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Introduction

In seismics, interferometry is used to turn receivers of passive oreagt@asurements into sources,
without knowing the velocity model. Interferometry can be done as a tracede prrocess using Cross-
Correlations or by a multidimensional deconvolution (MDD) approach, @/lagrays of sources and
receivers are used. An overview of interferometry can be found ipéVaar et al. (2008a) or in Schus-
ter (2009).

In this research, interferometry by MDD is applied to a synthetic marine Géedr8ource Electro-
magnetic (CSEM) dataset. As stated above, the sources are redatumedeizetiver locations during
this process. Additionally, the direct field is removed and the material paresvadieve the receivers
are homogenized. For CSEM this means, that all effects related to thetairinrface are removed
(Wapenaar et al., 2008b).

Hunziker et al. (2009) showed, that the spatial receiver sampling urceessful implementation of
interferometry by MDD in CSEM, is dependent on the vertical sourceivec distance. Their rule
stated, that the receiver spacing has to be equal to or smaller than thahaoticce-receiver distance.
This research shows, how their sampling criteria can be relaxed usinga¢éahsources and what the
limitations of such sources are.

Theory

Interferometry by MDD consists basically of two steps: First the multicompiodata need to be de-
composed into upwards- and downwards-decaying fi#tdsandP *, respectively, which can be related
to each other through the reflection respol%‘}é. The superscript indicates, that this is a response
due to a downwards decaying field and the subsgrifgnotes that no multiples from above the receiver
level are included. In matrix notation (Berkhout, 1982), this relation isrgve

P~ =RJPT, 1)
where the hat denotes space-frequency domain. Each column of theematittains various receiver
positions for a fixed source position, while for the rows the situation is se@erThe second step, solves
equation 1 foRRJ. This can for example be done in a least-squares sense

Ry =p (B4) [pr (p)'+ 521]1 | @)

The superscript denotes complex-conjugation and transposition higdthe identity matrix. The sta-
bilization parametet prevents the inversion from getting unstable. The retrieﬁgds the field with a
source at the receiver level, without a direct field and with the water lepdaced with a homogeneous
halfspace consisting of the same material as the first layer below the water.

Modeling

2D TM-mode synthetic data were modeled for a very dense receivgraittze ocean bottom, consisting
of 4096 receivers separated by 2.5 m. The receivers record the @Miogic field £, and the crossline
magnetic field,,. The source is a point-source, has a frequency of 0.5 Hz and is si@t@dabove
the receivers. The 1D Earth structure consists, from top to bottom, dfspaee of air, a water layer
and a halfspace of sediments, which is intersected by a reservoir layer.précise geometry and
electromagnetic parameters are shown in Figure 1.

The recorded fields are shown in the space-domain in Figures 2a amdlib, the wavenumber-domain
in Figures 2d and e. In this ideal setup, the reflection response is retpeviectly (Figures 2c and f).
The large bandwidth of the original data (Figures 2d and e) demands theleese sampling, which
is necessary to successfully decompose the recorded fields (Huatzider2009). On the other hand,
the retrieved reflection response, which contains only information abeusuhsurface, has a much
narrower bandwidth (Figure 2f) and thus can be correctly sampled npszokes. Consequently, if the
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Figure 1 Setup of numerical modeling: The black arrow indicates the source, wiatggles the re-
ceivers. Conductivity and relative permittivitye,. are given in the according layer.
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Figure 2 a) Electric field in the space-domain, b) magnetic field in the space-domjgietrieved re-
flection response in the space-domain, d) electric field in the waventaholb&ain, €) magnetic field in
the wavenumber-domain and f) retrieved reflection response in thewwaneer-domain.

bandwidth of the data can be limited in some way, the sampling criteria can bedgheikgout losing
information about the subsurface. A way to reduce the bandwidth of thdgithe usage of elongated
sources.

Results

Elongated sources of different lengths are created numerically, ltialsponvolution of the data with a
boxcar-function. To test the effects of elongated sources on thengpéute data are gradually sparsened
by deleting every second sample. Figure 3 shows the reflection resparieeed from data created by
a point-source for three different sampling distances. The directly mbdeflection response (black) is
the correct solution. The blue and the red curves show retrievedtiefieesponses. The only difference
between the blue and the red curve is, that the unstable tails of the upvemaardy field have been
tapered prior to deconvolving for the red curve. With a spacing of 10 igu(E 3a), the reflection
response is retrieved perfectly, except some instabilities around Zset, ofthich can be eliminated
through tapering of the upwards decaying field. Further increase ofpgheing to 20 m (Figure 3b)
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leads to growing instabilities around zero offset if no taper is applied. @tbethe reflection response
is retrieved well, besides a small underestimation of the amplitude of the sideldbessituation is

completely different if the receiver spacing is increased to 40 m (Figtie@that case, the tapered as
well as the untapered retrieved reflection response are completely wGamgequently, the spacing is

too large to correctly sample the data.
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Figure 3 Directly modeled reflection response (black), retrieved reflectionomrsp based on full up-
wards decaying field (blue) and retrieved reflection response bas¢dpered upwards decaying field
(red) for receiver spacings of a) 10 m, b) 20 m and c) 40 m. The patenV in the figure head gives

the amount of samples.

The reflection responses, plotted in Figure 4, are retrieved from dedideck by a source with a length
of 80 m. Figure 4a shows the retrieved reflection responses for a gpaic#hD m. At this receiver
spacing the reflection response could not be retrieved if the data vestedrby a point-source (Figure
3c). If a source of the length of 80 m is used, the reflection respomsbecaetrieved well. There are
instabilities around zero offset in the untapered case (blue curvelyithua tapered upwards decaying
field, these instabilities vanish. However, in that case the amplitude aroumaffset is not retrieved
correctly. Since the overall shape of the reflection response is taimecresult is considered as a suc-
cessful retrieval. This is also the case for a receiver spacing of digure 4b). Again, instabilities
in the retrieved reflection response can be eliminated by tapering the upderdying field. A further
increase of the receiver spacing to 160 m (Figure 4c) leads to a intgnretrieved reflection response.
The largest possible receiver spacing, with which the reflection regpman still be retrieved well, was
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Figure 4 Same as Figure 3, but this time a source with a length of 80 m was used. efléetion
responses are shown for receiver spacings of a) 40 m, b) 80 m a&0a.

determined for different source lengths as well as different vertimatcg-receiver distances (source
heights) by visual inspection as shown in Figure 5. It can be seen, thédrtier of the two parame-
ters (source length or source height) determines the largest possibléngadigtance. The receiver-
sampling has to be equal or smaller than that parameter. The taper bringanoimhprovement for
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source heights smaller or equal than 100 m. There are no instabilities fer Eogrce heights and

therefore a taper is not necessary. In contrary, the taper eveadgsgihe result by affecting the ampli-
tude. For source lengths larger than 160 m, the taper leads to a broadétiegreflection response

for large sampling distances. Therefore, for small source heights egeldaurce lengths, the general
shape of the reflection response can be retrieved with the sampling dsstadmmted in Figure 5, but

the locations of the local minima are shifted to larger offsets. For largecsdwights, the taper can be
omitted, and therefore larger sampling distances can be applied also far $agrce lengths without

retrieving a broadened reflection response.

Largest sampling distance with good results:
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Figure5 Largest possible receiver spacing, with which the reflection resparsée retrieved well, as
a function of source length and source height. The colors indicate thevez@pacing in meters.

Conclusions

The strict receiver-sampling criteria introduced by Hunziker et al. 920an be relaxed if the bandwidth
of the data is limited through the usage of elongated sources. It has bmen, ghat the larger of the
two parameters, source length or source height, determines the largsiil@oeceiver sampling. To
overcome instabilities in the retrieved reflection response, a taper is appltbd tgpgoing field for
vertical source-receiver distances smaller or equal than 100 m.
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