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Flow: finite volume (e.g., TOUGH+RealGasH20)

Geomechanics: finite element (e.g., ROCMECH)

Coupled flow & geomechanic simulator, shortly T+M.
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T+M Code

T+M: TOUGH+RealGasH20+ROCMECH:-
Flow + thermal + geomechanical processes
Rigorously coupled Processes

» Thermo-poro-mechanics (two-way coupling)
» Dynamic multiple continuum approach
- Simultaneous tensile & shear failure

« Leak-off to the reservoir formation from full 3D
flow simulation
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Numerical and analytical results are in good agreement.
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Failure scenarios (?)
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HF extending from shale to HF extending from shale to
shallow aquifer through the shallow aquifer through weak
overburden cement (not discussed today)
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Investigate fracture propagation in shale gas reservoirs -
properties of Marcellus shale
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Fracture Propagation (l)
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Example of fracture propagation

Larger fracture aperture near the fracture top



=2 BERKELEYLRE..  Fracture Propagation (I1)

(@) t=6030s (b) Pressure
40
) - -- (x=75m, z=-1440m)
35 1
F?‘St p_ressu = - Injection point
diffusion due to € 30 f
high permeability
200
100 20 ‘ .
z (m) -1500 0O x (m) 0 200 400 600
time (sec)
o () 0.5< o, x 1 () Uplift

—C— (x=75m, z=-1440m)

0.01

(m)

0.005

--&—- (x=75m, z=-1350m)

. -1 .
400 0 200 400 600
time (sec) time (sec)

Saw-tooth (oscillatory) pressure, fracture aperture, displacement

Can be considered as microearthquakes
] induced by tensile failure
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Simple calculation by only the injection volume might significantly
underestimate the fracture volume and propagation.

Complex multiphase flow with gravity segregation within the fracture
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Water & gas still coexist within the fracture.
Water saturation drops at the time when fracturing occurs.
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Higher Injection Rate
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Higher injection rate = faster fracture propagation
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Conclusions

» Developed a hydraulic fracturing simulator

» Investigated fracture propagation scenarios in
Marcellus shales

- Identifying the factors controlling fracture propagation

- Estimation based on the injection volume may
significantly underestimate the fracture volume & its
propagation

Rigorous modeling of fracture propagation &
accurate geophysical monitoring are strongly
recommended
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Fault activation during
the hydraulic
fracturing process
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