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Precursors to Induced Seismic Event

Science Challenges & Objectives

Challenges: Precursor(s) to the induced seismicity from existing fracture systems - linking
mechanical discontinuities, fracture mechanics, pore pressures/stress to the geophysical signatures
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Objectives: An ambitious integration of seismic imaging experiments Induced seismicity
coupled with micro-CT imaging, modeling of fracture initiation and R

(poro-thermoelastic effects,

propagation, and full waveform inversion will allow us to et fud st e oo
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Fracturing testing and Poro-elastic coupling on injection-
i seismic signal acquisition induced seismicity
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Figure 2. Spatial distributions of (a) pore pressure (fAp), (b) poroelastic stress (Az, + fAc,), and (c) Coulomb stress (A7)
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line of 2 x 10% Pa is shown in each plot to clarify the spatial distribution of pore pressure and stresses.
propagation & wave analysis e . L
* Pore pressure diffusion and/or poroelastic stressing induce

Sl ek seismicity along the fault with any hydraulic type
L b i, st = * The 3-D modeling captures properly the hydraulic and
e N & mechanical interaction between faults and surrounding

Powdrs (bassanite) Gypsum Gypsum/bassanite clus formations, compared to 2D modeling
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Numerical simulation, acoustic
emission data analysis, & machine
learning applications

e Crack propagation with cohesive element model & XFEM
oL N—— > (ABAQUS) and acoustic emission (ABAQUS)
Relative Displacement (mm) S o o T e FFT/STFT to create spectrogram (Cuadra, 2015)

100 |

80 |

60

40 |

Amplitude (Volts)

20 -

L 1 | z | | | |

Experiment 4
Experiment
Model

» Anisotropy in 3D printed rocks can rise from layering and ] et B e
direction of binder spray and mineral growth
P Peak loading, post-peak behaviors, fracture characteristics,

and seismic signals during tensile & compressive failures are
geometry-dependent
» Need to determine how these results apply in a more Acoustic emission during tensile cracking (left: 3PB; middle: short
realistic setting with spatial and temporal variations in pre- rod test) and associated spectrogram during 3PB (ABAQUS
existing discontinuities, stress and pressure fields, fluid simulation result)

migration and rock types

.05 0.
Displacement (mm)

Waveform similiarity-based event detection - Fingerprint
and Similarity Thresholding (FAST) & Template matching
Convolutional neural network for event detection and
Original microCT 1mage (left), location
segmented image of crack (WEKA In e Characterization of microseismic events during CO,
F1j1), and reconstructed 3D segmented  jniaction at Illinois Basin Decator Project and enhanced
image (right) for UCS tested sample geothermal testing at Pohang, Korea
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