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Talk Summary (45 min)

ÅWIT: Wave Equation Depth Imaging
ÅWhy Depth Migration?

ÅWhy Wave Equation?

ÅCase studies highlight three Wave Imaging 
technologies with impact:
ÅHigh-effort depth migration velocity estimation

ÅReverse-time Migration (RTM)

ÅAttributes from WEM angle gathers



Imaging Technology Hierarchy
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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

Salt Collapse 

feature
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Frequently seen in Kansas and other Mid-Continent plays



Wavefield Snapshots

Shot away from collapse feature. 
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PSTM vs. PSDM with true velocity
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Everything Depends on V(x,y,z)!

ÅPSDM got a bum rap (until recently):
Å(Theory)    PSDM should always beat PSTM

Å(Practice)  PSTM often won

ÅSalvation: compute power, volume-based update
ÅDepth velocity analysis is iterative

ÅConstrainedvolume-based vs. model-driven solutions

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

ÅWEM Angle Gather Update ĄAccurate
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Checkshotvs. Seismic Velocity

LA Gulf Coast ɀWell 10 miles away

WEM Focusing Analysis + Angle Gather Update
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Velocity Model has Interpretive Value

Data courtesy ECHO Geophysical
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WEM Focusing Analysis + Angle Gather Update



Shot Record Migration with Correct Velocity
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Focusing Analysis

If we knew Dt, we could 

estimate velocity error 

Shot Record Migration with Too-fast Velocity
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WEM Focusing Analysis

ÅPhase 1 of 2

ÅRelate best-
focusing tto  Dv

ÅEvery shot point

ÅRobust to:

ÅLarge velocity 
errors

ÅLow fold

ÅGood for land data

t (sec)

Z
 (

m
)

Correct Migration Velocity Too-fast  Migration Velocity

Slow

Down

Speed 

Up
Good

Time-shift gathers

Slow

Down

Speed 

Up
Good



Angle Decomposition for WEM

ÅCompute propagation direction 
vectorsfor source and receiver 
wavefields

Å Incidence angle, dip angle, and 
azimuth angle from two vectors
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WEM Angle Gather Velocity Update

Incidence angle gathers

Å Phase 2 of 2

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
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