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Abstract

The theory behind up-down deconvolution (UDD) applied to ocean-bottom seismic (OBS) for free-surface multiple elimination is widely applied. For practical and computational reasons, the UDD problem is commonly solved assuming horizontally layered (HL) media where the upgoing wavefield can be expressed as the convolution of the downgoing wavefield with the Green’s function (GF) for each plane-wave component (HL-UDD). When the HL assumption is not satisfied, operating in dipping seafloors can compromise HL UDD results, and the UDD problem can be solved using a multidimensional deconvolution (MDD) approach. In this view, MDD enables the application of UDD to any geological scenario, but this comes with requirements and costs. The main requirement consists of an adequate sampling of the downgoing wavefield at the receiver surface. 

Current OBS acquisitions are often sparse in receivers and relatively dense in shots, and it is therefore attractive to use processing techniques that operate in the common-receiver domain like HL-UDD. The applicability of the HL-UDD approach for multiple attenuation can be extended by combining the GF estimated using a 1D approach with the downgoing direct arrival pressure wavefield and convolving with the up- or downgoing wavefield. This method is robust in the presence of mild deviations from the HL medium assumption and can provide accurate multiples models for the subsequent subtraction.

When deviations from the 1D assumptions are severe, particularly for what concerns the seabed, the approach described above is less feasible and an MDD-like approach must be used. Here we propose how to mitigate the effects of acquisition geometry on MDD when used for free-surface multiple attenuation in sparse ocean-bottom seismic. The use of reciprocity allows for the formulation of the MDD problem with sources inside the medium where we want to retrieve the GF as proposed in the context of passive seismic interferometry. In practice, this solution is made possible by computing the downgoing wavefield and the downgoing direct arrivals at the seabed. 

The GF estimated in the reciprocal domain, as the new source distribution can be sparse, in some cases may be suboptimal for further processing. However, it may be of high enough quality to provide an estimate of true-amplitude surface-related multiples for up- and downgoing wavefields to be subtracted from the original data without need for adaption as shown on a subset of sparse deep water OBS setting. Imperfections affecting the GF estimation can leave some residual multiples, particularly at higher frequencies and for deep angles where the data sampling is more critical. In this respect, data interpolation remains an important step and must be done properly but the new scheme makes MDD feasible on sparse OBS geometries. We are going to illustrate it by showing an example from a sparse-node ocean-bottom seismic dataset acquired in deep water.
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