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Improved illumination with internal multiples
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False images from internal multiples



2500
2400
2300
2200
2100
2000

1900

Solution 1: receivers in a borehole
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Solution 2: Marchenko imaging



Interferometric
Green’s function
representation:

Sources at 9D |
enclosing the medium

Receivers inside the
medium, at VS position

G(xp,xa,t) + G(xp,xa, —t) %/ dx/G(xB,x,t—I—t’)G(XA,X,t’)dt'
oD
(Phys. Rev. Lett., 2004)



Single-sided
Green’s function
representation:

Sources and receivers
at 0D, at one side
of the medium

No receiver at VS!

;
G(xp,X;,t) = fo(x;, %0, —t) / dXo/ R(x(,X0,t — t') fa(X}, xqg,t")dt’
oD —00
(Phys. Rev. Lett., 2013)



Assumption:
Lossless medium

Approximation:
Evanescent field
not included

;
G(xp,X;,t) = fo(x;, %0, —t) / de/ R(x(,X0,t — t') fa(X}, xqg,t")dt’
oD —00

(Phys. Rev. Lett., 2013)



* Green’s functions and focusing functions



Single-sided
Green’s function
representation

t
G(xp, X, t) — fo(x], Xq, — /dXo/ R(x(,%X0,t — t') fa(X}, xq, t")dt’
oD o0



Decomposed
Single-sided
Green’s function
representations

G (%0, %, 1) + fi (%, x / de/ (x0,%0,t —t') fi (x0,%5,t")dt’
oD
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R(xy,x0,t — ') fi (%0, %}, t")dt







» 3-D Marchenko equations



t
CAADAAD= [0 [ Rt =0 o X DY
8]D>0 — o0







Measured reflection
data

t
t < tdirect : : / dxg / R(xg,xo,t—t’dt’
8]1))0 — o0




Measured reflection
data

/
t < tgirect : @xg,xgazf de/ R(x(, X0, —t’@xo,xfi,)dt’
8D0 — o0




e |terative solution



1.5

AnsatZ fl—i_ (X07 X,/L-, t) ~ Gd(X07 X;;, _t) =+ M+ (X07 Xfi? t)
L L
Direct Coda




Smooth model
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 Green’s function retrieval



R(xy,x0,t — ') fi (%0, %}, t")dt




R(xy,x0,t — ') f; (x0,x},t")dt’







X07X07 )fl_ (XO,X;, _t,)dt,




Time (s)
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G (x4, x4, 1) + G (x4, 1)




* Marchenko imaging



Improved illumination with internal multiples
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R(x;, x,, Gt (xh, x,t —t/)dt’










Marchenko imaging




Standard imaging
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Joost van der Neut et al., 2015
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Marchenko imaging
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Data-driven redatuming, AVO analysis



Reflection data First arrivals

Data-driven redatuming, AVO analysis and imaging ~
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Issues for discussion

* Non-recursive (target oriented)

« Sampling issues (3D)

* Dissipation

« Adaptive prediction/subtraction

« Ambiguity direct arrival (refracted waves)
« Extension to elastodynamic waves
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Elastodynamic Green'’s functions
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Time-reversal, two-sided illumination
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Time-reversal, one-sided illumination
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