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e Basic definitions of seismic moment tensor (MT)

* A linear inversion the amplitude of P- and S-wave for MT
* Proper acquisition geometry to recover full MT

* A linear waveform inversion for S(t) and MT

e Synthetics microseismic data generated using TIGER
e Conclusions
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Fundamental ambiguity: both faults has the exact same
seismic displacement in the far-field



Time-dependent moment tensor

Point source:

I m, (£)=M S(t)

S(¢)= source-time function



Displacement wavefield (Aki and Richards, 2001)
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a = P-wave velocity, = S-wave velocity



u,(x,t)=g,, (X, t)=M _S(t)

Displacement wave-field (Aki and Richards, 2001)

3C displacement wavefield observed
at geophone located at X

n=12,3 due to a source at X
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Moment tensor
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Radiation pattern
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u’(%,1) = EE
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Moment tensor inversion:

Data = P- and S-wave first arrival amplitude
M = (My;,M,;,M33,M,3,M,3,M,,)
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D=GM

M=(G'G+u)'G'D

Moment tensor inversion: method 1
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Resolution matrix
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MT inversion: single well and P-wave data only
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(13 terms can be recovered

(13 zero singular values

(dResolvability insensitive
to the distance between
array of receivers and the
source
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MT inversion: single well and P&S data

(15 terms can be recovered

(1 zero singular values

(JResolvability insensitive
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array of receivers and the
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MT inversion: two wells
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Recover full MT from data, single well geometry
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Microseismic data generated by TIGER software

(J 3D anisotropic elastic finite-difference modeling software
J Arbitrary acquisition geometry
(J Moment tensor source

JTigerShell - Tiger 0.7.5
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Moment tensor inversion: method 2 (Vavrycuk and Kihn, 2012)

Step 1: estimate S(t)
un(’i:»’t) = (gnp,q(';é?t)>X< MpqS(t)
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G, = 8n23 T 8325 G, = 813 T8z G, = 82 T8m.

u (x,t)=G, (x,t)+*M,S(t)

Fourier
transform
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Moment tensor inversion: method 2 (Vavrycuk and Kihn, 2012)
Step 1: estimate S(t)

u (xX,m) = Gn_k (X, c_u)mk (w)
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Moment tensor inversion: method 2 (Vavrycuk and Kihn, 2012)

Step 2: estimate M,
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MT inversion TIGER data
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Conclusions

 Understanding of MT representation of seismic sources

e Seismic response of a MT source

* Proper microseismic observation geometry to recover full MT
 Waveform inversion to extract S(t) and MT

 The way forward!

20



* Generate accurate TIGER data!

e Estimate S(t) using a deconvolution method

* Investigate the effect of random noise on inversion results
* Investigate the effect of velocity model on inversion results
e Application on real data

e Simultaneously invert for velocity model and MT
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