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Outline

» Introduction

» Seismic tomography

» Geological constraints for velocity analysis
» Cross gradients function

» Results

» Future work:

* Western Geco Dataset: Seismic & Resistivity
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Tomography Problem

» Choices of constraints

e Auxiliary data integration

e Smoothness

e Filters
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Auxiliary data for P-wave velocity

» Magnetotelluric (MT) Resistivity
e Natural-source (electromagnetic method)

* Insight into the resistivity structure as the main parameter
- Low resolution

- Insensitive to thin resistors

» Reflectivity

e Sharp features

Coils Hx Hy Hz Electrodes

g E-Lines Ex Ey

» S-wave velocity

O O Amplifiers, g

digitizers, etc.
Computer [l ™ GPS antenna OO
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Linearized tomography

» Travel time-slowness relation is
* model dependent
 nonlinear

» Linearize operator

e wrong initial ray paths

o o o @)
e |inearize around new slowness estimate

Tnl SO -+ VTnl As
t() —+ TL AS
TL As
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Linearized tomography

» Travel time-slowness relation is
* model dependent

e nonlinear

» Linearize operator

e wrong initial ray paths X Position(km]
3 4 ) 6

. . . (@)
e |inearize around new slowness estimate
@)
o

Tnl SO -+ VTnl As
t() —+ TL AS
TL As
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Courtesy of
Bob Clapp.
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Tomography and null space

» shadow zones
* lack of illumination or poor illumination
, . source receiver &%
(especially sub-salt regions) o
» limited angle coverage
e imposed by recording geometry
» resolution decreases with depth

* velocity information is revealed with reflection angle.

» under-determined problem

Q(As) = ||At — ToAs||* + €% ||A(s¢ + As)]|?
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Cross-gradient function [Galiardo & Meju 03]

» Structural similarity measurement
X

t(,y,2) = |[[Vmin X Ving,|| Zl |

» simplified 2-D definition

Hz, 2) = H(@mln 8m2n) B (8m1n 8m2n) |

0z ox ox 0z

e Linearized on grids with finite difference approximations

) &
Xb

normalized auxiliary field

normalized main field
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More on cross-gradient functions

» Similar to covariance

» Sharp boundary improvements

» Accuracy for different field properties:
e Difference in resolution

e Structural complexity

» Velocity vs. resistivity

e smooth velocity as resistivity
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Marmousi model

Distance(m)
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Auto-gradient
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Test |: smooth velocity
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Test 2: smoother velocity
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Test 3: reflectivity

2000 4000 6000 8000

Cross-gradient values
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Velocity analysis with cross-gradient constraint

» Velocity analysis objective function

Q(As) = ||At — ToAs||* + €% ||A(so + As)||?

v

P(As) =|[|At — TLAs|[*|+ i [|A(s0 + As)[|* + €3 ||G(r)(s0 + As)||7

linear approximation of tomography matrix . seismic slowness
regularization operator - additional data,

linear cross-gradients operator for given r - travel time
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Synthetic model with semi-circular fault
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Velocity estimation with steering filters
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Velocity estimation with auxiliary data
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Velocity estimation with auxiliary data |
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Velocity estimation with auxiliary data 2
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Observations

» Steering filters

* Smooth and continuous velocity anomalies

» Cross-gradient functions
* resolution of velocity update
* Sharp boundaries

- salt bodies, faults
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Future work

» Improved velocity-resistivity relations
» Apply to field data

» Integrate statistical uncertainty analysis
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Field Data

» 3D cube of inverted

resistivity
CMP (m)
o 20000 40000 60000 80000
» Seismic Data

Courtesy of WesternGeco Co.

CMP gather
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