NTNU
Norwegian University of
Science and Technology

KAUST

(.

Prestack traveltimes for DTI media
ROSE Meeting 2012, Trondheim, Norway

Pavel Golikov?, Tariq Alkhalifah? and Alexey Stovas?!

INTNU, Trondheim, Norway
2KAUST, Thuwal, Saudi Arabia

April 23, 2012

Golikov, Alkhalifah & Stovas, DSR for DTI

WWW.Ntnu.no N
\



Motivation

e DSR - the double-square-root operator being used for
migration before stacking

e DTI - the special (but most practical) case for TTI media with
symmetry axis being orthogonal to the dip
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DSR Equation
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DSR Equation

Alkhalifah & Sava, 2010

DSR for DTI
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DSR Equation
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DSR Equation

_ o ypes
- ()
n \/ ()7 (1 —y)422

v§ ()

Alkhalifah & Sava, 2010

Golikov, Alkhalifah & Stovas, DSR for DTI

www.ntnu.no



DSR Equation
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DSR Equation
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s-r and x-h coordinate systems
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s-r and x-h coordinate systems
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Isotropic DSR
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Tilted Tl media

VTl media | mea‘ra\ S > DTI media
9,
&

symmetry axis
/

e Symmetry axis for transversely-isotropic (TI) media can be not
only vertical (VTI) or horizontal (HTI) but also tilted (TTI).

e One of the most reasonable approximations for TTl is the
model with the symmetry axis being normal to the reflector
plane - the DTl model.
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Slowness surface rotation

VTI slowness surface in acoustic
approximation

g2 L 1-(1+2p)(2+20)pv¢
v 1-2n(1+20)p 2

q(p), s’km

The rotation operator is defined as

B 3 p’\ [ cosf —sind p
s 7 | < q ) \ sing cosé q

p, s’km

where
Slowness surfaces for VTI Vg is the symmetry-direction velocity,
and TTI (tilt is 30°) media. 7= (¢ —9)/(1+20)
g and p are vertical and horizontal
slowness, respectively
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TTI slowness surface

vé(qcosf + psind)?(1 — 2n(p cosd — g sin 0)?v2)+
(1 +2n)(pcosd — qsinh)?vZ — 1 =0.
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TTI slowness surface

vé(qcosf + psind)?(1 — 2n(p cosd — g sin 0)?v2)+
(1 +2n)(pcosd — qsinh)?vZ — 1 =0.

4

VE(gs cos b + ps sin 0)?(1 — 2n(ps cos f — gs sin 0)?vZ)+
(1 + 2n)(pscosf —gssinf)>vZ —1=0

vé(gr cos f + py sin0)?(1 — 2n(p; cos 6 — g sin 0)?v7)+
(1 + 2n)(prcosd —q,sinh)?vZ —1=0
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DTI formulation

Alkhalifah & Sava, 2010
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DTI formulation

Alkhalifah & Sava, 2010
sing — Px _ Ps + Pr ’
VPZ+a2  /(ps +pr)2+ (s + )2
cosf = g = Gs + O

VPZ+ a2 V/(Ps + P )2+ (Us + )2
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DTI slowness surface

{ f1(ds, O, Ps, Pr, Vo, 6,7) = 0
f2(Qs7q“ pSu pI'7V07 5; 77) =0

where f; and f, are 8"-order polynomial.
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DTI slowness surface

{ f1(ds, O, Ps, Pr, Vo, 6,7) = 0
f2(Qs7q“ pSu pI'7V07 (5; 77) =0

where f; and f, are 8"-order polynomial.

Solution can be found:
e Numerically using least-squares minimization
e Analytically using perturbation theory
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DTI slowness surface

P, (s/lkm)
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Exact DSR surface for DTI as a numerical solution for the model with
Vo =2km/s,n=0.2,6 =0.1.
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Perturbation in anelliptical parameter n

Assuming 7 is a small parameter

{ s = Gso + Gs17 + Gs277
Or = Oro + Gr17 + Gr2n?
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Perturbation in anelliptical parameter n

Assuming 7 is a small parameter

{ s = Gso + Gs17 + Gs277
Or = Oro + Gr17 + Gr2n?

1 [1— (14 26)(pn — Px)2VE + 26A2

qSO = % (1 n 2(5) )
_ 1 /21— (1+28)(pn + Px)?V§ + 20A°

A=3[\/(1 = pavo)? = (1 +20)P3vg + /(1 + Pxvo)? — (1 + 20)pRV¢]
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Shanks transformation

Ag = 0so + dro
A1 = A + (ds1 + dr1)7
Az = A1 + (ds2 + Gr2)n?
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Shanks transformation

Ag = 0so + dro
A1 = A + (ds1 + dr1)7
Az = A1 + (ds2 + Gr2)n?

Agh, — A2
Ush = A —oa_
Ag + Ay — 2A4

Bender and Orszag, 1978
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Accuracy test
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Accuracy test
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Traveltime parameters

x (m)

Recorded data
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Traveltime parameters

x (m)

Taylor expansion for traveltime:

2 x? (1-S,)x4
ERVY: Avite

Recorded data
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DTI traveltime parameters

d = do + U1Pn + A2Pf + A3P; + dappr
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DTI traveltime parameters

d = do + U1Pn + A2Pf + A3P; + dappr

to = 2o
VZ = —202/do
Sz = —20o0a/q3
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DTI traveltime parameters

d = do + U1Pn + A2Pf + A3P; + dappr

27
to = zqo to = VO 1- pro
2 _
Vo = _2q2/q0 - 2 v§ (1 + 25)
2 Vn =0 p2v2y
S2 = —20004/03 (1-p2vd)

S, = 1+4p2vé +8n(1—p2vé)
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DTI traveltime parameters
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Traveltime parameters for isotropic (blue), VTI (green) and DTI (red)
models with parameters vo = 2km/s, 7 =0.2, § = 0.1 and z = 1 km.
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Inversion of traveltime parameters

Assuming z and px are known

2z
to = —1/1 — p2v?2
0 Vo Px 0

2(1+26
V2:Vo( +29)

" (1-pdvd)?

S, = 14+4pZv§ +8n(1—p3v{)
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Inversion of traveltime parameters

Assuming z and px are known

22 2z
to = 1—p2vé A
v 0 t2 + 4z2p?
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Impulse response

Offset (km)
5

0

Depth (km)
2

Distance (km)

e 5 pulses at zero-offset and vertical time 0.6, 1.2, 1.8, 2.4, 3 s.
e Model: v(z) =15+0.6z,§ =0andn =0.2
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Conclusions

e DSR equation for DTl media derived by perturbation in
anelliptic parameter n
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Conclusions

e DSR equation for DTl media derived by perturbation in
anelliptic parameter n

e Proposed approximation gives high accuracy for wide range of
offsets and dips
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Conclusions

e DSR equation for DTl media derived by perturbation in
anelliptic parameter n

e Proposed approximation gives high accuracy for wide range of
offsets and dips

e Traveltime parameters for DTl media are given by simple
formulas that can be used for inversion
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Thank you!

Golikov, Alkhalifa
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