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Overview ETH iirich f\A.

Test case: Bedretto lab in Ticino, Switzerland
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Today: S A
Monitoring a hydraulic stimulation in the Bedretto (BULGG) zﬁ :
lab with DAS, seismic source characterization using FWI

Lausanne ® |Bedret
T\WA/
Goal:

= Implement fiber-optic seismology into the monitoring
framework of reservoir stimulations.

» Meso-scale injection monitoring with DAS in Bedretto

= Afully DAS-based catalog and source characterisation R Y AN

= Comparison to results from other instruments et N L
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From Plenkers et al. (2023), after Keller and Schneider, (1982).
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Bedretto)]
Lab

Tunnel installation ETHziirich
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=  Seismic event in between three boreholes
= Each borehole is ~400 m

++++++++++++++++++++++++++++ Furka tunnel
ennection

= Recorded with DAS PPN R
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31 detections
28 quality events

21.03.2025

Detection: continuous STA/LTA  ETHzurich N—

Raw DAS data
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D E E r Stimulation catalog ETHzurich N.
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. . ETHzirich GG
Location and magnitude Lab
% -1 -1
= Locations with HMC Lab: Hamiltonian Monte Carlo 5%, L 2
sampler (Zunino, A., et al., 2023) 22 . s
= Magnitude fitting based on Yin et al. (2023) using the E g -3 -3§
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Tunnel installation ETHzdrich N—
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= | ocations with HMC Lab: Hamiltonian Monte Carlo
sampler (Zunino, A., et al., 2023) E 401
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Adjoint moment tensor inversion ETHzUrich N—
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DAS FWI: python-package pyber (Noe, S. et al., in prep) =li.. ol

= Solver: Spectral-element solver Salvus (Afanasiev et al., 2018) = Misfit: L2
= Optimizer: trust-region L-BFGS
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D E E r Simulation setup ETHzurich N.

Velocity model: V,=5400m/s  V.=3100 m/s S {or e
y = 13757 w- T
Location metrics: ST~ = o
= HMC Lab: Hamiltonian Monte Carlo sampler (Zunino, A., et ~ T 1300
al., 2023) ’2? \ G 100
= Back-projection of real data from the DAS cable ef %
= Initial source location from catalogs by (Rosskopf, M., et al., 5 o w0
2024)
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Synthetic inversion ETH zirich

I Channel at 147 m, Coupling: 0.65
inverted ground truth

= Synthetic inversion at 400 Hz c First iteration
= 10% gaussian noise was added g ]
= We perturb all model parameters E

= Location: 5m ;

= M,: 1eé6 Nm - 1e3 per model parameter g Final iteration

= 1,:0.0001s g ]
»  We invert simultaneously for all model parameters:
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Real data inversion ETHziirich

* |nversion at 550 Hz
» We set a covariance [x = 2.0 m, m;=2e3, t,=0.0001]
= Apply channel weighting according to channel noise

Event A

Final model fits only a portion of the data
- Uncertainties in borehole trajectories
- True ‘model’ is anisotropic and inhomogeneous

Real-world anisotropy
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From Behnen et al. (2024)
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Real data: waveform shifting ETHzdrich

= Afactor of 4-10 remains between the amplitude of recorded %ﬁv&% — ion
and synthetic strains / : o

= Optimising the moment tensor parameters at the final source

location Av@%m%%aﬁ?
= Cross-correlation shift: compensates for unknown path effects A&WMW
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Take away message Lab
1410 O O
= Meso-scale microseismic monitoring of reservoir stimulation .
with DAS 1400 i
» Detect, Icoate and find a magnitude for most events > M -3 A
= FWI for source inversion gives us a homogenized moment = 1390 .
tensor solution for three high-quality events f
= We need to account for uncertainties in borehole trajectories 8 a0 - C
and velocity model
» New stimulations: dozens of high-quality events 1370 |
oo 1360 . : . . . :
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DEE |3 Take away message ETH:drich J\A.

Take-away messages

» Meso-scale microseismic monitoring of reservoir
stimulation with DAS
Detect, Icoate and find a magnitude for most events >

Thank yO U fOr IiStening! : EAV\-/:IBfor source inversion gives us a homogenized

moment tensor solution for three high-quality events
= We need to account for uncertainties in borehole
trajectories and velocity model
= New stimulations: dozens of high-quality events

This project has been subsidized through the Cofund GEOTHERMICA, which is supported by the European Union’s HORIZON 2020 programme for research, technological development and demonstration under grant agreement No 731117.
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Extra slides:total catalog

ETH:zurich
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Total stimulation catalog
Rosskopf, M., Durand, V., & Obermann, A. (2024)
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Extra slides: event A
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Extra slides: event B
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Extra slides: event C
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Extra slides: event C

(a)

Relocated catalog
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Extra slides: event C

Northing [m]
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Extra slides: event C

(a) Posterior Covariance Matrix
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(C) Posterior Covariance Matrix
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