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Problem setting
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• Gas extraction since 1949
• Only a few tectonic earthquakes
• Increase of seismic activity since

begin of gas extraction

Joswig et al. (2015)



Time shift of seismicity onset
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LACQ, France

 >10 years production
 > 250 bar pressure

reduction
 till events M>3

Grasso, J.-R. (1992)

Correlation between Gas extraction and Seismicity

Pressure History of the Roswinkel gas field between 1981 and 2009. The 

Roswinkel gas field production between 1980 and 2005. After the end of 

production only two earthquakes were recorded. Since 2006 no more 

earthquakes in the Roswinkel area were recorded. 



Excel spreadsheet: Gas extraction
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Cumulative gas extraction
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Field R

Field R (total)

Field R (Zechstein)

Field R (Rotliegend)
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Field V



Digitalization of gas fields and earthquakes
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Calculation of pore pressure
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Calculation of pore pressure (2)
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1. Assumption: Closed system

 Flux of formation water into the reservoir is neglected

• Ideal gas equation: 𝑃𝑟𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 ∗ 𝑉𝑝𝑜𝑟𝑒 = 𝑅 ∗ 𝑛 ∗ 𝑇

• Pressure: 𝑃𝑟𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟 = ρ ∗ 𝑔 ∗ ℎ ∗ 𝑜𝑣𝑒𝑟𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 1,2

• T is given by geothermal gradient 30°C/km

 Calculation of amount of substance in porespace

 Change of amount of substance by gas extraction Back 
calculation of reservoir pressure



Calculation of pore pressure (3)
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2. Assumption: Flux of water into the reservoir

 Pressure compensation in the reservoir



Pressure reduction of field V
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Sensitivity analysis of pressure reduction
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Correlation to seismicity
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log(𝐸𝑆) = 1,5 ∙ 𝑀𝑆 + 4,8

Hanks & Kanamori (1979)



Assignment of earthquakes to gas fields
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• Derivation of assignment parameter
(AP) based on these criteria



Discussion
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• Assignment of earthquakes to gas fields

 Comparison of assignment with literature (e.g. earthquake
of 02.09.2014; Bischoff et al. (2015))

• Time shift between onset of seismicity and begin of gas 
production

 Accordance with literature

Gas field Distance [m] Period of
production

Pressure ratio Assignment
parameter (AP)

Goldenstedt/Visbek 1837 1971 - today 0,83 2,79

Cappeln 6380 1970 – today 0,86 34,83

Hengstlage 976 1968 – today 0,90 0,86

Ahlhorn 696 1972 – 1998 0,96 0,47



Conclusion / Outview
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• Compilation and digitalization of gas extraction, gas field
extents as well as earthquake data into two excel
spreadsheets

• Development of a MATLAB tool
• Calculate pressure reduction of gas fields (including sensitivity

analysis)

• Correlation to earthquakes (with the aid of ArcGIS)

 Possibility for companies, authorities etc. to use the tool
with supplementary data

 Additional calculations including multiple wells per gas 
field
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