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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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Background Art 10002]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 towv thize swissmdiectyipicallp enplutalityudi |atepatySphcdd apayt Bensaidstieameitsehrough
the water. At se{ected timefq, the sgismi energy squrce control equipment causes one or more seismic
energy source§ fv%tﬁ?éﬁaﬁ]nfyl%éet%‘@vgalfﬁ the W tS@FSB“S/n}I%'e seismic vessel or by another vessel) to
actuate.@@g Is genetl:%ted t%y various sensors on the one .or Jnore s'%reamerls in response t(i detected
seismic are ultifSatdly ShRHIGEE TS 1Y FRESHIiAT dBUSHBR ATEEBHISURR 12K &8P S time is
made in the redendingsysteysicthasignalsigpnexhtacdpycedclp sepsoiti@isgiumgstbé seightlsefisors).
The recorded ﬂ'%nal are Igt?r intelrp eted to infer g-é% (ftggﬁltg&etﬁnd cowposi}ion of the foral{nfations

below the bottoni 6f eeS‘bodyyc?f1 Water® oerrrecgrr)lo%x ing componeﬁt%ef) r |ﬁsdﬁ%ins§ré/@/ct¥8 he gl%tic fields

and detecting eteetrdmdgnetécsphenomena originating in the subsurface in response to such imparted
fields may be used in marine electromagnetic geophysical survey systems. [0003]The one or more
sensor $@@dpers areNhuttiplenastagenesgdtsensaerdongddblechthatrbave geophysicati seasamsaisposed

at spaced apartn@ofsitig% alggllg r’{[a‘nle Ien&th %‘ ‘ihs% cables. § %ﬁ{grlcgl streamelr can extend behind the
geophysical suarveyo\}lessgf for sederarKiome ers.rTBéSfM] ultiple dheamer s§/% ems Are 1 in what
are known as three dimemsonalandefowvdinaepsionalgeaphysicehshiveybsirfater dipransiomal seismic
survey is a thr%\g1 di{ggﬂg{gg\al survey over a same area of the Earth's subsurface repeated at selected

times. ec
[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.

[0007] U.S. Patent No. 6,144,342 issued to Bertheas et al. describes a methed 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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[00051The 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 displagemastsisthechariz aafekaddyestical sirectioneoR0H &oRaiens ddeoh, 01 43itb2 issued

to Ambs et al. describes a seismic streamer position control. madule. i?Julf./ 1U.S. Patent No.
6,144,347 issu S B bR R R A oASE AR R S FSPEBH PG e M1 Glon of a towed

seismic st er using "birds" affixable. to the exterior of the streamer. Summary of the Invention
10008 U] ermbodiind o ey VR Eilmibis iy SRR SR Gt ariR et oy siEal e
including towingegpbphiysichittlatacyatheringvaquigrophitietlintita sutkeyngesgeljmeanbadytiativater, said

equipment including an array. of sensor streamers extending behind sajd vessel, and determinin
Geotetc locatOiT it LEreBmer GG oS ratec bt Hl ARSRUAS BHB! St Cbh<Ch SFoimers and

a reference direetianecAt teagirepsensdarSireamseinolu dedain saik @rdiy ©ftednsdrsaid 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 gathering
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.



streamers is laterally deflected in response to the deteimined 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 steeringPrigiareeDestrd@peisrward end of said array of sensor
streamers, and steering the survey vessel so that the vessel steering reference point follows a

preselegiagh gpvel pathidOPIRIR x%g&aihﬁsﬁﬁ@b%%m%fcm%&wsﬁngweﬁ?@mﬁ%ﬁimﬁa@%for

gathering geophysical data, including towing geophysical data gathering equipment behind a survey

vessel in a bodyleRlifater, sepptegiiphiensinctiemtees gébpipsic alfstereanant dreanery cradissor
streamers inclyding 2 RIYAIYRE SCREPHSIGAMST SIRNHIRGPaPInd e Rpse! (deiermining.a 9eodetic

location of a source steering reference point at a forward end of said array of sensor streamers,

determining a d&¥ifss Zoopeadetiralpersasadititrerstepcihes trameisée. steering beferelatedoint, and
and steering sgigigeophiysicalSaweg sehatsid gaeaphisicahsauisesalaws g desieg seyrce

lateral position. 1001110ther aspects and advantages of the invention will be apparent from the
following descripfidnasist thehapsseltadbcctanies) Berermsasdiiption bngss DravipigRurposes 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 determining 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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100121FIG. 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. Detailed Description 100161FIG. 1
shows a typical marine geophysical survey system 2 that can include a plurality of geophysical sensor
streamers 20. Eaphroithe sénsor sikeamerpoasube gindegthdotrghdhyeusater byiome osamaons, lateral

force and depthCLEQ.) contiol deviees 26 gooperatively.cngaded with each ofhe.sieamers 20. As
will be explaineé Fur%er’blenlo%v, e Use ’oﬁ_% devices 28 Which &an prowae 8ep concfgoll(%ipability,
is a matter of clibicedapltre sy sterode g neay Ihisasnty. nEressanplfar pispises ofditeoinugmtion that the

Govees aosergd MU S ACRIET I e e el conrsogla e

body of water. 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 towing 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



[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 sensprsdeithepasquisitldassystdmclitvatbcoodiplgdsystem t2dalsowypicgiby paciveies
navigation equjpment 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

geophys} nsors 22 disposed at spaced apart locations qn streamers 20 tawed by-the survey
vescel TEABb151im s S e R e e
position signaltheceivel slichhas ‘ogicidlgpdsitioningsatetiite [CGIRS YatdedevarinshiowdBEhérhatically at

12A. Other geodetic position determin L%(m devices are known in the art, The foregoing elements of
the recording g?/%%%elrrrl] iajogzrgeftgl?ﬁﬁ?go%gt osegsaII(llllge% n 1%l]%eega\%?a%rdavsvslt Tt tgde%%ﬂpﬁé% ﬁ%%eodetic
position detectingereveirdlcs2?d, sreandt shbstmselhararethén divedigoesdnerefrtiforsoleainecf 2he

lllustration. ?9%&%&%%??&%%8&?%1&%?5%% %530 Q%%”Ye}xﬁﬁa%fo%%ﬁ}’%ﬁ%a' SRS oW in the
art. Non-limiting examples of such sensors may include particle motion- responsive seismic sensors
such as geophehtisy apdsater|ergrmktersopress siowresponsiely seishnizdemsdrfyumhes digtetime
gradient-responsive seismic Sensors; e , omete a nsQrs or
combinationsoc};éti%i%/te?1 %?eé%!#fg. ?ﬁ%%éo%ﬁ%%gﬁg%% 2rHl r%aégrgrtegég%% %ﬁ%&glr%grﬁe,lge%?nic or
electromagnetiechiefdngneygtieprinharipdefidttodtftsmtbe refrehesidy varsus sthidandsindtheEarth's

subsurtace Delgyl s RO oL M3(eh T desRRnss. i nelgin mapyied inigyle supgyface by an

energy source 17 energy source 17 ma r exampfe a seismic energy source or an array of
such sources. thonsdisiting exaeslesivé skishiic eably\tsnumsnindlde aiPgansfatitewatdriguns. The

energy source 1, (aY A°0 9% AN EIBCIOMAGNENSOHIES [0f PYAMIAIR.AYIO1P0R R eladiade par

(not shown for clarity). The energy source 17 may be towed in the water 11 by the survey vessel 10 as

shown or a differdnit veddet (hbtrshiowr) dTle et drdingreystetiv vmely b @inshuderesmarolynsource
control equipmepf (NE SNAVD RERAAEIN 1L SHGIVEN CRAATIRG IRS,ENRIIY KPUHRE 1 {pe 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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[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 apertypitalboaagpiedoio 0Wiad EQuipmesttdbalcts intehdad-ter seause dhaferyvagskend of
each of the streamergf% at a selected lateral position w'ith respect to_adjacent streamers and with
respect to the SURRSy BT AL YRBU In B BT S Yo RTRE RG i FRT T RAREeIUGE RIS BHravane
tow ropes 8 eagtyeatigpied 10 Jhig vessalat) @k ang aaditbsaugh aswirchFLY @msitlildsspaoliageevice
that enables changing the depl e%ﬁ th of each paravane tow rope 8. The gis | end of each
paravane tow B8 1 8TNCHORATY B BHEET A ol T pUFATAHS e FE B Ehbped to
provide a lateralfabegasneaiiro bstigrbtopite dad pussiowliy gesmpaepis itploedsitctheeysater 11
when the paravanes 14 are ?oved tlhroug the water 11. "Lateral” in helfresentlc ntext né[?ans
transverse to the Qi AHOH S mSHEN othtia Cuﬁfgyl%s%lbf’oﬁ?ﬁ{%t@v F0F £ORMRRY | SRS BN
component of eactvpardkangold, isngprésedcotthad gftihecothes parpaindg:d 4y Tihe CoMbioegdateral
motion component of t arayanes 14 separates ﬂt%e aravanes 14 from each other until they put into
tension one or Slr(éessgge%d%? oB&Sn(S‘F ia‘glecé) A, %&S%Géjﬁyeé%ﬁl&lgdl Ze?aegﬁ%l%’t\ﬁégh? e
paravanes 14.d902 1d devsensbsstreanters2kicclarebeh die ‘¢a0 pattnataiidi eniahepabtiereaf nearest
the vessel 10 %g{e "fo war end'g to ares ectgve I?ad-i(%c&%ble t?rgﬂr}a ion 20A. The2§ead-in cable
terminations 20AFAH B8 830RTed i OF 552 Cidted With tRR S S1EaHE Yo s Sr eRsIE s 4 %58% ¢ to
substantially fixithi taielhalsoopiionthebtescstrearieis2 ORvithugspecotodefiah gtiherscipe teatlein cable
terminations 20A may each include a tive positipn signal sensor. (not shown separately, and
explained furth@y’ B%%é\?/’)ét%%ec?ﬁ%’aﬁgng%oﬁr (\%%n‘%% Sc%)éwr?gc |o%ni?'e v%%n ht§ %%‘f)nr%tf)? t%facg?#ﬁ%{:]ents in
the recording Systethcbatesid]avittesately, tiheigdogbysidal gehsored? {@aadiarn othéreciuution of the
streamers 20 ma ade using lead-ij cables 18, each of which terminates in g respective.lead-in
cable torminatioR A0 GHEST A TR0 (Ao 15 CRUFUARr S84 Bt o bach
streamer 20. Eadimeftikeileadtin eahladeci@ambyhbethe pleyetiinyca sappeLive witebl H8vacesidtlar
spooling device.such that the deployed kgn th oi each cable 18 can,be changed. t eqof towing
equipment cougplfeaa0 ] h%’?%‘ﬁm%‘#é g}r{\ % Sgéhmé feamer Siewnin' Iﬂh‘? %Fs%%?f iﬁ-%lelr%g’getbﬂmustrate a
type of equipmientiiancan 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
inventiof.023022 1 Thdadguisitsont syatenicskevin iR [P Kenfrdatrdlsolit chagare jplis alitysbtaserdl force
and depth ("LTDI'Qt.contE)oI. tder\l/iﬁfes 26.C %)ere'g/vcely elggaxgeed with ga of thy streda{ners 20 at selected
positions alonéeea%: ydireamer 6?@&%% E5 Control device 28 CRIVinciub&’one ormore rotatable
control surfacek(nat mhgwn sepesatelyythgt wensimgndaedet¢ A REIEL R\ rotarghokiRtatigm ovith respect
to the direction,of movement of sueh surfaces Ihrough fhe water . dreates alydroagynanyc ift in a
selected direction 1o urge %e Streamer 20 any se ected direction upward or ownward in the water
11 or laterally edorg e taterisurfacemitpuéspedt sodhsidiraetign of raotiomod tifetve sselidtd: Thus,
such LFD conirol devices 20 ¢an.be aed {emanian ihe streamars 20,1¢ seledied geometrc
arrangement. A ncﬁY—llmm’ng example o LFD control device tha may be used in some examples is
described in Ua$ aRate thApplicaticarablicitioniNe. AI080008L2%:A| et fejaStbkkealandighats the

underlying patgnt application or which. /s commonty, guned with dne g PP YEIUONe "ehe
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



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 showis)dcihreraiast, aDyereference RD'depth'bepihirelias prievidé ghdytites lpkdX ool
devices 26 is o?xlé i?ﬁtenge%&? coverlt ﬁspr S(-%nt 1(—:t)tcamaletim Iegn?ntatiotg, su hta usi gthe device
shown in the StokKeland &t al” "ﬁ@epa en aﬁlplrlgéltllgr? phsbszclzaet?one referre t%eaet?o?/el?%r%/or%sftg?ence to
active depth cahtrelsddhB)sindame kst 20cig\ Rbisaolintitcostrthenscope hleher dsenmineenti@mokor
purposes of defining the scope qof the, invention, therefore, the LFD devices 26 need?onl. onn the
function of "Iatéflrrz];?l1 orc&™ o ?o(g envi%gsi? gﬁé) the'ind uéllsoércllt 0 it e;sz)lfﬁ cé‘n ro éssdgsﬁgr egf %ﬁg?fghction of
the LFD controP aiexices. 2B Expldih edinelr en Hsliendgdta kb nsudrastigt ddaselof esdinary skilhén the art
understand that the use of %he example LF %1 ntrol devices 26 disclosed herein, and any other similar

examples, are DVERTA tHe es%boﬁleag tnecorgpecs{%r? %ll%erl] iont. [06231t the present example, each LFD

control ice 26 may.include an assqciated relative position determination device. In gne example,
the posT A bermine i N ey B AT R e R SRS B AR
typically includecadingrascnis f2nsgsived at tamsthitteraposelectrahiocicaditrytreanfig ded Ttheause the
wransceiver (o el pulses.ofasoustic encigy, Hravel ime of ihe acoustia enery between, transmitter
and a receiver (ﬁspo ed at a spacegapag? posttion sudhas along(fﬁe SE&me’streanier anaror on a
different streandevjdssrefdited tmthie distance dethestrdihedraltsmiier ane a feceiessade e iacoustic
velocity of the water, The iC V ity, assumed spbstantially. not to change during a
survey, or it caﬁleﬁ%n%eéglsnﬁr%%'l?&/a%rgtﬁc%eé‘gl?%ga?sl és\?\}laetnaert({/e 8%&%3&(501&?9 5@%%%%\%8 ﬁlgr\jyg
additionally, acetisticrangélsensingde voes S ARDpt)ndy bestitspbsediedtsaleotethpobitidngzalong
each one of the streamers not collocated with. the trol devices 26, Such additional ARDs are
chown at 23 in I TR B BB R R, R e B R oorcing
system 12 sucththiatadirgnyensomEhtinngribethespistanceteetnee Viaaptreo ARDsE 264 B&dmany of the
sweamers 20 s deterinaple. ons.onmers ARRSMAY b placed gt seledied positions prgxmate the
aft end of the ves efeicb $5'that Tefative diStances between the selecte pols?tlons on the vessel 10 and
any of the ARDspenaihbsstimgme) s Meayhalsedmecdetermined. 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 asdigf28]to the dssirneeani¢théresentdwienticheatistaheodobrated hendibuby AfeBneei[0024]The
sreamers 20 gy, asidijonally ralisnativeleinclide aphurally, ol hegding sensars 29 dispased at
spaced apart posﬁ/lons al ng each streamer 20. The aglng sersors 29 ay be geomagnetic
direction senserslsach & hagretic tuhpassdevives Hffix@ddetithpmxternorfafatietsttdame? 20. One
type of compass device is described in U.S, P t No. 4,481,611 issueg.to Barrage.and.incorporated
herein by oferie e isf%(lf:}%nenrsf’g%vfﬁ 2:§’§id‘é‘ae§‘|§}mgﬁa?rlnd]f’c:“é’€v?j3f t‘ﬁ‘é‘yhegagdih‘b (%%%%?tion with
respect to magnetivwosthioof g stemeed2@ aytteenabdal position of the heading sensor 29 along the
respective streamer. Measurements of such heading at spaced apart locations along each streamer
may bel088@1to interghiadetthe goumesirydispatial istrisatidRAf 8adh 2freamlexdit@0RB IdEachr streamer
20 may '”C'“_d%é}eth&lﬂﬁt%e&%_tb‘eesrs%?flfé,t%gfé%25{- tTeheo{QE';! puAY: 23 MaY s Amengother
sensing devices, a geodetic position receiver 25A slch as a GPS receiver that can determine the
geodetic posititreohescttéidudy 26ading spodetld positorrendiven 25#nnteadiitaibuoyt®s may be

in signal Comrr(l)?ryg(%[ig&e\g/&lgrﬂ}% E%%?rg@gl%ge@ojﬂ%bﬁvely, 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
8



100261By 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 thoseyfram thetheadingysensors 2O deosudheARDS A6 23 andsiiruspdciemtheasdditional
geodetic position receiyers 25A in the tail buoys 25, may be used. individyally or i y combination. It
is only necessarBH FrposEs S pradai ARG 5 B e b Shabhy SLimated relative

position of eachaenith ateBy &ack AtigaheeaniBuwik 26ference to a geodetic position measurement at
one or more 8 points in the survey system. One such point may be on the survey vessel 10, as
measur¢oigzy the GP B geggetis-pesitislsdiaaeiverti Aostidinr iha s P&igeadetiepasititicreaaivers 25A
in the tail buoys 25. [0027]By approgriate selection of the go itiogt? 3Io each s(%[eameg at which the
various relative PoSHioiTAEAsHraHIER: HEOTEERS FBEEeATTE e af S B it T ROESn i 15

determine the psibieamaiptwitioticthernegddadneasitieyestinateonOtheiwise datennine the

absolute geodetjc position at large humpers of positions along each, streamer, such as by .using a large
umber of G S SERESE A AR SR AP AT BRI, Vet Gy BESTorS RO
convenience indafiniachtbedimientiariass' slativegpo$iigh cletdrmintms’ sepbais. Byhdet@Duning

relative positions at each ppint along each streamer with reference to a selected pqint on the survey
vessel, stream%%‘?ailzeﬁfé@) %@Hb@o %ﬂ‘?é) rén‘iérd?aé/o%?cree%effﬁg Oeroﬁoelf?éeﬂlggﬁf“oﬁ%a%mgﬁ rfl“?neasured
by the respective agisonthérelar) s igptssiblécteradtarivine daesgeodealie plasiitindieaehsuch
streamer point. A particular example Pfas ?bem for determining relative positions of. the streamers
Using acoustic A LGSR A e FAReHIETI A S b ISTe et SRS RIGSBI the
present examplevihe enecgyssauaraer liainaydpclidamisieehiag:tagigesduBdol@ndtie sepasdte control

of the trajectory of the squrce 17. The energy source steering device 17B may. be controlled b
suitable (J: ontr %ﬁﬁ}%}l SOI?r 0\?(E11t 15 élaera:fﬁbegé e#%elfspectlvg sensor thereon ylS 1t poss%ie toy

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



100291During 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 setegiets goomeiiy. lcenspaptenerdation efdherinyemialittnee ksdeskaidador the
streamers to spread evenlg %ehin?bthfe vesaeel t8 arl%oid "&ol%s“ in the coverage of me%surements of the
subsurface. HoWetEF RS LIRS GEEHEHES M Qlso BE EHELEh MY SHRP PRSP L8HY context
means that therdaiér @t @pacuigeRetytenrpdjacant stieaheera iz islthadsangdlong ik ogthhef the

streamers 20, or th?dL%teral spacing is related, e.g., proportional, to the distance along the streamers
from the forward &fids thereof. Deviations from even spreading may result from, for example, rip

currents, j water 11 and propeller Ef}r}om the vessel 10. 1003111. Streamer Front End Follow
mode. S[Hbﬁl{]! rst embtd}?ﬁ%aﬁg%rf%% nltn]gé? i0 Wa‘?%%ereferred to as a "streamer front end follow
mode." With reference tg FIG. 2, geophysjcal data gatherin uipme including an array of sensor
streamers 20, is towe t%é i é%%?&,%%g%&‘%ﬁﬁtg’%o )? o%%v%%gsnf?.?ﬁl%i% esm%%laﬁﬁé%wot}{\ e

geodetic positienddbdstreaner’ si¥atingfredecencd [Koir, 42qthtysecto natr g@hd ofitheusemsot 3treamers

20 is determined and 3 reforonce liection 48, of sald streamer siepring refsrence oint 42,
determined. THE SENsor Stréamers 20 are then controlled y means o CFD devices 96 in response to

signals from theorigcofdirugesykte nin( 1RisneF®dinsot tHat Hredsinspostreamtrs 2@ seek tEdaligw a

geometry definegl relative 19 %id r%{ergnce oint.and,reference directionz(f\t I%a§t one sensor streamer
h . Idﬁ erence ]pomt al € 10TW end of the %ﬂlsor s‘ﬂeamers 1S €rmincd and a.
included in said array of sensor streamers 20 Is deflected laterally in response to said determined

geodetic locaticrieofsaidisteamds stEeridgtreierengeqoiptrd2@ndetheiniedrm e drnafierénddcirection
48. 100321A geodetic positionf e fonvard ek G o0t HNE SRS Y HeANR e 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. The 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



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 12Ain FIG. 1, 17Ain FIG. 1
or 25A in FIG. 1). The geodetic positions thus calculated at the front end termination 20A may be used
to defing@sB¢amer sigedagitefesanespeimicf2tctha stiearopsesteaiing refesence poitiéa, iy
example, may be jn the lateral center of the front end terminations 20A. The reference point 42 may be
determined, for SUSITBIISy EaRARATRICHI AR e R oSS o R P
terminations 2QA. thBelskearmesfSieeringereferaneaspoint ostetalso pechasethomone as adiyted

number of the streamer front end terminatjons 20A only, plus passiply a lateral offset. For example the
streamer steerfifFPBIERE MR BEﬁnf‘?Wﬁ[g E%é%‘ﬁgea%ﬁ%o“a%ﬁe ]s%en Sr %@Eﬁfé‘% Hoht S $esinations

20A. [00331In@tigition, théhgestieamersaiearsthelfeianeecpaiot i srefesance gisaation nds is
determined. In one implementation of the invention the reference direction 48 may be the direction of
ovement of (1 GBI T CRERT rErGHAFLE pOIRE 4555 8ot P AT o8 hro N ER S
survey vessel Hxetoodesenning bisheterenaerdiresion réia gredatiatpasititr oftagnstreapitigsteering
reference point 42 may be determined repeatedly at selected fime intervals (e.g., every second) to
calculate & dirdEHHTF PRUBROP He S L BREF Sl T PIGHRR QU bler2 T HE SSEMTEY SEBhg
reference pointermaylioe sphjectechtoadsshoathing fikese(ergariatibasrebosdinesyaiplendchimiolG. 1) to
remove any short tei.in noise or varigtions. In another implementation aof tfg invention, the reference
Cirection 48 i) B AR BELEEST (1E LB e TO RO F St iR Ar S AHG JErSrence
point 42 and alecatondila0 saddsernseyeragseldmicaaotndl lasation diatkad geapaysieateguipment
2. A time filtered velisfan of tha}}reﬁere?ce directjon 4 derivled b%'{])detetrgiglg th%ﬁire tion between the
geodetic locatiSfi of saidsHEEATR %‘f%é?fﬁbnr%afleréﬁ%% SR A ERE S oeativh B BheE dvalgb%hysical
equipment 2 mafy gilsorbereses. diftetindy alseiael obiyedstatatitenyays ol idefiiinghier sefendace
direction. The refe enci directior}max atlso be a%preselect{ad direction. %e stre mer.steéan%l
reference poinEiY SHE tREHOR RntE GBI 4B SHAVEAEITSBGHR2EY o A inite i ¥eitettlocation
for said sensorssitegeophy26hlAeqpapaible desisgcisavet patd.is Toesaathnpfidke benshestidgabiers 20 to
follow the reference r%pint nd retFrenfe direction t48, butf%ffsetffrom reference point by aﬁelected
offset for each $f¥a efl% UBfec eedrﬁoer T8 St'éach streatfiel MIHE prlerg(éﬁ Bxa p e, A fatéral offset
perpendicular pdheaetdrelicetibteclibn 48qnayrbedefineddiereaehpohd d2vice 26onetaehcstreamer
20, and a final fPref rred4§ositiorlpfor achtlTFDddtevige 20 may bg defi(? d by the refer%ﬁce point 42
plus the latera offsetrhie 1aferarl' Girset rlﬁéyl/zﬁe c%lcﬁfg{gldnl% |V|§ﬁlertﬁy or each E(i'—rD%Hevisgg,S(gnd IS
typically, but netreresess20ilyAdepeitde dedrethedistpade isffeachicudhitewaeofrotretihece38eb 10 as
well as the resp f:tive streamer's nomj[nal at?[ral Ig)ffsgt frc%m tr)& vgstse%tcetn%rer line,. Other fact%)rs for
setting the offse &‘)’YJ%‘ %Iées%ﬁélv%%yg ‘CUfrent ' cases Wi lg?rong s‘ﬁdgw%leys é’ﬁrrlré%%,e [ Cr%%cﬁfl not be
desirable to trybjo fulbjecosdecttter toe skdwsoktinectowringlectedgpenment, biitaathetraaaesomelaffset on
all streamers in the qirectiorl é)ft etcrléﬁ'repfts é? cgm&%?salte} f%r ttipeerse¥(3er\évﬁcTh 1rS%JaeoCte sens regeometry
may be a straiaﬁsﬁﬁe?ﬁ% 5 [:iaara ef With or at a angfé1 o tthe reference direction , bufa%ay not be a
straight line. 10G84ilfoonechrigi@nteniati@n of tishesnbadinens afdhefimigntiterrdhestieaummier steering
reference point | tI% ard of one of said sensor streamers included in said array ensor
crreamers. I SEIE T AR08 e A e e Tt e B S e
reference poinThé ddamyiardBod oha decenttolhedf thésdnsby sfoeaeaels if Detéemirednandssaid
second streamer is laterally deflected in response to the dete] mined geodetic location. of the second
ceamer steen i AT S e or i S e G SR S e esirea
position for eaetskdtD @evieeRac e besdefhned siceonditygtontientdaetmiduds expiainebeabsyd, and the
;gsﬁ’tigﬁ"'ces 2858 be oprrated such At i YRR QKPR raval I follgw, such desired

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.
11



1003612. 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 epglxafjsaid arigy HfeSeRsRsiRABETS 2R folpyaListeringd geedgls, path dddarexample,

along a path traversed by the forward end of an array of sensor streamers in a previously conducted

geophysical susfesFing gelsaatie RRiationtbs foyuatd rarefingsefeitA s somitEsaes f8aNKe dhd of the

array of Sensor gieames sis At miead. Ikﬂaoﬁﬁtﬂépl%{ﬁ%%éﬂ%ﬁ&{ H?QHEY@&EIR%&Q%&’&%’&J steering
reference point 43 may be the same as the streamer steering reference point 42. The surveévessel 10

is steered so thicaiioyedsereserdingearsidisée PsinPagtafoOna rese Rt erith 2% ThiiGessel

steering will typically take e aeeQisntwind anchwalgl AuEed MeasiEemenis iR maEae theigccuracy
of the vessel steering to better achieve the desired streamer front end steering. Steering a geophysical

sensor array as&qsRiRet? abBive FREPIRAIECIEEMn MRfrtiotgds Ty serertngsaResaltFEdting 41

such that the refefgBee:-RRIAL 43 fRllPws shaalestatiraiesiatyrdhie-ataquyof deflecting force required
proximate the forward end of each of the streamers, provided by LFD devices 26, to maintain the array

of sensof(gingamers 2Q inRis&lesterigeanreinimpybeisiiestaptially sedusatd 10034l Enalay

Source Follow Mode Another embodiment of the invention may be referred to as an energy

source follow ni§eIMYRR FERMEkde Pt Yoo bhyLidar hstaGatiB it BEtEHAHED, hitithfing an

array of sensor gtaamersp2Qnisdoned abindarsueveyidseaidd fpadady of water 11. In this
embodiment of the invention, the energy source steering device 17B may be operated to cause the

energy s@os6]17 to movetwards shiateiaddprsiiam whichmeayskm ariadingided prriected forward from
a forward end of said array of sensor streamers 20. In a particular implementation of the invention, the

source steering referenep heiirKoisitie sambam stieamen sias ingaeierense reiet 4i2eAndasired
source lateral position may be defined by extending a line 47 forward_from sqQurce steeriFOrIg reference

point 44. Line 45 fRay B 88tefiiietth #1 afifCRURRSIRAL EtereNCE aidistRradds 'dStertined as
described abovgetipHigidisGaasiantetitie trpameat Franknt ol emamedestiydatetinningm direction
of movement of source steering reference point 44 or the direction from source steering reference
point 44 to a lo¢HEH BHEHIFSTIEY VESSE O SR LA é&&@%sm%aaﬁatqa{ptﬁ?em 2.
Line 47 may alsgeatdeiemivineddrornaipseselacicserefpienrdedicesiion e lpasiculardiepiaseentation
of the invention, line 47 is t%%%ame as the reference point and referen dirfe tion defined wit
reference to th StPEAhaF HrEHPERY Tt RS e R WRRFERSTECR T PIE ™22 THi5TEaiy
seismic source gyiliinidusighaparnayeebnnsliyjiduai Soywas elevessibr sidbairaysl andl e eanigaposition
of the source is steered to follow the determined lateral positjon degned EJy the line 47. Th(@ desired
source center pUsitBNTaitFaUEEq ﬁe?ﬁ?glglﬁ&ir%od%%@g pEEIRBHSIEH e WY fdividugPLgtitce

clement or subaseayoithr cespaet tecthimn phejRetadesavireel ing 4 forlpdBhVethbeariay ofseating LFD

control devices and contr Igglir,lg(%/geometr of a sensor aria acco,rdin%rto the varigus aspects of the

invention may protAEE hare BvER! e it MAafind"g %ﬂ)ﬂ%& SISy RHES Y iR ficeiithe

accurate positieriegnef geaehysisainsetisarsy dsdhaayrtaprote Saleiy af theanpyetorbostiltoint

environments. Any of the above metﬁmgs. the Steamer Frogt End Follow .Mode, the Vessel %eering to
b

keep streamer front BRHSBRY d&EITed pIEH Ehd e 1BFqy st IS F Bl HISHES RIADILE used
alone or in any fetimineitoprefctamedr phiied of these nalescQ3QUWhirilig takentiendeasdaeen

described with respect to a limited number of embodiments, th%se skilled in hﬁ:- art, h:ilv ng benefit of
this disclosur e,%ﬁlﬁa &f?getrecurrent measurements to improve the accuracy ot 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.

12



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.
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, said equipment
including an array of sensor streamers extending behind said vessel; deteiilining a geodetic

location [@03 Bfreamer3stegsiag selaienesipoiniatia forward end

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



of said sensor streamers; determining a reference direction; and laterally deflecting at least one
sensor streamer included in said array of sensor streamers in response to the determined geodetic
location of said streamer steering reference point and said determined reference direction. 2. The
method of claim 1 further comprising towing a geophysical source behind said vessel and determining
a geodetic location of a source steering reference point at a forward end of said array of sensor
streamers, detelminitgraciasite sasreemlatemhpasitiwnivitdseferangatortaid seuscepstegring
reference point and steering sajd hysical source sp that said geophysical source follows said
desired sourcelféﬁ%?HPBo%ﬁt%ﬁ%?sgﬁg%ﬁg%odpﬁc@gﬁ“ggwf?ﬁeﬁﬁog id %ééwseﬂété?ﬂ@}i’%‘f JePEe point
is the same aslihdtstreamerstecitinghederanae. point. 4. The method of claim 1 further comprising
determining a geodetic location of a vessel steering reference point at a forward end of said array of
sensor streamers and steering said survey vessel so that said vessel steering reference point follows a
preselected travel path. 5. The method of claim 4 wherein said vessel steering reference point is the
same as the streamer steering reference point. 6. The method of claim 4 further comprising towing a
geophysical source behind said vessel and 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

14



reference to said source steering reference point and steering said geophysical source so that said
geophysical source follows said desired source lateral position. 7.The method of claim 6 wherein said
source steering reference point is the same as the streamer steering reference point. 8The method of
any of claims 1, 2, 3, 4, 5, 6 or 7 wherein said streamer steering reference point is the forward end of
one of said sensor streamers included in said array of sensor streamers. 9The method of any of claims
1, 2,3, 4,5, 6 or 7wherein said streamer steering reference point is the forward end of one of said
sensor streamers included in said array of sen€cladmesmers and further comprising determining a
geodetic location of a second streamer reference point of a forward end of a second one of said
sensor syeametkincddded in said array of sensor streamers and laterally deflecting said second

streamer in resgg?rés&ﬁtﬁ e%e determined eodetlic location of said second streamer steering reference
point anlt said Bet&¥ T ERENEHRE SRRSO RIS of any of claims 1, 2, 3, 4, 5, 6 or 7

wherein determiningztheogradedicdata gathering equipment behind a survey vessel in a body of
water, said equipment including an array of sensor streamers extending behind said vessel;
determining a geodetic location of a streamer steering reference point at a forward end
of said sensor streamers;
determining a reference direction; and
laterally deflecting at least one sensor streamer included in said array of sensor
streamers in response to the determined geodetic location of said streamer steering reference

point and said determined reference direction.

2. The method of claim 1 further comprising towing a geophysical source behind said
vessel and 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 said source steering reference point and steering said geophysical source so that

said geophysical source follows said desired source lateral position.

3. The method of claim 2 wherein said source steering reference point is the same as the

streamer steering reference point.

4. The method of claim 1 further comprising determining a geodetic location of a vessel
steering reference point at a forward end of said array of sensor streamers and steering said

survey vessel so that said vessel steering reference point follows a preselected travel path.

5. The method of claim 4 wherein said vessel steering reference point is the same as the

streamer steering reference point.

6. The method of claim 4 further comprising towing a geophysical source behind said
vessel and 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

15



position of said streamer steering reference point comprises determining a geodetic position of a
forward end of at least two sensor streamers included in said array of sensor streamers, and
determining the streamer steering reference point with respect to said detelmined geodetic positions.
11. The method of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein determining a reference direction
comprises successively determining the geodetic position of said streamer steering reference point
and detegTiring teferRneriticettiam fropfcsaidespiiacasiveteaiapinaibeophakiba gaadetc pasition of
said streamer steering reference point. 12 The method of any of ¢laims 1, 2, 3, 4, 5, 6 or 7 wherein
determir?i?}ra gemélﬁé}esﬂﬂ%&%ﬂ%‘gﬁfﬁfég sUsdMRRI FARSIHMY the geodetic position of said

streamer steering reference point and determining a reference direction from said successive

determinations of the geodetic positign of said streamer steering.reference point and further
comprisig timd BB SR B G CCHbROBT ST AT FHEABAUD OF M BPEIERHEL, 2. 3, 4,

5, 6 or 7swhereintdetainieigaceeperence direction comprises utilizing a preselected direction.

8 The method of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein said streamer steering

reference point is the forward end of one of said sensor streamers included in said array of

sensor streamers.

9 The method of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein said streamer steering
reference point is the forward end of one of said sensor streamers included in said array of
sensor streamers and further comprising determining a geodetic location of a second streamer
reference point of a forward end of a second one of said sensor streamers included in said
array of sensor streamers and laterally deflecting said second streamer in response to the
determined geodetic location of said second streamer steering reference point and said

determined reference direction.

10. The method of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein determining the geodetic
position of said streamer steering reference point comprises determining a geodetic position
of a forward end of at least two sensor streamers included in said array of sensor streamers,
and determining the streamer steering reference point with respect to said determined

geodetic positions.

11. The method of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein determining a reference
direction comprises successively determining the geodetic position of said streamer steering
reference point and determining reference direction from said successive determinations of

the geodetic position of said streamer steering reference point.

12. The method of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein determining a reference
direction comprises successively determining the geodetic position of said streamer steering

reference point and determining a reference direction from said successive determinations of
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14. The method of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein determining a reference direction
comprises measuring a direction between said streamer steering reference point and a selected
location on said towing vessel. 15. The method of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein detellining
a reference direction comprises measuring a direction between said streamer steering reference point
and a selected location on said geophysical data gathering equipment. 16. A method for gathering

geophysicabgatai COBRRIIING said {@eing-oeepysicatdaia gathesng faauiprosnbhehindasurvey
vessel in_a body of water, said qU| )men} including an array of sensor streamers extending behind
said vesSHFring %&&?Fﬁﬁmaeg 5588 R Y6 LHEh of a vessel steering reference point at a forward end

of said array of sensor streamers; and steering said survey vessel so that said vessel steering

reference pomt follows selec trav 17. Them thod of claim 16 further comprising
towing & geophys %’L‘i{?Bg I’Lw& gaiy Eegsé%’n% éé’t‘e?rW o GETRUH R A465RBFS source

steerlngdaeéeﬁ@a%lﬁgiﬁg@t@lrgﬁn@@m@s&sm@m@f sensor streamers, determining a desired
source lateral position with reference to said source steering reference point, and steering said

geophysical source so that said geophysical source follows said desired source lateral position.
14. The method of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein determining a reference

direction comprises measuring a direction between said streamer steering reference point and

a selected location on said towing vessel.

15. The method of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein determining a reference
direction comprises measuring a direction between said streamer steering reference point and

a selected location on said geophysical data gathering equipment.

16. A method for gathering geophysical data, comprising:
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;
determining a geodetic location of a vessel steering reference point at a forward end
of said array of sensor streamers; and

steering said survey vessel so that said vessel steering reference point follows a

preselected travel path.

17.  The method of claim 16 further comprising towing a geophysical source behind said
vessel and 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 said source steering reference point, and steering said geophysical source so that

said geophysical source follows said desired source lateral position.

18. The method of claim 17 wherein said source steering reference point is the same as

the vessel steering reference point.

19. A method for gathering geophysical data, comprising:
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18. The method of claim 17 wherein said source steering reference point is the same as the vessel
steering reference point. 19.A method for gathering geophysical data, comprising: 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 extending behind said vessel;
determining a geodetic location of a source steering reference point at a forward end of said array of
sensor streameosying geepdrmicihdate dedikethsegropriaterbtposioumwith veferemceiodsaid source

steering re{erenc& éoo'mt' and teerin S%id %e?ght\{sical squree so that said eorghlysical source
wader sat Cﬂul hent inclu mga opnysrcal sodrce and an array o1 Sensor streamers
follows said desired’source lateral pasitron.

extending behind said 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 said source steering

reference point; and

steering said geophysical source so that said geophysical source follows said desired

source lateral position.
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