Full Waveform Inversion —
A Synthetic Test Using the
PSPl Migration

Presenter:

Marcelo Guarido de Andrade

NSERC *‘?CREWES

December 5t 2014

CALGARY




FWI — A Synthetic Test Using the PSPl Migration

Outline

* Introduction

e Synthetic survey

* Cost

* |nitial Velocity Model
* Marmousi

e Conclusions

e Future work

e Acknowledgments

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

_ Minimize ~ ® (m) = ||Ad||?
e |terative

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

e |terative

Velocity (m/s)

—~~
e
N
< 1500
a
)
o

0 1000 2000 3000 4000 5000 6000 7000 8000

) 9000
Distance (m)

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

Synthetic Shot of Iteration 1
T T

k] 1 1 1 1 1 1 1 1
“ 3000 3500 4000 4500 5000 5500 6000 6500
Receiver Position (m)

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

Marcelo Guarido de Andrade




FWI — A Synthetic Test Using the PSPl Migration

Introduction

Ad = dsyn — dops

Residuals
[

| | | | | | |
3000 3500 4000 4500 5000 5500 6000
Receiver Position (m)

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

Velocity (m/s)
x10°
4

| | | | | | | |
1000 2000 3000 4000 5000 6000 8000 9000
Distance (m)

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

e |terative

Velocity (m/s)
e Gradient D]

—~~
e
N
< 1500
a
)
o

| | | L
0 1000 2000 3000

L L 1
4000 5000 6000 7000

8000 9000
Offset (m)

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

T 5
% Tested Scale Factors

— Quadratic Fit

Scale Factor

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

my =My + ApYo
e |terative

Velocity (m/s)
e Gradient

* New velocity model ™

—~~
e
N
< 1500
a
)
o

0 1000 2000 3000 4000 5000 6000 7000

) 8000 9000
Distance (m)

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

my, =my + a1 91
lterative

Velocity (m/s)
Gradient

New velocity model ™

Repeat process

—~~
e
N
< 1500
a
)
o

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Distance (m)

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

Mm+1) = Mm) T Am)I(n)

lterative
Gradient

New velocity model

Velocity (m/s)

500

1000

Repeat process

1500

* Convergence

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Distance (m)

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

Mm+1) = Mm) T Am)I(n)

Ite rative Velocity (m/s)
Gradient
New velocity model

500

1000

Repeat process

1500

Convergence
Real model (?)

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Distance (m)

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Introduction

m(n+ 1) = Myeql

Ite rative Velocity (m/s)
Gradient
New velocity model

500

1000

Repeat process

1500

Convergence
Real model (?)

Close...

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Distance (m)

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPl Migration

Procedure

Initial model
(smoothed or
constant velocity)

96 simulated shots
(“real model”)

A 4

Residuals

PSPI Migration
(Deconvolution
Imaging Condition)

v

Synthetic Data

A

v

Mute (WB also)
and Stack

!

Scale factor
(linear search and
guadratic fit)

Convergence?

!

!
!

Updated Model

Final Model

Marcelo Guarido de Andrade




FWI — A Synthetic Test Using the PSPI Migration

Synthetic Survey

Acquisition Processing

Type Marine|jStarting frequency

Number of shots 96@Iterations per frequency < 16Hz
Shot spacing 100mpiterations per frequency > 15Hz
Shot depth 30mFrequency increment < 25Hz

# of receivers 401 g@Frequency increment > 24Hz
Receiver spacing 10mgMute

Receiver depth OmWater bottom mute

Frequency 10Hz@MScale factor tests
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Synthetic Survey — Velocity Mode!
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Residuals (first iteration)
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Migrated Residuals
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Stacked Migrated Residuals— Iteration 1
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'teration 79 (1 — 13 Hz)
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Iteration 60 (1 — 12 Hz) - Muted
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Cost - Line search
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Real Model
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Best Fit
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Real Model Velocity (m/s)

1000 2000 3000 4000 5000 6000 7000 8000 9000
Distance (m)

Marcelo Guarido de Andrade



FWI — A Synthetic Test Using the PSPI Migration

Synthetic Survey -

Acquisition
Model Marmousi
Number of shots 101
Shot spacing 100m
Shot depth Om
# of receivers 401
Receiver spacing
Receiver depth
Frequency

Marmousi

Processing

Starting frequency

Iterations per frequency < 13Hz
Iterations per frequency > 12Hz
Frequency increment < 13Hz
Frequency increment > 12Hz
Mute

Smooth

Scale factor tests
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Marmousi
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Initial Model
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lteration 18
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lteration 66
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Marmousi
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Conclusions

e Computational Cost — HIGH

e Artifacts

* Starting model — good results for “poor”

starting model
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Future

* Interpolated sonic logs as starting model

* Improve line search

* Well tie for scale factor and cycle skipping

e Deconvolution imaging condition — wavelet
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