Foidable Wing Bird for Marine Seismic Survey Systems

BACKGROUND

TECHNICAL FIELD

[0001} Embodiments of the subject matter disclosed herein generally relate {o
birds that are attached to streamers or sources of marine seismic survey systems
and are being used to control depth and/or lateral position of the streamer or source,

and, in particular, to birds having feldable wings.

DISCUSSION OF THE BACKGROUND

[0002] Marine seismic surveys are used o generate an image of the
geophysical structure under the seafloor in order o make drilling a dry offshore well
unlikely.

{0003} During a seismic survey, as shown in Figure 1, a vessel 10 tows one or
more seismic sources 20 configured to generate acoustic waves 22a that propagate
downward and penetrate the seafloor 24 until eventually being reflected by a
reflecting structure 26.

[0004] The vessel 10 also tows acoustic detectors 12 arranged along a cable
14. The cable 14 and the detectors 12 are known as a streamer 16. The detectors
12 acquire information (seismic data) about the reflected waves 22b, 22¢ and 22d.
[0005] The streamer 16 may be towed horizontally, i.e., lying at a constant
depth relative fo the water's surface 18 (as iliustrated in Figure 1) or slanted relative

to the surface 18 (as disclosed, for example, in U.S. Patent No. 4,892,092).



[0006] The vessel 10 may tow plural streamers at the same time. During
seismic data acquisition, the streamers’ depth and lateral positions may be controlled
using steering devices 30 known as “birds.” The birds are aftached to the streamers.
[0007] A bird typically has sofid control surfaces (referred to as wings or fins)
that are attached to a body and allowed to rotate around an axis while an area of the
control surfaces is constant. When a bird’s control surface moves through water,
pressure on one side of such a surface may become greater than pressure on the
other side thereof. The pressure difference vields a force perpendicular to the
control surface and proportional to the area of the projection of the control surface.
This force is used to adjust a bird’s location in a plane perpendicular to the tow
direction and, because the bird is attached to the streamer, also the streamer’s depth
and/or lateral position, |

[0008] When the streamers are no longer used (i.e., the seismic survey has
ended), they are reirieved on the vessel 10. Conventional birds, and, in particular,
their control sutfaces extending away from the cable 14, may be damaged during
recovery. In view of their length and fiexibility, the streamers are usually retrieved
and stored on spools located on the deck of the vessel. When the streamers are
retrieved, the solid control surfaces of conventional birds may be damaged or may
get entangled, making it difficult to later roll out the streamers. Therefore, the wings
of the birds or the birds have to be removed from the streamers when the streamers
are retrieved, which is a time-consuming procedure,

{0009] In instances when an accidental loss of towing speed ocours, the
control surfaces may not produce the intended steering, but instead cause

undesirable drag forces that amplify the slow-down. In other instances, if the
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streamers get too close to one another, the bird’s control surfaces may become
entangied with neighboring streamers. In still another instance, a wing of the bird
may be damaged (e.g., broken) and thus, the bird may start to spin. in this situation,
although the operator may be aware of the damaged bird, he or she can do nothing
to minimize the disturb.ance created by this bird,

f0010] Furthermare, thare are instances in which the streamers need to be
cleaned while deployed underwatar to remove bio-fouling setflement that
accumuiates on their exterior surface. The cleaning devices used on the streamers
are negalively impacied by the bird’s control surfaces extending away from the
streamer, which prevents the cleaning devices 1o pass over the bird's location.
Therefore, cleaning devices have to be manually reposifioned.

[6011] Accordingly, it would be desirable {0 provide birds and me’chods that

avoid the afore-described problams related to the control surfaces.

SUMMARY
[0012] A bird having one or more foldable wings may be easier {o recover and may
benefit from the wing being foldable in various situations occurring during & marine
seismic survey (e.g., when the towing speed decreases, when marine growth gets
attached fo the wing, efc.).
[0013] According to one exemplary embodiment, theres is 2 bird for a streamer
or a source of a marine seismic survey system. The bird has a body configurad fo
be attached to the streamer or the source, and a.r’irst wing connected o the body

and having an active surface used o control depth and/or iateral position of the
body. The first wing is configured to be changed between an operational state in
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which the active surface is extended away from the body, and a folded state in which
the active surface is folded ciose to the body.

[0014] According to another exemplary embodiment, there is a marine seismic
survey sysiem inclﬁding a sfreamer or a source configured to be towed through

a fluid, and a bird connected to the streamer or the source. The bird has a body
configured to be attached to the streamer or the source, and a first wing connected
io the body and having an active surface configured to control depth and/or ateral
position of the body. The first wing is configured to be changed between an

operational state in which the active surface is extended away from the body, and a
folded siate in which the active surface is folded ciose to the body,

[0015] According o ancther exemplary embodiment, there is a method for
steering a streamer or a source towed through a fluid. The method includes

conneciing a bird having a foidable wing to the streamer or the source, and actuating
the foldable wing to change from a foided state in which the foldable wing is folded to
an operational state in which the foldabie wing is extended. The method further

includes using the bird to adjust a2 depth and/or iateral position of the streamer or the

source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are incorporaied in and constitute
a part of the spaciiication, iliustrate one or more embodiments and, togather with the
description, explain these embodiments. In the drawings:

F0017] Figure 1 ts a schemalic diagram of a marine seismic survey systam;,
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[6018] Figure 2A is a schematic diagram of a bird according to an exemplary
embodiment, in an operational state; |

[0019] Figure 2B is a schematic diagram of the bird illustrated in Figure 2A, in
a folded state;

(00620} - Figure 3 is a schematic diagram of a joint between segments of a
support structure of a foldable wing and an actuating mechanism according to an
exemplary embodiment; |

[0021] Figure 4A is a schematic diagram of ancther bird according to an
exemplary embodiment, in an operational state;

[0022] Figure 4B is a schematic diagram of the bird ilustrated in Figure 4A, in
a folded state;

f0023] Figures 5A and 5B are schematic diagrams of birds according to other
exemplary embodiments;

(00241 Figure 8A is a schematic diagram of another bird according to an
exemplary embodiment, in an operationai state;

[0625] Figure 6B is a schematic diagram of the bird ilustrated in Figure 6A, in
a folded state;

[0026] Figure 7 is a schematic diagram of another bird according to an
exemplary embodiment;

[0027] Figures 8A-D are schematic diagrafns of another bird according to an
exemplary embodiment;

[0028] Figures 8E-G are schematic diagrams of another bird according fo an

exsemplary embodiment;



[0029] Figure 9 is a schematic diagram of 2 marine seismic survey system
using a bird according to an exemplary embodiment; and

f0030] Figure 10 is a flowchart illustrating steps performed by a method for
steering a streamer or a source towed through water according fo an exemplary

embodiment.

DETAILED DESCRIPTION

[06031] 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 bird for a streamer of & marine seismic survey system. However, such a
bird may be used with other parts of a seismic survey sysiem, e.g., a source.

{0032] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a pariicular feature, structure or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matier 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.

[0033] Figure 24 illustrates a bird 100 for a streamer (or source) of a marine
seismic survey system according fo an exemplary embodiment. A bird is understood in

the following to be able to control lateral movement, or depth movement or both. The
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bird 100 has a body 110 configured to be attached fo a streamer 101 and two wings
1202 and 120b connectad to the body 110. The number of wings (two) is merely an
ilfustration and is not intended to be limiting. The bird may be attached to the streamer
101, for example, with a clamp, or may be atfached to a corresponding base located
betwaen sections 101a and 101b of the sireamer, i.e., the bird is indine with the
streamer.

[0034) Each of the wings 120a and 120b has an active surface 130a and
130b, respectively, used to control depth and/or lateral position of the body. The
active surfaces 130a and 130b are configured to extend away from the body 110 in
an operational state, and to fold close to the body 110 in a folded state as illustrated
in Figure 2B. The wings 120a and 120b are configured to be switched between the
operational state and the folded state (manually or automatically, by an actuation
n;uechanism to be discussed later),

[0G35] The force caused by a wing while towed through water is proportional
to the area of the aclive surface's projection in the plane perpendicular to the towing
direction. in the operationat state, the active surface is extended io have a first area
that is the maximum substantially flat area achievable for the given wing. The active
surface is controlied (e.g., rotated) to have a non-zero projection on a plane
perpendicular to the towing direction in order to generate a steering force. The
steering force is understood o be a force the changes a lateral position of the bird,
or a depth position of the bird or both, The sigering force may be varied by varying
the orientation of the active surface, as described, for example, in U.S. Pafent No.
7,610,871 by Leclercy et al., the entire content of which is incorporated herein by

reference.



[0036] In the folded state, as illustrated in Figure 2B, the active surfaces 130a
and 130b are folded close io the body 110. In this state, a second area of the active
surface (130a or 130b) is smaller than the first area thereof in the operational state.
By minimizing the second area, the drag force (which is generated concomitant with
the steering fdrce énd opposes {owing)} is minimized, the entire bird may be stored
on the spool and/or a cleaning device may pass over the bird. The active surface
130a or 130b may be a flexible membrane sustained by a support structure 136a or
136b, respectivaly. The flexible membrane is made of a pliable, resistant and at
least partially-impermeable material. For exampie, the flexible membrane may be
made of plasfic. In one embodiment, the flexible membrane may be made of an
inflatable sheet-like plastic container that may be filled with gas.

[00371 The wings are in the operational state while the seismic survey is
performed so that the active surfaces can efficiently be used for steering if needed.
When the streamer is retrieved after finishing the seismic survey, the wings are
preferably in the folded state. While the streamer having the bird attached is towed
through water, the wings may he switched from the operational state to the folded
state when the towing speed decreases (because by folding the wings, the drag
force decreases), or when the streamer becomes too close to another streamer (fo
avoid entangling of the bird with the other streamer and its instrumentation). The
wings may be iater unfolded {exiended) when the towing speed recovers or when
the distance between streamers increases.

[0038] Having the wings folded is aiso preferable when an equipment failure
occurs. Folding the wings may alsc have the beneficial effect of releasing marine

growth that has undesirably become attached to the active surfaces.
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{0038] The wings may be folded and/or unfolded manually or by an actuating
mechanism 140. The actuating mechanism 140 may receive commands from a
controfier 150 located in the body 110 of the bird 100. Alternatively, the controller
may be located on the towing vessel.

[0040] The controller 150 may be connected to (i.e., in communication with)
one or more sensors that provide information enabling the controller to determine
whether tﬁe wing(s) should be switched toffrom the operational state (i.e., to be
folded or extended). For example, sensors may enabie the controlier to determine if
a cleaning device approaches the bird, and/or if the towing speed has decrsased
below a predetermined speed threshold, andfor if the distance fo a neighbaring
streamer decreases below a predetermined distance threshold. The controlier may
also receive information (e.g., from the towing vessel via the streamer) indicating that
the streamer is retrieved on the towing vessel.

[0041] in one embodiment, the actuating mechanism 140 may consist of
elements 136a or 136b (which may also operate as a support structure) biasing the
wing(s) to be in the operational state, and a string 142a or 142b usable to manually
or automatically fold the respective wing. The actuating mechanism 140 may include
an electric motor.

{0042] in the embodiment illustrated in Figures 2A and 2B, the support
structure 136a (and/or 136b) includes substantially rigid segments connected to
each other. A first rigid segment is connected o the body 110 and the other rigid
segments are each connected to an end of a previous rigid segment. The rigid
segments alternate back and forth from a leading edge 132a (or 132b) to a trailing

edge 134a (or 134b) of the flexible membrane (leading and trailing being defined
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relative to the fowing direction T). Due to an actuating force, the first segment may
be brought first near the body, followed by the second segments connected o the
first segment being brought near the body, etc. Alternatively, relafive distances
between unconnected ends of the rigid segments may decrease simultaneously until
the flexible membrane is folded close o the body. Similarly, extending the support
structure due to an actuating force may be performed sequentially or simultaneously.
The manners of folding and of extending the active surfaces may be different.
[0043] in an embodiment iliustrated in Figure 3, a spring 160 may be
configured to push the rigid segments 135 and 137 of a support structure away from
one another. The rigid segments 135 and 137 are connected to one another by a
hinge 139. A string 143 tied fo an edge of the flexible membrane may be pulled
toward the body to bring the rigid segments 135 and 137 closer fogether, and
released manually or by a motor, aliowing the spring 160 to push the rigid segments
135 and 137 away from one another.

[0044] in another embodiment 200 iltustrated in Figures 4A {in the operational
state) and 4B (in the folded state), the support structure 240a (and/or 240b) of wing
220a (and/or 220b) also includes substantially rigid segments, each rigid segment
having a first end connected to the body 110 at different positions along the body
110 and a second end extending away from the body 110 to the distal edge 250a (or
250b) of the membrane 230a (or 230b).

[0045] In another exemplary embodiment 300 illustrated in Figure 5A, the
support structure 340a {and/or 340b) of wing 320a (and/or 320b) also includes
substantially rigid segments, each rigid segment having a first end connected to the

body 110. Uniike the embodiment illustrated in Figures 4A and 4B, the rigid
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segments of the support structures 340a and 340b are connected to the same frontal
position 360 on the body 110, {the second end thereof extending away from the body
110 1o the distal edge 350a or 350b of the membrane 330a or 330b). Figure 5B
shows anocther embodiment, similar to that shown in Figure 5A, but having the wings
320A and 320B more narrow at their base, i.e., where the wings are connecied to
the body 110.

[0048] in another exemplary embodiment 400 illustrated in Figures 8A (in the
operational state} and 6B (in the folded state}, the active surface of the wing 420 is
configured to be folded by retracting at least one portion {e.g., 430b, 430c, 430d)
thereof toward the body} 110. The wing 420 includes a telescopic support element
having plural rigid segments 440a, 440b, 440c and 440d. 1t should be understood
that the number of portions of the active surface and of rigid segments of the
telescopic support is exemplary and not intended {o be limiting.

100471 Each segment {440z, 440b, 440c¢, 440d) of the telescopic support
element is connected to one of piural portions (430a, 430b, 430c, 430d) of the active
surface. The plural portions 4302, 430b, 430c, 430d of the active surface may be
made of semi-rigid sheets in order {0 be able to withstand the pressure difference on
opposiie sides thereof. The number and shape of the portions of the active surface
of wing 420 are exemplary and are not intended to be limiting.

[0048] in the operational state, the plural segments 440a, 440b, 440c¢, 440d of
the felescopic support element and the plural portions 430a, 430b, 430c¢, 430d of the
active surface are arranged in a sequence extending away from the body 110. In the

folded state, piural portions 430a, 430b, 430c¢, 430d of the active surface may slide
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one near the other close to the body, while the segments 440z, 440b, 440c, 440d
may slide one inside the other as illustrated in Figure 6B.

10049} In a different embodiment 500 illustrated in Figure 7, the active surface
of the wing 520 may be made of rigid paneis 530a, 530b, 530c¢, 530d connected to
one another via substantially straight hinges 540a, 540b, 540c.

[0050] in ancther embodiment 600 illusirated in Figure 8A, the wings 620a
and 820b are controlled fo achieve a steering force, while the keel 620c is an
glement of stability and may also include a ballast body 635. Thus, the wings 620a
and 620b may be rotated around respective axes 625a and 825b, while keel 620c is
free to rotate around axis 625c (being free to rotate, it is likely that the surface 630c
will achieve a position in which equal pressures are exertad on ifs sides).

[0051] Due to the ballast body 635, the Keel 620c tends fo maintain a
downward orientation and is less likely to get entangled With neighboring streamers
or to have marine growth attached. Additionally, since the keel 620c¢ is free fo rotate,
it is likely that keel 620c would cause no or a smali drag force. Therefore, in one
embodiment, only the wings 620z and 620b are configured to switch between an
operational state in which their respective active surfaces 630a and 630b are
extended away from the body 110 (as shown), and a folded state in which the active
surfaces 630a and 630b are folded close to the body 110, However, in ancther
embodiment all three wings (620a, 620b and 820c¢) are foldable.

[6052] The controlier 115 and motors 105z and 105b are operabie to control
the wings 620a and 620b, respectively, between the operational state and the foided
state. They may be located inside the body 110. One or more sensors 120 may

also be located on or inside the body 110. The sensor 120 may be used to
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determine when the cleaning device is approaching the bird and to instruct the
controller 115 to automatically fold the wings so that the cleaning device can pass
over the bird, when moving along the streamer.

[0053] In still other embodiments illusirated in Figﬁres 88-D, the axes of the
two wings 620a and 820b are canfigured to move relative to the body to achieve a
folded state. Figure 8B is a frontal view of the wings at nominal positions. Figure 8C
shows an embodiment having the two wings 620a and 620b moving toward a vertical
axis Z, which is opposite to the keel 620c. Figure 8D shows an embodiment in which
the fwo wings 620a and 620b also move toward the vertical axis Z, but next to the
keel 620c.

[0054] tn another embodiment illustrated in Figures 8E-G, the wings may
rotate around their axes prior io being folded next to the body of the bird. In this
respect, Figure 8E, which is a frontal view of a bird 700, shows the bird 700 having a
body 710 and two wings 720a and 720b. The wings 720a and 720b are first rotated
around their axes as illustrated in Figure 8F and then the wings are folded along the
body 710 as illustrated in Figure 8G. Thus, in this embodiment, the wings may be
folded next to the body not by modifying their effective surface but rather by
changing the orientation of their axes. This embodiment may be advantageous
when a wing becomes damaged and the bird spins out of control. In order o
minimize the influence of the bird on the streamer ot source, the operator can now
fold both the damaged wing and the normally funclioning wing. Note that in this
embodiment, the folded wings are not accommodated inside the body 710 of the

bird, but rather they are completely outside the body.
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[0055] Figure @ is a schematic diagram of a marine seismic survey system
900 using at least one bird according to an exemplary embodiment. A vessel 910
tows a seismic source 920 and plural streamers such as 930, each streamer carrying
an array of seismic receivefs 832 (e.g., hydrophones). The streamers are
maintained at predetermined horizontal cross-line distances and at predetermined
depths relative o the water surface 18. The streamers do not have to be horizontal;
for example, the streamers may have a parameterized variable depth profile. The
depth of the streamers is controlled along their length.

10056] The seismic source 820 is configurad {0 generate seismic waves 922z
that propagate downward toward the seafloor 24 and penetrates the formation 25
under the seafloor 24 until it is eventually reflected at discontinuity locations 26 and
27. The seismic source may include plural individual sources that may be located on
a horizontal line, slanted line, etc.

(00571 | The reflecied seismic waves such as 922b and 922¢ propagate upward
and can be detected by one of the receivers 932 on the streamer 8930. Based on the
data collected by the receivers 832, an image of the subsurface formation 25 is
generated.

[0058] To maintain the streamers or sources at a desired position (i.e., such
as to have predetermined cross-line distances and predetermined depths), one or
more birds 940 may be attached fo the streamer 930 or to the source 520. At least
one bird 950 has one or more foldable wings as described above. Although relative
to Figure 9, bird 250 is singled out as having one or more foldable wings, it shouid be

understood that some or all the birds 940 may have foldable wings. A cleaning
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device 960 traveling along the streamer 830 may pass over the bird 850 having at
least one wing in a folded state.

10059] Figure 10 is a flowchart illustrating steps performed by a method 1000
for steering a streamer or a source towed through water according to an exemplary
embodiment. The method 1000 inciudes connecting a bird having a foldable wing to
the streamer or the source, at 81 010. Further, the method includes actuating the
foldable wing to change from a folded state in which the foidable wing is folded to an
operational state in which the foldable wing is extended, at $1020. The method aiso
includes using the bird to adjust a depth and/or lateral position of the streamer or the
source, at S1030.

{0060] The disclosed exemplary embodiments provide birds that have foldable
wings. 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 the spirit and
scope of thé invention as defined by the appended claims. Further, in the detailed
description of the exempiary 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.

10061] Although the features and elements of the present exemplary
embodiments are describad 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.
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[06062] 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 matier is defined by the claims, and may include other examples
that would be obvious to those skilied in the art. Such other examples are intended fo

be within the scope of the claims.
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WHAT IS CLAIMED {$:

1. A bird for a streamer or a source of a marine seismic survey system,
the bird comprising:

a body configured to be atiached to the streamaer or the source; and

a first wing connected to the body and having an active surface used to
control depth and/or lateral position of the body,

wherein the first wing is configured to be changed between an operational
state in which the active surface is extended away from the body, and a folded state

in which the active surface is folded close to the body.

2. The bird of claim 1, wherein

in the operational state, the active surface has a first area that may be
conirolied fo generate a steering force as the bird is towed through a fluid, and,

in the folded state, the active surface has a second area smaller than the first

area.

3. The bird of claim 1 or 2, wherein the first wing comprises:
a support structure; and
a flexible membrane supported by the support structure and forming the

active surface.

4. The bird of claim 3, wherein the support structure includes
substantially rigid segments, a first rigid segment being connected to the body and

the rigid segments other than the first segment being each connected to an end of a
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previous rigid segment, the rigid segments alternating back and forth from a leading

edge to a trailing edge of the flexible membrane.

5. The bird of claim 3, wherein the support structure includes substantially
rigid segments, each rigid segment having a first end connected to the body and a
second end extending away the from the body 1o a distal edge of the flexible

membrane.

6. The bird of claim 1 or 2, wherein the first wing comprises;

a telescopic support element having plural segments, sach segment being
connected o one of plural portions of the active surface, the plural segments and the
plural portions being arranged in a sequence extending away from the body in the

operational state.

7. The bird of any one of claims 1 to 8, further comprising:
an actuation mechanism configured o switch the first wing between the

operational state and the folded state.

8. The bird of claim 7, wherein the actuation mechanism includes:

a motor connected {0 the first wing and configured to provide a force causing
the wing to change between the operational state and the foidéd state; and

a controller connected to the motor and configured to activate the motor in a

predetermined situation.
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g. The bird of claim 8, wherein the controller is connected to one or more
sensors, and, based on information received from the one on more sensors,
identifies the predetermined situation that includes at least one of;

a cleaning device approaching the bird,

a towing speed decreasing below a predetermined speed threshold,

a distance to a neighboring streamer decreasing below a predetermined
distance threshoid, and

an ongoing streamer recovery.

10.  The bird of any one of claims 1 to 9, comprising:

a second wing connected to the body and a keel connected fo the body, the
second wing (A} having a second active surface configured to extend and fold
relative to the body, and (B} changing between the operational state in which the
sacond active surface is extended, and the folded state in which the second active

surface is foided close to the body.

11.  The bird of any one of claims 1 to 10, wherein the active surface
includes plural panels connected by hinges to each other configured to overlap in the
folded state and to unfold forming a substantially planar surface in the operational

state.

12. A marine seismic survey system, comprising:
a streamer or a source configured to be towed through a fluid; and

a bird connected to the streamer or the source and having
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a body configured to be aftached to the streamer or the source; and
a first wing connected {o the body and having an active surface used to
control depth and/for lateral position of the body,
wherein the first wing is configured to be changed between an operational
state in which the active surface is extended away from the body, and a folded state

in which the active surface is folded close to the body.

13.  The marine seismic survey sysiem of claim 12, wherein the first wing
comprises:

a support structure, and

a flexible membrane supported by the support structure and forming the

active surface,

14. The marine seismic surirey system of claim 13, wherein the support
structure includes substantially rigid segments, a first rigid segment being connected
to the body and the rigid segmenis other than the first segment being each
connected to an end of a previous rigid segment, the rigid segments alternating back

and forth from a leading edge to a trailing edge of the flexible membrane.

15.  The marine seismic survey system of claim 13, wherein the support
sfructure includes substantially rigid segments having a first end connected to the
body and a second end extending away from the body to a distal edge of the flexible

membrane.
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16.  The marine seismic survey system of ¢claim 12 or 13, wherein the first
wing comprises:

a telescopic support element having plural segments, each segment being
connected to one of plural portions of the active surface, the plural segments and the
plural portions béing arranged in a sequence extending away from the body in the

operational state.

17.  The marine seismic survey system of any one of claims 12 to 186,
further comprising:

an actuation mechanism configured to switch the first wing between the
operational state and the folded state, the actuation mechanism including:

a motor connected to the first wing and configured to provide a force causing
the wing to switch between the operational state and the folded state; and

a controlier connecied to the motor and configured to activate the motor in a

predetermined situation.

18.  The marine seismic survey system of any one of claims 12 to 17,
wherein the controller is connected {o one or more sensors, and, based on
information received from the one on more sensors, identifies the predetermined
situation that includes af least one of:

a cleaning device approaching the bird,

a towing speed decreasing below a predetermined speed threshold,

a distance o a neighboring streamer decreasing below a predetermined

distance threshold, and
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an ongoing streamer recovery,

19.  The marine seismic survey system of any one of claims 12 to 18,
wherein the bird has a second wing connected fo the body and a keel connected to
the body, the second wing (A) having a second active surface configured to extend
and fold relative to the body, and (B) switching between the operational state in
which the second active surface is extended, and the folded state in which the

second active surface is folded close to the body.

20. A method for steering a streamer or a source towed through a fluid, the
method comprising:

connecting a bird having a foldable wing to the streamer or the source;

actuating the foldable wing to change from a folded state in which the foldable
wing is folded to an operafional state in which the foldable wing is extended; and

using the bird to adjust a depth and/or lateral position of the streamer or the

source,
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