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Greetings from earthquake country Switzerland  

• Earthquakes have been studied in Switzerland since 1878 (the 
earthquake commission, one of the first in the world). 

• Since 1914, the Swiss Seismological Service has a federal 
mandate to monitor earthquakes, and since 1957 we are located 
at ETH Zurich. 

• Our ‘DNA’: Service, research, education and knowledge 
transfer integrated closely and under one roof! 



Greetings from energy country 
Switzerland  

• Switzerland has a lot of 
hydropower 

• But: No oil or gas in Switzerland ...

• And: We like to turn off nuclear in 
the post-Fukushima days. 

• And: Climate change is the biggest 
threat to mankind in the 21 
century - we like to honor the IPCC 
Paris climate agreement. 

• Swiss voted a few months on 
there future energy strategy....
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Switzerland’s Energy Strategy 2050:

• Energy efficiency!

• (even) more hydro

• New renewables 
(solar, wind)

• Geothermal!

• Which is why I am 
here. 

Note: kerosene excludedSource: Prognos, 2011 and Swiss Federal Office of Energy
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GeoEnergy applications and induced earthquakes belong together, for good and for bad. 



The challenge of mitigating induced seismicity
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Induced earthquakes also challenge deep 
geothermal energy and the Swiss energy 
strategy 2050 

• In 2006, the Basel EGS project 
was abruptly terminated after an 
induced magnitude Ml=3.4 
earthquake caused minor 
damages to hundreds of houses, 
with cumulative paid damages 
>7Mio CHF.

• The failure of this visionary 
project caused a major setback for 
advancing deep geothermal 
energy from crystalline 
environments around the world.

• But it also initiated a lot of 
research. 



Earthquakes are a nuisance and risk - but: We need the 
tool (micro-) earthquakes to build and economically 
operate reservoirs (geothermal, shale-gas, CO2 ...) 



Understanding how to use and control 
micro-earthquakes is both an urgent 

need and a win-win for the team                   
oil & gas + renewable energy

PS: It is also a fascinating science ... 

So, my take-home message: 

Every challenge is also an opportunity



Insert: Why I Love to work on 
Induced Earthquakes 

• They are a great Laboratory: Just drill a hole, add 
water and you can fast-forward tectonic processes 
by a factor of 100’000 and more.  

• So even places like Switzerland, or Kansas, can be a 
research-seismologists heaven (and an 
operational-seismologists hell). 

• Also: In natural earthquake we can only observe and 
guess. In induced earthquakes we have (some) 
control! 

• We can conduct and repeat experiment when and 
where we like  Great testing environment, hope to 
understand the physics at work.

• We often have much better data since we known the 
time and place of the experiments. 



And: Interdisziplinar reserach at its best
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Exhibit 1: Enhanced Geothermal Energy 2.0. There and back again 
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Initial Hot Dry Rock concept
Potter et al. (1974)

Soultz, Basel,…



Exhibit 1: Enhanced Geothermal Energy 2.0. There and back again 

• Future EGS in crystalline basement or sediments will us fracking  
multistage hydraulic stimulation enabled by directional drilling and 
zonal isolation.

• Synergies (drilling technologies, monitoring, risk assessment, process 
understanding, mitigation ...) are obvious.  



Exhibit 2a: Get to know your faults and 
earthquakes better
• Understanding the seismo-tectonic context and 

knowing your faults is critically important in all 
context. 

Diehl et al., 2017



Exhibit 2b: Get to know your faults and 
earthquakes better

• Modern seismological tools can be so much more 
powerful to resolve structures and processes



Exhibit 2c: Get to know your faults and 
earthquakes better

• The power of template matching: 100 times more data for 
process understanding and statistical analysis.  

 M. Herrmann

Detection ~ ML1.0



Exhibit 3: It‘s the same physics 
(and models)  stupid. 



Exhibit 4: storing CO2 safely 

• In 20 -30 years, using excess solar energy, we will 
desperately fish out the CO2 again from the atmosphere, 
and enable CO2 free use of oil & gas. 

• Doing this in Switzerland requires ‘reverse fracking’. 

Historical 
CO2-emissions



Moving on – together?

• What does it take to forecast and 
control induced seismicity data 
better? 

• Taking inspiration from the weather 
forecasting ‘quiet revolution: Better 
data, better understanding, better 
models and bigger computers. 

• No silver bullets, sorry. It is hard 
work and takes time (and money)!

Bauer etz al., 2015 



Moving on – together?

• Underground lab experiments in are a great way to 
understand what actually happens. 



How do we help these guys in the future to 
control the operation?



Relevant questions 
 Is my operation save and in compliance with 

regulations?

 How do I convince others that my operation is 
save?

 Is my future injection plan save and in 
compliance with regulations while maximizing at 
the same time my chance of commercial 
success? 

 What alternative injection strategy should I 
follow to be save and commercially successful? 

 What mitigation strategy should I follow when 
things develop in unfavorable ways? 



Todays state of the art: Traffic light systems

 No physical/reservoir model 

 Uncertainties not accounted for

 Limited use for scenarios modeling

 Etc.  …
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source: Bosman et al. (2016)



Moving on to “Adaptive, data -driven Traffic Light Systems (ATLS)”  

 ATLS are dynamically 
updated,  forward-looking  
and fully probabilistic 
models that forecast the 
future seismicity and 
reservoir evolution based 
on a range of relevant key 
parameters (eq., K P, T, …).  

 Consider also ‘low 
probability-high 
consequence events’. 

 Robustness through 
ensemble forecasting. 

 Validation!



Adaptive Traffic Light Systems

Grigoli et al., Rev. of Geoph., 2017



Frameworks to collaborate in

02.10.2017

Government Treaty of USA, Iceland, Switzerland, Australia 
and New Zealand: Government-Industry Platform to 
coordinate and pursue joint research and innovation via 
Working Groups
Stefan Wieder (CH) is lead of the WG Induced Seismicity

Under the auspices of the International Energy Agency IEA: 
Australia, France, Germany, Iceland, Italy, Japan, Mexico, New 
Zealand, Norway, Korea, Switzerland, UK and USA; European 
Commission; Spanish Geothermal Technology Platform 
(Geoplat) and ORMAT Technologies, Inc
Topic lead: Induced Seismicity (Chris Bromley, New Zealand)

IEA: Australia, USA, Norway, the Netherlands, the European Commission, 
Switzerland 
Workstream on unconventional resources (fracking, imaging, modeling, 
understanding the subsurface)

Europe (sponsored by the European Commission): 16 geothermal energy 
research and innovation program owners and managers from 13 countries 
and their regions work on coordinating research and innovation – and also 
on induced seismicity  
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