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What we do

Sensors, sources & navigation
Seismic services (Land & Marine)

Data library (e.g., Spans)




Topics

Interferometry of full fields
Interferometry of scattered fields

Application examples:

* [nterferometry by deconvolution
« Dual-field OBC data
* |Imaging internal multiples

Exercises
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Our experiment configuration




An experiment




A scattered wave




Lossless acoustic waves

Vpi(r,w) — iwp(r)vi(r,w) =0

V-vi(r,w) — iwk(r)pi(r,w) = ¢ (r,w)

Interaction quantity: \/ . (p{VB —I-])B:*CVA)

Flux vector




Reciprocity and representation

10




Interferometry - full wavefield

llllllllllllllllllllllllllllllll
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Surface sources




Interferometry - pseudo-source




Interferometry - full wavefield




Condition: equipartioning




Equipartioning?




But what if... ?




Scattering: perturbed media

Perturbed mec‘:_l_i_ai\___. Perturbed fields

A = Ag+iAg; i = fin 4+ @
- - S P> U = Ug S
B = Bg + Bg:

lllllllll
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Scattering Potential
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Scattering: example
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Scattering: potential
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Scattered waves: perturbations




Scattered waves: multiple scattering

 ————
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Perturbed field equations

Vpi(r,w) — iwpo(r)vi(r,w) =0
V- vil(r,w) — iwke(r)pi(r,w) = q¢?(r,w)

Vpi(r,w) — iwp(r)vi(r,w) =0

V - VJ‘(I'w) — zwh(r)zﬂ(rw) — QJ‘(I'w)
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Convolution theorem

A. B B. A A B S \.A B
jé [-pg vy — Do VS«] - dS = / Psqy dV + / iw(ko — K)p pgdV
JreoV JreV

JreV

Using Green’s functions

i d(r—rap)

M(r,w) =G(r,rapw) = Go(r,rap,w) + Gs(r,rapw)

o,
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Convolution theorem

With homogeneous conditions on 0V ....

Lippmann-Schwinger: scattering!
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Scattered waves: perturbations




Scattered waves: perturbations
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Correlation theorem

jlé [p*v(lf + pd VS} (ZS—/ paqtdV — / iw(ko — K)ppg FdV
Jreav Jrev Jrev

\4

(;T.S'(FB«I'.A) — / (n; I‘ 14_ (5 1 — IB)(H

_ j’{ J ﬂ G (r.rp)VGs(r.ra) — Gs(r,ra)VGE(r, rg)] - dS
redVy W

-+ / G(r,ra)V(r)Gi(r,rp)dV .
eV "‘-’-’,ﬂr}
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Volume integral

1 .
Gs(rp,ra) 2/ — G(r,r4)V(r)Gy(r,rp) dV

cy WP

Similar to Lippmann-Schwinger...

ONLY under Dirichlet or Neumann B.C.
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Scattering in lossless media

Reference waves can
propagate either way!
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Only volume integral

GS(PB: I'A) — ‘R(u}) 9 p(rA)pO(rB)

2

q(ri,w)q"(r2,w) = Ar(ry,w)o(ry —ra) |R(w)

Random sources in VY

—
’— —y

- RS
/, S
Nonzero net flux!!! - .
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/’ V \|
/ |
/ ]
RS- EE S /,
\ G 20 /
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Surface & volume terms

Gg(rp,ra) = / Gs(r,ra)o(r —rp)dV
reV

1 , x , x ,
- jg — |Gy(r,rp)VGs(r,ra) — Gs(r,ra)VG(r.rp)] - dS

=gV 'SLLJI{J

1 n
+ / G(r,ra)V(r)Gy(r,rp)dV .

eV ";'“"-".I'(';t
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Surface & volume terms
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Surface & volume terms

avb _______________ S [
_ Il
Gotrnra) = [ L Gy(r.r5)VGs(r.r4) — Gs(r,14)VGy(r.rp)] - dS
re(avy Uavy) P
i /FEP;pG(rﬁrﬂ)wr)@;(r,rmdv; (22)



Surface & volume terms
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Surface & volume terms

1
/ W G(r-_.r,l)V( )G{](rﬂrB)de — 'U'

38



Surface & volume terms

1
/ — [Gi(r,p)VGs(r,ra) — Gs(r,rA)VGH(r,1p)] - dS = 0

cavy, WP
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Surface & volume terms

E. ! J‘ 1 ks y ok r 1‘5
EGE;(I‘B,I‘A) = / N > [Gb(rm)v r(](I‘,I‘B) -+ GU(I‘,I‘B)VGS(I‘,I‘A” . dS
. redVy o :

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
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Surface & volume terms

— =
O p—
o o o w—
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EGS(I'BJ‘A) = / — |Gs(r,t4)VG(r,r5) + Gi(r, 1) VGs(r,T4)] -ng

cavy WP




Surface & volume terms

— =
B - — - -
—— e o w—

1 \ , \
/ — |G(r,rg)VGs(r,ry) — Gs(r,ra)VGi(r,rg)] -dS =

caVy, W

1 , o
— / G(r.ra)V(r)Gy(r.rp)dV

eV e"»..L-fl,f}
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Physical implications

No energy equipartitioning; no dynamic equilibrium

Attenuative scattering & transport: elastodynamics,
electromagnetics, quantum mechanics, coupled

systems

e

0 .. ~~\\
Nonzero net flux! .-

’ I'B ..' -
/ / ° ﬁo V \‘

~ -
N e ——
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EXERCISE: terms

j{ AV 4 pBrvA] . dS :/ AP+ Pt av
' : rcV

llllllllllllllllllllllllllllllllllllllllllllllllllllllll
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EXERCISE: setup

- -
- - - -—
- - - - g - on wm w9
— o — - - ————— - —
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Correlation interferometry

jév Capds = ([W(s)]") [G(ra,rp) + G*(ra,rp)

» causal & anticausal
* source spectra




Deconvolution interferometry

Dap = go ((?:S)) > (gE((z z)))

n=0

» causal”
* NO source
* many terms...
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Deconvolution interferometry

av  |Golrg,s)|’

f GO(I‘A?S)GS(I‘B,S)GS(I‘B?S) s
ov  |Go(rp.s)|” Go(rg,s)

Y

3
DAB
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Boundary condition
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source position (m) source pos'ition"(m)
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Correlation gather

source position (m)
500 1SPD 25pﬂ 3§ﬂﬂ 4500 _4

4 : : é
g 00 1500 2500 3500 4500
source position (m)
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Deconvolution gather

source position (m)
200 15|U[} 25|0El 35|Uﬂ 4500 _4

time (s)

source position (m)

Vasconcelos & Snieder (Geoph.)

800 1500 2500 3500 4500
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Pseudo-shot gathers

offset (m)
| 10|00

deconvolution

500 1000

correlation
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Shot-profile images

position (km)
0 1 2 3 4

depth (km)
=
|

depth (km)
+

deconvolution correlation
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Wavefield separation

ce position (m) source pn:__i(m)
0500 1500 2500 3500 4500 0500 1500 2500 3500 4500

24 2-/\
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Only causal scattering

source position (m) source position (m)
500 15|00 25|00 35IDD 4500 500 15|0£} 25|00 35|00 4500

time (s)
?
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OBC (4-C)

* Imaging
* time-lapse (monitoring)
» CO, sequestration

* reservoir characterization
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Dual-field Interferometry

Dipole
Monopole

(';D ( I'.rp ) (;ffi_?' ( r,r )

A
\ \ Hydrophone

- v v

Gs(rp,ry) = % op |Gs(r,r4)VGy(r,rp) + Gy(r,rp)VGs(r,ra)| - dS
redV ‘i
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Dual-field Interferometry

\\ \\ Hydrophone

\V N/ Geophone

4

Gs(rp,ry) = % 3—[} |Gs(r,r4)VGy(r,rp) + Gy(r,rp)VGs(r,ra)| - dS
redV ‘i
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Dual-field Interferometry

No free surfacel!!

Gs(rp,ra)

- v v

A

See also Mehta et al., 2007, Geophysics;
Wapenaar et al., 2008, Geophys. Prosp. 63




Acoustic OBC model

Reference

3.0
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-shot gathers

Pseudo

1.0

Offset (km)
0.2 04 0.6 0.8

Dual-field; free surface

0

<
-

0.8

Offset (km)
0.6

0.4

Single-field; free surface
0.2




True response vs. single-field

True; WITH free surface Single-field; free surface

Offset (km) Offset (km)
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0




True response vs. dual-field

True; WITH free surface Dual-field; free surface

Offset (km) Offset (km)
0.2 0.4 0.6 0.8 1.0




True response vs. dual-field

True; WITHOUT free surface Dual-field; free surfae

Offset (km) Offset (km)
0 : 0.4 0.6 0.8 1.0 0 0.2 04 0.6 0.8
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Imaging multiples

Shots
35

X (kft)
52,5 70

depth (kft)
|

30

Vasconcelos et al. (Geoph.)
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depth (kft)
|

30

Vasconcelos et al. (Geoph.)
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