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Talk Summary (30-40 min)

ÅWIT: Wave Equation Depth Imaging
ÅWhy Depth Migration?

ÅWhy Wave Equation?

Å3 Wave Equation technologies with impact:
ÅHigh-effort depth migration velocity estimation

ÅAttributes from wave equation angle gathers

ÅReverse-time Migration (RTM)
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Imaging Technology Hierarchy

NMO + stack

Wave equation PSDM (WEM)
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Time migration (PSTM)

V(z) Only, Dipping Reflectors

Kirchhoff PSDM

Ȱ.ÉÃÅȱ 6ɉØȟÙȟÚɊ

V(z) Only, Flat Reflectors

ΧίέΦȭÓ

ΧίήΦȭÓΧίίΦȭÓ ΨΦΦΦȭÓ

Reverse-time Migration (RTM)
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Why PSDM? Why Wave Equation?

Kirchhoff PSDM handles simple refraction.  

WEM also handles complex focusing.  
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Dissolution Collapse Features

Anhydrite

Salt Collapse 

feature
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Frequently seen in Kansas and other Mid-Continent plays



Wavefield Snapshots

Shot away from collapse feature. 

Time sag

Focusing 

effect

Shot directly over collapse feature. 
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PSTM vs. PSDM with true velocity
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(converted to depth)

PSDM Image

PSDM: Not just for GoMsub-salt applications!





Everything Depends on V(x,y,z)!

ÅPSDM gets a bum rap:
Å(Theory)    PSDM always beats PSTM

Å(Practice)  PSTM often wins

ÅPSDM Prerequisites
ɉ4ÈÅÏÒÙɊ      ,ÁÔÅÒÁÌ ÖÅÌÏÃÉÔÙ ÖÁÒÉÁÔÉÏÎ ÉÎ ÔÈÅ ÅÁÒÔÈȣ

ɉ0ÒÁÃÔÉÃÅɊ    ȣÁÃÃÕÒÁÔÅÌÙ ÅÎÃÏÄÅÄ ÉÎÔÏ ÍÉÇÒÁÔÉÏÎ ÖÅÌÏÃÉÔÙ ÍÏÄÅÌ

Å Intensive, iterative velocity analysis effort 
Å Migration Velocity Focusing Analysis (MVFA), at every shot point

Å Velocity update with full volume WEM Angle Gathers

Å Pure WEM velocity update methods
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Checkshotvs. Seismic Velocity

LA Gulf Coast ɀWell 10 miles away

MVFA + Angle Gather Update

Wilcox

Velocity (ft/sec)



Depth Migration Velocity Update

ÅPSDM Velocity update for PSDM project

ÅIterative

ÅVolume-based methodology
ÅUse huge amount of information

ÅInterpreter sets constraints

ÅComputer picks Dvelocity

ÅWIT: two-phase velocity update
ÅWEM Focusing Analysis (MVFA) ĄRobust

ÅWEM Angle Gather Update ĄAccurate



WEM Focusing Analysis (MVFA)
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True 3D WEM Angle Decomposition

ÅOffset does not equal incidence angle!
ÅParticularly with lateral velocity variation

ÅMeasure angle at the reflector
ÅBetter AVO information

ÅBetter azimuthal(fracture) information

ÅBetter velocityinformation
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WEM Angle Gather Velocity Update

Incidence angle gathers

Å Velocity estimation:
Å Curving up: velocity too slow

Å Curving down: too fast

Å Automatic picking of large 
angle gather volumes

Å Update velocity at every 
image point

16

z (ft)

x

z (ft)

xq

Residual Velocity panelAngle gather target line

Dv



South Texas 3D PSDM Case Study
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ÅECHO Geophysical: West George West 3D survey

ÅLive Oak County, TX 

ÅWilcox gas

ÅWEM reprocessing in 2009


