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Fracking and induced earthquakes?  

!  The rate of earthquakes in the 
Eastern US has more than tripled 
in the past 5 years – at the same 
time that shale gas production 
took off.  

Ellsworth, 2013 !
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Fracking and induced earthquakes?  

!  The rate of earthquakes in the 
Eastern US has more than tripled 
in the past 5 years.  

!  Fracking operations in the UK 
were stopped for several years 
because of the ‘Blackpool 
earthquake’ (M2.3).  

!  An Ml = 3.8 earthquake was 
triggered by fracking operations in 
Canada in the Horn River basin in 
2011. 

!  In Switzerland, two geothermal 
projects have failed because of 
Magnitude 3.4 and 3.5 events. 

!  Enough reasons to be concerned! 



Induced seismicity – an 
old story  

!  Mining induced seismicity in 
Germany, the UK has been 
around for more than 100 years. 

!  Magnitudes have not exceeded 
M~3.5  
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" Different physical 
mechanism can lead to 
indiced earthquakes  

Earthquake interaction  Load change         Pore pressure change 

Volume change Chemical alterations Thermal strain 



Today‘s talk 



Fracking induced seismicity …  

1966 Italian Spaghetti Western film directed by Sergio Leone, starring Clint Eastwood, Lee Van Cleef, and Eli Wallach!



Fracking related 
seismicity: The good 

!  “Fracking” occurs  when the 
pore pressure exceeds the 
minimal (horizontal) stress. 

!  The frac itself can 
propagate seismically – 
and/or a-seismically.  

!  The micro-earthquakes and 
a-seismic slip creates the 
pathways for the gas/oil.  

!  And help to image what is 
going on. 

!  Details are surprisingly 
poorly understood.   



Fracking 
usually 
induces very 
small 
earthquakes 
 
(M = -1;  the size 
of a dinner plate)   
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Warpinski, 2011!



Fracking: The Bad 

!  Usually the frac growth stops, because the 
rupture runs out of energy. This is what happens 
by now thousands of times a day all around the 
globe.   

!  In rare cases, however, the progressing frac finds 
new energy: tectonically loaded faults, in the 
sediments, or in the basement.    

!     Hydro-fracing # Hydro-shearing 

!  In this scenario, (much) larger earthquakes are 
possible and have been observed.  

!  But the volumes of injected fluids are small, depth 
are relatively shallow # Mmax(obs) so far = 3.8. 
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Horne River: M3.8 and many more …  

14 



Dealing with ‘the bad’ 

!  Seismic monitoring of fracking operations is 
essential, so that branching out of seismicity is 
detected early and correlated with the operation. 

!  A simple, conservatively tuned  ‘traffic light 
system’ is advisable to interrupt operation if 
earthquakes start to be a concern (i.e., M0.5 
observed).  

!  Staying away from major fault zones may be a 
good idea. 

!  Not so different from other underground 
technologies (geothermal, mining, onshore oil 
and gas extraction, large hydro-dams, ground 
water extraction …)  
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Fracking … when things go seriously wrong…  

Zoback, 2012!



… it seems to be the ‘waste water’.  

wellhead!

Wastewater (brine) injection 
depths are usually deep, in 
rocks naturally stressed with  
faults capable of generating 
earthquakes!

Fracking well!Wastewater well!

deep injection may 
trigger earthquakes due 
of stress relief on faults!

adapted from 
geology.com!
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“Oklahoma is now the second most seismically active state in the 
continental U.S., after California.”!



November 2011 Prague, Oklahoma Earthquake!
Mw 5.7; 0 fatalities; very few injuries!



Too big for 
comfort …  



So what is happing here?  

!  Waste water injected into the 
underground that finds critically pre-
stressed faults seems to be capable 
of inducing/triggering larger events.  

!  This is also rare – there are tens of 
thousands of water-water wells that 
seem to cause little or no seismicity.  
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!  Why? Because very large and rapidly growing volumes are involved, 
because the layers are deeper, close to the crystalline basement, and maybe 
because faults are a target also as they offer higher permeability.  

!  In the US, it is a game changer. And now the lawyers or on the case. 

!  Such earthquakes in areas of poor building practice could be disastrous.   



Switzerland has relevant 
experience….   

!  The induced seismicity related to the re-
injection part of deep hydrothermal 
projects share many similarities with 
waste water re-injection.  



1993 

2013 

1987 

2013 

St. Gallen seismotectonic setting and induced earthquakes 

# Diehl et al., 2013 

 

Swiss  Seismological Service !



Is ‘classical’ oil and gas production any better?  

!  Classical Oil & Gas exploitation is also facing major challenges 
from induced seismicity these days in some areas.   

!  Similar ‘plays’ to shale gas. No/less initial fracking, but long term 
depletion and subsidence can load nearby faults.  
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How to deal with ‘the Ugly’ 

!  Avoid large volume waste-water injections if 
possible (surface treatment).  

!  Stay away from active or easily re-activated 
faults.  

!  Seismic monitoring of fracking operations is 
essential, so that branching out of seismicity is 
detected early and correlated with the 
operation. 

!   A simple conservatively tuned  ‘traffic light 
system’ is advisable to interrupt operation if 
earthquakes start to be a concern (i.e., M0.5 
observed).  
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What about “geothermal fracking” for 
Enhanced Geothermal Reservoirs?  

!  Many similarities, some differences. 

!  Deeper, crystalline rock # higher hazard.  

!  Volumes/pressures similar to shale gas, 
but much smaller than waste water re-
injection.  

!  More closed systems than hydrothermal & 
waste water # similar to shale gas.  

!  Proximity to major faults should be 
avoided.  
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Summary 

!  Induced seismicity related to shale gas 
exploitation is an important issue, and 
one that needs to be taken serious.  

!  The challenges are not so different from 
other underground operations.  

!  For the safety of operations, forward 
planning and mitigation strategies go 
along way.  

!  But: There is no zero risk # Risk 
governance & regulation is needed.  
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