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Summary bl e

As a first step in the pre-processing scheme for multicomponent
sea-bottom data, decomposition of the data into up- and down-
going P- and S-waves is proposed. This decomposition step im-
proves the signal-to-noise ratio and optimally prepares the data
for imaging/inversion. Eventually the aim is to make the decom- Fig. 1: Sea-bottom seismic aquisition.
position work robustly on multicomponent datasets. Here, the

performance of the decomposition operator is investigated with i N .
simulated data in different ‘sea-bottom scenarios’. Furthermdr&St the decomposition method used in this study will be re-

decomposition results for field data acquired in the Vgring ba fﬁwed [3]. A similar approach has.k.Jeen proposgd by [1]. Then
are presented. e performance of the decomposition method is tested on two

Introduction different sea-bottom models. Finally, some results of the decom-
- . position on a field data set will be shown.
Recently, acquisition at the sea-bottom has been growing in

ularity. In this type of aquisition (multicomponent) geophonF{%;:omposItlon a the sea-bottom
[

i,

and hydrophones are put on the sea-bottom, and a vessel w & decomposition procedure outlined here is performed on

source is moving over the sea-surface (see Figure 1). RecoriiéMeasured pressure and velocity data. The veP(z),

e : ; V,ézl),Vy(zl) andV,(z1) contain one angular frequency com-
data in this way has certain advantages over conventional mauui s of th ded data (h h el fi "
aquisition, where streamers of hydrophones are towed behi ent of the recorded data Ence, each element in a veclor cor-

responds to a laterzlandy position;z; denotes the depth of

boat. To mention a few of these advantages: the sea-bottom). A two-way wave field vec@(z;), is defined

« Certain marine areas have become so obstructed (i.e. W#ROrding to
oil producing platforms) that conventional aquisition in "
" . = _ —Tz (Z1)
these areas is no longer possible. Q=) =| & ) (1)
V(Zl)
* Stationary detectors on the sea-bottom allow monitorin

reservoir during a longer period of time (4-D seismics). Y fere the traction vect, and the velocity vectcV are de-

fined as follows:

* Sea-bottom recording is less sensitive to noise sources gs;oy two-component data (acoustic approach)
sea wave motion in comparison with hydrophones posi-

tioned near the sea-surface. F(z1) = —P(zn1) and V(z1) = Vi(z1), (2)

* With the (converted) S-waves recorded by multicomponent. for four-component data (elastic approach)

geophones on the sea-bottom additional information about i v (21)
the sub-sea-bottom could be obtained (e.g. anisotropy). . S o, AL
TZ(Z1) = 0 and V(Zl) = Vy(Z1) s
Thefirst three points mentioned above are related to the manner - ﬁ(zl) Vz(n) 3)

of aquisition. However, the realization of the last point depends

on whether and how good the S-waves can be separated from the where the null-vectors (Bccount for the absencé shear
P-waves in the recorded field data. In the separation procedure stresses at the sea-bottom.

proposed here, a choice can be made whether the up- and d?yv
going wave fields just above the sea-bottom (i.e. in the water
or just below the sea-bottom (i.e. in the solid) are calculatéed.
In the first case the water layer parameters need be known, in L D*(z1)

the second case the parameters of the first sub-bottom layer. A D(z) = D™ (z1))’ @
decomposition in the water layer gives the up- and downgoing

pressure wave fields, a decomposition in the solid results in Wieere the downgoing wave field veciD* and the upgoing
up- and downgoing P- and S-waves potentials. wave field vectorD~ are defined as follows:

rZailogous to equation (1) a one-way wave field veD(z1),
efined according to
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» Decomposition just above the sea-bottom is based on the
acoustic version of equation (10). Hence, upon substitution
of equations (2) and (5) we obtainzat z; =21 — ¢’

PE(z7) = N¥(21)P(21) + N3 (27 )Ve(21).

“ (11)
. » Decomposition just below the sea-bottonz atz; =
& N 21 + ¢ is accomplished by
S P ‘* - - -
Y- - B () = ~NE ()7 (21) + N3 ()P (7).

12

Fig. 2: One-way waves at the sea-hottom (12
D* represents the total downgoing wave field, including the

| for two-component data (acoustic approach) transmitted downgoing source waves. In the elastic approach

. . . . 7, andV are defined as in equation (3). Note that in equation

DY(z1) = P"(z1) and D™ (z1) = P~ (z1), (12) we have writteV (z;) rather thaiV (z1), since thez- and

(5) y-components of the velocity may be discontinuous at the sea-
. o . i bottom [bear in mind that since the geophones are planted in the
where vectorP* andP~ contain the downgoing and up

! ' " “sea-bottom they measwV:(zy )1
going acoustic waves, respectively, Decomposition results on simulated data
| for four-component data (elastic approach) The decomposition method was first applied to simulated data.
= o In this section examples are shown for two different sea-bottom
. ‘I_f (21) o ? (21 models. One model has a high velocity contrast at the sea-
D*(z1)= [ ¥%(z1) | and D™ (z1) = | ¥7(z1) |,  bottom (at 500 m in Figure 3) expected in the case of a *hard’
T+(z1) T (21)/ (6) sea-bottom, the other model represents an unconsolidated sea-

o . ) bottom with a low-velocity contrast and a linearly increasing ve-
where vecto®® contains the down/upgoing P-wavesocity in the topmost sediments (see Figure 3).
wheread¥tand Y €ontain down/upgoing S-waves.

For arbitrary depth z the general relations between the two-way o “"s'iggc(@kwa) " am . B WQP‘(’W
and one-way wave field vectors read:
| for composition .
d(2) = L(2)D(2), @ |
or _
(F9) - (59 59) (59) g ,
V() )~ \Li(2) L;(2)) \D (2))’ ®) cs Cs p| Ep
| for decomposition 1o bt I
D(z) = L™ (2)Q(2), )
or 20 : 200

a) b)

5+ + + _7

<12_(2 )> = (Nl_(z) Nz_(z)) ( 1 (z)) . Fig. 3: &) Model with hard sea-bottom (at 500 m depth). b) Low velocity
D™(2) Ni(z) Ny (2)) \ V(2) (10) sea-bottom with velocity gradient.

Expressions for the L arL = matrices can be found in [3].  The decomposition results below the sea-bottom on the simu-
The decomposition at the sea-bottom is obtained from equaf@ed data from the above mentioned models are shown in Fig-

(10) and consists of one decomposition just above and one JUsfe notatior. is used for quanites that are discontinuous at the sea-bottom.
below the sea-bottom (see Figure 2): For continuous quantities simp; is used.
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Fig. 4: a) Elastic decomposition result for downgoing P-waves below  Fig. 5: a) Elastic decomposition result for downgoing P-waves below
the sea-bottom; b) for upgoing P-waves below the sea-bottom, c¢) De-  the sea-bottom; b) for upgoing P-waves below the sea-bottom, c) De-
composition into upgoing S-waves just below the sea-bottom using dif-  composition into upgoing S-waves just below the sea-bottom using dif-
ferent sub-sea-bottom S-velocities. The S-velocity used in the decom-  ferent sub-sea-bottom S-velocities. The S-velocity used in the decompo-
position is written beneath each picture. The true medium S-velocity is  sition is written beneath each picture. The true medium S-velocity is 150
1400 m/s. m/s.

ures 4 and 5. In both figures a and b represent the up- and down-The upgoing waves below the sea-bottom should not con-
going P-waves just below the sea-bottom. For the S-waves six tain the direct (transmitted) source wave, no water bottom
decompositions with different S-velocities were done (Figures reflections. and no water bottom multiples.

4 c and 5 c). The velocity value used in the decomposition is

written beneath each picture. This criterion is met for an S-velocity of 1400 m/s and 150 m/s
Figures 4 ¢ and 5 ¢ give an impression of the sensitivity of therespectively Figure 4 ¢ and 5 c.

decomposition to errors in the sub-sea-bottom velocities. In Becomposition results on field data

der to select the correct decomposition result when the medNext the decomposition was applied to an experimental three-
parameters are not known. there are a few markers that cacoh®onent ocean-bottom cable dataset, obtained in the Voring
used as “quality control”: area. From the dataset a common receiver gather of 401 shot
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positions at the surface was selected for this example. The offset (m)

shot spacing was 25 m. At the receiver location both multi- , 4990 -2000 9 £000 2000
component velocity and pressure measurements were available. J
A more detailed description of the dataset is given in [2]. ‘
Assuming that the sub-sea-bottom is more or less one-
dimensional. the common receiver gather was considered acornw
mon shot gather. This assumption is quite correct for the shal-

lower reflectors. First, a decomposition was done just above the ’
sea-bottom. The water parameters are known. but there was thgi i
practical problem that the pressure and velocities were measured
with different devices causing a different receiver “wavelet” and ‘
a different magnitude. By matching the wavelets and setting LI:Le
scaling factor so that the quality factors mentioned in the prem‘ 3
ous section were best met, these problems were overcome. %he
decomposition result just above the sea-bottom is shown in Fig-
ure 6. Clearly, all the primary reflection energy has been moved
to the upgoing wavefield (Figure 6). Further results on the de-
composition below the sea-bottom will be shown in the presen-
tation. ’
Conclusions

On a simulated dataset the decomposition procedure works cor- | £
rectly. Good results are also obtained with field data. The de-
composition is not excessively sensitive to errors in the velocity g
estimations. Velocity errors up to 50 m/s will give a more or

. . ﬂ) P+
less correct result. However, when using an average velocity to
approximate the top-part of an unconsolidated sea-bottom. the offset (m)
: . . -4000 -2000 0 2000 4000
direct (transmitted) source wave is not correctly removed fromg—. 1 i M .

the upgoing P- and S-waves below the sea-bottom. Events ar-
riving at later times seem less sensitive to errors in the velocity
estimation.

The decomposition on real field data gives promising results. '
The performance of the decomposition is for a large part depen-
dent on how the geophones are coupled with the sea-bottom for
a specific dataset. In the field dataset used in these examples thg_J
top part of the sea-bottom had low velocities.
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