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M4ShaleGas Consortium

18 Consortium members
10 European Countries

All members of the European Energy Research

Alliance (EERA) JP Shale Gas
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M4ShaleGas Subprogrammes
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TNO - Fault reactivation and induced seismicity
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TNO - Fault reactivation and induced seismicity

Eola Field (tight gas) M; 2.9 Fluid diffusion to fault

Horn River Basin B.C. M; 3.8 Fluid injection in
proximity to pre-
existing faults.

* Blackpool UK M; 2.3 Fluid injection directly
into an existing fault
zone

* Prague Oklahoma M; 5.7 Fluid diffusion to

basement faults
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TNO - Fault reactivation and induced seismicity

-Pre-existing stress state -Fluid volume -Stress arching

-Rock properties -Flow rate -Dynamic rupture models

-Fault geometry & presence -Pressure -Source mechanism

-Magnitude

-Location -Historical data

T -Sub-surface properties

-Statistical methods

-PGA
-PGV
-Modified Mercalli Intensity

-Population density
-Vulnerable structures

-Vulnerable ecosystems
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TNO - Fault reactivation and induced seismicity

* CO, storage

* Hydraulic fracturing

* Wastewater injection

 Enhanced Geothermal Systems (EGS)
* Energy storage

* Conventional oil and gas production (Groningen)
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TNO - The G-word

 Groningen gas production 2013: 54 bcm
 Maximum gas production 2016: 27 bcm
* Largest earthquake: M; 3.6
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TNO - Fault reactivation and induced seismicity

* “"From source to surface”
* Numerical modelling
— Local scale
— Single fault scale Loes Buijze
— Field scale
* (Semi-)analytical modelling
 Wave propagation modelling
 Ground motion
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TNO - Dynamic fault rupture modelling

« TNO DIANA Finite Element Model (Commercial
FEM package) i>TNO DIANA

* Depleting reservoir with offsetting fault
* Includes:

— Inertial forces

— Shape of pressure front

— Crack propagation

— Radiation of seismic waves

— Slip weakening
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TNO - Fault reactivation and induced seismicity

* “"From source to surface”
* Numerical modelling
— Local scale
— Single fault scale Loes Buijze
— Field scale
* (Semi-)analytical modelling
 Wave propagation modelling
 Ground motion
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M4ShalcGas

Thank you for your attention

» This presentation is part of a project that has received funding by the
European Union’s Horizon 2020 research and innovation programme
under grant agreement number 640715.

» The content of this presentation reflects only the authors’ view. The
Innovation and Networks Executive Agency (INEA) is not responsible
for any use that may be made of the information it contains

EERA JP Shale Gas Technical Workshop -
Technology for safe and efficient 12

04/02/2016 W4ShaleGas
® exploitation

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn
nnnnnnnnnnnnnnnnnnnnnnnn
Impact of Shale Gas




