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Introduction to FWI

Least Squares
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Introduction to FWI
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Introduction to FWI
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Fast Waveform Inversion (FastWI): Gradient

e Based on the FWI steepest-descent method
e Gradient: seismic processing tools

m,, (1 = my—opl {S[M(dy—dy)]}

 Linear operators
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Fast Waveform Inversion (FastWI): Gradient

e Commuting the migration and stacking operators

m, . =m, — a,(/ do)]} —m,)

> [Subsurface image]

e Post-stack depth migration
e RTM or zero-offset PSPI
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Fast Waveform Inversion (FastWI): Well Calibration

Match Filter
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Synthetic Test 1: Simple Model

True Model 7 WELLS LOCATIONS
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Synthetic Test 1: Simple Model
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Synthetic Test 1: Simple Model
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Synthetic Test 1: Simple Model

Deviation per Iteration: Wells
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Deviation per Iteration: Wells
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Synthetic Test 1: Simple Model

Inverted Model: Post-stack PSPI
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Synthetic Test 1: Simple Model

Inverted Model: Post-stack RTM
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Synthetic Test 1: Simple Model
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Synthetic Test 2: Marmousi
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Synthetic Test 2: Marmousi
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Synthetic Test 2: Marmousi
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Inverted Model: Update 0 (Post-stack RTM)

500

1000
4000
1500 3500
2000 ¢ 7
2500 [ ]
2000
3DDD = 1 1 1 1 1 1 1 1 1 1 E ISUD
] 1000 2000 3000 4000 5000 6000 f000 8000 9000 10000

Deviation per Iteration: Well Position

08

E

S post

N

=

=

=

=

B 09

a

0.85 - - -
5 10 15 20
lteration
Model Deviation per lteration
F . .

—~ 0.95

E

(=]

S

g 0.9

=

=

g

a 0.85

a

| | | |
5 10 15 20
Iteration

f.;';‘ CREWES FastWI| Strategies Applied to Hussar

NSERC UNIVERSITY OF CALGARY
CRSNG FACULTY OF SCIENCE

Department of Geoscience




Synthetic Test 2: Marmousi
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Synthetic Test 2: Marmousi

Inverted Model: Post-stack RTM
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Synthetic Test 2: Marmousi

Deviation per Iteration: Well Position
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Processing Flow

Processing Flow Post-processing Flow

Load raw data

'

Setup survey geometry

Velocity analysis and NMO correction
(first pass) Time variant spectral balancing

Compute and apply refraction statics solution Surface consistent residual static correction FK Filter
Trace editing and despike Velocity analysis and NMO correction FX Prediction Filter

l (second pass) (Operator length = 6 traces, 25% Addback)

RT domain surface wave attenuation l ‘
] Trim static corrections AGC (500 ms)

Spherical divergence correction i '
l Stack Bandpass Filter (0/3Hz 70/80Hz)
c

Surface consistent amplitude balancing

!

Surface consistent deconvolution
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FastWI Applied to Hussar
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FastWI Applied to Hussar
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FastWI Applied to Hussar
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FastWI Applied to Hussar

Inverted Model: Post-stack PSPI
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FastWI Applied to Hussar

Inverted Model: Post-stack PSPI
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FastWI Applied to Hussar

Inverted Model: Post-stack PSPI
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FastWI Applied to Hussar
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FastWI Applied to Hussar

Deviation per lteration: Wells
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FastWI Applied to Hussar
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FastWI Applied to Hussar
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FastWI Applied to Hussar
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FastWI Applied to Hussar
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FastWI Applied to Hussar
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FastWI Applied to Hussar
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Conclusions

e FastWI is based on the FWI steepest-descent method, and shows to
be robust and requires low computation power

e RTM or PSPI: depends on the complexity of the model and budget

e Works with one or more sonic logs

e Converges in areas between the wells (synthetic tests)

e Hussar: convergence at wells locations

e Blind tests: convergence in between the wells

* Avoid matching wells located at low fold and S/N ratio areas of the
stacked section
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e Extendto 3D
e Shear-waves?
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