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Outline
报告提纲

• Geo-storage options of CO2

• Intrinsic mechanisms of geological failure g g
• Coupled simulation methods and tools
• Mechanical experiments related CCS• Mechanical experiments related CCS
• Risk monitoring items

• Concluding remarksg



Terrestrial and ocean storage of CO2Terrestrial and ocean storage of CO2
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Leakage risk related to CO2 storageLeakage risk related to CO2 storage
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Hazard related mechanical failureHazard related mechanical failure
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Geomechanical perspective

(Source: Logan et al., 1998)

(Source: Li et al., GREEN 2008)



Hydraulic and mechanical systemHydraulic and mechanical system
Mapped CCS site into an equivalent hydraulic and mechanical system

(Source: Li et al 2011)(Source: Li et al., 2011)



Coupled THMCB  simulator of 
geological disposal system

(7)

(8)

T: Fourier’s law for energy balance
H: Darcy’s law for mass balance

Heat

T
Ground

H
(1)

(3)

(8) M: Hooke’s law for force equilibrium
C: Fick’s law for mass balance
B: Empirical law for mass balance

Heat 
source

Ground
water flow

Rock
M

(2)
(3)

(4)(12) Coupling processes, e.g.:
…Rock 

deformation

CB

(5)

(10)(9)(11)

(15)

(16)

(13) (14)
(15) Growth and decay; porosity reduction 
(16) Solute transport
(17) Adsorption isotherm; biomineralization
(18) Redox; Irreversible limited desorption
…

Chemical 
reaction

C
Biological 
activity

B (6)
(17)

(18)

(19)

(20)

Solid-line: strong coupling
Dash-line: medium coupling
Dot-line: weak coupling
Line-in-black-color: developed
Li i bl l d l i(Source: Li et al., GREEN 2008) Line-in-blue-color: developing
Line-in-red-color: planning

(Source: Li et al., GREEN 2008)



Coupled approach for different 
encoding

(Source: JA Hudson et al., IJRMM 2001)

• The storage system and the sub-systems 
can be decomposed as depicted in the left p p
illustration. Highlighted off-diagonal terms 
are the mechanisms identified as the 
components of the process system. Some 
of these mechanisms will be THM 
mechanisms; some will be other types, e.g. 
geochemical mechanisms.



T-H-C-M Coupled Analysis
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Capillary pressure and overpressureCapillary pressure and overpressure

(Source: Bildstein et al., 2010) (Source: Lucier et al., 2006)



Injection pressure of shenhua-ordosInjection pressure of shenhua-ordos 
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1 and 2. If Q>injection rate, decrease Pwt to a lower step and 
repeat 1 and 2.      

(Source: Li et al., 2011)



Hydraulic fracturing 
experiment and simulation

气体分析仪

Fracture induced channel flow

(Source: Li et al., 2011)



Experimental apparatusExperimental apparatus 

F i f k• Fracture pressure testing apparatus of cap rock 
• Capillary pressure testing apparatus
• Flow-reaction-mechanics coupling testing apparatusFlow reaction mechanics coupling testing apparatus
• Improved pulse decay permeability testing apparatus
• Mechanical testing apparatus
• Micro-scope mechanics-flow testing system
• And so on
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Framework of performance and risk 
management

(Modified from Berard et al 2007)(Modified from Berard et al., 2007)



Monitoring items for DSF storage of CO2Monitoring items for DSF storage of CO2

Monitoring Category Monitoring Itemsg g y g

Pressure and temperature of bottom hole

Injection rate, pressure and temperature

Everywhen
Annulus pressure
If monitoring well existed, pressure, temperature and well
intake pressure of injection formation layer
If i i ll i d i lIf monitoring well existed, its annulus pressure

注入地点及周边区域的微震事件

Periodic 注入CO2的性状（浓度、不纯物浓度）Periodic 注入CO2的性状（浓度 不纯物浓度）

A ibl

Pressure and temperature of overlay formation

比抵抗、波速、饱和率等易于检知CO2存在与否的有效物性
As possible

观测井等采样地下水的化学特性

地下流体在地表涌出的情况下，涌出点流体的流量及化学特性

(Source: Li et al., 2011)



CO2RISKEYE • Risk assessment of Injection related pressureCO2RISKEYE Risk assessment of Injection related pressure

(Source: Li et al., 2010)

(Source: Yamamoto et al., 2005



Concluding remarksConcluding remarks

• The key point for short- and long- term 
assessment of CCS site is prominently 
mechanical problem, though the disposal site 
is a very complicated THMCB coupled 
geological system.

• The geomechanics related monitoring items g g
are lab- and field- efficient for performance 
and risk management.g
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