolution

FOP (Formation Opening Pressure): more than
0.1 L/min
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Surface roughness of fractures?

Accounting for heterogeneities of the With parallel plate fractures
fracture local apertures
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Figure 3. Flow field within the sparse DIST network shown in Figure 1 (top middle), (left) when hetero-
geneities of the fracture local apertures are taken into account (¢, = 1) and (right) when fractures are mod-
eled as parallel plates. Scale on the right displays the logarithm of the mean flow value within a mesh cell.

De Dreuzy et al., 2012
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Numerical modeling with surface roughness
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From fluid channeling to the mechanical
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Injection pressure (blue lines), flow rate (green lines), and event hypocenter

distance (red dots) versus time for the five injection tests.
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Microseismic events
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Cumulated and maximum seismic moment (red and green symbols),
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Dual processes for fluid-induced seismicity, as inferred from the

In-situ experiments

Fluid Injection
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Opening fluid channels:
reversible deformation?

Depth (m)

Fluid pressure (MPa)

Hydrostatic pressure distribution: p(z) = p, g z
Vertical stress o,
Horizontal stress

P; = 0, : hydrofracturing
Global shear-fracturing:

Pt = Pt crit_shear : fluid propagates at
large scale in the fault zone

Local shear-fracturing:
P = Pf_cr'it_channellng : fluid is
channeling in the fault zone

Permeability range
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