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Abstract

Seismic reflection is a technique used for decadgwofile the earth layering beneath the
ocean with a high lateral and vertical resolutionthe other hand, oceanographers use probes
to obtain the properties of the water layer witmatgher lesser lateral resolution. Seismic
oceanography focuses the powerful tools of seismnitts the water layer to reveal its fine
structure with a high lateral resolution. The reqassing of the in-water reflected waves in
seismic data has allowed to image eddies, termmhalntrusions and internal waves.
Synthetic models of such seismic experiments inewaermit to foresee the effects of
oceanographic gradients in the propagated wavas. petper describes a synthetic model of
such seismic oceanography experiments. The moeésl Berkhout convolution operators to
extrapolate the wave field from the seismic sodeocthe hydrophones taking into account the
sound velocity structure of the water layer. Du¢ht® small amplitudes of the scattered field,
special attention is paid to the absorbing propemif the artificial boundaries of the medium.

1. INTRODUCTION

Seismic reflection is a well known method to imape Earth’s subsurface. The method
processes the waves reflected in their interfacesbtain a high resolution image of the
explored medium. In marine seismics, acoustic wawepagate first in the sea (acoustic
waves) and then penetrate into the sedimentarydafehe subbottom (elastic waves). Since
they are looking for the structural and lithologroperties of the subsurface layers, they focus
the processing window in the elastic part of there& traces, disregarding the acoustic part.

On the other hand, oceanographers use probes karexpe properties of the sea layer
with low lateral resolution. Recently, Holbrook pased that marine seismic database can be
re-processed to obtain high resolution images & Wmter masses covered by the
corresponding experiments [1]. This re-processliuyved them to get high resolution images
of fine-scale structure in the ocean, such as tbkatme intrusion [1], internal waves [2], or
mesoscale eddies [3]. The technique that processasne seismic data to achieve
oceanographic properties of the water masses igthagismic oceanography.

In this paper we describe an underwater acousbiggyation model to simulate seismic
experiments in the sea. The model propagates thesc waves from a seismic source to a
streamer of hydrophones, through a layered oceha. fiain difficulty of this modelling
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consists on outlining sea reflections that are abioe order of 19. Section 2 describes the
propagation algorithm, based on Berkhout spatialvotution operators [4], and the finite-
difference scheme. Section 3 deals with the absgrboundary condition included in our
propagation model, namely the Perfectly Matchedeka?ML) condition [5-6]. Section 4
shows simulated numerical results for a layeredoadth a realistic sound velocity profile.

2. PROPAGATION ALGORITHM

Let’s start with the acoustic wave equation
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wherep=0 for t <0, andp(x,y,t) is the sound pressure, ¢ the sound speeds@nt) the
source function. Assuming a constant density, Excén be written

972p =c?[(d,(x) +d,(y) +d,(2))* p+s| )

whered, denotes second spatial derivative and * denotesatotion. Adding the forward
and backward Taylor’'s expansions, Egs. (3a) anj] (&b get the Eq. (3¢)
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Introducing Eq. (2) into Eq. (3c), the followirdiK™ order algorithm is obtained
K 2K+2
p(t + At) = —p(t — At) + 2p(t) + ZZi q.(t)+O [ﬂj , (4)
= (2k)! A

where ¢, = (cAt)[d,(x v.2 * g, + A2 s, (x,y,20)], g, =p and s =0*?s. If we
choose the spatial increment a\s<liC (where ) is the wavelength), and assuming that
cAt < A, the second order approximatidf<1) of Eq. (4) becomes

p(t + At) =~ p(t - At) + 2p(t) + (cAt)[d, * p+9]. (5)

Finally, the second order finite-difference timestin scheme for acoustic waves
propagation is
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p(n,mk+1) = -p(n,mk-1) + 2{1— 2 } p(n, mk) + (cAtz)s(n, m, k) +

2 (6)
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Similar reasoning allows to obtain higher orderntérdifference schemes. Figure 2
shows a snapshot of the propagated wavefield irdum with the sound velocity structure
of Figure 1, using the numerical scheme of Eq. B)ents marked 1 and 2 in Figure 2
correspond to reflections at the interfaces 1 amdRigure 1.
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Figure 1. 2D velocity structure model.

Shapshot at1=0.169 s
*
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Figure 2. Wavefield snapshot at time t=0.169 gHervelocity structure of Figure 1.
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3. PERFECTLY MATCHED LAYER

Absorbing boundaries are used to simulate infimtedia in wave propagation models.
Perfectly Matched Layers (PML) were proposed firbly Berenger in 1995 [5] to simulate an
infinite medium for electomagnetic waves. Then, #L theory has been extended to
acoustic and elastic problems. The first order HMplementation suggested by Liu [6] starts
from
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wherep is the sound pressurethe particle velocity, anfi the source functiong=0, f).
Introducing the complex variable defined by
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and Fourier transforming EQq. (7) to the frequedognain, it can be rewritten as
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Splitting of variables, and Fourier transformingcbdo the time-space domain, provides the
first order equation system
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wherep” andf{” are defined by
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and the superscript indexdefines thex or z direction.

Figure 3 shows a snapshot of the propagated wddfirough a homogeneous medium
with sound velocity equal to 1500 m/s, and a PMurmary condition on the left side. Note
as waves incident at this boundary are almost falligorbed, except for very small spurious
reflections. The key point of our propagation modehow small are these reflections as
compared to the scattering at the low contrastrfetes of a seismic oceanography
experiment.

Snapshot at 1=0.297 s
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Figure 3. Wavefield snapshot at t= 0.297 s, withllp reflecting boundaries except for a PML zone
on the left side.

4. NUMERICAL RESULTS

In this section we will present the propagatioraobustic waves through a realistic oceanic
environment. The acoustic source is a Ricker waweli a central frequency of 60 Hz. The
propagation algorithm is of fourth order in timedasecond order in space with a three point
scheme. A 1D stratified medium is considered wa#hgound velocity profile shown in Figure
4. This velocity profile is characteristic of theadiz Gulf (Spain) when a mass of warm
Mediterranean water penetrates into the cold Attawater. As mentioned above, density is
constant in the medium. The medium is surroundedefinand right sides by PML zones.
Pressure-release conditions are assumed for trex apgd lower interfaces.

Figure 5 shows a snapshot of the pressure wavefedt can be seen, the acoustic
wave is fully absorbed by the left PML zone, sct tieere are not spurious reflections from
this interface. On the right part, however, smelflactions can be noted due to the PML zone
behaves as a not totally absorbing boundary (seesitall reflections inside the ellipse in
Figure 5.).

Figure 6 illustrates the seismogram that would leorded by a streamer of
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hydrophones at depth of 20 m in the Cadiz Gulf .afée intrusion of Mediterranean water
into the Atlantic water arose reflection coeffidiemf the order of It Notice as reflections
on the water interfaces are clearly seen in thensegram, unlike spurious boundary
reflection, which are small enough to be undistisigable.
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Figure 4. Sound speed profile of the studied ocean.
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Figure 5. Wavefield snapshot in the ocean with sigfqrofile of Figure 4
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Seismogram at 1=0.6745
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Figure 6. Seismogram at 20 m depth for the mediitm welocity profile of Figure 4.

5. CONCLUSIONS

In this paper we analysed the efficiency of the Phtundary condition in a propagation
model to simulate seismic oceanography experimehtfirst order PML combined with
fourth order finite-difference scheme is able t@aga reflections in the low contrast interfaces
in the water column. Some spurious reflectionshat houndaries are still observed in the
simulated wavefields, but they are smaller thanrdflections in the water column interfaces.
Our current research tries to reduce further thregseaining spurious reflections by using
spherical coordinates.
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