METHODS FOR GATHERING MARINE GEOPHYSICAL DATA
Cross-reference to related applications

Not applicable.

Statement regarding federally sponsored research or development

Not applicable.
Background of the Invention
Field of the Invention
[0001] The invention relates generally to the field of marine geophysical surveying.

More particularly, the invention relates to methods for controlling the spatial

distribution or geophysical data gathering equipment towed behind a survey vessel.

Background Art

[0002] Marine geophysical surveying systems such as seismic acquisition systems
and electromagnetic survey systems are used to acquire geophysical data from
formations disposed below the bottom of a body of water, such as a lake or the ocean.
Marine seismic surveying systems, for example, typically include a seismic survey
vessel having onboard navigation, seismic energy source control, and geophysical
data recording equipment. The seismic survey vessel is typically configured to tow
one, or more typically a plurality of laterally spaced apart sensor streamers through
the water. At selected times, the seismic energy source control equipment causes one
or more seismic energy sources (which may be towed in the water by the seismic
vessel or by another vessel) to actuate. Signals generated by various sensors on the
one or more streamers in response to detected seismic energy are ultimately
conducted to the recording equipment. A record with respect to time is made in the
recording system of the signals generated by each sensor (or groups of such sensors).
The recorded signals are later interpreted to infer the structure and composition of the
formations below the bottom of the body of water. Corresponding components for

inducing electromagnetic fields and detecting electromagnetic phenomena originating
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in the subsurface in response to such imparted fields may be used in marine

electromagnetic geophysical survey systems.

[0003] The one or more sensor streamers are in the most general sense long cables
that have geophysical sensors disposed at spaced apart positions along the length of
the cables. A typical streamer can extend behind the geophysical survey vessel for

several kilometers.

[0004] Multiple streamer systems are used in what are known as three dimensional
and four dimensional geophysical surveys. A four dimensional seismic survey is a

three dimensional survey over a same area of the Earth’s subsurface repeated at

selected times.

[0005] The quality of geophysical images of the Earth’s subsurface produced from
three dimensional or four dimensional surveys is affected by how well the positions of
the individual sensors on the streamers are controlled. Various devices are known in
the art for positioning streamers laterally and/or at a selected depth below the water
surface. U.S. Patent No. 5,443,027 issued to Owsley et al., for example, describes a
lateral force device for displacing a towed underwater acoustic cable that provides

displacement in the horizontal and vertical directions.

[0006] U.S. Patent No. 6,011,752 issued to Ambs et al. describes a seismic streamer

position control module.

[0607] U.S. Patent No. 6,144,342 issued to Bertheas et al. describes a method for
controlling the navigation of a towed seismic streamer using “birds” affixable to the

exterior of the streamer.

Summary of the Invention

[0008] In a first embodiment the invention comprises a method for gathering
geophysical data, including towing geophysical data gathering equipment behind a
survey vessel in a body of water, said equipment including an array of sensor
streamers extending behind said vessel, and determining a geodetic location of a
streamer steering reference point at a forward end of said sensor streamers and a

reference direction. At least one sensor streamer included in said array of sensor
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streamers is laterally deflected in response to the determined geodetic location of said

streamer steering reference point and said determined reference direction.

[0009] In another embodiment the invention comprises a method for gathering
geophysical data, including towing geophysical data gathering equipment behind a
survey vessel in a body of water, said equipment including an array of sensor
streamers comprising a plurality of sensor streamer extending behind said vessel,
determining a geodetic location of a vessel steering reference point at a forward end
of said array of sensor streamers, and steering the survey vessel so that the vessel

steering reference point follows a preselected travel path.

[0010] In yet another embodiment the invention comprises a method for gafhering
geophysical data, including towing geophysical data gathering equipment behind a
survey vessel in a body of water, said equipment including a geophysical source and
an array of sensor streamers including a plurality of sensor streamer extending behind
the vessel, determining a geodetic location of a source steering reference point at a
forward end of said array of sensor streamers, determining a desired source lateral
position with reference to the source steering reference point, and and steering said

geophysical source so that said geophysical source follows the desired source lateral

position.

[0011] Other aspects and advantages of the invention will be apparent from the

following description and the appended claims.

Brief Description of the Drawings

[0012] FIG. 1 shows an array of seismic streamers each including lateral force and

depth control devices for adjusting geometry of the respective streamer.
[0013] FIG. 2 illustrates the streamer front follow mode embodiment of the invention.

[0014] FIG. 3 illustrates the vessel steering to keep streamer front end on a

determined path embodiment of the invention.

[0015] FIG. 4 illustrates the energy source follow mode embodiment of the invention.



Detailed Description

[0016] FIG. 1 shows a typical marine geophysical survey system 2 that can include a
plurality of geophysical sensor streamers 20. Each of the sensor streamers can be
guided through the water by one or more lateral force and depth (“LFD”) control
devices 26 cooperatively engaged with each of the streamers 20. As will be explained
further below, the use of LFD devices 26 which can provide depth control capability,
is a matter of choice for the system designer. It is only necessary for purposes of the
invention that the devices associated with the geophysical sensor streamers provide
directional control to affect the direction of the streamer parallel to the plane of the

water surface as the streamer moves through a body of water.

[0017] The geophysical survey system 2 includes a survey vessel 10 that moves along
the surface of a body of water 11 such as a lake or the ocean. The survey vessel 10
may include thereon equipment, shown generally at 12 and for convenience
collectively referred to as a “recording system.” The recording system 12 typically
includes devices (none of the following described devices shown separately) such as a
data recording unit for making a record with respect to time of signals generated by
various sensors in the acquisition system. The recording system 12 also typically
includes navigation equipment to determine and record, at selected times, the
geodetic position of the vessel 10, and using other devices to be explained below, the
geodetic position each of a plurality of geophysical sensors 22 disposed at spaced

apart locations on streamers 20 towed by the survey vessel 10.

[0018] In one example, the device for determihing the geodetic position may be a
geodetic position signal receiver such as a global positioning satellite (“GPS”)
receiver, shown schematically at 12A. Other geodetic position determination devices
are known in the art. The foregoing elements of the recording system 12 are familiar
to those skilled in the art, and with the exception of the geodetic position detecting
receiver 12A, are not shown separately in the figures herein for clarity of the

illustration.

[0019] The geophysical sensors 22 can be any type of geophysical sensor known in
the art. Non-limiting examples of such sensors may include particle motion-

responsive seismic sensors such as geophones and accelerometers, pressure-
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responsive seismic sensors, pressure time gradient-responsive seismic sensors,
electrodes, magnetometers, temperature sensors or combinations of the foregoing.
The geophysical sensors 22 may measure, for example, seismic or electromagnetic
field energy primarily reflected from or refracted by various structures in the Earth’s
subsurface below the bottom of the water 11 in response to energy imparted into the
subsurface by an energy source 17. The energy source 17 may be, for example a
seismic energy source or an array of such sources. Non-limiting examples of seismic
energy sources include air guns and water guns. The energy source 17 may also be an
electromagnetic source, for example, a wire loop or electrode pair (not shown for
clarity). The energy source 17 may be towed in the water 11 by the survey vessel 10
as shown or a different vessel (not shown). The recording system 12 may also include
energy source control equipment (not shown separately) for selectively operating the

energy source 17.

[0020] In the survey system shown in FIG. 1, there are four sensor streamers 20
towed by the survey vessel 10. The number of sensor streamers shown in FIG. 1,
however, is only for purposes of explaining the invention and is not a limitation on the
number of streamers that may be used in any particular geophysical survey system
according to the invention. In marine geophysical acquisition systems such as shown
in FIG. 1 that include a plurality of laterally spaced apart streamers, the streamers 20
are typically coupled to towir;g equipment that is intended to secure the forward end
of each of the streamers 20 at a selected lateral position with respect to adjacent
streamers and with respect to the survey vessel 10. As shown in FIG. 1, the towing
equipment can include two paravane tow ropes 8 each coupled to the vessel 10 at one
end through a winch 19 or similar spooling device that enables changing the deployed
length of each paravane tow rope 8. The distal end of each paravane tow rope 8 is
functionally coupled to a paravane 14. The paravanes 14 are each shaped to provide a
lateral component of motion to the various towing components deployed in the water
11 when the paravanes 14 are moved through the water 11. “Lateral” in the present
context means transverse to the direction of motion of the survey vessel 10 in the
water 11. The lateral motion component of each paravane 14 is opposed to that of the
other paravane 14. The combined lateral motion component of the paravanes 14

separates the paravanes 14 from each other until they put into tension one or more



spreader ropes or cables 24, functionally coupled end to end between the paravanes

14.

[0021] The sensor streamers 20-can each be coupled, at the axial end thereof nearest
the vessel 10 (the “forward end”), to a respective lead-in cable termination 20A. The
lead-in cable terminations 20A can be coupled to or associated with the spreader
ropes or cables 24 so as to substantially fix the lateral positions of the streamers 20
with respect to each other. The lead-in cable terminations 20A may each include a
relative positioﬁ signal sensor (not shown separately, and explained further below).
Electrical and/or optical connection between the appropriate components in the
recording system 12 and, ultimately, the geophysical sensors 22 (and/or other
circuitry) in the streamers 20 may be made using lead-in cables 18, each of which
terminates in a respective lead-in cable termination 20A. One of the lead-in
terminations 20A is disposed at the forward end of each streamer 20. Each of the
lead-in cables 18 may be deployed by a respective winch 19 or similar spooling
device such that the deployed length of each cable 18 can be changed. The type of
towing equipment coupled to the forward end of each streamer shown in FIG. 1 is
only intended to illustrate a type of equipment that can tow an array of laterally
spaced apart streamers in the water. Other towing structures may be used in other

examples of geophysical acquisition system according to the invention.

[0022] The acquisition system shown in FIG. 1 can also include a plurality of lateral
force and depth (“LFD”) control devices 26 cooperatively engaged with each of the
streamers 20 at selected positions along each streamer 20. Each LFD control device
26 can include one or more rotatable control surfaces (not shown separately) that
when moved to a selected rotary orientation with respect to the direction of movement
of such surfaces through the water 11 creates a hydrodynamic lift in a selected
direction to urge the streamer 20 in any selected direction upward or downward in the
water 11 or laterally along the water surface with respect to the direction of motion of
the vessel 10. Thus, such LFD control devices 26 can be used to maintain the
streamers 20 in a selected geometric arrangement. A non-limiting example of LFD
control device that may be used in some examples is described in U.S. Patent
Application Publication No. 2009/0003129 filed by Stokkeland et al., the underlying

patent application for which is commonly owned with the present invention. The
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particular configuration of the LFD control devices 26, however, is not a limit on the
scope of the present invention. As previously explained, for purposes of the present
invention it is only necessary for any devices used as the LFD control devices 26 be
able to apply a selectable lateral force to the associated streamers 20. Depth control
of the streamers 20 may be provided passively, such as by providing the streamers 20
with a selected overall specific gravity, or by separate depth control devices (not
shown). Therefore, any reference to “depth” control as provided by the LFD control
devices 26 is only intended to cover the present example implementation, such as
using the device shown in the Stokkeland et al. ‘129 patent application publication
referred to above. Any reference to active depth control of the streamers 20 is not a
limit on the scope of the present invention. For purposes of defining the scope of the
invention, therefore, the LFD devices 26 need only pérform the function of “lateral
force” control devices, and the inclusion of depth control as a part of the function of
the LFD control devices 26 explained herein is intended to ensure that those of
ordinary skill in the art understand that the use of the example LFD control devices 26

disclosed herein, and any other similar examples, are within the scope of the present

invention.

[0023] In the present example, each LFD control device 26 may include an associated
relative position determination device. In one example, the position determination
device may be an acoustic range sensing device (“ARD”) 26A. Such ARDs typically
include an ultrasonic transceiver or transmitter and electronic circuitry configured to
cause the transceiver to emit pulses of acoustic energy. Travel time of the acoustic
energy between a transmitter and a receiver disposed at a spaced apart position such
as along the same streamer and/or on a different streamer, is related to the distance
between the transmitter and a receiver, and the acoustic velocity of the water. The
acoustic velocity can be assumed substantially not to change during a survey, or it can
be measured by a device such as a water velocity test cell. Alternatively or
additionally, acoustic range sensing devices (“ARDs”) may be disposed at selected
positions along each one of the streamers not collocated with the LFD control devices
26. Such additional ARDs are shown at 23 in FIG. 1. Each of the ARDs 26A, 23
may be in signal communication with the recording system 12 such that at any

moment in time the distance between any two ARDs 26A, 23 on any of the streamers



20 is determinable. One or more ARDs may be placed at selected positions proximate
the aft end of the vessel 10 so that relative distances between the selected positions on
the vessel 10 and any of the ARDs on the streamers may also be determined. A non-
limiting example of an ARD and a system used with such ARDs is described in U.S.
Patent No. 7,376,045 issued to Falkenberg et al. and assigned to the assignee of the

present invention and incorporated herein by reference.

[0024] The streamers 20 may additionally or alternatively include a plurality of
heading sensors 29 disposed at spaced apart positions along each streamer 20. The
heading sensors 29 may be geomagnetic direction sensors such as magnetic compass
devices affixed to the exterior of the streamer 20. One type of compass device is
described in U.S. Patent No. 4,481,611 issued to Burrage and incorporated herein by
reference. The heading sensors 29 provide a signal indicative of the heading
(direction with respect to magnetic north) of the streamer 20 at the axial position of
the heading sensor 29 along the respective streamer. Measurements of such heading
at spaced apart locations along each streamer may be used to interpolate the geometry

(spatial distribution) of each streamer.

[0025] Each streamer 20 may include at the distal end thereof a tail buoy 25. The tail
buoy 25 may include, among other sensing devices, a geodetic position receiver 25A
such as a GPS receiver that can determine the geodetic position of each tail buoy 25.
The geodetic position receiver 25A in each tail buoy 25 may be in signal

communication with the recording system 12.

[0026] By determining the distance between ARDs 26A, 23, including the one or
more ARDs on the vessel 10, and/or by interpolating the spatial distribution of the
streamers 20 from the heading sensor 29 measurements, an estimate of the geometry
of each streamer 20 may be made. Collectively, the geometry of the streamers 20
may be referred to as the “array geometry.” For purposes of defining the scope of the
present invention, the various position measurement components described above,
including those from the heading sensors 29, from the ARDs 26A, 23, and, if used,
from the additional geodetic position receivers 25A in the tail buoys 25, may be used
individually or in any combination. It is only necessary for purposes of the present
invention to be able to reasonably estimate the relative position of each point along

each streamer 20 with reference to a geodetic position measurement at one or more
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points in the survey system. One such point may be on the survey vessel 10, as
measured by the GPS geodetic position receiver 12A, and/or the GPS geodetic

position receivers 25A in the tail buoys 25.

[0027] By appropriate selection of the positions along each streamer at which the
various relative position measurement devices described above are disposed, it is
possible to determine the array geometry without the need to measure, estimate or
otherwise determine the absolute geodetic position at large numbers of positions
along each streamer, such as by using a large number of GPS receivers. The ARDs
26A, 23 and heading sensors 29 may be referred to for convenience in defining the
invention as “relative position determination” sensors. By determining relative
positions at each point along each streamer with reference to a selected point on the
survey vessel, streamer tail buoy 25 and/or the energy source 17, (the geodetic
position of which is measured by the respective sensor thereon) is it possible to
determine the geodetic position of each such streamer point. A particular example of
a system for determining relative positions of the streamers using acoustic signals is -

described in the Falkenberg et al. patent referred to above.

[0028] In the present example, the energy source 17 may include a steering device
17B to enable separate control of the trajectory of the source 17. The energy source

steering device 17B may be controlled by suitable control signals from the recording

system 12.

[0029] During operation of the geophysical acquisition system shown in FIG. 1, it
may be desirable to adjust the streamer array geometry in order to achieve or maintain
a selected array geometry during geophysical surveying. The recording system 12
may be configured to send suitable control signals to each of the LFD devices 26 to

move associated portions of each streamer 20 laterally.

[0030] During geophysical survey operations, it is often desirable for the streamers 20
to spread out behind the vessel 10 in a selected geometry. In one implementation of
the invention it may be desirable for the streamers to spread evenly behind the vessel
to avoid “holes” in the coverage of measurements of the subsurface. However, other
selected geometries may also be chosen. “Evenly” in the present context means that

the lateral spacing between adjacent streamers 20 is the same along the length of the



streamers 20, or the lateral spacing is related, e.g., proportional, to the distance along
the streamers from the forward ends thereof. Deviations from even spreading may

result from, for example, rip currents in the water 11 and propeller wash from the

vessel 10.

[0031] 1. Streamer Front End Follow mode.

A first embodiment of the invention may be referred to as a “streamer front
end follow mode.” With reference to FIG. 2, geophysical data gathering equipment 2,
including an array of sensor streamers 20, is towed behind a survey vessel 10 in a
body of water 11. In this embodiment the geodetic position of a streamer steering
reference point 42 at the forward end of the sensor streamers 20 is determined and a
reference direction 48 of said streamer steering reference point 42 is determined. The
sensor streamers 20 are then controlled by means of LFD devices 26 in response to
signals from the recording system (12 in FIG. 1) so that the sensor streamers 20 seek
to follow a geometry defined relative to said reference point and reference direction.
At least one sensor streamer included in said array of sensor streamers 20 is deflected
laterally in response to said determined geodetic location of said streamer steering

reference point 42 and the determined reference direction 48.

[0032] A geodetic position of the forward end of one or more of the sensor streamers
20 may be determined by using the relative position sensor (not shown separately) in
the forward end terminations 20A of the sensor streamers and calculating the geodetic
position of the forward ends of the sensor streamers from the measured relative
position between the forward end termination 20A and one or more of the geodetic
position sensor measurements (e.g., at 12A in FIG. 1, 17A in FIG. 1 or 25A in FIG.
1). The geodetic positions thus calculated at the front end termination 20A may be
used to define a streamer steering reference point 42. The streamer steering reference
point 42, for example, may be in the lateral center of the front end terminations 20A.
The reference point 42 may be determined, for example, by calculating an average of
the geodetic positions of all the front end terminations 20A. rThe streamer steering
reference point could also be based on one or a limited number of the streamer front
end terminations 20A only, plus possibly a lateral offset. For example the streamer

steering reference point may be based on two of the sensor streamers front end

terminations 20A.
10



[0033] In addition to the streamer steering reference point, a “reference direction” 48
is determined. In one implementation of the invention the reference direction 48 may
be the direction of movement of the streamer steering reference point 42 as sensor
streamers 20 are towed behind survey vessel 10. To determine this reference
direction, the geodetic position of the streamer steering reference point 42 may be
determined repeatedly at selected time intervals (e.g., every second) to calculate a
direction of travel of the streamer steering reference point 42. The streamer steering
reference points may be subjected to a smoothing filter (e.g., in the recording system
12 in FIG. 1) to remove any short term noise or variations. In another implementation
of the invention, the reference direction 48 may be the direction between the geodetic
location of said streamer steering reference point 42 and a location 50 on said survey
vessel 10 or another location in said geophysical equipment 2. A time filtered version
of the reference direction 48 derived by determining the direction between the
geodetic location of said streamer steering reference point 42 and a location 50 on
said geophysical equipment 2 may also be used. There may also be other suitable
ways of defining the reference direction. The reference direction may also be a
preselected direction. The streamer steering reference point 42 and the reference
direction 48 may then be utilized to determine a desired location for said sensor
streamers 20. A possible desired travel path is for each of the sensor streamers 20 to
follow the reference point and reference direction 48, but offset from reference point
by a selected offset for each streamer or selected portions of each streamer. In the
present example, a lateral offset perpendicular to the reference direction 48 may be
defined for each LFD device 26 on each streamer 20, and a final preferred position for
each LFD device 20 may be defined by the reference point 42 plus the lateral offset.
The lateral offset may be calculated individually for each LFD device, and is
typically, but not necessarily, dependent on the distance of each such device from the
vessel 10 as well as the respective streamer’s nominal lateral offset from the vessel
center line. Other factors for setting the offset could be sideways current. In cases
with strong sideways currents, it might not be desirable to try to fully correct for the
skew of the towing arrangement, but rather add some offset on all streamers in the
direction of the current to compensate for the skew. The selected sensor geometry

may be a straight line that is parallel with or at an angle to the reference direction 48,

but may not be a straight line.
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[0034] In one implementation of this embodiment of the invention, the streamer
steering reference point is the forward end of one of said sensor streamers included in
said array of senisor streamers. In a further implementation of the invention a geodetic
location of a second streamer reference point of a forward end of a second one of the
sensor streamers is determined, and said second streamer is laterally deflected in
response to the determined geodetic location of the second streamer steering

reference point for said second streamer steering reference point.

[0035] A desired position for each LFD device 26 can be defined according to the
techniques explained above, and the LFD devices 26 can be operated such that the

streamers 20 substantially travel to follow such desired position:
[0036] 2. Vessel Steering to keep streamer front ends on a determined path.

Another embodiment of the invention may be referred to as vessel steering to
keep streamer front end on a determined path 49. With reference to FIG. 3,
geophysical data gathering equipment 2, including an array of sensor streamers 20, is
towed behind a survey vessel 10 in a body of water 11. In this embodiment of the
invention, the vessel heading 41 may be adjusted to cause a vessel steering reference
point 43 at a forward end of said array of sensor streamers 20 to follow a determihed
geodetic path 49, for example, along a path traversed by the forward end of an array
of sensor streamers in a previously conducted geophysical survey. A geodetic
location of a vessel steering reference point 43 at a forward end of the array of sensor
streamers 20 is determined. In one implementation of the invention, the vessel
steering reference point 43 may be the same as the streamer steering reference point
42. The survey vessel 10 is steered so that the vessel steering reference point 43
follows the preselected path 49. The vessel steering will typically take into account
wind and water current measurements to improve the accuracy of the vessel steering
to better achieve the desired streamer front end steering. Steering a geophysical
sensor array as explained above may provide certain advantages. By selecting a
vessel heading 41 such that the reference point 43 follows a selected trajectory, the
amount of deflecting force required proximate the forward end of each of the
streamers, provided by LFD devices 26, to maintain the array of sensor streamers 20

in a selected geometry may be substantially reduced.
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[0037] 3. Energy Source Follow Mode

Another embodiment of the invention may be referred to as an energy source
follow mode. With reference to FIG. 4, geophysical data gathering equipment 2,
including an array of sensor streamers 20, is towed behind a survey vessel 10 in a
body of water 11. In this embodiment of the invention, the energy source steering
device 17B may be operated to cause the energy source 17 to move towards a lateral
position which may be on a line 47 projected forward from a forward end of said
array of sensor streamers 20. In a particular implementation of the invention, the
source steering reference point 44 is the same as streamer steering reference point 42.
A desired source lateral position may be defined by extending a line 47 forward from
source steering reference point 44. Line 47 may be determined in the same manner
that reference direction 48 is determined as described above in the discussion of the
Streamer Front End Follow mode, by determining a direction of movement of source
steering reference point 44 or the direction from source steering reference point 44 to
a location on said survey vessel 10 or another location in said geophysical equipment
2. Line 47 may also be determined from a preselected reference direction. In a
particular implementation of the invention, line 47 is the same as the reference point
and reference direction defined with reference to the streamer front end follow mode
described with reference to FIG. 2. Typically, a seismic source will include an array
of individual source elements or subarrays, and a center position of the source is
steered to follow the determined lateral position defined by the line 47. The desired
source center position can be used to define a desired offset position for each

individual source element or subarray with respect to the projected source line 47.

[0038] Methods for operating LFD control devices and controlling geometry of a
sensor array according to the various aspects of the invention may provide more even
coverage in marine geophysical surveying, may provide more accurate positioning of
geophysical sensors, and may improve safety of the array in hostile environments.
Any of the above methods (the Steamer Front End Follow Mode, the Vessel Steering
to keep streamer front ends on a determined path and the Energy Source Follow

Mode) may be used alone or in any combination of two or three of these modes.

[0039] While the invention has been described with respect to a limited number of

embodiments, those skilled in the art, having benefit of this disclosure, will appreciate
13



that other embodiments can be devised which do not depart from the scope of the
invention as disclosed herein. Accordingly, the scope of the invention should be

limited only by the attached claims.
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Claims

What is claimed is:

1. A method for gathering geophysical data, comprising:

towing geophysical data gathering equipment behind a survey vessel in a body
of water, the equipment including at least one geophysical source and an array of sensor
streamers extending behind the vessel;

determining a geodetic location of a first steering reference point at a forward
end of the sensor streamers;

determining a reference direction based on the first steering reference point and
a selected location on the survey vessel; and

laterally deflecting both at least one sensor streamer included in the array of
sensor streamers and the at least one geophysical source, wherein the laterally deflecting
is based on the determined geodetic location of the first steering reference point and the

determined reference direction.

2. The method of claim 1, further comprising determining a desired source lateral
position with reference to the first steering reference point and steering the geophysical

source so that the geophysical source follows the desired source lateral position.

3. The method of claim 1, further comprising steering the survey vessel so that the

first steering reference point follows a preselected travel path.

4, The method of any of claims 1, 2 or 3, wherein the first steering reference point
is the forward end of a particular one of the sensor streamers included in the array of

sensor streamers.

5. The method of claim 4, further comprising determining a geodetic location of a
second steering reference point, the second steering reference point being the forward

end of a second one of the sensor streamers included in the array of sensor streamers
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and laterally deflecting the second streamer in response to the determined geodetic

location of the second steering reference point and the determined reference direction.

6. The method of any of claim 1, 2, or 3, wherein determining the geodetic position
of the first steering reference point comprises determining a geodetic position of a
forward end of at least two sensor streamers included in the array of sensor streamers,
and determining the first steering reference point with respect to the determined

geodetic positions of the forward ends of the at least two sensor streamers.

7. The method of any of claims 1, 2, or 3, wherein determining the reference
direction comprises successively determining the geodetic position of the first steering
reference point and determining the reference direction from the successive

determinations of the geodetic position of the first steering reference point.

8. The method of claim 7, further comprising time filtering the determined

reference direction.

9, The method of any of claims 1, 2, or 3, wherein determining the reference

direction comprises utilizing a preselected direction.

10.  The method of any of claim 1, 2, or 3, wherein laterally deflecting the at least
one sensor streamer includes laterally deflecting the at least one sensor streamer toward

a straight line that is parallel to the reference direction.

11. The method of any of claim 1, 2, or 3, wherein determining the reference
direction comprises measuring a direction between the first steering reference point and
a selected location on said geophysical data gathering equipment.

12. A system, comprising:
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at least one geophysical source and an array of streamers towable behind a
survey vessel in a body of water; and

control equipment configured to:

determine a location of a first steering reference point at a forward end of
the array of streamers;

determine a reference direction based on the first steering reference point
and a selected location on the survey vessel;

laterally deflect both a selected streamer from the array of streamers and
the at least one geophysical source based on the determined location of the first

steering reference point and the determined reference direction.

13. The system of claim 12, wherein laterally deflecting the selected streamer
includes laterally deflecting the selected streamer toward a straight line that is parallel to

the reference direction.

14.  The system of claim 12, wherein the control equipment is further configured to
steer the survey vessel such that the first steering reference point follows a selected

path.

15.  The system of claim 12, wherein the equipment is further configured to
determine a plurality of steering reference points, the plurality of steering reference
points being located at forward ends of a corresponding plurality of streamers from the

array of streamers.
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