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Motivation

Multiple solutions!

p

• Full-waveform-inversion: strongly affected by acquisition
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Motivation

• Seismic-while-drilling (SWD) data potentially contributes to FWI 
by adding new ray paths
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Motivation

True model Initial model

Intermediate 
result Final result

(Auriol et al., 2019; Kazemi et al., 2020)
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Methodology

𝒑 ଵଶ ଶ, s.t.

௞ାଵ ௞
Truncated Gauss-Newton method 
(TGN)

2nd derivative 1st derivative

(Métivier et al., 2013; Keating 2020)
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Methodology

(Kazemi et al., 2020)
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Numerical experiments

3 vertical profiles: x = 1960 m, 2360 m, and 2760 m

Initial models:
Vp: 2500 m/s        
Rho: 1900 kg/m3

Moment tensors: [-1, 1]

Geometry:
Nx = 150   Nz = 50
NPML = 12
dx = dz = 20
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Numerical experiments

Case 1-a: surface seismic

Source interval: 2
Source number: 35
Receiver interval: 1
Receiver number:70

Initial models:
Constant values, equal 
to the background 
values.
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Numerical experiments

Case 1-b: surface seismic + vertical drilling path

20 deeper 
sources

Source interval: 2
Surface source number: 
35
Deeper source number: 
20
Receiver interval: 1
Receiver number:70

Initial models:
Constant values, equal 
to the background 
values.
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Numerical experiments

Case 1-c: surface seismic + deviate drilling path

20 deeper 
sources

Source interval: 2
Surface source number: 
35
Deeper source number: 
20
Receiver interval: 1
Receiver number:70

Initial models:
Constant values, equal 
to the background 
values.
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Numerical experiments

1-a (MAPE=18.9%) 1-b (MAPE=14.9%) 1-c (MAPE=15.2%)

𝑉௣

1-a (MAPE=24.7%) 1-b (MAPE=9.2%) 1-c (MAPE=9.8%)

𝜌
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Numerical experiments
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Numerical experiments
1-a

1-b

1-c
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Numerical experiments

Case 2-a: surface seismic + VSP

Source interval: 2
Surface source number: 
35
Receiver interval: 1
Receiver number:70 + 20

Initial models:
Constant values, equal 
to the background 
values.
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Numerical experiments

Case 2-b: surface seismic + VSP + vertical drilling path

Source interval: 2
Surface source number: 
35
Deeper source number: 
20
Receiver interval: 1
Receiver number:70 + 20

Initial models:
Constant values, equal 
to the background 
values.

20 deeper 
sources
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Numerical experiments

Case 2-c: surface seismic + VSP + deviate drilling path

Source interval: 2
Surface source number: 
35
Deeper source number: 
20
Receiver interval: 1
Receiver number:70

Initial models:
Constant values, equal 
to the background 
values.

20 deeper 
sources
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Numerical experiments

2-a (MAPE=11.9%) 2-b (MAPE=9.2%) 2-c (MAPE=9.4%)

2-a (MAPE=24.5%) 2-b (MAPE=6.7%) 2-c (MAPE=6.2%)

𝑉௣

𝜌
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Numerical experiments
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Numerical experiments
2-a

2-b

2-c
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Conclusion

• Added ray paths from SWD enhance FWI models
• Deeper sources play an important role
• We have added elastic models and unknown drill 

radiation patterns to the problem – may expand 
possibilities for technology

• Future work: better integration of SWD source 
signature using frequency components
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Thank you!


