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120 bar on the Richter scale
Measuring reservoir pore pressure with earthquakes
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Reservoir models typically rely on a limited number
of pressure measurements at wellbore locations,
whereas hydraulic pressure away from wells is a
modelled parameter and inherently ambiguous.
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4D pore pressure inferred from
induced seismicity

Geothermal exploration in the Cooper Basin (Australia) was
performed between 2002 and 2013. Six deep wells were drilled
into the granite to a depth level of 3-5 km.Approximately 75,000
earthquakes in the magnitude range M -2.3 to M 3.7 were
induced by hydraulic stimulations.

In situ pressure conditions away from
wells are largely unknown

blocked

Temporal evolution of pore pressure at 4 different locations in the reservoir.
Map view shows the maximum pore pressure in the reservoir according to
colormap. Stress re-load from neighboring events was numerically
simulated with a slider-block model based on Okada‘s semi-analytical
solutions.

Earthquake = pressure gauge

Results are consistent with a diffusion process:

n
maximum pore pressure is obtained near the injection

Induced earthquakes occur on existing fractures once
in situ stresses exceed the fracture strength:

The occurrence of an earthquakes contains
information on in-situ stresses at the earthquake
location, but what is the critical pressure required to
trigger an earthquake?
A large scale, subhorizontal fault with sub-meter
thickness was stimulated (‚geothermal reservoir‘)

well and tends to decrease with distance from the well
n
the magnitude of pore pressure is consistent with the
injection pressure
n
the temporal evolution of pressure increase generally
follows the signature of the injection pressure
n
the delay of the pressure signal increases with distance
from the injection well
The reservoir is dominated by (previously unknown)
pressure channels. This finding is crucial for the
development strategy of a geothermal reservoir for
reaching economic scale.
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Temporal evolution of stress-strength conditions on two reservoir fractures
during fluid injection. Repeated slip occurs due to small stress drop.

The stress deficit required to re-activate a fracture can
be determined (‚measured‘) from the previous
earthquake
- pore pressure change between
events i and j
- coseismic stress drop & reload from
neighbors
- coseismic normal stress change &
reload from neighbors
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