Reverse-time migration velocity analysis: A
real field data example

Wiktor Waldemar Weibull, Bgrge Arntsen!, Marianne
Houbiers? and Joachim Mispel?
1 Norwegian University of Science and Technology
2 Statoil ASA

Rose Meeting, 24th April 2012

NTNU - Trondheim
Norwegian University of

Science and Technology



Outline

Introduction

Reverse time migration

Migration velocity analysis

Summary and remarks



Introduction

» Reverse-time migration can handle strong and sharp
contrasts in velocity and anisotropy



Introduction

» Reverse-time migration can handle strong and sharp
contrasts in velocity and anisotropy

» Accurate estimate of seismic velocities is of key importance



Introduction

» Reverse-time migration can handle strong and sharp
contrasts in velocity and anisotropy
» Accurate estimate of seismic velocities is of key importance

» How to automatically obtain velocities using RTM



Prestack depth migration
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The seismic experiment
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Velocity model representation
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Anisotropy

Density normalized anisotropic wave equation:

21).
%tl;l(xyt) - aaxj [Vijkl (X)g:l(x,t)} = Fi(x,1)

Where vjy is the density normalized elasticity tensor.
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Anisotropy

Density normalized anisotropic wave equation:

21).
%tl;l(xyt) - aaxj [Vijkl (X)g:l(x,t)} = Fi(x,1)

Where vjy is the density normalized elasticity tensor.

Assuming:
» VTl medium Parameter space reduces to two!
» constant Vg

> (5(X) _ kE(X) Vpo(X) and (S(X) = kg(x)



Imaging condition

Crosscorrelation imaging condition (Claerbout, 1971)

* Receivers
Source - \VAVAVAYS

D = Downgoing wave

U = Upgoing wave

(OETq

R = Reflectivity
X,, = midpoint
h = half offset

Multi-offset crosscorrelation [Rickett and Sava, 2002]:

R(x,h,z) ZZU +h,z,t,8)D(x —h,z,t,s)



Example of CIPs output by RTM
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Migration velocity analysis
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The error measure

Consider the following error function (Shen, 2003; Weibull and
Arntsen 2011):

DS = % Ih9.R||? = ;/dx /dh /dz h?(9:R(x,h.2))%, (1)



The error measure

Consider the following error function (Shen, 2003; Weibull and
Arntsen 2011):

DS = % Ih9.R||? = ;/dx /dh /dz h?(9:R(x,h.2))%, (1)

The velocity analysis consists of minimizing equation 1 with
respect to the parameters Vpo(x) and 6(x) = ke(X).



Summary and remarks

» We present a method to automatically update a velocity
model using reverse-time migration

» We show results which prove the feasibility of the method
on real data

» The method can potentially be used in complex geological
environments

» High computational cost is limiting its use to 2D and low
frequency datasets
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