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Motivation

• Injection Induced Seismicity 
Hydraulic Fracturing Mw 4.6

Mahani, et al. 2017
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https://earthquake.usgs.gov/earthquakes/eventpage/nc72141176/executive#summary
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XSite™ validation against hydraulic fracturing lab experiments
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Laboratory Experiment

• Why this published test?
– Intact homogeneous rock 
– Hydraulic Fracturing in a cubic sample shape
– Bottomhole pressure data
– Displacement data
– Acoustic Emission count and reasonable precise hypocenter data

Stanchits et al. 2014
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Laboratory Experiment

• Experimental setup
– Sample size in X×Y×Z: 279×279×381 mm3

– Hole dimension: D (25.4)/h (241.3)/open hole length (50.8) [mm]
– Two longitudinal notches

Stanchits et al. 2014, I. Vera Rodriguez et al. 2017
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Laboratory Experiment

• Experimental setup
– Sample size in X×Y×Z: 279×279×381 mm3

– Hole dimension: D (25.4)/h (241.3)/open hole length (50.8) [mm]
– Two longitudinal notches
– Loaded hydraulically by flat jacks 
– Acoustic Emission by 24 receivers (continuous)
– Ultrasonic velocity by 1 transmitter and 5 receivers (1Hz)  
– Injection fluid: silicone oil (𝜇𝜇=2.5 McP) at 5 mL/min 

Stanchits et al. 2014
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Laboratory Experiment

• Lab Test Results

Stanchits’s lecture at The University of Utah, 2013

The Hydraulic Fracturing Experiment on homogenous Colton sandstone- Test 
results
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Itasca XSite™

Damjanac et al., 2016
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Numerical simulation and model setup
• Rock Properties Input of Colton Sandstone:

Casas et al. 2006; Chuprakov
et al. 2014; Stanchits et al. 2014

Rock Properties Value

Density 2380[𝑘𝑘𝑘𝑘/𝑚𝑚3]
𝐸𝐸 20.4[𝐺𝐺𝐺𝐺𝐺𝐺]
𝜐𝜐 0.2[−]

UCS 69[𝑀𝑀𝑀𝑀𝑀𝑀]
Tensile Strength 7.4[𝑀𝑀𝑀𝑀𝑀𝑀]

Fracture Toughness 0.47[𝑀𝑀𝑀𝑀𝑀𝑀.𝑚𝑚0.5]
Porosity 10.9%

Permeability 4 × 10−17[𝑚𝑚2]
Notch Aperture 3.175[𝑚𝑚𝑚𝑚]
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Numerical simulation and model setup
• Model setup Experiment

I. Vera Rodriguezet al.2017
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Simulation Results vs. Experimental Results
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Spatio-temporal distribution of AE at breakdown pressure
Experimental results Simulation results
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Spatio-temporal distribution of AE at breakdown pressure

Experimental results
Simulation results
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Normalized AE Density, %

Spatial distribution of AE cloud density at breakdown pressure
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Conclusion and summary

• We validated XSite™ for producing the hydraulic fracturing behavior at the breakdown
pressure in homogenous rock sample.

• Toughness dominated regime (uniform pressure inside the fracture) is a reasonable
estimation of hydraulic fracture propagation in this laboratory test.

• A good agreement b/w the results of the experiment and the simulation:
– same breakdown pressure of 31 MPa
– normalized-displacements and cumulative AE event counts
– spatio-temporal distribution of AE cloud as well as the shape of the fracture
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