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Abstract

Depth migration by reverse time migration requires the knowledge of a smootbxapgtion to the
seismic velocity field. This background velocity model can be estimated by agwation migration
velocity analysis (WEMVA), an automatic process based on minimizing thesarrahe kinematics of
the depth migrated image. In this paper we present a WEMVA method whersene ecombination of
semblance and differential semblance to measure the errors in the positdméwgrse time migrated
images. The errors are then turned into velocity updates by a gradiesd batimization scheme.
We apply the method to a 2D line extracted from a 3D marine survey acquierdiio Snorre field
in the North Sea. The resulting WEMVA velocities obtained from the field daegecampared to the
background velocities obtained by first arrival traveltime tomographiy {ifAand also to well logs.
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Introduction

Wave equation migration velocity analysis (WEMVA) is based on focusing ofateg data and uses
an automatic optimization procedure to estimate the background velocity fieldapfneach is based
on formulating an objective function that measures to what extent offse@ingle-gathers are focused
or flattened respectively, and then minimizing the objective function with oespehe velocity field.

WEMVA methods can vary widely as to what measure of misfit is used and asith wnigration
algorithm is employed to create the image. Chavent and Jacewitz (1995) impéem&EMVA by
using a similarity-index and reverse-time migration (RTM) to compute the velocity. fi@iondi and
Sava (1999) used one-way migration operators and image perturbatioosnfiputing corrections to
the initial wavefield, and Sava and Biondi (2004) extended this apprtoaatiully non-linear iterative
scheme. Shen et al. (2003) used the Double Square Root approasthawigration and an objective
function based on Differential Semblance (Symes and Carazzone) ttO84timate the velocity field.
The approach was also extended to shot-profile migration based onaynevigration operators (Shen
and Symes, 2008). Mulder (2008) used depth migration based on thedwevave equation in the
frequency-domain and an objective function related to the differentiabsmce approach to imple-
ment a non-linear scheme for computing the velocity field. Gao and Syme8)(gffposed to use a
differential semblance misfit function and RTM to solve the velocity estimatiobleno, and also gave
an initial theoretical framework. Weibull and Arntsen (2011) implemented sl Based velocity anal-
ysis with a modified differential semblance measure, which helps to prewva&abilities related to the
amplitude sensitivity of the two-way wave equation.

In this paper we present a WEMVA method based on a combination of the similagigx, Differential
Semblance and RTM. We apply the method to a 2D line extracted from a 3D marivey sacquired
over the Snorre field in the North Sea. The resulting WEMVA velocities obtdnoaa the field data are
compared to the background velocities obtained by first arrival traveltimedoaphy (FATT), and also
to well logs.

Method and Theory

The velocity analysis is based on non-linear optimization of the following obgéiinction:

The objective function is composed of three parts, the differential seawharsfit ©S), the similarity-
index SI) and a regularization factod{g).

The differential semblance misfit measures the error of the velocity modkis @iven by (Weibull and

Arntsen, 2011):
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whereRis the RTM image volume parametrized by subsurface horizontal halfteflRe&ckett and Sava,
2002):
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andU andD, are, respectively, the reconstructed receiver and source etggefiver all timestj and
for all sourcessg).

The main assumption behind differential semblance is that, at the correcityetbe migrated image
(R) is optimally focused at zero half-offset. The objective of different@ahblance optimization is to
take an initial image and through an iterative procedure output a focusee jm@avhich point the veloc-
ities are optimal. The difficulty in this procedure is that the differential semblamsfit is very sensitive
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to the amplitudes of the image, and amplitude-related artifacts are generakyipireshe solution of
the optimization. These artifacts are not related to improved focusing, hutanse damping of the
amplitudes of the migrated image.

The key to successfull velocity analysis is thus to understand how the imadiualep are affected
by the velocities, and then to apply measures to minimize the sensitivy of the imagdiudegto
the velocities. One very effective measure is to apply a spatial deriviitiee to the image, since
this will reduce the amplitude sensitivity related to the backscattering of the fyowave equation
(Weibull and Arntsen, 2011). Other effective measure is to combine tHerBiftial Sembalnce misfit
function with the similarity-index (Chavent and Jacewitz, 1995; Zhou et BD9P The similarity-
index measures the stack quality of the image. It is very nonlinear, but $tasrey peak at the correct
background velocities and helps to prevent the amplitude dimming related tatartifahe solution of
the differential semblance optimization (Shen and Symes, 2008).

2
- %/dx/dz [?:(x,z,h:O)} , (4)
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wherey is a predefined constant.

Finally, bounding the shallow parts of the model and adding a derivatiudagzation further prevents
the excessive roughening of the velocity model:
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ov(x,z) 0v(x,z 2 X,
hog= 12D | 0¥ B

X 0z 2

wherea andf3 are weight vectors, angyior is the vector containing a priori known values of velocity.

D V(% 2) —Verior (x.2) | (5)

Examples

The method is tested on a field dataset taken over the Snorre field offébiavay. The data is originally
a 3D dataset, from which we extract a 2D line. The geometry of the datést®asa line with minimum
offset of 150 meters and maximum offset of 5 kilometers. The originalvecmterval is 25 meters and
the original shot interval is 18.75 meters. The data processing included imuéipoval, and muting
of direct wave, wide-angle reflections and refractions. The maximuguénecy of the data was filtered
down to 30 Hz, so that a coarse grid of 20 by 20 meters could be used &@limgp and migration.

The starting point for the velocity analysis is a 1D velocity model shown in éiduk. The model is
constructed from a smoothed well log. The result of optimization on the veleatier 49 iterations is
shown in figure 1C. Due to the limited aperture of the data, WEMVA is only abledaie the upper 2-3
kilometers of the model. The shallow part of the model contains also large tisailawhich is possibly
an artifact related to the amplitude sensitivity, but could also be due to the faiffset information.
These oscillations can in principle be removed by adding a stronger rezgtiiain, however this would
potentially oversmooth the result, and that is not what we want. For compatisovelocities computed
with FATT are shown in figure 1E.

Figures 1B, 1D and 1F, show a comparison of the RTM images producedheithitial 1D, WEMVA,
and FATT velocities respectively. The image produced by the velocitiesneiotdy WEMVA is sig-
nificantly different from the other two images. In some areas, the difte®m positioning amount to
more than 50 meters in vertical misfit between the WEMVA and the other velocitgisioBigure 2A
shows a comparison of optimized angle gathers extracted from the RTM irpeagisced with the 1D
inital model (left), WEMVA model (centre), and FATT (right). The angldtgas are computed from the
respective RTM image volumes using a subsurface offset to angle maorgli and Symes, 2004).
The gathers show that, at least in the upper 2 km, the events are more flatrmottel obatined by
WEMVA than they are in the other models. Figure 2B shows the results of tiainption compared
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to well logs. The well logs are not lying directly on the line, but are offseirf the line by distances
ranging from 300 to 650 meters. Nevertheless, we can see that the optimizegibod is unable to ex-
plain the fine scale details of the velocity logs, but is mainly estimating the smootbroaickl features,
which are necessary for obtaining more optimal traveltimes.
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Figurel Left: Velocity models (m/s); Initial (A); After WEMVA (C); After FATT (E). RigRTM images;
Initial (B); After WEMVA (D); After FATT (F).

Conclusions

Overall, the results show that the method is capable of improving the quality afebh migrated
image. The results also show that the reverse time migrated image produced/BMVA is better
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focused than that obtained by FATT for the considered frequencies.

(~) (B)

0

JUT U] I

| . ‘

1 £ q ¥

1 {

150 A A é\

£ E % \ [
=3 STV S I - F \
£ < ! \ 1
o 2. 25 1 . . i 1
[a) [a] . 1 3

-] 35 ‘t‘.' \, H

L 7 L 9 4 ===Fatt i == =Fatt 4 == =Fatt i
Initial Initial Initial
— —Wemva| —Wemva| } —Wemva
b

4 5 Welll Well2 Well3
0

4% 20 40 0 20 40 0 20 40 5 0 5 0 5
9 (0) (km/s) (km/s) (km/s)

Figure 2 (A) - Angle gathers obtained from RTM: Initial (left); After WEMVA (centrajter FATT
(right). (B) - Comparison of the velocity models to well logs. Well positisashown in figure 1.

The main difficulty of the method is to avoid the amplitude-related artifacts in the sojwibich re-
quires strong smoothing regularization to be applied. This prevents the mietimodbtaining finer
details of the velocity model which could be important for the traveltimes. Anditmiation of the
method is the high computational cost, which currently is limiting its use to 2D and lequéncy
datasets. Results could be further improved by adding more frequenci¢seawhole 3D dataset.
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