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Improved shot-sampling: reduces shot-interpolation
requirements in 3D seismic acquisition

Lower acquisition cost: enables simultaneous acquisition of
multiple azimuths in 3D wide- or multi- azimuth data
acquisition at lower cost

Longer offsets: enables better imaging or improved AVO
information

Shorter acquisition time-window: makes acquisition practical
where operational, climatic, political or other uncontrollable
factors could have prevented it
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Pros
Lower acquisition cost/time:

data acquisition at short time intervals possible.
pseudo-continuous reservoir monitoring possible.
repetition of survey geometries/timing difficult but
unnecessary.

Cons
Non-repeatability:

undesirable non-repeatability/imaging artifacts present.
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Separation can be difficult and most easily implemented for
few sources with certain acquisition geometries
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Time-lapse (4D) imaging

L0m0 = d0

L1m1 = d1

∆m = m1 −m0

∆m̃ = m̃1 − m̃0

Li : modeling (acquisition) operator
di : seismic data
mi : earth reflectivity
m̃i : migrated image (LT

idi )
∆m: time-lapse image

i=0: Baseline

i=1: Monitor
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L1m1 = d1

∆m = m1 −m0

∆m̃ = m̃1 − m̃0

Li : modeling (acquisition) operator
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mi : earth reflectivity
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i=0: Baseline

i=1: Monitor

G. Ayeni, Y. Tang, & B. Biondi Seismic reservoir monitoring with simultaneous sources 38 / 43



Background
Methodology

Numerical Example
Conclusions

Time-lapse imaging
Joint least-squares migration

Joint least-squares migration/inversion

S(m0, ..,mN) =
N∑

i=0

∣∣∣∣∣∣L̂imi − d̂i

∣∣∣∣∣∣
2
++ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +

S(m0, ..,mN): cost function
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Joint least-squares migration/inversion

Dip estimates from baseline image
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Joint least-squares migration/inversion

S(m0, ..,mN) =
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Hale, D., 2007: Local dip filtering with directional Laplacians: CWP Report 567, 91-102

Ayeni et. al., 2009: Joint inversion of simultaneous source time-lapse seismic data sets,

SEP Report 138, 155-170

S(m0, ..,mN): cost function
Ri : structural constraints with strength (εi )
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Joint least-squares migration/inversion
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Λi : temporal constraints with strength (ζi)
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Joint least-squares migration/inversion
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S(m0, ..,mN): cost function
Γi : sparsity constraints with strength (βi)

G. Ayeni, Y. Tang, & B. Biondi Seismic reservoir monitoring with simultaneous sources 39 / 43



Background
Methodology

Numerical Example
Conclusions

Time-lapse imaging
Joint least-squares migration

Joint least-squares migration/inversion

S(m0, ..,mN) =
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Iteratively minimize S
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Velocity model (baseline)
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2D Numerical model
Image volumes
Time-lapse difference volumes
Time-lapse seismic attributes

Data summary

Table I: Modeling parameters
Shots Receivers

Number 56 388

spacing (m) 96 16

Non-repeated geometry [Max. shot-displacement: 32 m ]

Non-repeated shot-timing [Max. relative delay: 2.0 s ]

All shots encoded

Born single-scatter data

Neglect geomechanical changes
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1 Permanent monitoring with simultaneous-source/encoded data

2 Account for inaccurate baseline velocity

3 Account for time-variant velocities and geomechanical changes

4 No iterative inversion required
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Conclusions

1 Acquisition with multiple simultaneously-shooting seismic
sources can reduce cost and time requirements

2 Hydrocarbon reservoirs can be monitored efficiently with
simultaneous-source data

3 Repetition of shooting geometries and relative shot-timing are
difficult but unnecessary

4 Non-repeatability and cross-talk artifacts cannot be removed
by conventional imaging (migration) method

5 Iterative joint imaging/inversion attenuates undesirable
artifacts thereby improving time-lapse data quality
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