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WEAK LAYERS that remain after creep closing of natural cracks formed
in ~100 million years of geologic past. They are:

— nano-cracked (due to finite width of FPZ)

— more permeable than intact shale (even if cemented)
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Solid-Fluid Stress Coupling: Biot’s Poromechanics

Total stress for FEA: Due to oriented microcracking,

0= 05 — b - D Biot coefficient becoAn}s a tensor (anisotropy)
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Explanation of Lateral Crack Branching

Initially, Darcy flow governs Later, Poiseuille flow governs
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Governing equations

Mass conservation of the solid-fluid mixture:
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Biot modulus Darcy flux

Hydromechanical coupling parameters can be expressed as
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Mathematical Analogy between Hydraulic Fracturing and

Heat Conduction

Hydraulic fracturing
The mass flow rate
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Heat conduction
Fourier law
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Previous simulation of theoretically feasible crack
system evolution in fraccing of shale.

Cracks in
horizontal
plane

« 3 km deep, vertical crack
faces are under high
tectonic and overburden
crack-parallel stresses
o, 0, , combined by

i : body forces applied by

= diffusion pressure
gradients.

- Effectsofo,, g,,in
fracking of shale are
significant

« Biot coefficient
anisotropy was found to

be essential
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Experimental results on a plaster prototype
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Tests to demonstrate crack branching in plaster
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Constitutive Law and Evolution of Biot Tensor

Biot effective stress
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Constitutive Law and Evolution of Biot Tensor

3 1
(Ce=%jﬂ (EvWW@QN+EM QM + ErL @ L)dQ N =37, 2yWy =5

~ 62 w;(E4N' @ N' + EEM' @ M! + ELL! @ LY)
=1

144 _2/3
.. €
Empirical  b;; = by6;; + ,Be{}( §k>
230 wi(ELNt + ELM + ELLY)
K

Analytical p =1 —




Evolution of Biot Tensor and Verification
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FEM Simulation
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Pore pressure distributions with different flow rate

High flow rate — Low flow rate

Fracture Propagates Diffusion Dominant

Qin = 1.7 X 107" m3 /s gin = 2.3 x 1078 m3/s




Pore pressure distributions with different initial biot
coefficient
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Conclusions

« Biot Tensor Evolution: The evolution of the Biot tensor calculated using microplane model
degradation successfully captures the anisotropic and progressive failure processes.

 Model Validation: The proposed poromechanical model successfully reproduces the LANL
laboratory-scale hydraulic fracturing experiments on synthesized rock specimens.

* Fracture Pattern Classification: Two distinct hydraulic fracturing patterns were identified:
formation of one dominant planar crack versus development of complex fracture networks.

* Injection Rate Control: Higher fluid injection rates create greater pore pressure contrasts

between rock matrix and weak layers, facilitating fracture propagation and branching.
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