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(57) Abstract: Method for marine seismic acquisi-
tion using both monopole (91) and dipole (92)
source types. Through a combination of source
design and operation and/or combination or sum-
ming of the data in a processing step, the source
ghost is either attenuated or, if desired, enhanced
(93). The properties of the two different source
types allow them to be adjusted so that the first
down going wave from each has either opposite po-
larity or the same polarity, whereas the source-ghost
wave will have, respectively same polarity or oppos-
ite polarity. This allows cancellation or enhance-
ment of the source ghost. If the survey also employs
two- component sensor acquisition, then the com-
bined data sets may be both sensor de-ghosted and
source de-ghosted.
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AMENDED CLAIMS
received by the International Bureau on 20 July 2012 (20.07.2012)

AMENDED CLAIMS

1. A marine seismic survey method comprising acquiring scismic data over a subsurface
region using a monopole-type source and acquiring seismic data over the subsurface region using
a dipole-type source; with the seismic survey conducted so that combincd down-going waves
from the two sources exhibit reduced or climinated source ghosting or exhibit enhanced source
ghosting, or the seismic data processed so that combined seismic data from thc two sources

exhibit reduced ot climinated source ghosting or exhibit enhanced source ghosting,

2. The method of claim 1, wherein the seismic survey is conducted so as to reduce or
eliminate or so as to cnhance source ghosting by operating the monopolc-typc source and the

dipole-type source co-locally, simultaneously, and with equalized outputs.

3. The method of ¢laim 1, wherein the monopole-type source and the dipole-typc source are
operated during the seismic survey with enough time between their respective activations to
prevent -overlap between their recorded seismic data, which seismic data are processed so as to
reduce or ¢liminate or so as to enhance source ghosting by combining the seismic data acquired

using the monopole-type source with the seismic data acquired using the dipole-type source.

4, The method of claim 3, further comprising adjusting the seismic data for different power
outputs and different [requency and phase characteristics between the monopole-type source and
the dipole-type source by applying weights or filters to the seismic data for each sourcc type

before the combining.

S. The method of claim 4, wherein the weights or filters arc found by deterministic means,

by statistical means, or by a combination of deterministic and statistical means.

6. The method of claim 3, wherein deviation of the monopole-type source from a perfect
monopole or deviation of the dipole-type source from a perfect dipole, or both, are compensated

for by applying weights or filters to the se¢ismic data for cach source type before the combining,

7. The method of claim 1, wherein in order to conduct a seismic survey or process the
scismic data so as to reducc or eliminate source ghosting, thc monopole-type source and the
dipole-type source are designed so that 2 first down-going wave from the monopole type source
is the same amplitude and polarity as a first down-going wave from the dipole sourcc, and a

sccond down-going wave, i.c. a source ghost, from the monopole-type source is the same
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amplitude and opposite polarity as a second down-going wave, i.e. a source ghost, from the
dipole-type source.

8. The method of claim 1, wherein in order to conduct a seismic survey or process the
.seismic data so as to enhancc source ghosting, the monopole-type sourcc and the dipole-type
source are designed so that a first down-going wave from the monopole type source is the same
amplitude and opposite polarity as a first down-going wave from the dipole source, and a second
down-going wave, i.e. a source ghost, from the monopole-type sourcc is the same amplitude and

same polarity as a second down-going wavg, i.e. a source ghost, from the dipole-type source.

9. The mecthod of claim 1, further comprising using at least one or more additional
monopole-type sources, or arrays of such sources, and one or more additional dipole-type

sources, or arrays of such sourccs, in conducting the seismic survey.

10.  The method of claim 1, wherein all of said acquiring seismic data employs two-
component scismic acquisition.
'11. A method for producing hydrocarbons from a subsurface region and a Marine
cnvironment, comprising:

performing a scismic survey of the subsurface region using a mecthod of claim 1 to

produce source de-ghosted seismic data;

drilling a well into thc subsurface region based at least partly on analysis of the source
de-ghosted seismic data, and producing hydrocarbons from the well.
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