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Abstracts
Surface-related multiple attenuation (SRMA) as a multiple removal method had been considered as one
of the great advancement in the removal of the seismic noise. Using this approach, it allows the
prediction of all possible types of multiples without the need of any subsurface information. In this
study two stages were performed for the SRMA application. Firstly, multiple reflections were modelled
by predicting from the CDP data. Then, predicted multiples are adaptively subtracted from the data.
Thus, the resolution of the data has been improved by increasing the S/N ratio.
A key area from the Southern Black Sea shelf has been chosen for SRMA technique where a complex
geology masked by strong multiples. The application of this method gave an improved results in
multiple attenuation, especially where the primaries become more prominent and their continuity has
been followed better with depth in the inclined layers.
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Introduction
Multiple reflection removal is one of the most important topic in seismic reflection processing,
especially in the marine seismic data, where seabed multiple reflections can often severely mask the
primary events. It is thus necessary to remove or to attenuate them prior to stack the data.
In recent years, surface related multiple attenuation (SRMA) technique is undoubtedly one of the most
popular method to remove multiple reflection from data. The historical development of this method
starts with Anstey and Newman (1967), who observed that with autoconvolution of a trace, primary
events were transformed into multiples. Berkhout (1982) redefined the multiple problem for laterally
varying media by using a wave theory-based matrix formulation. An adaptive version has been shown
with examples in Verschuur et al (1989), Wapenaar et al. (1990) and Verschuur (1991), (1992).
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In SRMA method, the wavefield is extrapolated one round trip through the water layer, so that each
event is transformed into a water-layer-related multiple of one order higher than it is. These predicted
multiples are then adaptively subtracted from the data.
In this study, SRMA technique has been tested to remove the multiples on a seismic reflection data in
the southern Black Sea Shelf which has dominant multiple reflections due to the sea floor and sediments
just below it.
Application of SRMA technique to data
Surface-related multiples are typically the strongest multiple events present in the seismic data and
therefore need to be removed from prestack gathers prior to any further process. They are classified into
different orders depending on how many times they are reflected back from the free surface. A multiple
event is called first-order surface multiple if it is reflected only one at the free surface; while secondorder multiple is reflected twice at the free surface. In general, an N-th order multiple gets reflected N
times at the free surface. The SRMA technology is design to attenuate these multiples in a two-step
fashion. During the first step, surface related multiples are predicted kinematically. The predicted
multiples have about the same travel times as the multiples recorded in seismic data but different
amplitudes and wavelet shapes. In the second step, the surface-related multiples present in the seismic
data are attenuated using predicted multiples. The method assumes the sources and receivers have the
same spatial sampling interval and they are located at the same locations at the free surface.
This method does not require distinctive moveout differences between the primaries and multiples, and
does not require any prior knowledge of the subsurface structure, such as velocities. The seismic data
itself can be used to predict the surface-related multiples. According to the theory by Verschuur (1991),
the multiple prediction operator can be expanded into a Taylor series. In the frequency domain, the
Taylor expression can be expressed as,

Where matrix P is the input seismic data and the matrix P 0 represents multiple-free data. R is the
reflection coefficient at the free surface. S(w) is the source wavelet and is a function of frequency. In
Taylor expansion, the terms T 0 , T 1 , T 2 and T 3 are corresponding to Taylor terms. Each item in the
Taylor series contains multiples starting from a certain order. The zero order Taylor term T 0 =P in the
expansion is the input seismic data itself containing both the primaries and multiples of various order.
The first order Taylor term T 1 corresponds first seafloor multiple while higher terms represent the
higher order multiples. The input seismic data, when convolved with itself, predicts the first order
Taylor term, which contain multiples only.
Before applying SRMA to data pre-processing steps must be performed to improve the data. In this
study, the pre-processing steps such as editing, geometry definition, muting, filtering were applied to
the data. These steps and SRMA applications have been performed on Paradigm Echos software in
‘Nezihi Canıtez Data Processing Laboratory’ in Istanbul Technical University.
In practice, the SRMA method consists of two stages. In the first stage, multiple reflections were
modelled by predicting from the CDP data. The arrival times of the seafloor were considered to model
the multiples. The amplitude and waveform of the first predicted multiple reflection is different from
the primary reflection. While the amplitudes of multiples decrease systematically with the number of
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primary, secondary, tertiary and subsequent repetitive reflections, the polarity is reversed in each
repetitive reflection. In the second stage, the model data containing multiple reflections was subtracted
from the actual data. As a result of this process, seismic data with primary reflections were obtained,
which were cleaned as much as possible from multiple reflections (Figure 1).

Figure 1. a) Single channel raw seismic section b) Single channel seismic section before and c) after SRMA method. d)
Zoomed images before SRMA and e) after SRMA of the area shown with the square. The multiples with red-arrows
were eliminated after SRMA (red circular area) (modified from İşcan, 2018).

Results
The single channel seismic section was compared with the SRMA output. In Figure 1b, it is seen that
the series of strong multiple reflections from the seafloor and the sediments below it, shown by the red
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dashed line, were successfully attenuated after the SRMA method in Figure 1c. The resolution of the
data has been improved by increasing the S/N ratio after the SRMA application. Especially, the
primaries become more prominent and their continuity has been followed better with depth in the
inclined layers (Figure 1d and 1e). On the other hand, the inclined primary reflections covered with
multiple reflections in shallow waters where the seafloor is horizontal, could not be revealed as expected
(Figure 1c). Because in the shallow water the period of the multiples is shorter and they dominantly
mask the primaries.
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