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Overview 
Ø Intro: Stress changes due to fluid 

injection 

Ø Case studies 

Ø In Salah, Algeria  

Ø Longyearbyen CO2 lab 

Ø Groningen gas field, onshore 
Netherlands 

Ø Decatur; Illinois 

Ø  Link between microseismicity & 
geomechanical properties 

 



Stress changes due to fluid injection 
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Rutqvist (2012) 

Two mechanisms for microseismicity: 
•  fluid-induced: failure due to increase in pore pressure (reduce effective stress)  
•  stress-induced: in surrounding/overburden, incl. fault reactivation  



In Salah – main results 
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Ø Over 5000 events were 
detected associated to 
CO2 injection. 

Ø  Location of 
microseismic clusters 
together with InSAR 
data gives an indication 
of the extent of the CO2 
plume or fracture fronts 
in 2010.  

Goertz-Allmann et al. GJI, 2014 



In Salah – main results 
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Ø Detailed analysis of 
waveforms and 3D ray 
tracing provides insight on 
location depths. 

Ø Two main event groups: 
•  b-value 

•  Correlation with injection/
pressure history 

•  Anisotropy 

•  Proximity to existing fault 
zones and event depth 
estimation 

Ø  Shear-dominated/stress-
triggered seismicity versus 
fluid-induced. 



Longyearbyen CO2 Lab, Svalbard 
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DH3 borehole string,  
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SH1, SH2, SH3: 
one 3C at ~12m depth 

SH4, SH5:  
one 3C at ~10m depth 

SH4 
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Ø  Network in 2010 consists of a 5-level borehole string and 
additional shallow borehole sensors. 

Ø  Challenging setup in permafrost region.  
Ø  Reservoir was tested for injectivity and only very limited 

seismicity was induced. 
Ø  New insights on continuous real-time monitoring 

strategies for remote-area injection projects. 



Assessing the capabilities of induced seismicity 
monitoring for CO2 storage – Groningen project 
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Ø  Europe’s largest onshore gas field. 
Ø  Significant production-induced 

seismicity. 
Ø  Surface & borehole network, with 

ongoing upgrades. 
Ø  Need for improved location 

accuracy to assign events to single 
faults and to improve depth 
determination. 

Ø  Large-scale field similar to North 
Sea geological setting provides 
unique opportunity to study 
monitoring of large-scale CO2 
geological storage. 



Ø WP1: Event locations 
in 3D models 
•  Use accurate 3D 

model to locate 
events 

•  Include multiple 
phase arrivals in 
location procedure 

•  Include surface and 
downhole receivers 

Ø WP2: Event 
characteristics 

Ø WP3: Network design 
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Groningen project 

? 

? 
? 

? 

Arrival time 
identification 
and modelling 



GSCO2 Center for Geologic
Storage of CO2

Microseismicity at Decatur 
Ø  Inject 1 million metric tons of CO2 at ~2 km.  
Ø Over 19,000 events have been detected and 

~25% located by SLB. 
Ø Our work is within the geomechanics group 

where NORSAR is the theme leader: 
Reservoir-scale observations to characterize 
microseismicity and correlate to pressure 
and injection data  

•  Re-analyze microseismicity 
•  High-quality estimates of source-

parameters 
•  Link to geomechanical observations 

from Schlumberger Carbon Services	
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Current GSCO2 work 
Ø  Combine borehole and surface data to improve location accuracy. 

•  Raypath for an example 
microseismic event within the 
Pre-Mt. Simon. 

•  Accurate velocity model is 
necessary for event location. 
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USGS stations 

31 GMW1 

PS3 stations 

Earthquake locations & 
magnitude estimates 

Current GSCO2 work 
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Link between microseismicity & geomechanical 
properties 

Ø  Source parameters (e.g. stress drop, b-value) can give some in-sights 
into the geomechanics. 

A( f ) =
Ω
0

1+ ( f / fc )
2 

•  From average displacement & 
rupture dimension 

•  From corner-frequency of source 
spectrum 

Ø  The difference between the state of 
stress before and after the 
earthquake is called the stress drop. 

Mc 

Ø  The b-value is the slope of the 
Gutenberg-Richter law. It allows 
to extrapolate from observed 
small events to expected larger 
events. 

log 𝑁=𝑎−𝑏𝑀  
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Link between microseismicity & 
geomechanical properties 

•  Lateral stress drop variations of induced 
earthquakes at the Basel geothermal site. 

•  Median Δσ show a linear correlation with 
pore pressure in the log-log domain. 

Pore pressure perturbation   
Goertz-Allmann et al. GRL, 2011 
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Link between microseismicity & geomechanical 
properties 

•  Increase of pore pressure reduces 
the normal stress on a fault to an 
effective stress: 
•  may reduce the differential stress 

according to the stress drop 
•  may lead to reduced stress drop 

and high b-value? 
•  Can explain observations in Basel 
•  Can it be observed elsewhere? 

Goertz-Allmann and 
Wiemer Geophysics, 2013 



Take Home Message 
•  Microseismic monitoring is important as 

surrveillance technique during CO2 storage 
projects. 

•  We need to go beyond event location 
estimation and better integrate microseismic 
source anlysis into geomechanical modelling. 

•  Need quantification of the link between 
source parameters and geomechanical 
properties across different sites. 
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