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Covenant Field Analog

Adapted from Schelling, 2007
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As you will see, this example makes sub-salt imaging look easy!
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WIT
INC Rocky Mountain Structural Exemplar

*
Next four slides: specific imaging/velocity problems

with this particular model

Most Rockies structural prospects exhibit some or all
of these problems

Nottheworst-c ase scenari offt but




WIT
INC Problem #1: Topography

*

High acquisition effort

Migration from topography?

Vel ocity analysis from a
dangerous with this much topography

2, 3000 t opogrgaphi calinehine
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WIT
INC Problem #2: Rapid Velocity Variation

PSTM will have trouble, Kirchhoff PreSDM may have trouble

Wave equation depth migration and velocity analysis

W/O prior knowledge, velocity inversions difficult to compute

8,800 ft/sec 17,400 ft/sec
pd




WIT . .
INC Problem #3: Poor lllumination

» Many important reflections are not recorded

» Critical angle < 30° in many places

» Poor transmission through volcanics

41010

Bye- by\
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WIT
INC Problem #4: Near-Surface Issues

Surface volcanicsé

Fx/jo/ju/bliesome | nt erinail mul ti pl esér
Radical focusing of the wavefield

When di ppi ng, acA noaeflections avhatsoeyen p e s

Still, 1t could be worse!
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NC A Synt het i c¢li2\DI\\WINEE
A

Simulate 306 2D shots

Shjo/ullls/ip/aci ng,: 2000 ; Max off
Pre-processing: Decon, trace balancing only

Velocity Model building
Initial model from outcrop data, sonic logs, checkshots

Migration Velocity Focusing Analysis
Imaging from topography
Shot Record Wave Equation PreSDM (SRM)
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Wavefield Snapshots

Away from the volcanics,
the wavefield is complicated
but understandable

Over the volcanics, the
wavefield is a complete
mess! Weak and chaotic.
And these are constant
velocity layers!
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Many of the st—:e—ep dips have not
Reflected energy never reaches the surface of the earth.
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WIT L .
INC Angle Decomposition with SRM

v

lllumination as a function of incidence angle is a
critical exploration tool (i.e., AVA)

Here, want to understand subsurface illumination

Kirchhoff: Assume that rays map offset to angle.
Here, the subsurface is too complicated

WEM angle gathers: existing methods inefficient
Efficient full-volume angle gathers from SRM




1) . .
NC  SRM with Known Velocity: 0-10°
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NC SRM with Known Velocity: 10-20°
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M with Known Velocity: 20-30°
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WIT
INC Shallow Volcanics = lllumination Hell

*

Shallow Volcanicso 2 ways to undershoot
3D surface seismic
VSP imaging

Model synthetic VSP (200 levels, Dz=50")

Pressure field only
Reciprocal shot trick (efficient modeling/SRM)

Thinking of a VSP? Simulation and imaging
helps quantify added value.
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T
NC Building the Near-Surface Model

10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000

B s

8000 9000 10000 11000 12000 13000 14000 15000 16000 17000




WIT
INC Migration Velocity Focusing Analysis

*

CMP-based semblance will fail here
Topography + lateral velocity variation

Wave equation Migration Velocity Analysis
Sava (CSM): Time-shift imaging condition
Image focusing as a function of time shift

MVEFA

Convert migration time shift to DV

'ms

Robust w.r.t. topography, lateral velocity variation




WIT
INC Shot record migration with correct velocity
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WIT
INC Shot Record migration with too-fast velocity

v

=
If we knew Dt, we could /

estimate velocity error




T
WINC Time-Shift Imaging Condition

Time shift (t)
source &
receiver

wavefields,
correlate

Slow Speed
Good
Down Up




