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Aims 
Develop local expertise and technology for CO2 
Sequestration 

-international niche in wave propagation – CO2 

-seismic monitoring techniques 
-seismic wave propagation modelling (in-house and external) 
-hydro-mechanical numerical models 
- Risk assessments (Leaks and induced seismicity) 

Train and expose researchers to such techniques 

Use these schemes for ‘real’ world studies with Irish and 
International Partners



Introduction


 

Fluid injection can induce earthquakes, 
which can:

• Kill or injure people / damage buildings
• Scare people
• Fracture the cap rock 

Seismic Risk & CCS

http://www.swissinfo.ch/

http://www.nytimes.com
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+ Seismicity patterns may be used to            
determine fluid movement 



Introduction


 

Definition of failure:

What causes an earthquake?



Introduction

Coulomb Failure Stress Change


 

Changes in the stress 


 

Fluid injection into the fault



Introduction: Famous Examples


 

1992 Landers 7.3M quake 
triggered Big Bear 6.5M

Stein et al, 1992

After: McCloskey et al, 2005

• 2004 Sumatra 9.2M quake triggered 
Nias 8.7M



Introduction: Famous Examples


 

1967 Koyna Earthquake M6.5, India


 
Pos. trigger: Koyna dam


 

180 people killed

• Rangely Colorado Experiment
• Water injection
• Induced 3M earthquake
• Fluid injection energy < Seismic 

energy

After:http://www.emporia.edu/earthsci/student/moran4/index.htm

• Le Lacq Gas Field
• Gas extraction
• Induced 4M earthquakes

http://upload.wikimedia.org/wikipedia/commons/8/8b/Koyna-Dam2.j



Modeling reactivation risk



Modeling Reactivation Risk


 

How to model reactivation in 
rock with a potentially large 
variety of fault orientations

The Problem

Our Solution


 

Use a Monte Carlo simulation on a geo-statistic determined 
suite of faulting systems

Gregory David Harington



Modeling Reactivation Risk


 

Create a source that is similar to a fluid injection


 

Define a stochastic fault system based on geo-statistic 
models (e.g. use regional stress fields)


 

Model whether faults are brought further / closer to failure

The Model



Pre-existing Fault Network


 

Provide an average strike and dip for fault 
system


 

Discretize Faults


 

Determine static deformation on faults for a 
given point source (Okada, 1985)


 

Convert fault deformation into stress 
changes using Hooke’s Law

Modeling Reactivation Risk



Injection Source


 
Discrete set of Inflation Sources 


 

Inflation history provided by UCD Geophysics Group

Modeling Reactivation Risk



Example Simulations: I

Modeling Reactivation Risk

0.00768

-0.00148

0.006
0.004
0.002

CCF (bar)



Example Simulations: II

Modeling Reactivation Risk

0.535

0.4

0.2

CCF (bar)




Static Stress Change
Cross Section of Coulomb Stress Change



Static Stress Change


 

Compressive 
Tectonic Setting


 

Dip = 27°


 

Rake = 90°

Cross Section of Coulomb Stress Change



Fault Failure

What happens when a fault reaches failure?



Dynamic Modeling

Slip0 8


 

1999 Chi-Chi M7.5 Simulation



Conclusion


 

What we have done so far:
•Created a model that can evaluate reactivation risk for a particular 
injection scenario and fault system
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
 

Next Stage:

•Run risk simulations with a variety of faulting and pumping conditions 
in  a Monte Carlo Simulation

•Move to more complicate models (e.g. layering, pore pressure)

•Simulate the triggering of earthquakes from these scenarios



Future Work

Deliverables


 
Create flexible tools to evaluate a number of CCS risk scenarios


 

Investigate whether seismicity patterns can be used to determine fluid 
movement 

Collaboration with UCD:
Incorporation of poro-elastic effects in rupture simulations

Collaboration with industrial:
Illinois State Geological Survey
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