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Contents

* Derive phase-slowness expressions for quasi-P and
guasi-SV waves in a VTI medium which are used in a
ohe-way wave-equation migration scheme.

* Numerical examples
— demonstrate that the slowness approximations are valid for
wide-angle propagation
— the resulting one-way propagators are validated on a series of
synthetic tests and applied on a field ocean-bottom seismic
dataset.
* The results show that the method accurately images
both compressional and converted waves in OBS data
over a vertically transverse isotropic medium.
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Wave characteristics

* The characteristics of wave-propagation can be described by the

dispersion relation, relating the vertical (gq) and horizontal phase-
slowness (p).

* It can be found by combining the stiffness coefficients for a VTI
medium with the Christoffel-equation.
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Main imaging methods

Imaging algorithms

/..--“‘*

Kirchhoff (ray-based)
Based on the high-frequency approximation.
May not provide reliable images in areas with

Wavefield extrapolation
MUIti-pathing is handled in a natural

waly etc. complex geology where multipathing occures.
-
- -
&~
Two-way wavefield One-way wavefield
~ extrapolation extrapolation
Frovide an accurate description Efficient method which is
of wave propagation. High routinely used in seismic
computational cost, challenges imaaing. Mot valid for near
in noise reduction can become horizontal propagation.
alimitation.
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One-way wavefield extrapolation

 Given a wavefield at CL:[J(;_;_ -

» Dividing the medium into depwn-sians of thickness Az, the solution of the one-way wave-

eqguation gives:

U(z + Az,:) = eTB2wa@2) g (o

)

* Extrapolating the wavefield using (1) is expensive.

* Various approximative methods exists

(1)

— Generalized Screen, Beamlets, Fourier finite-difference(FFD), etc.

— Here, we focus on the FFD approach.
* FFD provide good accuracy vs. efficiency.
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One-way wave field extrapolation

* For the FFD propagators, the propagator is separated into a phase-shift
propagator in a constant background medium and a spatial finite-difference
correction accounting for the varying model components.

Go,3(p. ) = qa.5(p) + Aga,g(p, )

N

Constant background  Medium perturbations

* For the medium perturbations, we need to decouple the spatial and
slowness components.

* Represent the phase-slowness as:
_ (e NCASRN T NC I
o, = E ]‘j (.‘L)Jj (p)
j=0
elwA2aa(p,x) o piwAzqg (p) plwAzAga(p,z)
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Phase-slowness approximations

Exact expression:

L=

1
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Series representation of square root (similar for ¢3) yield:
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We approximate the square-root by

i = (1 -4 (pao)QjJrg) (Truncated series, j=2)

-
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1 - a2 2 . .
<1+H3p2+ K1P ) (Continuous fraction)

o= % — kG p?
L ®NTNU

p
100 skapende &r



Accuracy of approximated slowness
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Accuracy of approximate slowness
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One-way wave field extrapolation
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Ocean bottom seismic experiment
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Ocean bottom seismic imaging

Wave field extrapolation:

D (z+ Az,:)
U (z + Az,:)
UV (z + Az,:)
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Imaging condition:
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I m p u IS e re S p O n S e te StS The impulse response test involves migrating

a single input seismic trace in a given
medium. The input trace contains a single
spike located at time 2.0 s

Offset [km)]

-2 -1 0 1 2

Depth [km)]
Depth [km|

C-wave impulse P-wave impulse

* Medium parameters: ap = 2000.0 m/s Bp = 1000.0 m/s of = 1000.0 m/s; 3] = 750.0 m/s
M=d=00 "=e=0.1

* By inspection, C-wave accurate up to about 50°, P-wave accurate up to about 70°

* For larger angles the error introduced by the medium perturbations cause the impulse response to
be mis-positioned (inaccuracy of the qSV slowness approximation for large angles)
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I m p u IS e re S p O n S e te StS The impulse response test involves migrating

a single input seismic trace in a given
medium. The input trace contains a single
spike located at time 2.0 s

Offset [km)]

Depth [km)]
Depth [km]

C-wave impulse P-wave impulse

' =d=005 "===025

* By inspection, C-wave accurate up to about 45°, P-wave accurate up to about 70°

* In general, the accuracy of the derived one-way propagators for high dips
depends on the variation of the medium properties.
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2D Synthetic data example

Subsurface location [km]

1 2 3 4
) 3000
i: 2500
 We test the ability of the derived migration -, | ..
scheme to handle a subsurface with a relative
high degree of medium perturbations.
 The model consists of 5 reflecting interfaces -~ £ o
the response from the sea-floor is not modelled. 2 300
. 2 0
 The receivers are placed at the sea-floor and /]

the sources at the sea-surface. Ly ..

N

Depth [km]

Depth [km]
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2D Synthetic data example

* A synthetic common-shot dataset
was produced using a Born-
Kirchhoff-Helmholtz modelling
scheme (Ursin and Tygel, 1997) both
for P—P and P-S waves.

Offset [km]

P-F data

P-5 data
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2D Synthetic data example

* A synthetic common-shot dataset Subsurface location [km]
was produced using a Born- ' ' :
Kirchhoff-Helmholtz modelling
scheme (Ursin and Tygel, 1997) both
for P—-P and P-S waves.

* After imaging, we see that both the
C-wave and pressure-wave
migration provide accurate results.
The difference between the migrated
sections is not very distinct, and the
reflector interpretation would most
likely coincide for both sections.

* Notice that the migrated P-S image
has higher resolution than the
migrated P—P image since the S- _
wave velocities are slower than the P image
P-wave velocities.

Depth [km]

Depth [km]
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3D Field data example - Volve

* We apply the derived one-way
propagators on a 3D field OBS
dataset. The OBS dataset was
acquired in 2002 in the central North
Sea over the Volve field. The field is
located in the Sleipner area in the
southern part of the Viking Graben.

Trondheim
L]

Norge

LBErgen
9 *Dslo

s5tavanoer

Volve
L7l

Storbritannia
Danmark

Image from www.statoil.com
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3D Field data example - Volve

* We apply the derived one-way | Crostoc muber | Crossine rumber
propagators on a 3D field OBS -
dataset. The OBS dataset was | v
acquired in 2002 in the central North o
Sea over the Volve field. The field is = -
located in the Sleipner area in the | . TP
southern part of the Viking Graben. T [Syelociy |
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3D Field data example - Volve

* In general, the migrated images
P-P and P-S show good structural

400

focusing.The two images correlate ST e
well in depth. e

* We notice that the migrated P-P i S
Image show better reflector s e
continuity in the deeper part than o
the migrated P-S image and R sy
thereby seems to be better Y s
focused. Some differences are [
found between the distinction of 2 e
some of the reflectors in the deeper BRI e
part below about 3 km. These
differences are most probably due

' Migr:ated FI’-P séction
{inline)

to differences in the reflectivity for
the converted waves.

Depth [km)|

Crassline numbser

200 2500 300 350 400
T T T T

Migréted F’I-S setlztion '
{inline)
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3D Field data example - Volve

* In general, the migrated images

P-P and P-S show good structural __ e
focusing.The two images correlate —~+——+——
well in depth. e A : #.4 §i2z1
. ) e N R e sE=T = s=S=35
* We notice that the migrated P-P L e ISeadaiTlastals |
Image show better reflector e s Gt i

continuity in the deeper part than
the migrated P-S image and
thereby seems to be better
focused. Some differences are
found between the distinction of
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Depth [kmn]
Diepth [km)

some of the reflectors in the deeper | - St
part below about 3 km. These k 1 T = =

differences are most probably due T Miotewd PP secion TGP
to differences in the reflectivity for (<Line) (X-Line)

the converted waves.
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3D Field data example - Volve

Crossline number Inline number
150 200 250 300 350 4005 50 100 150 200
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Conclusions

* We have developed a pre-stack migration scheme for compressional and converted
waves using one-way propagators.

* The method builds on an FFD depth extrapolation scheme for which we derive
approximations of the vertical qP and gSV slowness as a function of horizontal
slowness p.

* By analysing the corresponding group-velocity as a function of group angle, we show
that the approximations are accurate for high angles using small anisotropy
parameters and weak non-hyperbolicity.

* Impulse responses demonstrate the propagator accuracy through good dip response
and accurate kinematic behaviour for weak anisotropy. For higher values of the non-
hyperbolicity parameter, the accuracy of the compressional propagators are still valid
for high angles of propagation, while the C-wave propagators become more
Inaccurate.

* The 2D synthetic data example illustrates the methods ability to handle models with a
realistic degree of laterally varying medium parameters. The data example also
shows consistency between the compressional and C-wave images.

 The 3D field data example shows that the method is applicable to real data. Even
thought the compressional and C-wave images show differences in focusing and
structural definitions, we also see good correlation in depth in the images.
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