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Summary

In shallow-water marine environments, traditional single-component (usually hydrophone) towed streamer data often suffer from
short-period waterborne peg-leg ghost multiples, and reduced bandwidth due to interference between the ghost multiples and
primary energy. An attractive alternative acquisition scheme that addresses these towed streamer shallow water shortcomings
involves recording both pressure (hydrophone) and velocity (geophone) component data, with sensors usually co-located on the
sea floor using Ocean-Bottom Cable (OBC). After appropriate processing and scaling of the geophone component data, the two
components are summed together, in a technique called Dual Sensor Summation (DSS). In areas of high signal to noise ratio,
the DSS technique works well at attenuating receiver-side free-surface multiples and their associated frequency ghost notches.
However, the weakness of the DSS technique, especially in areas of strong ocean floor currents, is excessive ambient noise on the
velocity (geophone) component. We present a case history example of strong ambient geophone noise from the Gulf of
Khambhat, offshore western India. We further show how effective processing of the geophone noise allowed for extension of the

shooting window and increased crew productivity.
Introduction

The Gulf of Khambhat, offshore western India, is one of
the most challenging seismic operating environments in the
world. The two primary challenges in acquiring seismic
data in the Gulf of Khambhat are: 1) operational efficiency,
and 2) data quality. Operational efficiency is limited by
strong tidal currents of up to 6 knots caused by diurnal tidal
variations of up to 7 meters, and also vessel interference
due to heavy commercial shipping traffic and local fishing
activities.  Further, areas too shallow for safe vessel
operation require undershooting for CMP coverage. Data
quality in shallow areas of the Gulf of Khambhat are
related to a certain type of multiple, called receiver-side
free-surface multiples. These multiples, or “ghosts”, are
particularly problematic in shallow marine environments.
In addition to disrupting the subsurface image, these
multiples also introduce ghost notches in the frequency
spectrum. These notches represent the cancellation of
seismic energy at certain frequencies (wavelengths) caused
by the interference of the primary and multiple energy.
This cancellation of energy ultimately lowers bandwidth,
and hence resolution, of the data. As an example, for

pressure (hydrophone) data, a 20m water depth places a
ghost notch at 37 hz.

It is generally agreed that dual component OBC data
acquisition addresses both operational inefficiencies and
also overall data quality in shallow marine environments,
such as those found in the Gulf of Khambhat and described
above. In this acquisition scheme, two types of sensors are
deployed on the sea floor: hydrophone measuring pressure,
and geophone measuring velocity. The Dual Sensor
Summation (DSS) technique exploits the fact that the
geophone measures a vector field (velocity), while the
hydrophone measures a scalar field (pressure). Downgoing
energy, for example multiple energy reflected off the sea
surface, is reverse in polarity on the two components. Up-
going energy, for example primary energy reflected off the
subsurface, is the same polarity on the two components. In
this manner, when summed, dual component data tends to
enhance primary energy and cancel multiple energy (Barr
and Sanders, 1989; Dragoset and Barr, 1994.) For
complete cancellation, the geophone data must be scaled
optimally to match the hydrophone data prior to
summation. The ability to attenuate noise, especially on
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the geophone component in high noise operating
environments, is critical to successful scale factor
determination and successful dual sensor summation (Ball
and Corrigan, 1996.)

Attenuation of Noise on Velocity (Geophone)
Component

The Gulf of Khambhat tidal currents generate a tremendous
amount of noise on the ocean bottom sensors, particularly
the geophones. With two high tides and two low tides per
day, the water is almost constantly moving in and out of the
embayment. Only for a brief time around either high- or
low tides when water flow is in the process of reversing
direction, a period of time known as slack water, currents
are small and the associated noise relatively low.
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The natural tendency is to acquire data during slack water
while the noise levels are low, and to standby (or not
acquire data) during times the currents (and noise) are
greatest. Standby periods are periods of lost productivity,
hence the importance of the noise specifications in defining
what constitutes a standby condition and what is an
acceptable noise level to allow recording. Figures 1a and
1b show an example of the extreme variations of noise
levels while recording in periods of slack water and periods
of maximum currents.

Slack Water Recording

W )

CH. l'l;'

Figure 1a: Example shot record acquired during a slack water period. The hydrophone data is on the left, and the geophone

data, typically noisier than the hydrophone data, is on the right.
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Figure 1b: Example shot record acquired during maximum tidal currents. Note that the ambient current noise completely dominates the

geophone data.

In late 2007, the Oil and Natural Gas Corporation (ONGC)
began a sizeable dual sensor OBC project. The noise
specifications for the Gulf of Khambhat project were
initially stringent, allowing recording of data only 10-12
hours per day during slack water. After the first few swaths
of data had been acquired, it appeared that under the initial
noise restrictions it would not be possible to finish the
survey before monsoon season began, forcing a potential
demob/mob restart situation, and delaying delivery of the
final volume.

Fortunately, the ambient noise created by the tidal currents
was able to be attenuated during processing of the data.
Several algorithms that attenuate the coherent mud roll and
current-related ambient noise levels found in the Gulf of
Khambhat data were cascaded in a workflow to recover
usable signal from the high current shots. The ambient
noise attenuation algorithms employed include diversity

weighting, median filtering, and data reconstruction
techniques  involving  both  component  datasets
simultaneously. Figures 2 and 3 show a sample geophone
stack and CMP gather before and after noise attenuation.
After careful review of the noise attenuation efforts, ONGC
quality control personnel were convinced that the increased
noise levels common during maximum tidal currents could
be effectively handled in data processing, and consented to
a revision of the shooting window, thus enabling 16-18
hours of data acquisition per day, or a 50% increase in crew
productivity. The resulting increased survey efficiency led
to survey completion prior to monsoons and delivered
interpretation volumes several months sooner than could
have been achieved under the original specifications.
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Figure 2: Geophone Brute Stack without (left) and with (right) proprietary noise attenuation.
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CMPF Comparison — Geophone Component Only
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Figure 3: Representative CMP gather. Data before noise attenuation (left), estimated signal (center), and estimated noise (right).
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