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Take‐Home Messages

• Integrated stress assessments from various
methods, it will be able to determine the
stress state in multiple spatial scales and
stress gradient.

• Mechanical relationship between in‐situ stress
and fracture should be able to apply for
various topics of solid earth sciences.
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Strain & Stress Determination
• GPS velocity field (GPS)
• Focal mechanism (FM)
• Fault slip inversion (FS)
• Bore‐based methods

– Breakout (BO), Drilling‐Induced Tensile Fracture 
(DIFT), Hydraulic Fracturing (HF),…..

• Core‐based methods
– Anelastic Strain Recovery (ASR), Acoustic Emission 
(AE),  Deformation Core Diameter Analysis (DCDA), 
Core Observation (CO),….



(Chang et al., 2003) (Wu et al., 2008)
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Geomechanical model
Stress observation from borehole failure

Stress Concentration
At Borehole Wall

Borehole Structures & Stress
(Vertical Borehole)

From  N.C. Davatzes



Borehole Image

BO

DIFT



Stress Polygon
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Hydraulic Fracturing (HF)



Ito et al.,(2013)
Zoback et al.,(2003)



Stress Release



Anelastic Strain Recovery (ASR)





Deformation Core Diameter 
Deformation (DCDA)
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Acoustic Emission

(Pan et al., 2013)



Principal Stress



• 2θ+ φ = 900

• φ~300

Normal Faulting
NF

Strike‐Slip Faulting
SS

Reverse Faulting
RF

Anderson’s theory of faulting

(Anderson 1951)



Slip & Dilation Tendency

(Morris et al., 1996; Ferrill et al., 1999) (Collettini and Trippetta, 2007)

Conductive Fracture
Non‐conductive
Fracture
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Stress Assessment from Boreholes

• CCS:~3000m, ASR, BO, HF
• TCDP:~1300m, ASR, BO, 
FM

• Waste:~600m, ASR, FS, FM
• Geotherm:600‐800m, ASR, 
FS, FM, Vein

• Geotherm: 0‐2200, ASR, 
HF, FM, DIFTs



CCS BO: 175.3+‐9.1
WOB:42.2+‐10.0

SHmax: 85.3+‐9.1 deg
Magnitude: ??

(王明惠，未發表)
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(台灣電力公司2012)
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(Lee 2015) (Cheng et al., 2016)



Taiwan Chelungpu‐fault 
Drilling Project (TCDP)

(Lin et al., 2007) (Lin et al., 2006)

(Hung et al., 2007)
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(Lin et al, 2006)

(Hung et al, 2009)

(Yabe et al., 2008)
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(Wu et al., 2010)
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(Hashimoto et al., 2015)
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Open‐Filling Fractures

others

(Lin, 2015)



CingShui Geotherm, Ilan

IC21



CingShui Geotherm, Ilan
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NoFilling vs Open Filling

Nofilling
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Hydraulic Fracturing

(McKeangey et al., 2004)݂ܲ ≧ ܽ ܶ  ଷߪ
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Stress‐Vein Integration

(Jolly & Sanderson, 1997; Yamaji et al., 2010)
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0-245：礫石
245-500：板岩
36.7℃@438m(更深無資料)
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SanHsin

Shmin~13.6MPa @ 750-765m

SHmin-Shmin~23-27MPa @734m

DCDAHF



Stress Magnitude

ＳvShmin

SHmax?

18.5MPa/km 50.7MPa/km21.6MPa/km

Strike‐Slip Faulting

(Wu et al., 2015)
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(Kao, 2016)
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• SHmax orientation 
• Mean Vector = 006.3° ± 05.9°;    

Average Length = 0.8948
• Circular Variance = 0.1052;    
• kappa = 4.8587



以單軸抗壓強度&水破資料估計



Open‐Filling Fracture

• Open‐Filling Fracture 
N24.2W/78.2NE
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Future Works

• Critical pressure perturbation
• Fault reactivation analysis
• Stress magnitude from focal mechanism
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Critical Pressure Perturbation

(宋家宇, 2015)



Fault Reactivation Analysis
Seismic Hazard

(國家災害防救科技中心, 2015)



Stress Magnitude from Focal Mechanism
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Take‐Home Messages

• Integrated stress assessments from various
methods, it will be able to determine the
stress state in multiple spatial‐scales and
stress gradient.

• Relationship between in‐situ stress and
fracture should be able to apply for various
topics of solid earth sciences.



Thank you for your attention!!


