Method and Device to Acquire Seismic Data CROSS REFERENCE TO RELATED APPLICATIONS
[0001]The present application is related to and claims the benefit of priority of U.S. Provisional
Application 61/392,982, having the title "Method and Device to Acquire Seismic Data," and being
authored by R. Soubaras, the entire content of which is incorporated herein by reference.
BACKGROUND TECHNICAL FIELD [0002]Embodiments of the subject matter disclosed herein
generally relate to methods and systems and, more particularly, to mechanisms and techniques for
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BACKGROUND

TECHNICAL FIELD

[0002] Embodiments of the subject matter disclosed herein generally relate to
methods and systems and, more particularly, to mechanisms and techniques for

acquiring seismic data.

DISCUSSION OF THE BACKGROUND

[0003] During the past years, the interest in developing new oil and gas
production fields has dramatically increased. However, the availability of land-based
production fields is limited. Thus, the industry has now extended drilling to offshore
locations, which appear to hold a vast amount of fossil fuel. Offshore drilling is an
expensive process. Thus, those engaged in such a costly undertaking invest
substantially in geophysical surveys in order to more accurately decide where to drill
in order to avoid a dry well.

[0004] Marine seismic data acquisition and processing generate a profile

(image) of the geophysical structure (subsurface) under the seafloor. While this
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slanted) with respect to the surface of the ocean as disclosed in U.S. Patent No.
4,992,992, the entire content of which is incorporated herein by reference. Figure 2
shows such a configuration in which all the detectors 12 are provided along a slanted
straight body 14 making a constant angle a with a reference horizontal line 30.
[0006] With reference to Figure 1, the vessel 10 may also fow a sound source
20 configured to generate an acoustic wave 22a. The acoustic wave 22a
propagates downward and penetrates the seafloor 24, eventually being refiected by
a reflecting structure 26 (reflector R). The reflected acoustic wave 22b propagates
upwardly and may be detected by detector 12. For simplicity, Figure 1 shows only
two paths 22a corresponding to the acoustic wave. However, the acoustic wave
emitted by the source 20 may be substantially a spherical wave, e.g., it propagates

in all directions starting from the source 20. Parts of the reflected acoustic wave 22b

(primary) are recorded by the various detectors 12 (the recorded signals are called
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traces) while parts of the reflected wave 22c pass the detectors 12 and arrive at the water surface 18.
Since the interface between the water and air is well approximated as a quasi-perfect reflector (i.e., the
water surface acts as a mirror for the acoustic waves), the reflected wave 22c travels back towards the
detector 12 as shown by Wave 22d in Figure 1. Wave 22d is normally referred to as a ghost wave
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depths. frequency content of the data recorded by the detectors.
[0007) The traces may be used to determine the subsurface (i.e., earth
structure below surface 24) and to determine the position and presence of reflectors
26. However, the ghosts disturb the accuracy of the final image of the subsurface
and for at least this reason, various methods exist for removing the ghosts, i.e.,
deghosting, from the results of a seismic analysis.
[0008] The streamer configuration illustrated in Figure 2 is considered to
provide a more accurate data acquisition then the configuration illustrated in Figure
1. One reason for this difference is the fact that for each reflector, a time gap
between the detection of the primary and ghost reflections becomes greater, the
further the detector 12 is from the source 20, due to the slanted disposition of the
detectors, thus facilitating deghosting.
[0009] However, the slanted streamer shown in Figure 2 has the following

limitation, which makes it impracticable. Current streamers have a typical length on
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[0010]In order to accurately locate deep reflectors, high-frequency acoustic waves are not suitable on
account of the high attenuation they undergo during their propagation. Thus, low-frequency acoustic
waves are desired to be present in the spectrum recorded by the detectors. Therefore, an octave is
desirable to be gained in the low-frequency range of the traditional methods, thereby increasing the
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and 40 are calculated without artificially removing the effect of the ghosts. As clearly shown in Figures

3 and 4.t e neciiaeRt,rehad of the fstirraaRIRade \Rallisysatabages gRthe effective

spectrum 36 Includes less energy for the low-frequencies (lower than‘about 10 Hz) and

high-frequengiad R RiHERUAPeFEC U PrascampasaskindhfieNapbiiee fimydatad SRRUHE 34. As

the final image of the subsurface is sensitive to the low-and high-frequencies, two spectra that have
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corresponding to the effective spectrum 36 does not produce an accurate final image of the
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estimate precisely the velocity model of the surface layers. Also, the signal-to—noise
ratio should be improved for low-frequency acoustic waves without deteriorating it for
the high-frequency acoustic waves.
[0011] Therefore, although a slanted streamer may partially extend the above-
discussed bandwidth due to the constant depth increase of the detectors relative to
the surface of the water, additional limitations exist in the approach proposed by the
‘992 patent, as further illustrated below.

[0012] Figures 3 and 4 illustrate the simulated effect of ghosts on the

frequency spectrum (herein referred to as “effective spectrum”) corresponding to a
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the effect of swell noise, e.g., noise produced by swells at the surface of the water. The swell noise is
known to mainly affect detectors close to the surface of the water. A simulated spectrum 38 for this
situation and a corresponding effective spectrum 40 are shown in Figure 4. However, even for this
case, the effective spectrum 40 shows a notch at about 45 to 50 Hz that corresponds to a detector
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are plotted against the frequencies in Figures 3 and 4. In both of the ghost free
simulations (34 and 38), the last detector on the slanted streamer is placed at a
depth of about 37.5 m relative to the water surface. The ghost free simulated
spectra (curves 34 and 38, respectively) neglect the ghost effect, i.e., represent an
“idealized” situation in which the presence of ghosts has been artificially removed
from the simulation, so as to show the deficiencies of the conventional data
acquisition methods. The effective spectra 36 and 40 are calculated without
artificially removing the effect of the ghosts. As clearly shown in Figures 3 and 4, the
two spectra 34 and 36 of the first configuration have different shapes as the effective
spectrum 36 includes less energy for the low-frequencies (lower than about 10 Hz)
and high-frequencies (higher than about 60 Hz) as compared to the ghost free
simulated spectrum 34. As the final image of the subsurface is sensitive to the low-
and high-frequencies, two spectra that have these portions different from each other

are considered to be different and thus, the data corresponding to the effective

spectrum 36 does not produce an accurate final image of the subsurface.



seismic data acquisition related to a subsurface of a body of water. The method includes a step of
towing a body having a predetermined length together with plural detectors provided along the body; a
step of configuring plural birds provided along the body, to float at a predetermined depth from a
surface of the water such that a first portion of the body has a curved profile while being towed
underwgjet, and a ste i [ .H& '|§m£'&f@é&pg§rﬂt‘ﬁq' Jhe body of
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underwater when towed such th ural dete istributed along a curved profile described
by (i) a dﬁﬁ?ﬂt qfna first detector, (ii) a slope so of a first portion of the body with an axis parallel with
a surface of the body of water, and (iii) a predetermined horizontal distance hc between the first
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there is mer for collecting seismic data related to a subsurface of a body of water. The streamer
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birds provi e streamer is configured to flow underwater when towed such that
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accompanying drawings, which are incorporated in and constitute
portion of the streamer (closest to the vessel) are used. This means that the depth

dynamics of the detectors, which determine the diversity of the notches, are
insufficient for good quality ghost elimination.

[0015] As can be seen from the above summarized illustrative discussion, a
substantial disparity at low- and high-frequencies of the spectrum are still present
when using streamers with a constant slant, which resuits in a poor final image of the
subsurface. Accordingly, it would be desirable to provide systems and methods that
avoid or significantly reduce the afore-described problems and drawbacks of the

conventional systems.



a part of the specification, illustrate one or more embodiments and, together with the description,
explain these embodiments. In the drawings: [0022]Figure 1 is a schematic diagram of a conventional
seismic data acquisition system having a horizontal streamer; [0023]Figure 2 is a schematic diagram
of a conventional seismic data acquisition system having a slanted streamer; [0024]Figures 3 and 4

illustrate conventional frequency spectra for t Ae&q,uisition systems shown in Figure 2 for two
different depths; [0025]Figure 5 is a schematr f a seismic data acquisition system having a

curved SHERREr aCCOTHINGLIgAN S BIAIM SRR S iment, there is a streamer for

collecting seismic data related to a subsurface of a body of water. The streamer
includes a body having a predetermined length; plural detectors provided along the
body; and plural birds provided along the body. The birds are configured to float,
when depioyed under water, at a predetermined depth from a surface of the water
such that a first portion of the body has a curved profile while being towed
underwater.

[0017] According to another exemplary embodiment, there is a method for
seismic data acquisition related to a subsurface of a body of water. The method
includes a step of towing a body having a predetermined length together with plural
detectors provided along the body; a step of configuring plural birds provided along
the body, to float at a predetermined depth from a surface of the water such that a
first portion of the body has a curved profile while being towed underwater; and a
step of recording with the plural detectors the seismic data generated in the body of
the water while towing the body.

[0018] According to still another exemplary embodiment, there is a method for
deploying a streamer for seismic data acquisition related to a subsurface of a body of
water. The method includes releasing into the body of water, from a vessel, a body
having a predetermined length together with plural detectors provided along the
body; towing the body and the plural detectors such that the plural detectors are
submerged; and configuring plural birds provided along the body, to float at a
predetermined depth from a surface of the water such that a first portion of the body

has a curved profile while being towed underwater.
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[0026]Figure 6 is a schematic diagram of a seismic data acquisition system having a curved streamer
according to another exemplary embodiment; [0027]Figure 7 is a schematic diagram of a seismic data
acquisition system having a curved streamer according to still another exemplary embodiment;
[0028]Figure 8 is an image of a subsurface according to a conventional streamer configuration;

0029 gty =1 RSB A SarieaRURuI Boe AGEAFIN B ANEKe! Hisamet cpaliguirion

[0030]Fi Is agra Ing ramp r between a cdnventional streamer

configurafipp ity Sk ARY BLal TR R YA RSP P P HbieTHE Qg losed

inciudes a body having a predetermined length; plural detectors provided along the
body; and plural birds provided along the body. The streamer is configured to flow
underwater when towed such that the piural detectors are distributed along a curved
profile described by (i) a depth z; of a first detector, (ii) a slope s¢ of a first portion of
the body with an axis parallel with a surface of the body of water, and (iii} a
predetermined horizontal distance h, between the first detector and an end of the
curved profile.

[0020] According to yet another exemplary embodiment, there is a streamer
for collecting seismic data related to a subsurface of a body of water. The streamer
includes a body having a predetermined length; plural detectors provided along the
body; and plural birds provided along the body. The streamer is configured to flow
underwater when towed such that the plural detectors are distributed along a first
portion and a second portion of the body. The first portion has a slanted profile with
a first slope and the second portion has a slanted profile with a second slope

different from the first slope.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are incorporated in and constitute
a part of the specification, illustrate one or more embodiments and, together with the
description, explain these embodiments. In the drawings:

[0022] Figure 1 is a schematic diagram of a conventional seismic data

acquisition system having a horizontal streamer;
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[0031]Figure 11 is a schematic diagram of a seismic data acquisition system having a double slanted
streamer according to an exemplary embodiment; [0032]Figures 12 and 13 are graphs showing a
frequency spectrum for a streamer with multiple slants at different depths according to exemplary
embodiments; [0033]Figure 14 is a schematic diagram of a seismic data acquisition system having a

streame[o/é%]multipler:%qﬂ@ ?_gggrgg}%maﬁ[&_@ggggﬁrg_%ﬂjg}ﬁ[ghépgég]ﬁgtgrﬁsp is a flow chart

illustrating a Method for'seismic data acquisition according to an exemplary embodiment; and

[0035]Figpeis fithaJowmnasbilgsy diagaaligdpr deploying a streamer
[0024] Figures 3 and 4 illustrate conventional frequency spectra for the data
acquisition systems shown in Figure 2 for two different depths;
[0025] Figure & is a schematic diagram of a seismic data acquisition system
having a curved streamer according to an exemplary embodiment;
[0026] Figure 6 is a schematic diagram of a seismic data acquisition system
having a curved streamer according to another exemplary embodiment;
[0027] Figure 7 is a schematic diagram of a seismic data acquisition system
having a curved streamer according to still another exemplary embodiment;
[0028] Figure 8 is an image of a subsurface according to a conventional
streamer configuration;
[0029] Figure 9 is an image of the same subsurface according to a novel
streamer configuration;
[0030] Figure 10 is a graph showing ramp rate differences between a
conventional streamer configuration and several novel streamer configurations
according to the subject matter disclosed;
[0031] Figure 11 is a schematic diagram of a seismic data acquisition system
having a double slanted streamer according to an exemplary embodiment;
[0032] Figures 12 and 13 are graphs showing a frequency spectrum for a
streamer with multiple slants at different depths according to exemplary
embodiments;
[0033] Figure 14 is a schematic diagram of a seismic data acquisition system

having a streamer with multiple slants according to an exemplary embodiment;
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according to an exemplary embodiment. DETAILED DESCRIPTION [0036]The following description of
the exemplary embodiments refers to the accompanying drawings. The same reference numbers in
different drawings identify the same or similar elements. The following detailed description does not
limit the invention. Instead, the scope of the invention is defined by the appended claims. The following

embodimgygapre cisigarg.[@ToMRhHNGRAThiPAIRIBENNBIO AR g ure of a streamer

having a profile that varies with depth, at least initially. However, the embodiments to be discussed

next are el fignitsd 48 BRARFIB SN B RbEMAY R RIS ta iher structures that have detectors

provided at a variable depth: [0037]Reference throughout the specification to "one embodiment” or "an

embodimpsgssneans rﬂﬂgwet)%tigvéaﬂéaﬁeﬁ% HUSHHTRCR PhEIRSEPISHIGRS RS drsgpgction with

an embodiment is included in at least one embodiment of the subject matter-disclosed. Thus, the
appearageesphihg euRSSEeMpbRIg 8MBadiment or "in an embodiment” in various places throughout
the specification Is not necessarily referring to the same embodiment. Further, the particular features,
structures or characteristics may be combined in any suitable manner in one or more embodiments.
[0038]According to an exemplary embodiment, there is a plurality of detectors provided (attached or
build into the streamer) on a streamepgrhfoeiPBeddRpsiGIbuted at variable depths, on a curved
profile, relative to a horizontal line (e.Q-,

[0036] The following description of the exemplary embodiments refers to the

accompanying drawings. The same reference numbers in different drawings identify
the same or similar elements. The following detailed description does not limit the
invention. Instead, the scope of the invention is defined by the appended claims. The
following embodiments are discussed, for simplicity, with regard to the terminology and
structure of a streamer having a profile that varies with depth, at least initially.

However, the embodiments to be discussed next are not limited to these structures, but
may be applied to other structures that have detectors provided at a variable depth.
[0037] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring
to the same embodiment. Further, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.

[0038] According to an exemplary embodiment, there is a plurality of detectors
provided (attached or build into the streamer) on a streamer and configured to be

distributed at variable depths, on a curved profile, relative to a horizontal line (e.g.,
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surface of the water). It is noted that the detectors may follow the curved profile while the streamer
may not, e.g., the actual body of the streamer to which the detectors are attached may deviate from
the curved profile but an imaginary line drawn to have the curve profile may intersect most if not all of
the receivers. As will be discussed later, some of the detectors may not lie exactly on the curved

profile agelmy dewRlS/HRN, N SUYESHRII sHWIHURRL ACHRaARIRIR IR dinfap hiefirxemplary

embodiment, the profile of the curve on which the plurality of détectors is distributed is parameterized

as will bg HircHss ety oCals, Mearing Ray brad GrexeRpiansEbgment, aramp

rate of the distribution of the detectors varies along the streamer. [0039]According to an exemplary

embodirgRibciord SRNAtAENERHPA RIVRRSIFIAINE BIAVEIFAoRIE BUtStiRiadlRds/Siyvn in Figure 5.

Figure 5 shows a system 50 having at least one streamer 52. The streamer 527includes a body (e.g.,

cable) ore;mWﬁh@h%mem&eﬁmiw?a;rmwﬁgcmb%mqsi%mw%%téﬁmerﬁmppdy are

identified by the same reference number 52. However, as discussed with regard to Figure 1, the

streameb@akkiEyes AR, ehody AddbRERIRCHRES MO ONS SRRURRIPNHE B GYEAPRSHIFIudes plural

detectors 54. The streamer 52 may be connected to a vessel 56 for being towed under the water

surface afdliAMNGaBUIRGN Bfe> A HOERDMNRS IRithiieaRNASUPtNg Y8 OfeaRdtARPM cables at

least for the following reason. The distribution of some of the detectors on a curved profile as

discussegkisipeapfRHBIIRTRIRdIMS s fRdnaifiaibar, SUhs R YHEERRERS bVl R layings the

streamer contrary to the situation when lying down cables and detectors. In this last situation, the

operator QitiiieielfeRPaFdfaet iietesiafiibsEist e EEiN MR fRbIBRIERIRSIOAT Wity tion or to

maintain that profile. [0040]In one exemplary embodiment, a distance between consecutive detectors

54 is congipainblRseaRsnBIaRPEIAbBBRNEATCR rarfiS RS O PRV R IANRAF B YSIgtestaspsd4 varies.

For example, the distance between consecutive detectors at the beginning and end of the body may
be smallgataraiodisiace feeiMepn consecutive detectors in the middle of the streamer. A distance
between two consecutive detectors may be in the range of meters or tens of meters. A length of the

streamerpgaope in thagsertiegkicamessINaA EmBEiRarRchisye ARepurer Piiteosigen in

Figure 5, plural birds 60 (or equivalents, like deflectors, etc.) may be provided along the streamer. A

bird maydegesitsRiyproviRisi g2 Siiise @ SRITRSROSKINGhNATFRfURe Streqgies © shegairgd depth

assuming that the body floats in normal conditions. Alternatively, the bird may be a more or less

sophisticgystbAeBTARARKM REGEN BRI ALMELTLE dTIRPHIrHAARINVEZ B Aa MRl ASRRPEI o

between streamers in applications using multiple streamers. For example, the bird may have wings or

other deigBRejamaeR Atrsgstbriowstelstr Bas previtlalbirbsimiplidtthedlietgetors, may be

electrically connected to the vessel for control and/or data collection. In another embodiment, the birds
are self paweragni thedysarefitrshvitbmblatieriammbd 2l sielasiphie paenpitvaee 4gr any device

that is capable of
discussed with regard to Figure 1, the streamer may include both the body and the
detectors. in one application, the streamer includes plural detectors 54. The
streamer 52 may be connected to a vessel 56 for being towed under the water
surface 58. Towing the streamer 52 under water is different from lying down ocean
bottom cables at least for the following reascon. The distribution of some of the
detectors on a curved profile as discussed in the previous embodiments is

maintained substantially unchanged while towing the streamer contrary to the

situation when lying down cables and detectors. In this last situation, the operator of
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measuring a pressure wave or another quantity (e.g., particle velocity or displacement of the medium)
indicating the presence of an acoustic wave. An example of such a detector is a geophone or a
hydrophone or an accelerometer and they are known in the art. Thus, a detailed description of these
devices is not provided herein. [0043]The curved shape of the streamer 52 may have different profiles

B e e el IR Tied Shanel DEAKTBNIRL SdeBreILhE IfgHg

streamer underwater. In other words, this curve the streamer should not be confused with a
Situaﬂontﬁ"ﬁ%‘irﬁ’t’éﬁ@kﬁﬁtgﬁgﬁﬁé connected to a cable (ocean bottom cable) is deployed on the bottom
of the ocean for passive measurements as noted above. [0044]In one exemplary embodiment

iIIustratefbi@,‘lﬁpure 6, m%ﬁé@%@’éﬁ&%@s‘%ﬁ%ﬂ@@ gt%%%ﬁ%’ﬁﬁ%g Stgéﬁﬁ\%arametric

guantitieS, zo, so and hc. Itis no the entire streamer has to have the curved profile. In other

words, ”?fefé&fﬁg B@Q%éﬁ%lﬁhin%&ﬁ s‘wgggt@(ﬁ]l#mi%%@%t%tg%%%%reeggm%gf the streamer.

While this situation is possible, the exemplary em not pro'h aving the curved profile

applied loipy AALANELEIE BHSANEL 'R QBRI R RLisAUCh Bige DR LMl . curved

profile or (i) a portion having the curved profile and a portion having a flat profile, 0 portions

being atgeheddn AT L IRASIRT HEPLPABELS ARPAPSIRaIP A Bl tgh detector 54a of

the streamer relative to the 'surface 58 of the water. iﬁls pa{'rnameter may have a value'in the range of

. , ized b
meters 9, ip0s of RISISERFOE IABMIS A fﬂéynﬁ%ﬁcﬂé"&f"ﬂg SrAmLe ok cﬂ§t¥qgﬁé%d?%?éﬁ§§)ﬂﬁ]22§eptg of

those skilled in the art, the value of zo depends on each application’ and may be re

the botto ot 0eaME NSRBI AIDDEEHFHEREE BPRRIAKIRE AANG SRUISR: thelsngip of the

streamer, etc.
of the streamer may be in the order of kilometres.

[0041] In order to achieve the curved profile shown in Figure 5, plural birds 60
(or equivalents, like deflectors, etc.) may be provided along the streamer. A bird
may be simply a weight that sinks a corresponding part of the streamer to a desired
depth assuming that the body floats in normal conditions. Alternatively, the bird may
be a more or less sophisticated device configured to maintain a desired depth under
water as well as separation between streamers in applications using multiple
streamers. For example, the bird may have wings or other devices for manoeuvring
up, down, left, right, etc. The bird, similar to the detectors, may be electrically
connected to the vessel for control and/or data collection. In another embodiment,
the birds are self powered with the use of individual batteries.

[0042] A detector is a generic name for any device that is capable of
measuring a pressure wave or another quantity (e.g., particle velocity or
displacement of the medium) indicating the presence of an acoustic wave. An

example of such a detector is a geophone or a hydrophone or an accelerometer and
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[0046]The second parameter so is related to the slope of the initial part of the streamer 52 relative to a
horizontal line 64. If the parameter so is the slope, as illustrated in Figure 6, it is related to an angle
made by a tangent T to an initial part of the streamer and the horizontal line 64. It is noted that the
slope of the curved profile at point 54a is given by a ratio of the change of the curved profile along the
Z axis wiﬁ}qer SPEHH n C alﬂ,“%t j 'Q%% is thus equal to the mathematical value
of the tangeft o?thﬂnj%ﬁ%ﬁ?&ope at%eo%?équ in |§rllfggﬁé})] gﬂﬁ},efo %aSFﬁg%Bc%%cﬂRg angle). Further,

itis noteﬁmfﬂ% ﬁ?}glhangles (e.g., five or less degrees), tan (angle) is approximately equal to se.
Thus, for small angles, the slope and the angle may be used interchangeably. In one embodiment, the

| f be b T in Fi 6 initial sl
e o CODRSY Do DEMERLNBA LAY el BN Y Nl TSR BRR O SDPe .
| i ivel | i licati h . b
conctan L e N ) 1 e R R o e
third indi i | i is.in Ei df
the first s etecﬁ%!%%_'?; fifet Baeice .dﬁﬁﬁ‘r‘ﬁheé‘i't?’e%@n%rﬂéﬁ%?éﬁ%ﬁﬁﬁ%%{%%a%@ﬁieﬁ?%ehisr°”"
paramet%hega nst'%%Lgmung&dqm%dégeggsﬁwéﬁ@%%i SIS E U RRARRE 0% i3 gRund 3000

m for the configurat own In Figure IS parameter egil?les e end of the curvedapart of the

streamergggedé% %%6%’%% t]§ 3g eyﬁtgoar Hqg}bggéfgaofljrﬁeoggé(%%rﬁfé%éi(}gs a first curved profile

e .
and a second portion 52b that Is el as a rent curve rameter he defines the

first porti | t ' pplication the streamer 52 has both the first portion 52a and
the secoﬁgléggﬁ%nmgggg %v%ﬁ?i‘%wﬂ?ﬁ%&ﬁgi application the streamer 52 has only the first portion 52a.
Such an iment i, illst in.Fi 5’{1‘- H%m f ie o, f] rtion 52a,
the detec%ql% b beingﬁh%HEig{geﬁt‘glﬁfgmé gtreaﬁ'élggg&g%?sq Ffﬁé’?}'%?t zﬁ‘l é&%@n%’ﬁg line 64 of
the lengt in, Ei . . rds, | e diments,
A A e e VR O i

X axis I e Kol SR BRS8N ETIREE REOGHIRRI B P AL iROf e

streamer 52 may be described, approximately, by following equations: z0'+ soh 1-0.5
-hfor h, gtved profile should not be construed to always apply to the entire length of the

streamer. While this situation is possible, the exemplary embodiments do not
prohibit having the curved profile applied to only a portion of the streamer. In other
words, the streamer may have (i) only a curved profile or (i) a portion having the
curved profile and a portion having a flat profile, the two portions being attached to
each other.

[0045] The first parameter z; indicates the depth of a first detector 54a of the
streamer relative to the surface 58 of the water. This parameter may have a value in
the range of meters to tens of meters. For example, z; may be around 6 m.
However, as would be recognized by those skilled in the art, the value of zo depends
on each application and may be related to the depth of the bottom of the ocean, the
depth of the reflectors, the power of the sound source, the length of the streamer,

etc.
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k), (2) z(h) zo + so 0.5. I, for h> he . [0049]In these equations, z is measured along the Z axis and h
is measured along the X axis, where Z is perpendicular to the surface of the water and X extends,
along the surface of the water. Also, it is noted that in some applications, only equation (1) may be
used to define the profile of the streamer, depending on the length of the streamer. In other words, in

some eriiAen', UhsLaag daemo o ey dalpaien of plsk oo at e end o

the curv on. For seismic data acquired With streamers disposed along a pro I en%y these

specific g%g%qsgiﬁg yxéqﬁt%l%l 5@@%8&%&“% é)%g;.e Jﬁi]ﬂa%engéjrA%%?esi I%f ﬁtn'ee ﬁﬁ%bsurface improved

substantially, own In Figure IS note igure 8 llustrates the Plﬁa?ﬁnage of the

S I S o e T B B L e oot

same subsurface using the novel acquisition abover: er, it Is noted that the first

S
opin). L e o L A S R S e Bl ) ot

ose s e art would understan e va

2) 2 aptai e S RS SR RV BB Py and

Xis .
the movement o other words, 1t'1s ectors pro su%s?antlally on

e cunveghpralls s e ORI il ALERE ISR 3358 10 10 20 % o the

real curve In ter are envisioned to be covered by the above mentioned

oo A S B Al B RS e oo

formed By M(BIEIRREHIHIRHE L AP IRIAHIES 19 n FERTABPR MBI SN @ §" FReSIF
less degrees), tan (angle) is approximately equal to s,. Thus, for small angles, the
slope and the angle may be used interchangeably. in one embodiment, the value of
so may be between 0 and 6 percent. The example shown in Figure 6 has an initial
slope sg equal to substantially 3 percent. 1t is noted that the profile of the streamer
52 in Figure 6 is not drawn to scale as a slope of 3 percent is a relatively smali
guantity. In one application, the slope may be constant for a certain length of the
streamer and then it can change until approaching zero.
[0047] The third parameter h. indicates a horizontal length (distance along the
X axis in Figure 6 measured from the first detector 54a of the curved portion of the
streamer until an end of the curved portion. This parameter may be in the range of
hundreds to thousands of meters. For example, h. is around 3000 m for the
configuration shown in Figure 6. This parameter defines the end of the curved part
of the streamer 52. In other words, the streamer 52 may have a first portion 52a that
has a first curved profile and a second portion 52b that is either flat or has a different

curved profile. Parameter h; defines the first portion 52a. it is noted that in one

application the streamer 52 has both the first portion 52a and the second portion 52b
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[0052]In another exemplary embodiment, the birds 60 that are attached to the streamer 52 are placed
at specific locations so that the streamer takes the desired curved profile, e.g., parabola, hyperbola,
circle, etc. For example, if the circle is the profile of the curved streamer, a radius of curvature may be
around 50 km. Thus, according to this exemplary embodiment, the detectors may not be exactly

ocated e fesist e eunlic b subsingriabyibeany o lisdaRtog! 19 g 200 of the

actual depth z(h). [0053]According to an exemplary em € birds ancﬂor the

detectorfBsdmBRMC MR RolPIFW G E R UERIRCr AN BRARIETRY hat, as

detector technology improves, these ranges may increase to ove € numbers

presentegeesiote e QR RIS AILIUAIEIEg (ol s applon Ty gg

exemplary embodiments. [0054]Accor 0 an exemplary em e curved pro

streamenQUClis3eLb AR ISR R AEFoH AR 1Ly Nﬁr?ﬁé‘é‘?@ﬁ%ﬂé%eﬁéﬂﬂ%:ﬁ?ﬁ%%“e“ For

example, consider corresponding slopes at various points along the stream e change in the

streamergdgqabaiane (NGRATMIRE) is AHELATANINCIN 92 dpczsiaal pasiiop alogne length

of the streamer on the X axis, as shown in Figure 1 erent curves escribing the

change ol e ABRFiYR W5-ARGREZRD DY 1 JAPLIRLBL A Arisastiigliigigpgamp-ate

values. This IS in contrast to curve 78 that describes a slanted streamer having a constant slope (e.g.,
a slope tm%@ vary with the horizontal position of the detectors along the streamer). It is noted
that the ramp rate may also increase along the X axis in Figure 10. [0055]According to another

exem plam@g@lj;od Iment, a5t grmm @{@%éﬂ@ﬁﬁﬁ@@%%g%ﬁgﬁlﬁﬁn& %%econd

region having a different slanted configuration is i te nfiguration allows

sufficienishigthey BaMiE, B gudbacd égfig&ugﬁée@y%%?%l%% Lhdying at higher

depths. The configuration shown in Figure r at a predetermined angle
and the second region 52b su()stantifllhy orizontal.

(1) z(h)=z,+s,hi 1-0.5 m Jorh<h , and

(2) z(hy=zy+5,-0.5-h, forh>h_.

[0049] In these equations, z is measured along the Z axis and h is measured
along the X axis, where Z is perpendicular to the surface of the water and X extends,
along the surface of the water. Also, it is noted that in some applications, only
equation (1) may be used to define the profile of the streamer, depending on the
length of the streamer. In other words, in some embodiments, the streamer does not
have to have a flat portion or other portions at the end of the curved portion. For
seismic data acquired with streamers disposed along a profile given by these
specific equations, it was found that the clarity of the processed images of the
subsurface improved substantially, as shown in Figures 8 and 9. It is noted that
Figure 8 illustrates the final image of the subsurface obtained with traditional
acquisition devices while Figure 9 illustrates the final image of the same subsurface
using the novel acquisition device described above. Further, it is noted that the first
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[0056]In the embodiment shown in Figure 11, the seismic receiver closest to a seismic source 80 lies
at a depth of substantially 7.5 m. The first portion 52a may have a length of between 1 and 3 km, for
example 2 km. The seismic receiver 54 of the first portion 52a that is farthest from the seismic source
80 lies at a depth of substantially 37.5 m. The second portion 52b being horizontal, the receivers 54 of

e secopdparien AR ATARSHEIAheSoue TR RSB USa PRI TRy BT.gmares. These

values are'given by 'way 0 epth can be chosen’in ca relationto particular

conditior&rgjngeng?ﬁ% @%H‘é@é‘?ﬁ aeegt?p geological characteristics, etc.). [0057]Figures 12 and 13

illustrate so e advantages of acquiring data with a novel streamer having a slanted first portion

and a ho@g@gﬁgl Seco%eeéti%@@ﬁﬁﬁa%w atﬁgﬁre%ﬁ N8 I'ﬁic?é‘ﬁaﬁt\}lﬁgidljggﬁ it

correspo imulations including the ghosts for a shallow retlector similar to
d ' S ' t ' fi tor placed
laive O oo T R A U e T
uladi | : ¢ 5 .
simulationg, g G?R%??&&éqfla;{eéﬂ%ﬁ‘é‘%gﬁg ﬂg@gﬁﬁﬂgﬁ%ﬁﬁ%@@eﬂ ﬂ?B#ﬁe?’r \ﬁo@ﬁﬂf"“"e ©

the water surface.”The simulated spectra (curve neglect the ghost eftect, i.e., they

e S 8 SR A SR
spectra Syaaic 1P sRARIeYy uhenuthilt ledueacyand highagveRouhenayioyys fpnsidered

a result not obtained using the'conventional approach shown in Figures 3 a ]By comparing

ihe 19ealtsReRIcr B AuRaTBEHT ARG AR rivRithEd oAl dold ey BRI SH AV ey ination

has been achieved, and the n 45to 50 Hz is suitably ch again Is an improvement

comparegd,géﬁwes 3 and 4.

[0051] in another exemplary embodiment, z(h) may be generaily described by
a parabola, a hyperbola, a circle, or any other curved line. In one exemplary
embodiment, the curved profile may be formed by two or more different curved
profiles, e.g., a parabola combined with a circle, etc.

[0052] In another exemplary embodiment, the birds 60 that are attached to the
streamer 52 are placed at specific locations so that the streamer takes the desired
curved profile, e.g., parabola, hyperbola, circle, etc. For example, if the circle is the
profile of the curved streamer, a radius of curvature may be around 50 km. Thus,
according to this exemplary embodiment, the detectors may not be exactly located
on the desired curved profile but substantially thereon, e.g., in the range of 10 to
20% of the actual depth z(h).

[0053] According to an exemplary embodiment, the depth of the birds and/or
the detectors may be between 5 and 50 m. However, those skilled in the art would

understand that, as detector technology improves, these ranges may increase to
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[0059]According to an exemplary embodiment, the slanted first portion 52a has a slope of less than
2%. This slope avoids setting up turbulences which would 18 be detrimental to the quality of the
signals recorded by the seismic receivers. This slope is more preferably than 1% which provides a
sufficient range of receiver depths to achieve good quality ghost elimination when processing.

are oS S 1L e B S e e B o B, Gpese dhe e
. Aciddes pilrs wVing difErcit Sopes. For example,
neving a a0 SR e o Ot e Bl ARSI, o 520 hawing & foury
megive Lo ey R R R R A e vy e
negalive, or & combinaliGh tn GG 10 one Vanet o  Section 52d may
may o el er i o Lbre S TOOb TR Sl e a2
markeled . SetreRGaIUslaN CesteiBranrLRTe I de etk RS E U LB etPary

embodiments disclosed hereln dre applica streamers. epth control birds may

b gt oy e USSR s RSB amMB L ey of
embodieaioN s dHBRESRUEERRALRITHETEIAFR T B e er & Ly metres, and

appropriately istances between adjacen irds may etween and 400

metres. [QRQEHISMIRE NGV RHR ATBINGLS R Ib8 BRAXRETRFHRS Eflange of the ramp

rate are characterized by the fact that they have at least two different ramp-rate
values. This is in contrast to curve 78 that describes a slanted streamer having a
constant slope (e.g., a slope that does not vary with the horizontal position of the
detectors along the streamer). It is noted that the ramp rate may also increase along
the X axis in Figure 10.

[0055] According to another exemplary embodiment, a streamer having a first
region with a slanted configuration and a second region having a different slanted
configuration is illustrated in Figure 11. Such configuration allows sufficient notch
dynamics to be obtained for shallow reflectors by using detectors lying at higher
depths. The configuration shown in Figure 11 has the first region 52a slanted at a
predetermined angle and the second region 52b substantially horizontal.

[0056] In the embodiment shown in Figure 11, the seismic receiver closest to
a seismic source 80 lies at a depth of substantially 7.5 m. The first portion 52a may
have a iength of between 1 and 3 km, for exampie 2 km. The seismic receiver 54 of
the first portion 52a that is farthest from the seismic source 80 lies at a depth of

substantially 37.5 m. The second portion 52b being horizontal, the receivers 54 of
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embodiments are also envisioned to be novel and possible to be realized, e.g., a streamer with a
combination of curved profile portions and multiple slanted portions. [0063]According to an exemplary
embodiment illustrated in Figure 15, there is a method for seismic data acquisition related to a
submerged subsurface. The method includes a step 1500 of towing a body having a predetermined

enath gRIEun aliResmcigrmBce YR AAlR e batuA SieRd S0z gheanlgp plual birds

prov_ided alongt y to float at a predetermin th from a surface of the water such that a_first
porton 51 RpsomR e adls e 7R W ILADIIRIC S RGASIE WO A el gR o
pitds, [00bA S o B e R 488, erc - & method for
oS L oo TR o] e oS S e borly of water, ffom a vessel. a body having a prédetermined

nih o] 11 DRSO N Al elhe bode AR ol R gy n e

plural detecto etectors are submerged; and a step configuring plural

birds prayigied aAlgng Qﬂ%&ﬁ@é %Ug@‘ Qt&?ﬁ‘@‘%ﬂﬁﬁ@ﬁg@%ﬂ,ﬁ@;ﬂg E%&SH@%%%#@W%SES““ that a

first portion of the body has a curved profi underwater. curved profile

ey be TREBHAA HEB 6 uRS RO A PP IO st e a fa profle

and is connected to the first portion, and the curved profile may

of a poing iRl ifgiBFY mtiam AL\ BT UTeraiBlineMRr ardisrs test DR dlluipg,pquation:
regard to Figures 3 and 4. The spectrum simulations are for a streamer having the
first detector placed relative to the surface of the water at a depth of about 7.5 m and
about 15 m. In both of these simulations, the last detector on the slanted streamer is
placed at a depth of about 37.5 m relative to the water surface. The simulated
spectra (curves 90 and 94) neglect the ghost effect, i.e., they represent an
“idealized” situation in which the presence of ghosts has been artificially removed
from the simulation. As clearly shown, the calculated spectra 92 and 96 have
shapes close to the effective spectra 90 and 94, respectively, when the low
frequency and high frequency behaviour is considered, a result not obtained using
the conventional approach shown in Figures 3 and 4.
[0058] By comparing the ideal spectra and the effective spectra of Figures 12
and 13, it is observed that ghost elimination has been achieved, and the notch at 45
to 5Q Hz is suitably filled, which again is an improvement compared to Figures 3 and
4,
[0059] According to an exemplary embodiment, the slanted first portion 52a

has a slope of less than 2%. This slope avoids setting up turbulences which would

18



? h\? z(h). zo+ soh 1-0.5 -for h \he ij where h is a horizontal distance between the point and a first
detector provided on the body, zo is a depth of the first detector relative to the surface of the water, so
is a slope of the body at the first detector of the streamer, and hc is a predetermined horizontal

distance between the first detector and an end of the curved profile. [0066]The method may include a

step of 19U A AERAYROR-iAY BPRIECHI bR L paioB, i SelenARiian g lescribed by

equation z(h)=, zo+ so .0. c. Apr n y on a line substantially parallel

to th f ] licat j

Substan R e e e e e fowing a
q on. . on. : : ird 44 q

secon B%rggmg ‘%@Wﬁé@?ﬁ’?&tgiﬂﬁﬁﬁw éﬁﬁ %Wé o&ggﬁ( irds and detectors an

having a flat pro e Ssecond portion is substantially parallel to’the surface of the water. In

one 2ppYeaeN. "0 PosiaR gl I SR SRS Y nBKaRGHARR 2408 FhPRack 00581

one exemplary embodiment, there Is a stream r ecting
the depth control birds 60 are adjusted so that the streamer 52 includes plural

portions having different siopes. For example, Figure 14 shows the streamer 52
having a first region 52a having a first slope, a second portion 52b having a second
slope, a third region 52¢ having a third slope and a fourth portion 52d having a fourth
slope. More or less portions may be employed and the slopes of these portions may
be positive, negative, or a combination thereof. According to one variant of this
embodiment, section 52d may be horizontal, i.e., a section having substantially no
slant. According to another variant, different portions may form a single portion
having a uniform slant.

[0061] The streamers may be solid streamers marketed by Sercel (Carquefou
Cedex, France) under the trademark Sentinel, but the exemplary embodiments
disclosed herein are applicable to other types of streamers. The depth control birds
may be devices of Nautilus type (trademark registered by Sercel) which permit
lateral positioning of the streamers, but other types of depth control devices can be
used to implement the exemplary embodiments. The distances between adjacent
receivers 54 are on the order of a few metres, and appropriately the distances
between adjacent depth contro! birds may be between 200 and 400 metres.

[0062] It is noted that various combinations of the above-discussed
embodiments are aiso envisioned to be novel and possible to be realized, e.g., a

streamer with a combination of curved profile portions and multiple slanted portions.
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seismic data related to a subsurface of a volume of water. The streamer includes a body having a
predetermined length; plural detectors provided along the body; and plural birds provided along the
body, wherein the streamer is configured to flow underwater when towed such that the plural detectors
are distributed along a curved profile described by (i) a depth zo of a first detector, (ii) a slope so of a

predetoriR e horzore Bl et oble b el bl Bt O e e
subsurtagn b ko o e T s e et BB el Yengih: plural
confgura e o e A et e R B S e Rl AR D&l aiong o frs
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Ehetantalh ST BeSRE A L ALl AR b S SR

collctng seiaia e e 1 auidRcs e b oluater e siepmst clades @ body

having a predetermined length; plural detectors provi ong Bl provided

I th . ' ] to fl hen t h that the plyral
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a first defegipnengiaeth i lPepaidiana RRESISEIRG Shig st Alon, (D07 laggording to stil

another exemplary embodiment, tHere Is a streamer for collecting seism & subsurface

o A O R R LI A

underwaggqahen towed such that the plural detectors are distributed along a curved
[0064] According to another exemplary embodiment illustrated in Figure 16,
there is a method for deploying a streamer for seismic data acquisition related to a
submerged subsurface. The method includes a step 1600 of releasing into the body
of water, from a vessel, a body having a predetermined length together with plural
detectors provided along the body; a step 1602 of towing the body and the plural
detectors such that the plural detectors are submerged; and a step 1604 of
configuring plural birds provided along the body to float at a predetermined depth
from a surface of the water such that a first portion of the body has a curved profile
while being towed underwater.
[0065] The curved profile may be a parabola, a circle or a hyperbola, a second
portion of the streamer may have a flat profile and is connected to the first portion,
and the curved profile may be described by z(h), which is a depth of a point of the

first portion relative to the surface of the water, and satisfies the following equation:
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profile, wherein the curved profile has an initial slope larger than a slope at the end of the curved
portion. [0072]The disclosed exemplary embodiments provide a streamer and a method for seismic
data acquisition. It should be understood that this description is not intended to limit the invention. On
the contrary, the exemplary embodiments are intended to cover alternatives, modifications and
equivalents, which are included in th irit and scope of the invention as defined by the appended

claims. Further,g@ht)t@pe,rt@il q des it o}«oglgﬁg%emplary embodiments, numerous specific details
are set forth in order toopro‘ili e a contprehensive ufiderstanding of the claimed invention. However,
one skilled in the art would understand that various embodiments may be practiced without such

specifc detals. [BASIAD R (PHLES AR EIGIDER ' (o pissral xpmlan pmbodimens are

described in the embodiments in particular combinations, ea ature or element can be used alone

o Becatbes BAME DAY SO E iR oOR MY HERESS KRUR Y8 RIS of o

other features and elements disclose his written on uses examples of the

sublect ajier, dpRos bR YIRS PARAN REIBLILP SiQ BiRCliER ing pMig including making

and using any devices or systems performing any Incorporated methods. The p%t%ntable scope of

the SUbjWﬁﬁ%fWQM@EigﬁiﬁeﬁéﬂvM inclHpe 8&8&%%@'3 that %{f/\? r to those skilled

in the art. Such other examples are intended to be within the scope o claims T IS CLAIMED
IS: eufv8l§BIRE for collecting seismic data related to a subsurface of a body of water, the
streamer comprising:

[0066] The method may include a step of towing a second portion, connected
to the first portion, the second portion being described by equation

z(h) =z, +5,-0.5-h for h >h.. A projection of the entire body on a line substantially

paraliel to the surface of the water may be less than he. In one application, the
curved profile stays substantially the same during the towing.

[0067] The method may also include a step of towing a second portion,
connected to the first portion, the second portion having birds and detectors and
having a flat profile, wherein the second portion is substantially parallel to the surface
of the water. In one application, no portion of the body, detectors or birds are
anchored to the subsurface.

{0068] In one exemplary embodiment, there is a streamer for collecting
seismic data related to a subsurface of a volume of water. The streamer includes a
body having a predetermined length; plural detectors provided along the body; and
plural birds provided along the body, wherein the streamer is configured to flow
underwater when towed such that the plural detectors are distributed along a curved
profile described by (i) a depth z, of a first detector, (i) a slope so of a first portion of
the body with an axis parallel with a surface of the volume of water, and (iii) a
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a body having a predetermined length; plural detectors provided along the body; and plural birds
provided along the body, wherein the birds are configured to float, when deployed under water, at a
predetermined depth from a surface of the water such that a first portion of the body has a cur\_/eq
profile while being towed underwater. 2. The streamer of Claim 1, wherein the curved profile is a

Peving 8 e ST R st R b ool B el ST S ariooi B R curvec

profile |s%ﬁ§' ﬁ z(h), which is a depth of a point of the first portion relative to the surface of the
water, an %IS]SES % e following equation: zo + soh 1-0.5 - hc for h k,

[0069] In another exemplary embodiment, there is a streamer for collecting
seismic data related to a subsurface of a body of water. The streamer includes a
body having a predetermined length; plural detectors provided along the body; and
plural birds provided along the body. The streamer is configured to flow underwater
when towed such that the plural detectors are distributed along a first portion and a
second portion of the body. The first portion has a slanted profile with a first slope
and the second portion has a slanted profile with a second slope different from the
first siope. In one application, the second slope is smaller than the first slope. In
another application the second slope is substantially zero.

[0070] According to another exemplary embodiment, there is a streamer for
collecting seismic data related to a subsurface of a body of water. The streamer
includes a body having a predetermined length; plural detectors provided along the
body; and plural birds provided along the body. The streamer is configured to flow
underwater when towed such that the plural detectors are distributed along a first
portion of the body, and the first portion has a slanted profile with a first detector
configured to float deeper than a last detector of the first portion.

[0071] According to still another exemplary embodiment, there is a streamer
for collecting seismic data related to a subsurface of a body of water. The streamer
includes a body having a predetermined length; plural detectors provided along the
body; and plural birds provided along the body. The streamer is configured to flow

underwater when towed such that the plural detectors are distributed along a curved

22



where h is a horizontal distance between the point and a first detector provided on the body, zo is a
depth of the first detector relative to the surface of the water, so is a slope of the body at the first
detector of the streamer, and he is a predetermined horizontal distance between the first detector and
an end of the curved profile. 5. The streamer of Claim 4, further comprising: a second portion,

for hand e g R SR RO T e R P SRas AT >

substant&ql%g%@rklfél}‘]]t%g}ﬁ %urface of the water is less than hc. 7. The streamer of any one of the
preceding claims, wherein the curved profile stays substantially the same during the towing. 8.

The stre 9|'er)f Clainh-%e;ériggr%s e‘{%é%é'a' e%ggaﬁa@%%?%?88@§9ﬁ%%}g%grgt portion, th

second portion having bir ors'and having | . 1he streamer of Claim 8,

wherein (ieR8HY87 LR 834 BRGIAN-PAAIR b SIHIATE SO R AMAIRE description is

not intended to limit the invention. On the contrary, the exemplary embodiments are
intended to cover alternatives, modifications and equivalents, which are included in
the spirit and scope of the invention as defined by the appended claims. Further, in
the detailed description of the exemplary embodiments, numerous specific details
are set forth in order to provide a comprehensive understanding of the claimed
invention. However, one skilled in the art would understand that various
embodiments may be practiced without such specific details.

[0073] Although the features and elements of the present exemplary
embodiments are described in the embodiments in particular combinations, each
feature or element can be used alone without the other features and elements of the
embodiments or in various combinations with or without other features and elements
disclosed herein.

[0074] This written description uses examples of the subject matter disclosed to
enable any person skilled in the art to practice the same, including making and using
any devices or systems and performing any incorporated methods. The patentable
scope of the subject matter is defined by the claims, and may include other exampies
that occur to those skilled in the art. Such other examples are intended to be within the

scope of the claims.
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10. The streamer of any one of the preceding claims, wherein the plural detectors include only
hydrophones. 11. The streamer of any one of the preceding claims, wherein no portion of the
body, detectors or birds are anchored to the subsurface. 12. A method for seismic data acquisition
related to a subsurface of a body of water, the method comprising:  towing a body having a

predetewrlc?ﬁi jensihamseEh es.with plural detectors provided along the body;  configuring plural
birds provided along the body, to float at a predetermined depth from a surface of the water such that

a first portion of the hadyhasesr ciedingriinsie heing e do B depeigacanst a béagasting with

the plural detectors the seismic data generated in the body of the water while towing the body. 13.

The memgféﬂftﬁéagﬂéa?m@ﬁh@éﬁ%ﬁgﬁnged profile is a parabola, a circle or a hyperbola. 14. The

method of Claim 12, wherein a second portion of the streamer has a flat profile and is connected to the
first portion. alﬁoa-yhﬁﬂﬁ{a%jﬂ?é@é%ﬁrﬁﬁe&’@{ﬁfﬂ;the curved profile is described by z(h), which is a

depth of a point of the first portion relative to the surface of the water, and satisfies the following
equation: plural detectors provided along the body; and

plural birds provided along the body, wherein the birds are configured to fioat,
when deployed under water, at a predetermined depth from a surface of the water
such that a first portion of the body has a curved profile while being towed

underwater.

2. The streamer of Claim 1, wherein the curved profile is a parabola, a circle

or a hyperbola.

3. The streamer of Claim 1, further comprising:

a second portion having a flat profile connected to the first portion.

4. The streamer of Claim 1, wherein the curved profile is described by z(h),
which is a depth of a point of the first portion relative to the surface of the water, and

satisfies the following equation:

h
z(h)y =z, + sﬂh(l - 05(}?—)] forh<h,,

where h is a horizontal distance between the point and a first detector
provided on the body, zg is a depth of the first detector relative to the surface of the

water, sg is a slope of the body at the first detector of the streamer, and hcis a
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z(h)=z0+soh1-0.5 for h, where h is a horizontal distance between the point and a first detector
provided on the body, zo is a depth of the first detector relative to the surface of the water, so is a
slope of the body at the first detector of the streamer, and hc is a predetermined horizontal distance
between the first detector and an end of the curved profile. 16. The method of Claim 15, further

Comprisi%%deteﬁﬂmgg ﬁﬁ&%ﬂﬂ& RS S BRRRSISY s thpsiigbRRtEPRrida seeRNEmARIoN being

describ y equation z(h) =zo + so 0.5. k for h >he. 17. The method of Claim 15, wherein a

projecti%Rf t@?ﬁ?ﬁiée body on a line substantially parallel to the surface of the water is less than hc.
18. The metﬁo of any one of Claims 12-17, wherein the curved profile stays substantially the same
during the towing. 19. The method of Claim 12, further comprising:

5. The streamer of Claim 4, further comprising:
a second portion, connected to the first portion, the second portion being

described by equation z(h) =z, +s5,-0.5- A for h >he.

6. The streamer of Claim 4, wherein a projection of the entire body on a line

substantially paraliel to the surface of the water is iess than hc.

7. The streamer of any one of the preceding claims, wherein the curved profile

stays substantially the same during the towing.
8. The streamer of Claim 1, further comprising:
a second portion, connected to the first portion, the second portion having

birds and detectors and having a flat profile.

9. The streamer of Claim 8, wherein the second portion is substantially

paraliel to the surface of the water.

10. The streamer of any one of the preceding claims, wherein the plural

detectors include only hydrophones.
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towing a second portion, connected to the first portion, the second portion having birds and detectors
and having a flat profile. 20. A method for deploying a streamer for seismic data acquisition
related to a subsurface of a volume of water, the method comprising: releasing into the volume of
water, from a vessel, a body having a predetermined length together with plural detectors provided

along the body; P TriginddnfePatuapdiRepialleteriflg sthd alibRpluslsisiRsiase are

submerged; and configuring plural birds provided along'the body, to float at a predetermined depth

from a Sufage of {1 WARS SPEIRES R RLRGIIBNSIHBL ARGk RS2 curved profile while being towed

underwater.

12. A method for seismic data acquisition related to a subsurface of a body of
water, the method comprising:

towing a body having a predetermined length together with plural detectors
provided along the body;

configuring plural birds provided along the body, to float at a predetermined
depth from a surface of the water such that a first portion of the body has a curved
profile while being towed underwater; and

recording with the plural detectors the seismic data generated in the body of

the water white towing the body.

13. The method of Claim 12, wherein the curved profile is a parabola, a circle

or a hyperbola.

14. The method of Claim 12, wherein a second portion of the streamer has a

flat profile and is connected to the first portion.

15. The method of Claim 12, wherein the curved profile is described by z(h),
which is a depth of a point of the first portion relative to the surface of the water, and

satisfies the following equation:

z(hy=z,+ sﬁh{} - 05(—:—}} forh<h,,

o

26



where h is a horizontal distance between the point and a first detector
provided on the body, g is a depth of the first detector reiative to the surface of the
water, sg is a slope of the body at the first detector of the streamer, and h.is a
predetermined horizontal distance between the first detector and an end of the

curved profile.

16. The method of Claim 15, further comprising:
towing a second portion, connected to the first portion, the second portion

being described by equation z(h) =z, + s, -0.5- 2 for h >he.

17. The method of Claim 15, wherein a projection of the entire body on a line

substantially parallel to the surface of the water is less than hc.

18. The method of any one of Claims 12-17, wherein the curved profile stays

substantially the same during the towing.

19. The method of Claim 12, further comprising:
towing a second portion, connected to the first portion, the second portion

having birds and detectors and having a flat profile.

20. A method for deploying a streamer for seismic data acquisition related to a
subsurface of a volume of water, the method comprising:
releasing into the volume of water, from a vessel, a body having a

predetermined length together with plural detectors provided along the body;
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towing the body and the plural detectors such that the plural detectors are

submerged; and

configuring plural birds provided along the body, to float at a predetermined
depth from a surface of the water such that a first portion of the body has a curved

profile while being towed underwater.

28



