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o Multifocusing
o Implicit CRS
# Nonhyperbolic CRS



t )

(V%




Virtual source experiment (CRP gather)




Virtual source experiment (ZO section)
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Observations

Although all operators depend on the same parameters

(to; ;R nip 3 RN)

they behave very differently

(a) when re ectors are curved

(b) In the presence of heterogeneity



Circular wavefronts
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Circular wavefronts




CRS and geometry

CRS attributes: reciprocity
# Symmetries in CRP gather and ZO section
» NIP and normal wave experiments (g; ;R nip i Rn)

o Replacement of a two-way by a one-way problem



CRS and geometry

CRS attributes: reciprocity
# Symmetries in CRP gather and ZO section
» NIP and normal wave experiments (g; ;R nip i Rn)

o Replacement of a two-way by a one-way problem

Higher orders: circular wavefronts
» Finite wavefront curvature measurements (R; = const)
#» Moveout described by square-roots

# Straight-ray geometry



Review: CMP hyperbola
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Constant velocity overburden
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Velocity shift
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Constant velocity overburden
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Time shift

half-offset

A
t(to+ ttve)= (to+ t)2+ —  (tot+ t)
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Auxiliary media
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# Shifted velocity:
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Two ways to account for heterogeneity

# Shifted velocity:

t(to; Venirt ) = 5+

(Velocity spectra, Taner & Koehler, 1969)

#® Shifted reference time:
S

4h?

t(tshift s Vo) =t + 2 Ushift
0

(Shifted hyperbola, de Bazelaire, 1988)
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What about CRS?

# CMP hyperbola — 2 parameters: ({o; Vshirt ) OF (1o; tshift )
® CRS -4 parameters: (Ip; ;R nip i Ry)
o Problem: dip, curvature and heterogeneity are mixed

# Solution: separate heterogeneity effects!
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# Transformation invariants (dip, curvature):
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New parameterization

# Transformation invariants (dip, curvature):

pOx -

# Shifted reference time (heterogeneity):

£ = Z2Rnip
shift Vo




New parameterization

pOx -

o Shifted velocity (heterogeneity):

VNMO

1+ ( pOxVNI\/IO )2

Vsnift — €




The two faces of NMO

# Generalized osculating equation (slowness notation):

lo

Ushift

(P5  Poy)

2 — R2
pshift _ pOx +



The two faces of NMO

# Generalized osculating equation (slowness notation):

lo

Ushift

(P5  Poy)

2 — R2
pshift _ pOx +

# Two types of moveout:

te = t(tsnirt ; Po; Pox: )
ty =  t(to; Pshitt ; Pox; )



The two faces of NMO

# Generalized osculating equation (slowness notation):

lo

Ushift

(P5  Poy)

2 — R2
pshift _ pOx +

# Two types of moveout:

te = t(tsnirt ; Po; Pox: )
ty =  t(to; Pshitt ; Pox; )

» Moveout transformation: (to; Psnirt ) ! (tshit ; Po)



The two faces of NMO
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|Iso-moveout diagram
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|Iso-moveout diagram
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Complex example @
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Complex example

CMP number X
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1




Diffractions and multiples
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Diffractions and multiples
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Uni cation
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Uni cation
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Passive seismics
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Passive seismics

g
toiP) = (fo+ pox Xg)2+(P?  PE) X§ o




CRS-based passive work ow

Generalized passive moveout:

g
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CRS-based passive work ow

Generalized passive moveout:

g
tfoP) = o+ pox Xg)2+ (P2 P3) X§ fo

Pragmatic approach:

1. Slope search: I Pox Xg
2. Shifted time search: t: = t(tenise ; Po)
3. Reference time search: ty = t(to; Pshit )
4. Source time correction I teouce = o+ 1

5. NIP tomography



Simple example /
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Slope and time shift search
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Source time and two-way correction
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NIP tomography A
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NIP tomography e
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Conclusions

Circular wavefronts instead of second orders
Generalization of the two faces of NMO

New CRS parameterization
Separation of heterogeneity from dip and curvature
Generalized osculating equation
Free choice of auxiliary medium

Uni cation and duality
Connection of active and passive seismics

Fully data-driven passive work ow
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