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We propose a modified FWI scheme that iteratively solves We use 2D acoustic time-domain FWI codes developed by Cross talk occurs when one parameter is updated in response to
for both source distribution and velocity model. We show Almuteri and Innanen (2016) as the starting point for this data variations caused in part by a different parameter. Figure 5
numeric examples in a 2D time-domain acoustic framework new source-term gradient. shows an example of cross-talk for the velocity model gradient.
developed in Python. Examples of the source-location @ I ) B I'\E/ilgure h5r
grac.lient are shown in % varigty of scenarios in order .to Figure 2a shows the homogeneous background velocity - Socl)lvflcnei -
begin to understand its behaviour, as well as the potential model, and Figure 2b shows the gradient. The red dot is the v §'§§Zt§ butllg
cross-talk. between the two parameters. We see that low starting position, and the green dot is the true position of the model.
frequencies are best for th.e source-term gradient to the source. The gradient attempts to cancel out the sasasess
g.rodluce fahcorrect ‘,‘pd?tg Thlshupdate has the folrm O,f . incorrect location, and produces a second lobe of opposite
a:]de :’[;,:l)l:iti\?enleogba:\i/re] tohee jitr;cteiolzcg;rflfz S:ourrr(;ectoscjjlrcc):z polarity in the direction of the true location. For the source-term gradient, previously the star.ting velocity
o Figure 2 model was set equal to the true model. In Figure 6, the

location.

background velocity for the starting model has been changed.
This leads to overestimating (Figure 6a) or underestimating
° (Figure 6¢) the source-term region.

Background and Theory

Microseismic events are small-magnitude earthquakes that can
be induced by a variety of processes, such as hydraulic
fracturing. One of the goals of microseismic processing is to
obtain accurate locations for the events.

—> This requires an accurate velocity model.
We propose a multiparameter FWI scheme that combines the Figure 3 shows the gradient if the starting position is far “

S Figure 6: Gradient as a function of change to true velocity model: (a) v, < v,, (b) v, =
Vo, (C) v, > v,.
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co.nvent.ionz.al FWI framewprk to invert for velocity with th.e from the true position. Again, the gradient cancels the 10 3120 '
microseismic source location problem (Figure 1). We call this naccurate nosition and the center of the upper lobe is at "
microseismic FWI, or MFWI. In a Newton SCheme, we have an o P ’ . PP 60 80 100 120 140 60 80 100 120 140 60 80 100 120 140
update Of the form the pOSItIOn Of the true |Ocat|0n. Distance x (m) Distance x (m) Distance x (m)
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Multiparameter MFWI would solve for the source-term
The subscript of ¢ refers to the velocity model update, while the gradient and velocity gradient simultaneously, with the
subscript of s refers to the source position update. The source- - Hessian to aid with the cross-talk.
term gradient we propose is: .
0 50 100 150 200 0 50 100 150 200 P In COﬂClUSIOn
gs — Z / dt(SP(rg, rs, t‘Sc, Ss)g(rg, r’ t . t*‘sc’ SS) Distance x (m) Distance x (m) . . . .

— | | | * The source-term gradient moves in the correct direction

7 Figure 4 shows the gradient as a function of frequency. Only of the true source location.
}c"r’]here 51[”(7%;Ts;t?|5c: Sszj ;:S*FhihreSqufi'S{.g(Tg,f?ht — 7S¢, Ss) is the low frequency gradient behaves like a dipole by + Low frequency source-term updates have the character

€ green’s tunction, and t -1 the ofigin time oT the Source. applying a negative lobe to the incorrect location and a of a dipole.
Figure 1: Schematic illustration of hypothetical ‘y : , , , ,
source and velocity distribution positive lobe to the correct location.  Due to the potential cross-talk, the Hessian is essential.
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