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ABSTRACT OF THE DISCLOSURE 

A method and apparatus for marine surveying includes: towing sources in a wide

tow source geometry; towing streamers that comprise receivers; actuating at least one of 

the sources to create a signal; and detecting the signal with a first receiver, wherein: at 

least one of the source separations or the streamer separations is non-uniform, and the 

sources and the receivers provide a regular sampling grid for the survey area. A system 

includes a survey plan; sources in a wide-tow source geometry; and streamers 

comprising receivers, wherein: at least one of the source separations or the streamer 

separations is non-uniform, and the sail lines, sources, and receivers provide uniform 

CMP coverage for the survey area. A method includes operating a system in a survey 

area, the system having a non-uniform configuration with wide-tow source geometry; 

actuating at least one source to create a signal; and detecting the signal with a first 

receiver.  
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Australian Patents Act 1990 

ORIGINAL COMPLETE SPECIFICATION 
STANDARDPATENT 

Invention Title 

Surveying with non-uniform survey configuration with wide-tow source geometry 

The following statement is a full description of this invention, including the best method 
of performing it known to me/us:
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CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims benefit of United States Provisional Patent Application 

Serial Number 63/083,333, filed September 25, 2020, entitled "Wide-Tow Source Surveys 

with Non-Uniform Source Separation," which is incorporated herein by reference.  

BACKGROUND 

[0002] This disclosure is related generally to the field of marine surveying. Marine 

surveying can include, for example, seismic and/or electromagnetic surveying, among 

others. For example, this disclosure may have applications in marine surveying in which 

one or more sources are used to generate energy (e.g., wavefields, pulses, signals), and 

geophysical sensors-either towed or ocean bottom-receive energy generated by the 

sources and possibly affected by interaction with subsurface formations. Geophysical 

sensors may be towed on cables referred to as streamers. Some marine surveys locate 

geophysical sensors on ocean bottom cables or nodes in addition to, or instead of, 

streamers. The geophysical sensors thereby acquire survey data (e.g., seismic data, 

electromagnetic data) which can be useful in the discovery and/or extraction of 

hydrocarbons from subsurface formations.  

[0003] Heretofore, a standard marine survey configuration may include a streamer 

spread (e.g., a regular streamer spread) having a streamer separation (i.e., nominal 

crossline distance between adjacent streamers) of about 100 m. For example, a standard 

marine survey configuration may include four sources having a source separation (i.e., 

nominal crossline distance between adjacent sources) of about 25 m. Such standard 

marine survey configurations provide a sampling grid bin size of 12.5 m in the crossline 

direction. However, such standard marine survey configurations may not provide 

sufficient and/or uniform near-offset data distribution. Moreover, the acquisition efficiency 

(e.g., towing costs, operational risks, work hours) may be limited by the number of 

acquisition paths (or "sail lines") traversed to provide adequate data coverage of the 

survey area.  

[0004] To improve the near-offset data distribution, and/or to improve the acquisition 

efficiency, it may be useful to increase the source spread width (i.e., the nominal crossline 

la



distance from port-most source to starboard-most source). However, increasing the 

source separation can produce overlapping common midpoint (CMP) positions, resulting 

in loss of traces in the dataset.  

[0005] It would be beneficial to improve near-offset data distribution without loss of 

either acquisition efficiency or loss of traces in the dataset.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] So that the manner in which the features of the present disclosure can be 

understood in detail, a more particular description of the disclosure may be had by 

reference to embodiments, some of which are illustrated in the appended drawings. It is 

to be noted, however, that the appended drawings illustrate only exemplary embodiments 

and are therefore not to be considered limiting of its scope, which may apply to other 

equally effective embodiments.  

[0007] Figure 1A illustrates an side view of an exemplary survey vessel towing a 

seismic source and a streamer, located in a body of water. Figure 1B illustrates an 

overhead view of the elements of Figure 1A.  

[0008] Figure 2A illustrates a rear view of a survey vessel towing two seismic sources 

and four streamers through a body of water. Figure 2B illustrates a rear view of a survey 

vessel towing three seismic sources and four streamers through a body of water.  

[0009] Figure 3A illustrates a survey vessel conducting a marine survey according to 

a "race-track" survey design. Figure 3B illustrates an overhead view of a survey vessel 

towing two seismic sources and fourteen streamers through a body of water. Figure 3B 

also illustrates CMP sublines that result from that survey configuration.  

[0010] Figure 4 illustrates a yz-plane view of an exemplary survey configuration having 

two seismic sources in a narrow-tow source geometry and sixteen streamers in a regular 

streamer spread. Figure 4 also illustrates crossline bin size and position for that survey 

configuration.  
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[0011] Figure 5 illustrates a yz-plane view of an exemplary survey configuration having 

two seismic sources in a wide-tow source geometry and sixteen streamers in a regular 

streamer spread. Figure 5 also illustrates crossline bin size and position for that survey 

configuration.  

[0012] Figure 6A illustrates an exemplary triple-source, narrow-tow source geometry 

with a regular streamer spread. Figure 6B illustrates the CMP sublines for four sail lines 

for the survey configuration of Figure 6A.  

[0013] Figure 7A illustrates an exemplary triple-source, wide-tow source geometry 

with a regular streamer spread. Figure 7B illustrates the CMP sublines for three sail lines 

for the survey configuration of Figure 7A.  

[0014] Figure 8A illustrates an exemplary quad-source, narrow-tow source geometry 

with a regular streamer spread. Figure 8B illustrates a graph of forward-most CMP 

positions for the survey configuration of Figure 8A.  

[0015] Figure 9A illustrates an exemplary quad-source, wide-tow source geometry 

with a regular streamer spread. Figure 9B illustrates a graph of forward-most CMP 

positions for the survey configuration of Figure 9A.  

[0016] Figure 10A illustrates an exemplary non-uniform survey configuration with 

wide-tow source geometry with a regular streamer spread. Figure 10B illustrates a graph 

of forward-most CMP positions for the survey configuration of Figure 1OA.  

[0017] Figure 11A illustrates another exemplary non-uniform survey configuration with 

wide-tow source geometry with a regular streamer spread. Figure 11B illustrates a graph 

of forward-most CMP positions for the survey configuration of Figure 11A.  

[0018] Figure 12A illustrates another exemplary non-uniform survey configuration with 

wide-tow source geometry. Figure 12B illustrates a graph of forward-most CMP positions 

for the survey configuration of Figure 12A.  

[0019] Figure 13 illustrates ultra-near offset data distributions achieved with wide-tow 

source geometries.  
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[0020] Figure 14 illustrates an exemplary system for a surveying method with non-a 

uniform survey configuration with wide-tow source geometry.  

[0021] Figure 15 illustrates an exemplary machine for a surveying method with a non

uniform survey configuration with wide-tow source geometry.  

DETAILED DESCRIPTION 

[0022] It is to be understood the present disclosure is not limited to particular devices 

or methods, which may, of course, vary. It is also to be understood that the terminology 

used herein is for the purpose of describing particular embodiments only, and is not 

intended to be limiting. As used herein, the singular forms "a", "an", and "the" include 

singular and plural referents unless the content clearly dictates otherwise. Furthermore, 

the words "can" and "may" are used throughout this application in a permissive sense 

(i.e., having the potential to, being able to), not in a mandatory sense (i.e., must). The 

term "include," and derivations thereof, mean "including, but not limited to." The term 

"coupled" means directly or indirectly connected. The word "exemplary" is used herein to 

mean "serving as an example, instance, or illustration." Any aspect described herein as 

''exemplary" is not necessarily to be construed as preferred or advantageous over other 

aspects. The term "uniform" means substantially equal for each sub-element, within about 

+-10% variation. The term "nominal" means as planned or designed in the absence of 

variables such as wind, waves, currents, or other unplanned phenomena. "Nominal" may 

be implied as commonly used in the field of marine surveying.  

[0023] As used herein, the term "inline" or "inline direction" shall mean, for equipment 

towed by a vessel, a direction along (or parallel to) the path traversed by the vessel.  

[0024] As used herein, the term "crossline" or "crossline direction" shall mean, for 

equipment towed by a vessel, a fixed-depth direction perpendicular to the path traversed 

by the vessel.  

[0025] As used herein, the terms "cable" or "line" shall mean a flexible, axial load 

carrying member that may also comprise electrical conductors and/or optical conductors 
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for carrying electrical power and/or signals between components. Such a "cable" or "line" 

may be made from fiber, steel, other high strength material, chain, or combinations of 

such materials.  

[0026] As used herein, the term "streamer" shall mean an apparatus (e.g., a cable) 

that may be towed behind a survey vessel to detect and/or measure geophysical signals 

(e.g., seismic signals, electromagnetic signals). A streamer may include detectors, 

sensors, receivers, and/or other structures (e.g., hydrophones, geophones, electrodes) 

positioned along or within the streamer and configured to detect and/or measure the 

geophysical signals. Streamers may be towed in arrays, distributed in at least the 

crossline direction, and referred to collectively as a "spread" or a "streamer spread." 

[0027] As used herein, the phrase "streamer separation" refers to the nominal 

crossline distance between adjacent streamers.  

[0028] As used herein, the phrase "regular streamer spread" refers to a streamer 

spread having uniform streamer separation for each adjacent streamer pair.  

[0029] As used herein, the term "midline" refers to a centerline of a survey vessel, 

extending inline behind the survey vessel to the farthest element of the survey (e.g., the 

tail end of a streamer spread). Typically, for towing efficiency, the sources and/or the 

streamer spread will be centered on the midline.  

[0030] As used herein, the term "survey vessel" or simply "vessel" shall mean a 

watercraft, manned or unmanned, that is configured to tow, and in practice does carry 

and/or tow, one or more geophysical sources and/or one or more geophysical streamers.  

[0031] As used herein, the phrase "source separation" refers to the nominal crossline 

distance between adjacent sources.  

[0032] As used herein, the phrase "narrow-tow source geometry" refers to a towing 

configuration with at least two sources and at least two streamers, where the source 

separation is no more than the streamer separation (proximal the midline) divided by the 

number of sources.  
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[0033] As used herein, the phrase "wide-tow source geometry" refers to a towing 

configuration with at least two sources and at least two streamers, where the source 

separation is greater than the streamer separation (proximal the midline) divided by the 

number of sources (i.e., greater than the sources separation in a narrow-tow source 

geometry). In some embodiments the towing configuration having wide-tow source 

geometry may utilize more than one survey vessel.  

[0034] As used herein, the term "forward" or "front" shall mean the direction or end of 

an object or system that corresponds to the intended primary direction of travel of the 

object or system.  

[0035] As used herein, the terms "aft" or "back" shall mean the direction or end of an 

object or system that corresponds to the reverse of the intended primary direction of travel 

of the object or system.  

[0036] As used herein, the terms "port" and "starboard" shall mean the left and right, 

respectively, direction or end of an object or system when facing in the intended primary 

direction of travel of the object or system.  

[0037] As used herein, the term "survey data" shall mean data utilized by and/or 

acquired during a survey, including detected signals, seismic data, electromagnetic data, 

pressure data, particle motion data, particle velocity data, particle acceleration data, clock 

data, position data, depth data, speed data, temperature data, etc.  

[0038] As used herein, the term "obtaining" data or information shall mean any method 

or combination of methods of acquiring, collecting, synthesizing, designing, or accessing 

data or information, including, for example, directly measuring or sensing a physical 

property, receiving transmitted data, selecting data from a group of physical sensors, 

identifying data in a data record, generating data or information manually and/or 

programmatically, and retrieving data or information from one or more data libraries.  

[0039] Commonly, survey data may include detected signals that are identified by 

respective source-receiver geometry. For example, a horizontal (i.e., perpendicular to 

depth) midpoint (typically a halfway point) between a particular source-receiver pair may 
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identify signal data acquired by actuating the source and detecting the ensuing signal at 

the receiver. Survey data may be binned by overlaying a horizontal sampling grid (based 

on nominal locations of midpoints) over the survey area, and subdividing the signal data 

into sampling grid bins based on the actual location of each midpoint on the sampling 

grid. The acquisition sampling grid aligns axes along the inline and crossline directions of 

the nominal survey acquisition paths. (Note that data processing techniques may 

introduce sampling grids that are off-axis with respect to the acquisition sampling grid.  

Unless otherwise specified, as used herein, "sampling grid" implies axes aligned along 

the inline and crossline directions of the nominal survey acquisition paths.) The number 

of the midpoints (signifying unique source-receiver pairs) within each sampling grid bin 

defines the fold for that bin. As used herein, a regular sampling grid has uniform fold for 

each bin.  

[0040] As used herein, the term "offset" of a source-receiver pair means the horizontal 

(i.e., perpendicular to depth) distance from the source to the receiver. "Nearest offset" of 

a sampling grid bin means the smallest offset obtained for each source-receiver pair 

identified with that bin. "Nearest offset distribution" of a survey means the collection of the 

nearest offsets for all of the bins of the sampling grid.  

[0041] If there is any conflict in the usages of a word or term in this specification and 

one or more patent or other documents that may be incorporated herein by reference, the 

definitions that are consistent with this specification should be adopted for the purposes 

of understanding this disclosure.  

[0042] The present disclosure generally relates to marine seismic/electromagnetic 

survey methods and apparatuses, and, at least in some embodiments, to novel source 

and streamer configurations, and their associated methods of use.  

[0043] One of the many potential advantages of the embodiments of the present 

disclosure is that marine survey data may be acquired with a non-uniform survey 

configuration with wide-tow source configuration. For example, the non-uniform survey 

configuration may include non-uniform source separations and/or non-uniform streamer 

separations. Data acquired with a non-uniform survey configuration with wide-tow source 
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geometry may provide improved distribution of near-offset data over that of standard 

marine survey configurations. For example, some disclosed embodiments include towing 

sources closer (than standard marine survey configurations) to the outer streamers, 

resulting in smaller nearest offsets for the outer streamers. Another potential advantage 

includes wider streamer spreads without increasing or with minimal increase of the 

nearest offset to the outer streamer. For example, some disclosed embodiments include 

towing streamers with non-uniform streamer separation to widen the spread while towing 

sources closer to the outer streamers. Wider streamer spreads may beneficially improve 

the survey efficiency by reducing the number of sail lines utilized to cover the survey area.  

Advantageously, disclosed embodiments may wide-tow the sources in a non-uniform 

geometry while maintaining uniform CMP coverage.  

[0044] In some embodiments, towing configurations may include a non-uniform 

surveying configuration. In some embodiments, towing configurations may include a 

wide-tow source geometry. In some embodiments, the common midpoint (CMP) positions 

for all source-receiver combinations in each sampling grid bin are unique (i.e., there is no 

redundant data). In some embodiments, the CMP positions have a uniform crossline 

separation. In some embodiments, the quality of the acquired data may be improved (over 

that of standard marine survey configurations) by an improved distribution of near-offset 

data. In some embodiments, the acquisition efficiency of the survey can be improved 

(over that of standard marine survey configurations) by using more streamers and/or 

wider streamer spread with minimal loss of near-offset data distribution. Another potential 

advantage of the embodiments of the present disclosure is that robust marine survey data 

may be acquired more efficiently than previously, with lower costs and lower operational 

risks. For example, non-uniform survey configurations with wide-tow source geometries 

may allow for more robust acquisition of near-offset data. Another potential advantage 

includes improved turnaround efficiency and shortened completion time. For example, by 

utilizing non-uniform survey configurations with wide-tow source geometries, data may 

be acquired with uniform fold and/or regular sampling grid, obviating data processing 

procedures such as extensive wavefield reconstruction. Embodiments of the present 

disclosure can thereby be useful in the discovery and/or extraction of hydrocarbons from 

subsurface formations.  
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[0045] Traditionally, marine seismic sources have been towed between and in front of 

the two innermost streamers of a regular streamer spread. However, a wider source 

separation may improve the near-offset data distribution without sacrificing survey 

efficiency. This may be especially relevant for survey areas with relatively shallow targets 

(e.g., less than about 200 m below bottom of the body of water), where good near-offset 

or near-angle data distribution allows for robust AVO analysis and/or for effective 

multiples removal.  

[0046] Wide-tow source geometries may also extend the CMP data coverage per sail 

line. In other words, the so-called "CMP brush" becomes wider. The CMP brush acquired 

per sail line increases with the number of sources and/or the number of streamers. The 

CMP brush width depends on the source separations and the streamer separations.  

Thus, a wider source separation produces a wider CMP brush, but may locally result in a 

sparser crossline sampling. It is common practice to acquire marine seismic data with 

uniform fold and regular sampling grid by way of narrow-tow source geometry with a 

regular streamer spread. In contrast, survey configurations applicable to compressive 

sensing-based survey design (Mosher et al., 2017) and/or Fresnel zone-driven 

configurations (Hager et al., 2015) may sacrifice uniform fold and/or regular sampling grid 

constraints. When acquiring a seismic survey with wide-tow source geometries, a regular 

sampling grid can be achieved by means of overlapping the CMP brushes. Ultimately, the 

combination of wide-tow source geometries with high streamer counts may enable higher 

acquisition efficiency without trading-off near-offset data distribution or sacrificing regular 

crossline sampling.  

[0047] As described below, a method includes wide-towing sources with a non-uniform 

survey configuration. For example, in one embodiment having four sources and a regular 

streamer spread with (uniform) streamer separation of about 100 m, the innermost two 

sources may have a source separation of about 25 m, while the source separation 

between each of the outer-most sources and the respective nearest of the innermost two 

sources may be about 50 m. In some embodiments, the source separation dimension 

may scale with streamer separation. For example, if the (uniform) streamer separation is 

about 50 m, the innermost source separation may be about 12.5 m, while the outer source 
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separations (to the nearest innermost source) may be about 25 m. In some embodiments, 

non-uniform survey configuration with wide-tow source geometry may also be applicable 

to a six source (i.e., hexa-source) survey configuration, and/or survey configurations with 

other numbers of sources (e.g., three, five, seven, eight, etc.).  

[0048] Figures 1A-1B illustrate coordinates and terminology associated with marine 

surveying according to one or more embodiments of the present disclosure. Figure 1A 

illustrates side or xz-plane 119 view of an exemplary survey vessel 118 towing a seismic 

source 126 and a streamer 120, located in a body of water 114. As illustrated, a lead-in 

line 111 couples each streamer 120 to the survey vessel 118. Figure 1B illustrates an 

overhead or xy-plane 117 view of the elements of Figure 1A. Figures 1A-1B together 

illustrate a Cartesian coordinate system used to specify coordinate locations within the 

body of water 114 and subsurface formation (e.g., below the bottom 122 of the body of 

water 114) with respect to three orthogonal, coordinate axes labeled x, y and z. The x 

coordinate uniquely specifies the position of a point in a direction parallel to the path of 

travel of the survey vessel 118 at a particular point in time, the y coordinate uniquely 

specifies the position of a point in a direction perpendicular to the x axis and substantially 

parallel to the surface 123 of the body of water 114 at survey vessel 118, and the z 

coordinate uniquely specifies the position of a point perpendicular to the xy-plane. The 

inline separation between elements is measured in the x-direction; the crossline 

separation between elements is measured in the y-direction, and the depth separation 

between elements is measured in the z-direction. The total separation can thus be 

expressed as a function of the three separation components. The surface 123 is the 

hypothetical surface of the sea level at survey vessel 118 and is used to define zero 

elevation (i.e., z=0).  

[0049] In various embodiments, the seismic source 126 can include one or more air 

guns and/or marine vibrators, among other common seismic source components.  

Although illustrated as a point, the seismic source 126 may represent a source string or 

a source array. The seismic source components may be towed at one or more depths 

and may be suspended from one or more floats at the surface. The source arrays may 

have any of a variety of configurations. The seismic source components of a single 
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seismic source (e.g., seismic source 126) work together to emit a pulse of energy. For 

example, the seismic source components may be towed relatively close together 

(separated by about 2 m - about 15 m), and/or the seismic source components may be 

actuated relatively close together in time (simultaneously or separated by no more than 

about 0.1 s). In some embodiments, seismic source 126 may be towed at about 2 m to 

about 20 m depth, or more particularly about 5 m to about 10 m depth. The survey vessel 

118 can include a source controller. For example, the controller can be coupled to the 

seismic source 126 and configured to control actuation of the seismic source 126 as 

described herein.  

[0050] The streamers 120 are typically long (e.g., about 5 km to about 10 km) cables 

containing power and/or data-transmission lines (e.g., electrical, optical fiber, etc.) to 

which receivers 105 may be coupled. Receivers 105 may be spaced along each streamer 

120. Receivers 105 can include, for instance, seismic receivers configured to detect 

energy originating from seismic source 126. The offset of a source-receiver pair may be 

determined by the location of the receiver 105 on a streamer 120, the length of the 

streamer 120, and the towing geometry (including the towing configuration of the source 

126 and the towing configuration of the streamer 120). Ultra-near offsets may be about 1 

km or less. Near offsets may be about 1 km to about 2.5 km. Mid offsets may be about 

2.5 km to about 7.5 km. Far offsets may be about 7.5 km to about 10 km. Long offsets 

may be about 10 km to about 20 km. Very-long offsets may be greater than about 20 km.  

These definitions of offset classes may vary by target depth, streamer length, and other 

operational circumstances. Each seismic receiver can detect pressure and/or particle 

motion in the water and/or can be responsive to changes in the pressure and/or particle 

motion with respect to time. The seismic receivers can include hydrophones, geophones, 

pressure sensors, particle motion sensors, among other types of seismic sensors, and/or 

combinations thereof. The streamers 120 and the survey vessel 118 can include sensing 

electronics, data recording components, and/or data processing facilities that allow 

marine survey receiver readings to be correlated with absolute positions on the sea 

surface and absolute three-dimensional positions with respect to the three-dimensional 

coordinate system (e.g., xz-plane 119 and xy-plane 117). Although Figures 1A and 1B 

illustrate streamers that are parallel to the x-axis, the streamers may diverge somewhat 
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from parallel (for example, streamer fanning may progressively increase the crossline 

separation between two adjacent streamers as distance from the survey vessel 

increases).  

[0051] Figure 1A includes an illustration of a shot (i.e., actuation of a source 126) and 

down-going wave routes 142 from the seismic source 126. Energy from seismic source 

126 travels into the subsurface formation below the bottom 122 of body of water 114, 

changing direction due to interaction with rocks, materials, or any reflector (e.g., 

geological structure) in the subsurface formation. Up-going wave routes 143 represent 

energy redirected by the subsurface formation towards receivers 105-1 and 105-2.  

[0052] Figure 1B illustrates a top or xy-plane 117 view of the survey vessel 118 towing 

two seismic sources 126-1, 126-2, and four streamers 120-1, 120-2, 120-3, 120-4 located 

beneath a surface 123 of body of water 114. An array of sources is referred to as a "source 

spread." In some embodiments, the source separation 131 is about 25 m to about 250 m, 

or even larger. In some embodiments, separation cables, deflectors, or other towing 

equipment (not shown) may be utilized to maintain a consistent source separation 131.  

In some embodiments, the streamer separation 133 is about 25 m to about 250 m. In the 

illustrated embodiment, the streamer separation 133 between each adjacent streamer 

pair is equal (uniform). The four streamers 120-1, 120-2, 120-3, 120-4, having uniform 

streamer separation between each adjacent streamer pair, thereby comprise a regular 

streamer spread. The streamer spread width 135 is the nominal crossline distance from 

the port-most streamer to the starboard-most streamer. For regular streamer spreads with 

N streamers, 

spread width = (N - 1) x streamer separation (1) 

[0053] The midline 110 represents the tow path along the centerline of the survey 

vessel 118, extending behind the survey vessel to the farthest element of the survey, for 

example the most distal point of the longest streamer 120. When straight-line towing, the 

nominal path of the streamers 120 (without disturbance by cross currents, etc.) parallels 

the midline 110. The midline 110 defines y=0. For each sail line of a survey plan, the 

midline 110 nominally aligns with the sail line.  
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[0054] Embodiments are not limited to a particular number of streamers and can 

include more streamers or fewer streamers than are shown in Figure 1B. Some 

embodiments can, for example, include up to 24 or more streamers. As illustrated, the 

streamer spread can be modeled as a planar horizontal acquisition surface located 

beneath the surface 123 of body of water 114. However in practice, the acquisition surface 

can be smoothly varying due to active sea currents and/or weather conditions. In other 

words, the towed streamers may also undulate as a result of dynamic conditions of the 

fluid. The coordinates of a particular receiver are given by (x, y, z) taking into account 

both the xz-plane 119 and the xy-plane 117. In some embodiments, the streamer spread 

may vary in the z direction. For example, streamers may be slanted such that receivers 

disposed farther from the survey vessel may be deeper than those closer to the survey 

vessel. Other examples include combination of horizontal and slanted depth profiles, 

sinusoidal depth profiles, and "snake" depth profiles. Likewise, in some embodiments, 

one or more of the streamers may be towed at a different depth than other streamers, 

thereby creating an acquisition volume.  

[0055] Note the angle of the lead-in lines 111 to the midline 110 in Figure 1B. It should 

be appreciated that, for a fixed nearest offset 112, the angle for the outer-most streamers 

increases as the streamer spread width 135 increases. It should also be appreciated that 

towing efficiency decreases as the angle increases. Consequently, streamer spread width 

135 may be limited by towing capacity. Said another way, in order to increase streamer 

spread width 135, towing capacity may dictate an increased nearest offset 112.  

[0056] Although not illustrated, the survey vessel 118 may include equipment, referred 

to herein generally as a "recording system", that may provide and/or include navigation 

control, navigation monitoring, including position determination, seismic source control, 

seismic source monitoring, receiver control, receiver monitoring, survey data recording, 

time monitoring, and/or time synchronization between the various control, monitoring, 

and/or recording components.  

[0057] Many marine seismic surveys deploy a dual-source setup, as illustrated in 

Figure 2A. Figure 2A illustrates a rear or yz-plane 115 view of the survey vessel 118 
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towing two seismic sources 126 and four streamers 120 through a body of water 114. The 

dual-source setup has two independently-activated seismic sources 126 towed by a 

single survey vessel 118 at a source separation 131. Some marine seismic surveys 

deploy a triple-source setup, as illustrated in Figure 2B. The triple-source setup has three 

independently-activated seismic sources 126 towed by a single survey vessel 118 at 

source separations 131. Although not illustrated, it should be understood that some 

marine seismic surveys deploy higher numbers of independently-activated sources (e.g., 

quad-source setup, penta-source setup, hexa-source setup, etc.). Each of Figures 2A and 

2B is a functional diagram, essentially looking from the tail of the streamers 120 (which 

have receivers thereon) towards the stern of the survey vessels 118. Figures 2A and 2B 

show ray paths 113 between the seismic sources 126 and streamers 120. As illustrated, 

the dual-source setup and the triple-source setup each have the same source separation 

131, though the triple-source setup of Figure 2B has twice the source spread width (i.e., 

the nominal crossline distance from port-most source to starboard-most source) as the 

dual-source setup of Figure 2A. As illustrated, the dual-source setup and the triple-source 

setup each have the same crossline bin width 132. As illustrated, the triple-source setup 

has a 50% larger streamer separation 133 and crossline subsurface illumination 136 than 

the dual-source setup. Hence, a triple-source setup can provide greater streamer 

separation and greater acquisition efficiency. Since the triple-source setup has a larger 

crossline subsurface illumination, it is expected to utilize fewer sail lines to cover the same 

acquisition footprint as the dual-source setup. Alternatively, a triple-source setup with the 

same streamer separation 133 as a dual-source setup would have a narrower crossline 

bin width 132 (implying denser data sampling). Hence, a triple-source setup can provide 

better crossline sampling than a dual-source setup, and thereby provide images with 

improved spatial resolution. Similarly, with narrower crossline bin widths 132, a triple

source setup may have less aliasing noise, and can thereby acquire higher frequency 

seismic data than a dual-source setup.  

[0058] Figure 3A illustrates a survey vessel 118 conducting a marine survey according 

to a "race-track" survey design. Survey vessel 118 is shown following a path 220. The 

path 220 includes linear (e.g., nominally straight-line) portions, acquisition paths 220-a 

(also known as "sail lines"), wherein survey data acquisition may occur. The path 220 
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also includes curved portions, turn paths 220-t, wherein the survey vessel turns between 

acquisition paths, and wherein survey data acquisition may not occur. Typically, the 

acquisition paths 220-a would be nominally parallel, and adjacent acquisition paths 220

a would be equally spaced apart throughout the entire survey area. The sail-line 

separation 225 between adjacent acquisition paths 220-a is related to the streamer 

spread width 135 and the density of survey data desired. The related parameters may be 

selected to generate contiguous or "tiled" areas of subsurface illumination. For example, 

for a survey with a regular streamer spread having N streamers and a uniform nominal 

sail-line separation: 

Sail - line separation = .5 x N x streamer separation (2) 

As illustrated, the survey vessel 118 travels in one direction on four adjacent acquisition 

paths 220-a, and in the opposite direction on the next four adjacent acquisition paths 220

a. Each set of adjacent acquisition paths with a common shooting direction is referred to 

as a "swath".  

[0059] As would be understood by one of ordinary skill in the art with the benefit of this 

disclosure, other applicable survey designs provide acquisition paths 220-a that are not 

linear for example, circular towing and/or spiral towing. In some instances, such survey 

designs may minimize the time the survey vessel 118 spends not acquiring survey data.  

For simplicity, the following discussion focuses on straight-line acquisition paths 220-a.  

Common methods for marine surveying and data processing may be used to adapt the 

following discussion to non-straight-line procedures.  

[0060] Figure 3A also illustrates survey vessel 118 traveling through body of water 114 

above subsurface formation 215. A seismic source (not shown) towed by survey vessel 

118 generates energy that follows, for example, exemplary down-going wave route 142 

through body of water 114 and into subsurface formation 215. Similar to down-going wave 

routes 142 of Figure 1A, the generated energy may be illustrated as following any one of 

a number of down-going wave routes. As illustrated, the energy intersects a reflector 216 

in the subsurface formation 215, causing the energy to propagate along up-going wave 

route 143. Reflector 216 may be, for example, an interface between geological structures.  
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Sampling grid 230 is modeled at the depth of reflector 216. Although the subsurface 

geology is rarely flat, common data processing techniques may model interfaces as flat 

(uniform depth) for at least a portion of the calculations. Generally, the size of the 

sampling grid bins is determined based on the desired resolution of the resulting picture 

of the subsurface formation 215. By considering all possible wave routes from all available 

seismic source-receiver pairs, the associated seismic trace from each seismic source

receiver pair may be determined. Typically, each bin of sampling grid 230 may contain 

about 60 traces. A single common midpoint may be determined where the survey data 

from the receivers may be stacked to maximize the fold. More particularly, the dimensions 

of each bin are related to the inline receiver separation along the streamers (e.g., about 

12.5 m), and the streamer separation (133 in Figure 2A). The dimensions of each bin are 

also related to the number of seismic sources being utilized (e.g., single-source setup, 

dual-source setup, triple-source setup, etc.). For a survey with a regular streamer spread, 

the crossline bin width (proximal the midline (e.g., no more than about 10% of the 

streamer spread width away from the midline)) is given by: 

Crossline bin widthmidline = 0.5 X streamer separation (3) 
number of sources 

Smaller bin width (narrower bins) correspond to higher survey sampling density, and 

consequently higher resolution of the resulting picture of the subsurface formation 215.  

[0061] The center of each bin in sampling grid 230 is referred to as the "Common 

Midpoint" (CMP). Using the flat geology assumption, the location of each subsurface 

reflection point is at a midpoint between the respective source and receiver coordinates 

for each wave route. Data detected by receivers (e.g., receivers 105 from Figures 1A,1B) 

may be identified with bins from sampling grid 230 based on the CMP of each datum.  

Such data may be grouped into sublines of data based on the respective bins, resulting 

in CMP sublines. Thus, a bin may be said to be "populated" by the respective subline 

when data is acquired for the respective CMP. A bin may be said to be "empty" when data 

is not acquired for the respective CMP. The survey configuration thereby determines 

predicted (or nominal) CMP sublines 341 (sometimes referred to simply as "sublines"), as 

illustrated in Figure 3B. The area where the CMP sublines 341 are uniformly distributed 
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for a given acquisition path 220-a may be referred to as an area of uniform CMP coverage 

340. A marine survey may be designed to "tile" areas of uniform CMP coverage from 

adjacent acquisition paths 220-a so that the entire marine survey area will be uniformly 

covered.  

[0062] Figures 4 and 5 present a comparison of an exemplary narrow-tow source 

geometry to an exemplary wide-tow source geometry. Figure 4 illustrates a yz-plane 115 

view of an exemplary survey configuration having two seismic sources 126 in a narrow

tow source geometry and sixteen streamers 120 in a regular streamer spread. Figure 4 

also illustrates crossline bin size and position this survey configuration. The illustrated 

configuration has sixteen streamers 120 equally spaced with a streamer separation 233 

of about 75 m at a nominal towing depth of about 20 m. The illustrated configuration has 

two sources 126 spaced apart by a source separation 131 of about 37.5 m (18.75 m on 

either side of the midline 110) at a depth of about 6 m. The survey vessel is not shown, 

but the sail line of the survey vessel may be along the midline 110. According to Equation 

(2), the sail-line separation is about 600 m. The area of uniform CMP coverage 340 of the 

survey area at a depth of about 50 m is about 500 m. In this instance, the area of uniform 

CMP coverage 340 corresponds to the crossline subsurface illumination 136 (compare to 

Figures 2A, 2B). Note the size and position of bin 232 (within area of uniform CMP 

coverage 340 and proximal the midline 110). According to Equation (3), the crossline bin 

width (proximal the midline) is about 18.75 m.  

[0063] Figure 5 illustrates crossline bin size and position for the exemplary regular 

streamer spread configuration of Figure 4 but with the dual sources in a wide-tow source 

geometry. The illustrated configuration has sixteen streamers 120 equally spaced with a 

streamer separation 233 of about 75 m at a nominal towing depth of about 20 m. The 

illustrated configuration has two sources 126 spaced apart by a source separation 231 of 

about 187.5 m (93.75 m on either side of the midline 110) at a depth of about 6 m. The 

sail-line separation remains about 600 m, and the crossline bin width (proximal the 

midline) remains about 18.75 m. The area of uniform CMP coverage 340 and bin 232 

from Figure 4 are shown on Figure 5 for comparison. Note that the area of uniform CMP 

coverage 340 from Figure 4 is less than the crossline subsurface illumination 436. For 
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example, bin 432 is within the crossline subsurface illumination 436, but outside of the 

area of uniform CMP coverage 340 from Figure 4. Note also the width of bin 332, which 

is within the area of uniform CMP coverage 340 from Figure 4, in comparison to the width 

of bin 232. Bin 332 and bin 432 are each about twice as wide as bin 232. Therefore, the 

area of uniform CMP coverage 440 for Figure 5 is less than the area of uniform CMP 

coverage 340 from Figure 4. This is an expected result of wide-tow source geometries: 

the crossline subsurface illumination increases, but the area of uniform CMP coverage 

decreases. Bin 332 and bin 432 can be described as having excessive crossline bin size.  

[0064] Figures 6 and 7 present another comparison of an exemplary narrow-tow 

source geometry to an exemplary wide-tow source geometry. Figure 6A illustrates an 

exemplary triple-source, narrow-tow source geometry with a regular streamer spread.  

The illustrated configuration has twelve streamers 120 equally spaced (e.g., having a 

streamer separation 333 of about 75 m). The illustrated configuration has three sources 

126 that are uniformly spaced (e.g., having a source separation of about 25 m).  

[0065] Figure 6B illustrates the CMP sublines 641 for four sail lines (as indicated by 

midlines 110) for the survey configuration of Figure 6A. The vertical axis of Figure 6B 

measures the offset of each CMP position (essentially along the x-axis of the previously

discussed Cartesian coordinate system). The horizontal axis of Figure 6B measures the 

crossline survey position of each CMP position (essentially along the y-axis of the 

previously-discussed Cartesian coordinate system). If the configuration of Figure 6A has 

a streamer separation of about 75 m and a source separation of about 25 m, then the 

sail-line separation would be about 450 m, and the crossline bin width (proximal the 

midline) would be about 12.5 m. Note the four sail lines result in four contiguous areas of 

uniform CMP coverage 640. The forward-most CMP positions 650 for several CMP 

sublines 641 (specifically, for the CMP sublines 641 for the port-most source during the 

first sail line) are indicated, and the relevance of forward-most CMP positions 650 will be 

discussed below.  

[0066] Figure 7A illustrates an exemplary triple-source, wide-tow source geometry 

with a regular streamer spread. The illustrated configuration has fourteen streamers 120 
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equally spaced (e.g., having a streamer separation 333 of about 75 m). The illustrated 

configuration has three sources 126 that are uniformly spaced (e.g., having a source 

separation 231 of about 100 m).  

[0067] Figure 7B illustrates the CMP sublines 741 for three sail lines (as indicated by 

midlines 110) for the survey configuration of Figure 7A. As with Figure 6B, the vertical 

axis of Figure 7B measures the offset of each CMP position (essentially along the x-axis 

of the previously-discussed Cartesian coordinate system), and the horizontal axis of 

Figure 7B measures the crossline survey position of each CMP position (essentially along 

the y-axis of the previously-discussed Cartesian coordinate system). If the configuration 

of Figure 7A has a streamer separation of about 75 m and a source separation of about 

100 m, then the survey vessel 118 would follow a survey path with a sail-line separation 

of about 525 m, and the crossline bin width (proximal the midline) would remain about 

12.5 m. Note the three sail lines result in three areas of uniform CMP coverage 740. The 

forward-most CMP positions 750 for several CMP sublines 741 (specifically, for the CMP 

sublines 741 for the port-most source during the first sail line) are indicated, and the 

relevance of forward-most CMP positions 750 will be discussed below.  

[0068] An acquisition efficiency estimate for a survey may be related to the sail-line 

separation, since fewer sail lines mean less distance traveled, hence reduced expenses 

and/or operational risk. For example, an estimate of improvement in efficiency may be 

calculated by: 

new sail-line separation
Acquisition Efficiency Gain = oldsail-lineseparation (4) 

[0069] According to Equation (4), the acquisition efficiency gain of the wide-tow source 

geometry of Figure 7A over the regular streamer spread configuration of Figure 6A is 

525/450 - 1, or about 17%.  

[0070] Table 1 shows several exemplary wide-tow source geometries and applicable 

survey configurations.  

19



Table 1 

Streamer Streamer Source Source Source Spread Crossline 
Count Separation [m] Count Separation [m] Width [m] Bin Size [m] 

12 75 2 112.5 112.5 18.75 

12 84.38 3 112.5 225 14.063 

14 93.75 3 125 250 15.625 

12 93.75 3 62.5 125 15.625 

16 56.25 3 93.75 187.5 9.375 

16 56.25 5 78.75 315 5.625 

[0071] It should be appreciated that a number of engineering difficulties accompany 

wide-towing sources. For example, to achieve wide-towing sources geometries, there are 

several parameters that can be adjusted. The first is the crossline force applied to the 

source spread to pull it into a wide-tow source geometry. The second is the opposing 

force, generally dominated by the hydrodynamic forces acting normal to the source towing 

cables when pulled at an angle through the water. The drag of the source array plays a 

lesser role. The third aspect is the source lay-back (i.e., essentially how far the source is 

towed behind the vessel). In general, the source separation gets wider the longer the lay

back.  

[0072] To increase the width of the source spread, the source-to-source separation 

cable may be removed, as these cables act contrary to the crossline deflection forces. In 

some embodiments, a source steering system may enable steering of one or more 

sources to control the relative source positions.  

[0073] Source cables are not normally built to be pulled at a significant angle through 

the water, unlike, for example, streamer lead-in cables. When moving at an angle through 

the water, the source cables will be exposed to vortex induced vibrations (VIV) that take 

place when the frequency of the water vortices that are generated behind the cable match 

the Eigen-frequency of the cable itself, hence triggering a resonance response. As these 

vibrations may be quite violent, a means of suppressing the vibrations should be 

considered, both for minimizing cable fatigue and also as a means of minimizing the 
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hydrodynamic cross-flow force. The cross-flow force on a cable exposed to VIV may 

easily reach two to three times that of a non-vibrating cable. Furthermore, source cables 

used in wide-tow source geometries may be subject to higher tension than with narrow

tow source geometries. Not only does the static tension increase, but the tension 

response as a result of wave dynamic loading from sea waves becomes larger when the 

mean tension is higher. Thus, vessel speed may need to be adjusted to accommodate 

for sea-state variations.  

[0074] There are various alternative approaches for applying crossline forces to a 

source geometry. For example, separation lines may be coupled between the sources 

and the streamer lead-in lines. As another example, rigid source arrays may be towed at 

an angle relative to the sail line, generating a crossline force. As another example, 

deflectors may be utilized on the source arrays. The deflectors may generate a crossline 

force, bringing the source out laterally. As the deflectors are also used as part of a closed

loop control system, some steering capacity may be reserved for the control system, 

rather than all of the capacity utilized for positioning the source at a desired nominal 

crossline position. Notably, a deflector system applied to a source spread on a survey 

vessel must be able to go to zero force so that, during the deployment and recovery 

phase, the source spread may be able to pass through an opening of the streamer lead

in lines.  

[0075] Source lay-back is an important parameter for wide-tow source geometries. In 

general, as the source separation gets wider, the source spread will be towed with a 

longer lay-back. Normally, for a given crossline force, the source separation increases 

with lay-back until it reaches a maximum, beyond which the source separation starts to 

decrease again. The available source cable length can sometimes be a limitation in 

achieving longer lay-back and/or wider source geometry. Another limiting factor is the 

buoyancy of the source spread, since the source cables are normally quite heavy.  

Deploying too much source cable may cause the source spread to sink below the desired 

actuation depth. Additionally, the survey plan must coordinate the source lay-back with 

the source-receiver offset. For example, the survey plan may include a nearest offset of 

as close to 0 m as possible. The source spread would then be towed very close to the 
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front of the streamers, matching the lay-back of the source spread with the lead-ins of the 

streamers. To facilitate wide-tow source geometry, the matched lay-back would also at 

the same time be as long as possible. To achieve this, robust and well validated survey 

simulation tools would be utilized to generate input data for the survey navigation.  

[0076] Figure 8A illustrates an exemplary quad-source, narrow-tow source geometry 

with a regular streamer spread. The illustrated configuration has six streamers 120 

equally spaced, having a streamer separation 333 of about 100 m. The illustrated quad

source, narrow-tow source geometry has four sources 126 that are uniformly spaced, 

having a source separation of about 25 m.  

[0077] Figure 8B illustrates a graph 800 of forward-most CMP positions 850 for the 

survey configuration of Figure 8A. As in Figures 6B and 7B, a forward-most CMP position 

indicates the crossline positional value of a CMP subline. The y-coordinate of ys-plane 

116 is the y-axis of the previously-discussed Cartesian coordinate system. Thus, the top 

of the graph 800 represents the starboard side of the survey configuration, while the 

bottom of the graph 800 represents the port side of the survey configuration. The s

coordinate of graph 800 identifies a source of the survey configuration. Each forward

most CMP position 850 on a particular vertical axis N is associated with source N, where 

N = 1, 2, 3, 4. The natural crossline bin size for this survey configuration is 12.5 m. Thus, 

graph 800 illustrates that the CMP data distribution is uniform. Graph 800 also illustrates 

that there is one forward-most CMP position 850 per crossline bin. In other words, for a 

particular y-coordinate, only one of the four sources is related to the associated CMP 

subline.  

[0078] Figure 9A illustrates an exemplary quad-source, wide-tow source geometry 

with a regular streamer spread. As in Figure 8A, the illustrated configuration has six 

streamers 120 equally spaced, having a streamer separation 333 of about 100 m. The 

illustrated quad-source, wide-tow source geometry has four sources 126 that are 

uniformly spaced, having a source separation 231 of about 50 m.  

[0079] Figure 9B illustrates a graph 900 of forward-most CMP positions 950 for the 

survey configuration of Figure 9A. As before, graph 900 is in the ys-plane 116, and each 
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forward-most CMP position 950 on a particular vertical axis N is associated with source 

N, where N = 1, 2, 3, 4. The natural crossline bin size for this survey configuration is 12.5 

m. Graph 900 illustrates that the CMP data distribution is not uniform. For example, graph 

900 illustrates that there are two forward-most CMP positions 950 per crossline bin. In 

other words, for some y-coordinates (such as area 951), both sources 1 and 3 are related 

to the associated CMP subline, while for other y-coordinates (such as area 952), both 

sources 2 and 4 are related to the associated CMP subline. Graph 900 also illustrates 

that the CMP data distribution is not uniform in that some CMP sublines are empty (such 

as the subline of area 953). Thus, the survey configuration of Figure 9A does not uniformly 

populate a regular sampling grid.  

[0080] Figure 10A illustrates an exemplary non-uniform survey configuration with 

wide-tow source geometry with a regular streamer spread. As in Figures 8A and 9A, the 

illustrated configuration has eight streamers 120 equally spaced, having a streamer 

separation 333 of about 100 m. The illustrated quad-source, non-uniform, wide-tow 

source geometry has four sources 126 that are non-uniformly spaced, having an 

innermost source separation 1031 (between the two innermost sources) of about 25 m 

and an outer source separation 1032 (between each outer sources and the respective 

nearest innermost source) of about 50 m.  

[0081] Figure 10B illustrates a graph 1000 of forward-most CMP positions 1050 for 

the survey configuration of Figure 1OA. As before, graph 1000 is in the ys-plane 116, and 

each forward-most CMP position 1050 on a particular vertical axis N is associated with 

source N, where N= 1, 2, 3, 4. The natural crossline bin size for this survey configuration 

is 12.5 m. Thus, graph 1000 illustrates that the CMP data distribution is uniform. Graph 

1000 also illustrates that there is one forward-most CMP position 1050 per crossline bin.  

In other words, for a particular y-coordinate, only one of the four sources is related to the 

associated CMP subline.  

[0082] Table 2 shows the nominal nearest offset from an outer source to an outer 

streamer (port-most source to port-most streamer, and starboard equivalents) for the 

survey configurations of graphs 800, 900, 1000.  
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Table 2 
Outer-Streamer 

Survey Configuration Nearest Offset 

Graph 800: (uniform) quad-source, narrow-tow 
212.5 m 

source geometry, 25 m source separations 

Graph 900: (uniform) quad-source, wide-tow 
175 m 

source geometry, 50 m source separations 

Graph 1000: quad-source, non-uniform, wide

tow source geometry, 25 m (innermost) and 50 187.5 m 

m (outer) source separations 

[0083] The non-uniform survey configuration with wide-tow source geometry (graph 

1000) reduces the nominal nearest offset to the outer streamer compared to the narrow

tow source geometry with 25 m source separations (graph 800). This reduction in offset 

is a reason why the sources are desired to be towed wider.  

[0084] Figure 11A illustrates another exemplary non-uniform survey configuration with 

wide-tow source geometry with a regular streamer spread. The illustrated configuration 

has six streamers 120 equally spaced, having a streamer separation 333 of about 100 m.  

The illustrated quad-source, wide-tow source geometry has four sources 126 that are 

non-uniformly spaced, having an innermost source separation 1031 of about 25 m and 

an outer source separation 1032 of about 50 m.  

[0085] Figure 11B illustrates a graph 1100 of forward-most CMP positions 1150 for 

the survey configuration of Figure 11A. As before, graph 1100 is in the ys-plane 116, and 

each forward-most CMP position 1150 on a particular vertical axis N is associated with 

source N, where N= 1, 2, 3, 4. The natural crossline bin size for this survey configuration 

is 12.5 m. Note the empty CMP sublines at areas 1153 in graph 1100. Graph 1100 

illustrates that the CMP data distribution is uniform in each of the sublines aside from 

those at areas 1153. Aside from areas 1153, the survey configuration of Figure 11A 

provides a regular sampling grid.  
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[0086] As discussed with reference to Figure 7B, the sail-line separation may cause 

CMP sublines from a given acquisition path to be interleaved with CMP sublines of an 

adjacent acquisition path. In particular, the survey configuration of Figure 11A may be 

utilized with a sail-line separation that interleaves CMP sublines of adjacent acquisition 

paths to provide a regular sampling grid across the survey area, including areas 1153.  

[0087] Figure 12A illustrates another exemplary non-uniform survey configuration with 

wide-tow source geometry. In Figure 12A, the streamer spread is non-uniform. The 

illustrated configuration has six streamers 120 that are non-uniformly spaced. The 

illustrated quad-source, wide-tow source geometry has four sources 126 that are 

uniformly spaced, having a source separation 231 of about 50 m. As illustrated, each of 

the following streamer pairs has a reduced streamer separation 1233 of about 75 m: 

streamers 120-1 and 120-2 (i.e., the starboard-most streamer pair), streamers 120-3 and 

120-4 (i.e., the innermost streamer pair), and streamers 120-5 and 120-6 (i.e., the port

most streamer pair). Also as illustrated, each of the following streamer pairs has an 

expanded streamer separation 1234 of about 125 m: streamers 120-2 and 120-3, 

streamers 120-4 and 120-5.  

[0088] Figure 12B illustrates a graph 1200 of forward-most CMP positions 1250 for 

the survey configuration of Figure 12A. As before, graph 1200 is in the ys-plane 116, and 

each forward-most CMP position 1250 on a particular vertical axis N is associated with 

source N, where N= 1, 2, 3, 4. The natural crossline bin size for this survey configuration 

is 12.5 m. Similar to graph 1100, graph 1200 illustrates that the CMP data distribution is 

uniform in each of the sublines - aside from those at areas 1253.  

[0089] Note the empty CMP sublines at areas 1253 in graph 1200. As discussed with 

reference to Figure 7B and Figure 11B, the sail-line separation may cause the CMP 

sublines from a given acquisition path to be interleaved with CMP sublines of an adjacent 

acquisition path. In particular, the survey configuration of Figure 12A may be utilized with 

selected sail-line separation to provide a regular sampling grid across the survey area, 

including areas 1253.  
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[0090] It should be appreciated that a number of other non-uniform survey 

configurations may be utilized to achieve beneficial results. For example, an octo-source 

setup may include eight sources. The innermost source separation between adjacent 

pairs of the six inner sources may be about 25 m. The outer source separation between 

each of the outer-most sources and the nearest respective inner source may be about 50 

m. The source spread width would then be about 225 m, allowing for a uniform streamer 

separation of about 200 m.  

[0091] Table 3 illustrates a variety of non-uniform survey configuration with wide-tow 

source geometry. Some embodiments may include non-uniform source separations.  

Some embodiments may include non-uniform streamer separations. Some embodiments 

may include both non-uniform source separations and non-uniform streamer separations.  

Some embodiments may include source separations which are asymmetric with respect 

to midline of the survey vessel. Some embodiments may include streamer separations 

which are asymmetric with respect to the midline of the survey vessel.  

Table 3 
streamer 

N N seps 
N source source seps N streamer (port-to

sources seps (port-to-starboard) streamers seps starboard) 
4 3 50 m, 25 m, 50 m 8 7 100 m each 
4 3 50 m, 25 m, 50 m 6 5 100 m each 

75 m, 125 m, 
4 3 50 m each 6 5 75 m, 125 m, 

75 m 
4 3 75 m, 50 m, 25 m 6 5 100 m each 
4 3 125 m, 50 m, 75 m 6 5 100 m each 

8 7 50 m, 25 m, 25 m, 25 6 5 200 m each 
m, 25 m, 25 m, 50 m 
25 m, 12.5 m, 12.5 m, 

8 7 12.5 m, 12.5 m, 12.5 6 5 100 m each 
m, 25 m 

It should be appreciated that a number of other non-uniform survey configurations may 

be utilized to achieve beneficial results addressing particular operational circumstances.  
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[0092] In some embodiments, non-uniform survey configurations with wide-tow source 

geometries may be utilized to tow sources wider than the smallest streamer separation in 

order to increase survey efficiency and/or data quality. In some embodiments, non

uniform survey configurations with wide-tow source geometries may solve concerns 

about CMP sublines repeated for different sources. In some embodiments, a non-uniform 

survey configuration with wide-tow source geometry may utilize an innermost source 

separation that is approximately half the separation between an outer source and a 

nearest innermost source. In some embodiments, non-uniform survey configurations with 

wide-tow source geometries may be utilized with any streamer separation.  

[0093] Figure 13 illustrates ultra-near offset (e.g., 0 m to about 100 m) data 

distributions achieved with wide-tow source geometries. The data labeled 1360 was 

acquired with a wide-tow triple-source geometry. The data labeled 1361 was acquired 

with a wide-tow penta-source geometries. The penta-source geometry demonstrates 

excellent data distribution which is free of gaps between sail lines, while keeping the same 

acquisition efficiency.  

[0094] Figure 14 illustrates an exemplary system for a surveying method with a non

uniform survey configuration with wide-tow source geometry. The system can include a 

data store and a controller coupled to the data store. The controller can be analogous to 

the controller described with respect to Figures 1A-1B. The data store can store marine 

seismic survey data.  

[0095] The controller can include a number of engines (e.g., engine 1, engine 2,....  

engine N) and can be in communication with the data store via a communication link. The 

system can include additional or fewer engines than illustrated to perform the various 

functions described herein. As used herein, an "engine" can include program instructions 

and/or hardware, but at least includes hardware. Hardware is a physical component of a 

machine that enables it to perform a function. Examples of hardware can include a 

processing resource, a memory resource, a logic gate, an application specific integrated 

circuit, etc.  
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[0096] The number of engines can include a combination of hardware and program 

instructions that is configured to perform a number of functions described herein. The 

program instructions, such as software, firmware, etc., can be stored in a memory 

resource such as a machine-readable medium or as a hard-wired program such as logic.  

Hard-wired program instructions can be considered as both program instructions and 

hardware.  

[0097] The controller can be configured, for example, via a combination of hardware 

and program instructions in the number of engines for an acquisition method with non

uniform survey configuration with wide-tow source geometry. For example, a first engine 

(e.g., engine 1) can be configured to actuate sources, process data, and/or acquire data 

gathered during acquisition using a non-uniform survey configuration with wide-tow 

source geometry and method.  

[0098] Figure 15 illustrates an exemplary machine for a surveying method with a non

uniform survey configuration with wide-tow source geometry. In at least one embodiment, 

the machine can be analogous to the system illustrated in Figure 14. The machine can 

utilize software, hardware, firmware, and/or logic to perform a number of functions. The 

machine can be a combination of hardware and program instructions configured to 

perform a number of functions (e.g., actions). The hardware, for example, can include a 

number of processing resources and a number of memory resources, such as a machine

readable medium or other non-transitory memory resources. The memory resources can 

be internal and/or external to the machine, for example, the machine can include internal 

memory resources and have access to external memory resources. The program 

instructions, such as machine-readable instructions, can include instructions stored on 

the machine-readable medium to implement a particular function. The set of machine

readable instructions can be executable by one or more of the processing resources. The 

memory resources can be coupled to the machine in a wired and/or wireless manner. For 

example, the memory resources can be an internal memory, a portable memory, a 

portable disk, and/or a memory associated with another resource, for example, enabling 

machine-readable instructions to be transferred and/or executed across a network such 
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as the Internet. As used herein, a "module" can include program instructions and/or 

hardware, but at least includes program instructions.  

[0099] The memory resources can be non-transitory and can include volatile and/or 

non-volatile memory. Volatile memory can include memory that depends upon power to 

store information, such as various types of dynamic random-access memory among 

others. Non-volatile memory can include memory that does not depend upon power to 

store information. Examples of non-volatile memory can include solid state media such 

as flash memory, electrically erasable programmable read-only memory, phase change 

random access memory, magnetic memory, optical memory, and/or a solid-state drive, 

etc., as well as other types of non-transitory machine-readable media.  

[0100] The processing resources can be coupled to the memory resources via a 

communicationpath.Thecommunication path can be local to or remote from the 

machine. Examples of a local communication path can include an electronic bus internal 

to a machine, where the memory resources are in communication with the processing 

resources via the electronic bus. Examples of such electronic buses can include Industry 

Standard Architecture, Peripheral Component Interconnect, Advanced Technology 

Attachment, Small Computer System Interface, Universal Serial Bus, among other types 

of electronic buses and variants thereof. The communication path can be such that the 

memory resources are remote from the processing resources, such as in a network 

connection between the memory resources and the processing resources. That is, the 

communication path can be a network connection. Examples of such a network 

connection can include a local area network, wide area network, personal area network, 

and the Internet, among others.  

[0101] Although not specifically illustrated in Figure 15, the memory resources can 

store marine seismic survey data. As is shown in Figure 15, the machine-readable 

instructions stored in the memory resources can be segmented into a number of modules 

(e.g., module 1, module 2,... module N) that when executed by the processing resources 

can perform a number of functions. As used herein a module includes a set of instructions 

included to perform a particular task or action. The number of modules can be sub
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modules of other modules. For example, module 1 can be a sub-module of module 2.  

Furthermore, the number of modules can comprise individual modules separate and 

distinct from one another. Examples are not limited to the specific modules illustrated in 

Figure 15.  

[0102] In at least one embodiment of the present disclosure, a first module (e.g., 

module 1) can include program instructions and/or a combination of hardware and 

program instructions that, when executed by a processing resource, can actuate sources, 

process data, and/or acquire data gathered during acquisition using a non-uniform 

surveying configuration with wide-tow source geometry and/or method of surveying 

therewith.  

[0103] In accordance with a number of embodiments of the present disclosure, a 

geophysical data product may be manufactured. The geophysical data product may be 

indicative of certain properties of a subterranean formation. The geophysical data product 

may include and/or be manufactured with, for example, survey data, seismic data, 

electromagnetic data, pressure data, particle motion data, particle velocity data, particle 

acceleration data, CMP subline data, data acquired with a non-uniform configuration with 

wide-tow source geometry, and any seismic image that results from using the methods 

and systems described above. The geophysical data product may be stored on a tangible 

and/or non-transitory computer-readable media. The geophysical data product may be 

produced by processing geophysical data offshore (i.e. by equipment on a vessel) or 

onshore (i.e. at a facility on land) either within the United States or in another country. If 

the geophysical data product is produced offshore or in another country, it may be 

imported onshore to a facility in the United States. For example, the geophysical data 

product may be transmitted onshore, and/or the tangible and/or non-transitory computer

readable media may be brought onshore. In some instances, once onshore in the United 

States, geophysical analysis, including further data processing, may be performed on the 

geophysical data product. In some instances, geophysical analysis may be performed on 

the geophysical data product offshore.  
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[0104] In an embodiment, a marine surveying system includes a survey plan 

comprising a plurality of sail lines for a survey area; a plurality of sources in a wide-tow 

source geometry, the wide-tow source geometry comprising a plurality of source 

separations; and a plurality of streamers comprising a plurality of receivers, the plurality 

of streamers having a plurality of streamer separations, wherein: at least one of the 

plurality of source separations or the plurality of streamer separations is non-uniform, and 

the plurality of sail lines, the plurality of sources, and plurality of receivers provide uniform 

CMP coverage for the survey area.  

[0105] In one or more embodiments disclosed herein, the survey plan includes 

interleaved CMP sublines.  

[0106] In one or more embodiments disclosed herein, the plurality of sources 

comprises at least four sources.  

[0107] In one or more embodiments disclosed herein, the plurality of streamers 

comprises at least six streamers.  

[0108] In one or more embodiments disclosed herein, the plurality of streamers has a 

uniform streamer separation.  

[0109] In one or more embodiments disclosed herein, the uniform streamer separation 

is about 100 m.  

[0110] In one or more embodiments disclosed herein, the plurality of sources has a 

uniform source separation, and the plurality of streamer separations comprises a smaller 

streamer separation and a larger streamer separation.  

[0111] In one or more embodiments disclosed herein, the plurality of streamer 

separations alternate from port to starboard between the smaller streamer separation and 

the larger streamer separation.  

[0112] In one or more embodiments disclosed herein, the uniform source separation 

is about 50 m, the smaller streamer separation is about 75 m, and the larger streamer 

separation is about 125 m.  
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[0113] In one or more embodiments disclosed herein, the system also includes a 

survey vessel configured to tow the plurality of sources and the plurality of streamers.  

[0114] In one or more embodiments disclosed herein, the plurality of sources includes: 

a plurality of inner sources, wherein each adjacent pair of inner sources has an innermost 

source separation; and two outer sources, wherein: each outer source is separated from 

a nearest inner source of the plurality of inner sources by an outer source separation, and 

the innermost source separation is smaller than the outer source separation.  

[0115] In one or more embodiments disclosed herein, the innermost source separation 

is nominally about half of the outer source separation.  

[0116] In one or more embodiments disclosed herein, the innermost source separation 

is nominally about 25 m, and the outer source separation is nominally about 50 m.  

[0117] In one or more embodiments disclosed herein, the plurality of inner sources 

comprises two inner sources.  

[0118] In an embodiment, a method includes: operating a marine surveying system 

along a sail line in a survey area by: towing a plurality of sources in a wide-tow source 

geometry, the wide-tow source geometry comprising a plurality of source separations; 

towing a plurality of streamers that comprise a plurality of receivers, the plurality of 

streamers having a plurality of streamer separations; actuating at least one of the plurality 

of sources to create a signal; and detecting the signal with a first receiver of the plurality 

of receivers, wherein: at least one of the plurality of source separations or the plurality of 

streamer separations is non-uniform, and the plurality of sources and the plurality of 

receivers provide a regular sampling grid for the survey area.  

[0119] In one or more embodiments disclosed herein, the sail line is included in a 

plurality of sail lines in the survey area, and the method also includes acquiring CMP 

subline data along each sail line of the plurality of sail lines, wherein: a first sail line of the 

plurality of sail lines is adjacent to a second sail line of the plurality of sail lines; and CMP 

subline data of the first sail line is interleaved with CMP subline data of the second sail 

line.  
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[0120] In one or more embodiments disclosed herein, the plurality of sources 

comprises at least four sources.  

[0121] In one or more embodiments disclosed herein, the plurality of streamers 

comprises at least six streamers.  

[0122] In one or more embodiments disclosed herein, the plurality of streamers has a 

uniform streamer separation.  

[0123] In one or more embodiments disclosed herein, the uniform streamer separation 

is about 100 m.  

[0124] In one or more embodiments disclosed herein, the plurality of sources has a 

uniform source separation, and the plurality of streamer separations comprises a smaller 

streamer separation and a larger streamer separation.  

[0125] In one or more embodiments disclosed herein, the plurality of streamer 

separations alternate from port to starboard between the smaller streamer separation and 

the larger streamer separation.  

[0126] In one or more embodiments disclosed herein, the uniform source separation 

is about 50 m, the smaller streamer separation is about 75 m, and the larger streamer 

separation is about 125 m.  

[0127] In one or more embodiments disclosed herein, the method also includes towing 

the plurality of sources and the plurality of streamers with a survey vessel.  

[0128] In one or more embodiments disclosed herein, the detected signal is indicative 

of a shallow target.  

[0129] In one or more embodiments disclosed herein, the plurality of sources includes: 

a plurality of inner sources, wherein each adjacent pair of inner sources has an innermost 

source separation; and two outer sources, wherein: each outer source is separated from 

a nearest inner source of the plurality of inner sources by an outer source separation, and 

the innermost source separation is smaller than the outer source separation.  
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[0130] In one or more embodiments disclosed herein, the innermost source separation 

is nominally about half of the outer source separation.  

[0131] In one or more embodiments disclosed herein, the innermost source separation 

is nominally about 25 m, and the outer source separation is nominally about 50 m.  

[0132] In one or more embodiments disclosed herein, the plurality of inner sources 

comprises two inner sources.  

[0133] In one or more embodiments disclosed herein, the method also includes 

manufacturing a geophysical data product related to the detected signal; and storing the 

geophysical data product on one or more non-transitory, tangible computer-readable 

media.  

[0134] In one or more embodiments disclosed herein, the method also includes 

bringing the computer-readable media onshore; and performing geophysical analysis 

onshore on the geophysical data product.  

[0135] In an embodiment, a method of manufacturing a geophysical data product 

includes: obtaining geophysical data for a subterranean formation; and processing the 

geophysical data to produce an image of the subterranean formation; wherein obtaining 

the geophysical data comprises operating a marine surveying system along a sail line in 

a survey area by: towing a plurality of sources in a wide-tow source geometry, the wide

tow source geometry comprising a plurality of source separations; towing a plurality of 

streamers that comprise a plurality of receivers, the plurality of streamers having a 

plurality of streamer separations; actuating at least one of the plurality of sources to create 

a signal; detecting the signal with a first receiver of the plurality of receivers, wherein: at 

least one of the plurality of source separations or the plurality of streamer separations is 

non-uniform, and the plurality of sources and the plurality of receivers provide a regular 

sampling grid for the survey area; and producing the geophysical data with the detected 

signal.  

[0136] In one or more embodiments disclosed herein, the sail line is included in a 

plurality of sail lines in the survey area, and obtaining the geophysical data further 
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includes acquiring CMP subline data along each sail line of the plurality of sail lines, 

wherein: a first sail line of the plurality of sail lines is adjacent to a second sail line of the 

plurality of sail lines; and CMP subline data of the first sail line is interleaved with CMP 

subline data of the second sail line.  

[0137] In one or more embodiments disclosed herein, the method also includes 

recording the image on one or more non-transitory computer-readable media, thereby 

creating the geophysical data product.  

[0138] In one or more embodiments disclosed herein, the method also includes 

performing geophysical analysis onshore on the geophysical data product.  

[0139] In an embodiment, a method includes: operating a marine surveying system in 

a survey area, the marine surveying system having a non-uniform configuration with wide

tow source geometry; actuating at least one of a plurality of sources from the marine 

surveying system to create a signal; and detecting the signal with a first receiver of a 

plurality of receivers from the marine surveying system.  

[0140] In one or more embodiments disclosed herein, the method also includes 

acquiring data for the survey area, the data having uniform CMP coverage.  

[0141] In one or more embodiments disclosed herein, acquiring data for the survey 

area comprises acquiring CMP subline data along a first sail line and along a second sail 

line, wherein: the first sail line is adjacent to the second sail line; and CMP subline data 

of the first sail line is interleaved with CMP subline data of the second sail line.  

[0142] In one or more embodiments disclosed herein, the marine surveying system 

includes: the plurality of sources in a wide-tow source geometry; and a plurality of 

streamers comprising the plurality of receivers.  

[0143] In one or more embodiments disclosed herein, the plurality of sources have 

non-uniform source separations.  

[0144] In one or more embodiments disclosed herein, the plurality of streamers have 

non-uniform streamer separations.  
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[0145] In one or more embodiments disclosed herein, the plurality of sources are 

asymmetrically distributed about a midline of a survey vessel of the marine surveying 

system.  

[0146] In one or more embodiments disclosed herein, the method also includes 

manufacturing a geophysical data product related to the detected signal; and storing the 

geophysical data product on one or more non-transitory, tangible computer-readable 

media.  

[0147] In one or more embodiments disclosed herein, the method also includes 

bringing the computer-readable media onshore; and performing geophysical analysis 

onshore on the geophysical data product.  

[0148] While the foregoing is directed to embodiments of the present disclosure, other 

and further embodiments of the disclosure may be devised without departing from the 

basic scope thereof, and the scope thereof is determined by the claims that follow.  

[0149] Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or group 

of integers or steps but not the exclusion of any other integer or step or group of integers 

or steps.  

[0150] The reference in this specification to any prior publication (or information 

derived from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general knowledge 

in the field of endeavor to which this specification relates.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A method, comprising: 

operating a marine surveying system along a sail line in a survey area by: 

towing a plurality of sources in a wide-tow source geometry, the wide-tow 

source geometry comprising a plurality of source separations; 

towing a plurality of streamers that comprise a plurality of receivers, the 

plurality of streamers having a plurality of streamer separations; 

actuating at least one of the plurality of sources to create a signal; and 

detecting the signal with a first receiver of the plurality of receivers, 

wherein: 

at least one of the plurality of source separations or the plurality of 

streamer separations is non-uniform, and 

the plurality of sources and the plurality of receivers provide a 

regular sampling grid for the survey area.  

2. The method of claim 1, wherein the sail line is included in a plurality of sail lines in 

the survey area, the method further comprising acquiring CMP subline data along each 

sail line of the plurality of sail lines, wherein: 

a first sail line of the plurality of sail lines is adjacent to a second sail line of the 

plurality of sail lines; and 

CMP subline data of the first sail line is interleaved with CMP subline data of the 

second sail line.  

3. The method of claim 1, wherein the plurality of streamers has a uniform streamer 

separation.  

4. The method of claim 1, wherein: 

the plurality of sources has a uniform source separation, and 

the plurality of streamer separations comprises a smaller streamer separation 

and a larger streamer separation.  
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5. The method of claim 1, further comprising towing the plurality of sources and the 

plurality of streamers with a survey vessel.  

6. The method of claim 1, wherein the detected signal is indicative of a shallow target.  

7. The method of claim 1, wherein the plurality of sources comprises: 

a plurality of inner sources, wherein each adjacent pair of inner sources has an 

innermost source separation; and 

two outer sources, wherein: 

each outer source is separated from a nearest inner source of the plurality 

of inner sources by an outer source separation, and 

the innermost source separation is smaller than the outer source 

separation.  

8. The method of claim 7, wherein the innermost source separation is nominally about 

half of the outer source separation.  

9. The method of claim 1, further comprising: 

manufacturing a geophysical data product related to the detected signal; and 

storing the geophysical data product on one or more non-transitory, tangible 

computer-readable media.  

10. The method of claim 9, further comprising: 

bringing the computer-readable media onshore; and 

performing geophysical analysis onshore on the geophysical data product.  

11. A marine surveying system, comprising: 

a survey plan comprising a plurality of sail lines for a survey area; 

a plurality of sources in a wide-tow source geometry, the wide-tow source 

geometry comprising a plurality of source separations; and 

a plurality of streamers comprising a plurality of receivers, the plurality of 

streamers having a plurality of streamer separations, wherein: 

at least one of the plurality of source separations or the plurality of 

streamer separations is non-uniform, and 
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the plurality of sail lines, the plurality of sources, and plurality of receivers 

provide uniform CMP coverage for the survey area.  

12. The system of claim 11, wherein the plurality of sources comprises: 

a plurality of inner sources, wherein each adjacent pair of inner sources has an 

innermost source separation; and 

two outer sources, wherein: 

each outer source is separated from a nearest inner source of the plurality 

of inner sources by an outer source separation, and 

the innermost source separation is smaller than the outer source 

separation.  

13. The system of claim 12, wherein the innermost source separation is nominally 

about half of the outer source separation.  

14. A method, comprising: 

operating a marine surveying system in a survey area, the marine surveying 

system having a non-uniform configuration with wide-tow source geometry; 

actuating at least one of a plurality of sources from the marine surveying system 

to create a signal; and 

detecting the signal with a first receiver of a plurality of receivers from the marine 

surveying system.  

15. The method of claim 14, further comprising acquiring data for the survey area, the 

data having uniform CMP coverage.  

16. The method of claim 15, wherein acquiring data for the survey area comprises 

acquiring CMP subline data along a first sail line and along a second sail line, wherein: 

the first sail line is adjacent to the second sail line; and 

CMP subline data of the first sail line is interleaved with CMP subline data of the 

second sail line.  
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17. The method of claim 14, wherein the marine surveying system comprises: 

the plurality of sources in a wide-tow source geometry; and 

a plurality of streamers comprising the plurality of receivers.  

18. The method of claim 17, wherein the plurality of sources have non-uniform source 

separations.  

19. The method of claim 17, wherein the plurality of streamers have non-uniform 

streamer separations.  

20. The method of claim 17, wherein the plurality of sources are asymmetrically 

distributed about a midline of a survey vessel of the marine surveying system.  
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FIG. 8B
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FIG. 9B
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FIG. 10B
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FIG. 11B
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FIG. 12B
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