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Subtle subsurface change indicators

Fluid movement = subsurface velocity changes.

- Stress changes = subsurface velocity changes.

Simultaneous regularized 4D FWI can resolve significant model
changes at a reservoir/overburden scale (Maharramov et al, 2016).

Question: Can FWI resolve subtle model changes associated with
continuous subsurface stressing?

Question: Can FWI resolve relative magnitudes of changes to
understand the evolution of subsurface stress?

Maharramov and Biondi (SEP) Pushing inversion resolution limits, SEP 168, pp 221-234 April 17-20, 2017 2 /28



Response of velocity to stress

- Dependence of acoustic velocity V' on isotropic effective stress P can
be described empirically:

P
V = Vg <1 — AeXP_F) : (1)

0
where V., A, Py are positive fitting constants for various types of
rocks (Domenico, 1977; Zimmer, 2003; Lee, 2003; Johnston, 2013).

- Note the flattening of velocity for large effective stress.
- High-stress anomalies may be localized and “spiky”, e.g. near the

tips of slipping faults.
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Response to effective stress change (from
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Total-variation difference regularization to extract “blocky” change

» STAGE 1: Simultaneous FWI of baseline and monitor with the

total-variation (TV) difference regularization (Maharramov et al,
2016):
Baseline Misfit + Monitor Misfit + (2)

ol [VW,, [my,, — my]|[]1. (3)

» The total-variation (TV) seminorm (3) promotes model blockiness
while reducing spurious oscillations.
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Inverted monitor-baseline difference; noisy synthetics, PD FWI
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Inverted second-first monitor difference; noisy synthetics, PD FWI

[+] YA ] R T I N U L LA o]
: —-3,22e+01
480 480

b r -2.41e+01
960 960 -1.61e+01
J C -8, 04e+00

1440 1440
- — ——-— 0.00e+00
1920 [ 1920 8.04e+00

£

2400_] [ 2400 > 1.61e+01
S —— I 2.41e+01

2880 - 2880
- | — & e ——e L 3,22e+01

- - p— -

3360 3360

3840 3840

4320 1 ~ il [ 4320

T T T T T T T T T T
<] 2400 4800 x

Maharramov and Biondi (SEP) Pushing inversion resolution limits, SEP 168, pp 221-234 April 17-20, 2017 22 /28



Monitor-baseline; noisy synthetics, 7'V FWI
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Second-first monitor; noisy synthetics, TV FWI
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Conclusions and way forward

Cascaded simultaneous regularized FWI can resolve subtle
subsurface velocity changes associated with subsurface stressing in
the presence of strong noise.

Inversion can detect relative magnitudes of velocity changes.

Potential applications in reservoir and earthquake monitoring,
engineering geophysics.

Future work: feasibility for continuous weak and passive sources.
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