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Main Goals

Identify the crucial parameter to describe
Induced/triggered seismicity: Pressure or Coulomb

stress changes?

Propose a way to evaluate permeability enhancement in
EGS stimulation



TOUGH?2 (Pruess, 1991)

Heat flux: Fq =—AVT+hF
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Compute the stress tensor at each volume

where K is the permeability grid point from T and P changes computed
u is the viscosity by THOUGH?2.
h is specific enthalpy Displacement sources are of the kind:
A is the thermal conductivity 26(1+ V) G=shear modulus
+ 3(1-2v) v= Poisson’s ratio

o = termal expansion

Aot = Ats + u(Aon-AP)

1 1
where Ats is the shear stress change 1- (H PR
Aon is the change of stress normal to the plane k' = 1 1
AP is the pore pressure change and p is the B ( Kb T K, s

friction coefficient.
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An homogeneous medium of 1.8*%1071% m?
permeability has been assumed.

1. Appropriate initial condition, boundary S
condition and rocks physical parameters are
assumed.

2. Cold water is injected at -5000 m depth. 4
®1E03

3. A continuous water injection cycle of 16
days is simulated.

4. Tectonic stress 3 MPa, with 1k
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Pressure changes
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Water injection
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Coulomb Stress changes
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Histogram of k’, the new medium
permeability after fluid stimulation.

The histogram show a gaussian distribution
of permeability values around the volume,
centered around ko, the initial permeability
value.

Mean value and standard deviation are
represented with the red lines. Only the
values exceeding one standard deviation
have been selected to evaluate the
permeability enhancement.
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Estimate of the Wolume where
permeability has been enhanced

due to fluid stimulation
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Reproducing a real case:

Soultz sous Forets
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Enhanced
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The histograms show the samples
extracted from k’, the new medium
permeability after fluid stimulation,
exceeding the mean value of the whole
permeability distribution more than 1
standard deviation.

Every plot is related to a different time
sample, ranging from a to f (fig.
below).

sol | —GPK3|
—GPK2

COMSOL

ROTTERDAM
100
m_
Uh‘-l...—_- e - !
-15 -14.5 -14 -13.5 -13
100 T T T T
m_—_l.#-
0 P | |
-15 -14.5 14 -13.5 -13
100 . . .
o A
0 | | |
15 -14.5 14 -13.5 -13
100 | | |
I L
0 e peammp— | - |
15 -14.5 -14 -13.5 -13
100 | | |
ol A—L
0 | —— i | |
15 -14.5 -14 -13.5 -13
100 | | |
m_
041__._-“--—- L
-15 -14.5 -14 -13.5 -13

log permeability (m 2)



COMSOL
CONFERENCE

ROTTERDAM

4500~

5000

1000

55004
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Estimate of the Wolume where
permeability has been enhanced
due to fluid stimulation

k’'=8*10"1>
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I NESE SIMulations SnNow tnat CLoulomp Stress cnanges,

rather than simple pore pressure, control the induced
seismicity during pumping and withdrawal activity In
deep boreholes.

They also iIndicate we can at some extent to
theoretically predict the seismically activated
volumes during such activities, Including EGS
reservoir stimulation.

Thus, we have a powerful method to control both
permeability  enhancement and seismogenic
potential, in order to prevent, in the future, they can
approach a critical threshold to cause disasters
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