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1.0 Problem description

e Migration results can be very sensitive to salt body boundaries
m High velocity contrast means salt acts as a lense

e Tomographic methods cannot always make
sharp salt body delineations
m Not often enough reliable high
frequency information
m Doesn'tintrinsically deal with discrete
boundaries
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1.1 Current methods

e Manual & Automated picking PICK SALT
m Needs to be iteratively picked / re-
migrated MIGRATE
m Oversight / inputting picks is time
consuming ANALYZE
IMAGE
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1.2 Proposed method

e Model salt boundaries as a contour of an implicit surface (level set).
e Build velocity model based on these boundaries.

e Evolve the implicit surface (and subsequently the 2D boundary) to
minimize the FWI objective function.
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2.0 Level set overview

PHI
VALUE
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’ 2.1 Level set advantages |

“ “ . . e Can handle merging and separation of
segmented bodies

e Implicit approach can handle sharp
corners and cusps without going

unstable
‘ ‘ ‘ e Easily extendable to 3D
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2.2 Level set disadvantages

e Can be expensive

e Most applicable on bodies that we can approximate as homogeneous
m Salt is not always best approximated that way

e No guarantees of convergence (not monotonically decreasing)
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2.3 Previous work

e Osher & Sethian (1988):
m Introduced general level set method

e Santosa (1996):.
m Evolved level sets using FWI objective function on 2D bodies

e Guo and de Hoop (2013):
m Expand on Santosa’s work
m Use frequency domain forward operator
m Also apply alternating tomographic updating
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2.4 New approach

e Builds on Guo & de Hoop
m Experimenting with concurrent tomographic updating
m Using time domain forward operator

m Investigating the inclusion of expert input boundary confidence
Intervals
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' 3.0 Level set derivation |
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3.0 Level set derivation

¢(aj‘7.> p— O Boundary represented by level set
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3.0 Level set derivation
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3.0 Level set derivation
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3.0 Level set derivation

EVOLUTION UPDATE EQUATION
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3.0 Level set derivation
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3.0 Level set derivation

Back-propagated residual
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3.0 Level set derivation

BOUNDARY GRADIENT

TOMOGRAPHY GRADIENT
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TOMOGRAPHY
UPDATE

SALT
BOUNDARY
UPDATE

4.0 Alternating velocity update

e Freeze background
velocity

Update PHI

surface
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Smooth full velocity
model

Update background
velocity

Freeze background

velocity

e Freeze PHI surface
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4.1 Concurrent velocity update

TOMOGRAPHY e Update background e Update background e Update background
UPDATE velocity velocity velocity

SALT e Update PHI e Update PHI e Update PHI
BOUNDARY
UPDATE surface surface surface
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4.2 Update workflow

Implicit
e Full velocity Data space
- :> model residual %
Background
velocity

Scaling PHI gradient
parameters
(ALPHA and . -
BETA Tomography gradient

Future Work
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4.2.1 Build full velocity model

Implicit
surface PHI Full velocity Data space
model residual %
Background
velocity
Scaling PHI gradient
parameters
(ALPHA and . -
BETA Tomography gradient
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4.2.1 Build full velocity model

Salt boundary as zero Background velocity Full velocity model
level contour
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4.2.2 Forward model

Implicit

e Full velocity Data space
B |:> model residual

Background

velocity

Scaling PHI gradient
parameters
(ALPHA and . -
BETA Tomography gradient

Future Work
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4.2.2 Forward model

Full velocity model Synthetic data Observed data Residual
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4.2.3 Linearized adjoint gradients

Implicit
surface PHI Full velocity
— :> model
Background
velocity

residual

Scaling | ( PHI gradient
parameters
ALPHA and
( BETA <:|- 1| Tomography gradient
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4.2.3 Linearized adjoint gradients
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4.2.4 Scaling parameters

Implicit
surface PHI

Background
velocity

Problem Description

Full velocity
:> model

-@-

Scaling
parameters
(ALPHA and

BETA
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Scaling parameter search

EXPLICIT STEPPING FUNCTIONS:
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Scaling parameter search
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LINEAR PLANE SEARCH OBJECTIVE FUNCTION
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Scaling parameter search
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LINEAR PLANE SEARCH OBJECTIVE FUNCTION

RETURN TO RESIDUAL SPACE
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Tomographic update is never
applied to salt area

We mask out this portion of the
update before forward operation

We base our masking on the
previous salt boundary
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4.2.4 Scaling parameters
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Scaling parameter search
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Scaling parameter search |I
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5.1 Convergence demonstrations
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5.3 Convergence demonstrations
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5.4 Convergence demonstrations
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5.4 Convergence demonstrations
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Depth (km)

Halpert, SEP-149
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Level set overview
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Future work |I

. Calculation

e Incorporate expert confidence input

m Currently the only expert
input is from initial boundary
guess

m Evolution could be influenced
by confidence mapping of
boundary
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6.2 Future work

e |mplement convergence
criteria
m Cooling method

e Extend to 3D
m No major theoretical
differences
m Level setis a surface,
not a contour
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Summary

e Level set approach can be well posed to defining salt bodies

e Concurrent tomographic updating shows promise, but must overcome the
iInherent limitations of mixed tomographic/boundary information

e Potential to integrate expert boundary confidence input as constraint on evolution
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