11111211211212121121212121111121211 * 59159* IVETH(I) AND SYSTEM FOR SEF’ARATI NG -
SEI SM C SOURCES | N MARI NE SI MULTANEQUS SHOOTI NG ACQUI SI Tl »
[0001] In the oil and gas industry, geophysical prospecti na}]m@
.to aid in the search for and eval uation of subsurface eart HL T O11S.
CGeophysi cal prospecting techniques yield know edge of -the-subsdbflge —
structure of th Héf@lﬁANlPlﬁé’ﬁT M EQRASHP AR TING, Iﬁb’“@rﬁ?‘é&@ﬁ%ctl ng val uabl e

nat ural resources, Mpﬁ @? %‘Q] BNas oil and
natural gas. A vvel novvn tec nique of geophysi ca rospectl ng is a seisnmc

survey. In a |land- based seismc survey, a seismc signal is generated on or
near the earth's surface and the[l}st ﬁ{) wnward into the subsurface of
the earth. In a marine seismc s Aé)lgé Seismc signal may al so travel
downward t hrough a body of water overlying the subsurface of the earth.
Seism ¢ Ii°R§1Igy sources are used to generate the sejsmc signal which, after

pr opagat nt B e @ileandigas industry, geaphyiSICRPTOSREFIRg iseoPIRAnbaussy 1 @ikt f ace

sei sm ¢ ghefkseh G6S anPUeusiRnsHt aﬂsafféc%Céa%Sfommio@@l | Gesph§sitdt RbiREES
bet ween subterranean formations having different elastic properties,

speci fi clashnjaussirkd kaowledes o ey subserface ckueieies ok the warihc hichald useful for
differe egt &3}4% ACvARROANGS RbodrQE fgd?ﬁ&ﬁ{ roc-g%%nrd%éas?tgts@cql a%f' sm ¢
energy is ecte y selsmc sensors (also ca selsmc receivers) at or
near t hmlbwdfm&alcgast Aewebktdwn tequuemf@ed)ghymgalhmbpe@mgmaa s¢ismorsuryey.k nown

dept hs | bor The seism c. sensor ene te Si gna I

oty clie BPEBRER SR PR RSB oRPIeh “CEM e st Tt SR ecor ded
for furthaarth@r esetsdiongwafdRE2ihéRebsapaccof thataths am&rmmmersﬁﬁxs sufrady, the
generating the seismc signal in |and sei urveys i nc

expl osi VESTHE Sighad may Gise rafglGopaward Brpugh 8 P%ﬁwattwveamét Myfgae of

subner gele S@HRM SeighAbdnbrg %ﬁfte%@aug&l R 2HdraRe fHeOgiseat |s¥enBC tWhitRl @fert O
generate an acoustic wave he seism c source generating the wavefiel d
may be offopaggdRgfinte yhresarth, n%: |anéﬁaﬁgp%tlf§hmeﬂe@%bbb@b@r@%s@@mcaﬁﬂ@lt@ét ric
spar k Or%l?c'flcselsﬂ*llgq'éﬂ&?ory 't%l@&llgr areaiﬂgrfaéegpﬁe%éénysub?erx% %%at?@dsslmv ﬁsour ce

gun may be a water gun, a va nost typlca an air
Typi cal chaffemnlrrdastm@rwrtms; spesﬁualbfesoumdlwam welowity apfl raclsdemgt}e vdmhrlea'l ®l enent

but of a at i al. dlstrlbted SO nts. This.arrangenment
s par v GOPEPTS o PR iR bl ahests Th oo GLE0 T shg 1EISRBE M | ne
sei sm c osyigic sbOR3(alkbeaR@Psadiit aéoelvbysp)%oloﬁeas ehesiﬂrfhcé enterarthypi @al | y

i nclude partjcle velocity sen)grtl)rs tJ cul %%%/5 and .surveys, and water

pr essur eXSENOEhedy (pf Watery, pL Af Sn’é‘ g TR FrS NS §5PETale

di spl ac is ﬁ?ﬁﬁﬁp SlechRAL fﬁcﬁc ﬁ@ﬁlQB@Hét@&eds SIHUE TnerY, WHiEIS 8t rBcorded
S-1,-/ 111111111111 nr onl
for further processing.

[0002] The appropriate seismic sources for generating the seismic signal in land seismic
surveys may include explosives or vibrators. Marine seismic surveys typically employ a
submerged seismic source towed by a ship and periodically activated to generate an acoustic
wavefield. The seismic source generating the wavefield may be of several types, including a
small explosive charge, an electric spark or arc, a marine vibrator, and, typically, a gun. The
seismic source gun may be a water gun, a vapor gun, and, most typically, an air gun.
Typically, a marine seismic source consists not of a single source element, but of a spatially-
distributed array of source elements. This arrangement is particularly true for air guns,
currently the most common form of marine seismic source.

[0003] The appropriate types of seismic sensors typically include particle velocity
sensors, particularly in land surveys, and water pressure sensors, particularly in marine

surveys. Sometimes particle displacement sensors, particle acceleration sensors, or pressure
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gradi ent sensors are used in place of or in addition to particle velocity
sensors. Particle velocity sensors and water pressure sensors are commonly
known in the art as geophones and hydrophones, respectively. Seismc
.sensors may be depl oyed by thensel ves, but are nore commonly depl oyed in

sensor 2%%@ gﬁ%‘?&% 0&%!1 Y plddk OF b0 if aﬁ&*'ﬁéﬁ’ S 8@1?‘31&9{158&&' SndBRL ! PhrRRNSOr'S

_may be in a marine surve n palrrs or pairs
of arr ay\mlocit&@é}&dﬂs ahd “aatdr prsomd sausdrs A csemmnﬂ)ckrwnvleyhe at asegeepﬁomesandv ey

vessel el s on er, sur.face a a

cont ai nenEETRS. HRGFLRY: G B RIIA DS pPri B 47 BB dBh oo s f smi ¢
source Cenimétlly deglbetl b STy NtAdditionalld presere Mefdreant pavELle . mdia

sei sm c source control equipment causes a seism c source towed in the body

of wat erseBsPri may bedepigyed jegsther iniagmagine syivey olleeateddn airy orpays PE HEYACt i vat i on

commonl y [0602}\" fSa ?ypw%'l‘%a'r']}xe sothRMufves! & §él£¥§irc%uw%&%ss‘éﬁ{r£\%@k SEiRM fecabl es,
are el ongate cabl e-Ti ke structures towed in the body of water by the

seismc @uﬁammezsllyeat thoat St lowts, tand oopiaing S1souU AeqUiBoTh pquproetie uckedss i ¢
sur Vey Slbavp at1%[1¥ 9(!11}%'1% ls\él’sm%: &)u CQ:'O&I&XI QgISII%%ISgI{EIOP C(?HttIrOF%rrg gco%f? EC?.I rﬂe l?Ehl nd a
seismc ve SIS ¢ Streanets contarn Sensers to %

r ef | ect ethenisefi¢c sdutke donirdli eupthehi/caukes asseissnd sous@upwed arttle betyusfrwaigy Hyr om
reflectiye i.nterfac IEF |.PTI OF. THE DRAW 0005] The.,

| ventt o SHATE SR bR SFayiob Bmed e EHUAIR HHEPLE SBOVRY: P ol dnce to

the fol | guniig stednadrd, stodﬁﬂ&f Sefiinti® BatAdi(l afehforgble aable dikd saudties towed itvtieCh:
[0006]FIG 1 s a dlagran1of an exanple system for acquiring seismc data
sui t abl ePqdyof yater Ry the SSRBEOTUREN V&S haaWS HFSAISMSOUCg 0D by piqther seismicy

di agram st T‘ﬁgﬁall?)’a WaalRY o?%@iﬁﬁllcpstreﬁﬂﬁs afe ©@RBY vAkihd &'sERMid YRES. Of
conmputer _systens that Can be used in accordance with enbodiments of the

i nvent i ofhe pOYWS] Je@ners dostaln fqnewte Hardeter) thystefletech yareficldeainpiatedeb 8t ment
of a method .f %)%%Sﬂaﬁ %&h@%é&h? egtnse%{efﬁcfels.' n marine sinultaneous shooting

acqui sitron; wchar lustrating an exanpl e enbodi nent
of a nethod for an iterative inversion solution of nodels for the

Tl ustrating an exampl P EHIoREReREBPNETHRIR A BINCr ot  vel y updating &
resi dual .
[0005] The invention and its advantages may be more easily understood by reference to
the following detailed description and the attached drawings, in which:
[0006] FIG. 1 is a diagram of an example system for acquiring seismic data suitable for
use with embodiments of the invention;
[0007] FIG.2isa diagram illustrating, by way of example, one of many different types
of computer systems that can be used in accordance with embodiments of the invention.
[0008] FIG. 3 is a flowchart illustrating an example embodiment of a method for
separating seismic sources in marine simultaneous shooting acquisition;
[0009] FIG. 4 is a flowchart illustrating an example embodiment of a method for an
iterative inversion solution of models for the activation of two or more seismic sources; and
[0010] FIG. 5 is a flowchart illustrating an example embodiment of a method for

iteratively updating a residual.
DETAILED DESCRIPTION

[0011] FIG. 1 is a diagram of an example system for acquiring seismic data suitable for



DETAI LED DESCRI PTION [0011]FIG 1 is a diagramof an exanple system for
acquiring seismc data suitable for 2 wuse with enbodi nents of the
invention. In various enbodi ments, a single seismc sensor cable (also
called a seisnmc streaner) or a single ocean bottom cable are shown for
5|rrpI|C|t il dod T HS I I ant to
_nore cl eaér/el‘?/ dglrlrllgﬁcsﬂnr g{seoqgtrl? %H(g’lie es i(‘)hf%a[r%ék %ﬁx\l;g(%{n %gﬁ g% g%sgerisoqps I{Sgﬁded as
a | i mtatabde(aizd chlbel d sewarid Stﬁs’ameMdrfalspigB: c&bmebxmenswbte awakioss fonyimplisioy be

' d 00 d d |1
as 100, Dlstron B TS of RS FHEH PRI SMHy® GO FEBORH Coar 11 co

equi pnenbmic?ﬁesf of tHeaMi@dbh QRd i$ QbISTHtRAEP B QQmﬁ&ﬂbﬁ @ thea i eStRINS "MRItFHRNS OF
recordi ng he seism c vessel 101 or another service vessel (not shown)

tows a s&FegmicEs Wearleema0dsebreegh the body of water 102 bel ow the surface
105 of t \zgt Clin FFO°L S8k Cach B0 s)lln GOURIGhSES cARIRR 1P Ay Pe Of
sour ce, ically in arrays one enhbodi nent’, one or nore seismc sources
104 are vwﬂdloeltlstdmomdanta bédyt blewster 462 @n@par@amqulmo@tblmtﬂoe ngwgasione
vessel 101 i es 7 t t ar of
the seis rﬁ:l%m1§ tslglérgfr:ngogticgﬁan selsn‘?lg s%nﬁog rgcbpc{l 'O t’l‘%ujf rselglélr?c\“ e%%ﬁ&éﬁ‘ or arﬂ%_ll_lgxe

confi gur sdrvio véB‘selS(ﬁOtSShian}sws@eselsiIﬁdscbdrd:eulsﬁ4rMCmgh ithie bduy favaten mzaxeqm Si t | on
system 1Q0 is.not _jntended to . pe a limtati of t.he inventian,

cont L our Bt wretolod b FearEns oTES s Yoo J3 Snel B A GBROM B A one
enbodi meRdurcd, RPicaBY SMarfayY EHSHle cABdidienB BAE HhoR SV EBOMRESHI4 dré1dived ROWN)
tows a seismc streaner 106 through the body of water 102. The sejismc

st r eaner thederng ofe sssiis greamet 186 by Hiesseispe &%SS%lszéewh%amt OTB8IEt SRS al ong
the sei Sgalﬁce%tﬂ%fé%wé@%mhéﬁaﬁé}%e &E&ﬂlléﬁke%memﬁ FE &I A8, &9&%@&%5@ the
seismic sensors 107 I's disposed in the body of water %2 The selsmc
sensors Yeszelakl8. tThgi Qpaﬁgqratpmegfsmsen@m@ﬂsslmslUumra@é inyhiy sgidmwia@squisinomnot her

enbodi e e r

ani on ¢ nvsal 260 BT ah EROR Aoh UG Gyl R PR IR 1
parti cl es¢imhicaourseridd msy aTdoebepnaedl cl e rmtl on sensors are typically particle
vel ocity_se or , such a eophones, | eroneters. The seismic sensors
Lo7 typi BT c gt mbatbmeys b rosaisstret 10T acemetien Sedise X GaBorln,  An
al ternat kg4l 4 @elblaw fifkainbe 106 q&s&ghetha%dpaiftw&éﬂmt ThE séisfkOdtamer 1o at ed
is to have sufficient spatial density of sensors so that the respective
wavef i el 6emprsed seiaricrignsorel (r #spaned apd PpaHsSAlENBE SHFMISSHSHRY 08nshe

i nter pol gl.etheMefiitlid a&qln@; £6b Lhubhiag Wilseldific bRoNAYSTid &kshssd Ak Hod of he
same | ocation. [0014]1n another enbodi nent, the seismc vessel 101 or

anot her swrepil8s Vheseadmi¢ pensorsHOWale tdplsgibsersssarc ssowan skt asdiydwabones. 108 on
the water C 0

sensors Tﬁ@g%{te%ggoég%(?t §E§r§£‘§§§“t@?‘%ﬁgﬁn§| c(;%%{d)%[ #eggg%)ssgnsgp IrrfCYpl (S:vg'} y |n
arrays othesseisaae Sembrsa&c reompaise faisspal’ dollpaséd prossurcTael mlamtmemmbs 107 in
t he ocea[} bottoi‘n sensor 108 can al 'ﬂo cOo {‘Fﬁ airs of pressur

parti cl e ABPRBIFICSRAUGY §ensory arg bpically PARICIC KD nightors: 5yt 2% &F EeSsPF earer s
106 and q&Rpforhéit OMhe adirkic 18BoRI 187 @it My edmpriliLartlyP 6f Snse BSOS spaced
illustrated in the seism¢c¢ acgglsmlon system 100 is not intended tqo be a
|i mitati GPATBPOSioR. AMAAEERBYE to Ymémﬁ%ure.aﬂd BUHEE maHeB 8RR ce;lodtedds et e
sei sm ¢ ?@Hﬁférsﬁfﬁjc%?n &&Eéltd’eﬂsﬂl of%ﬁ’s%?s Rohiam Fb@ﬂé%ﬁvc( Qr%efﬁhﬁ%’@or&ﬁ b§Qh§m c
sensors 107 located I'n vertical arrays or in bore holes (not show) could
be i ncl ugesdsire anchpargee sdtion serpaissian bgrinisypotaged argxtragtisted ta producedhe & sni ¢
sensors 107 and . | s may al so be used. [0015] When the seismc
sour ces Ivélﬁe%rkg&gﬁgf\g}é@%&gg%%ﬁg ic energy travels downwardly, at 110,

t hr ough {06:14)odyin aihothat embdd@emndhe fgsnmatvessebd01 @mahOBert @erhaey@essblo(mdar i es,
such as 112, surro ndi n terranean.for o] a such as
115 & polpssiE e Boi SF QU 08 PEPREE LR B, (e SeEyLP BT hndar y
at 111 asbié 168 6l corppiaes! kaismiatsedsbe. 107 spuoe@bplrypdsitine kloRg tRCABRY alo ener gy
114 is detected at selsmc sensors 107 on the ocean hottom cable 108 or the

sei smi c Selian ans, of sResorsAteath spacsdaamartinegitiae o bt sesmiserenipre i infhes
upward, %Eea%]b%ttoﬂ%ﬁéor 16’5 &a%%tléo%nﬁhfse beﬁl-’s M RLurs Whd prBeld BRtiBRderdsb8N 4 r avel s
domnmardly agai n, . The downwardly traveling acoustic energy 116 may
be detected again by selsnlc sensors 107 on the seisnmc streaner 106 or the
ocean bottom cable 108, resulting in asghost signal. The acoustic energy
detected at the seism c sensors 107 may be recorded onto any type of
appropriate storage nedia at any location, such as, but not restricted to,
at the seismc streaner 106 or the ocean bottom cable 108, on the seismc
vessel 101 or another service vessel, or onshore.



[0016].FIG 2 is a diagramillustrating, by way of exanple, one of many
different types of conputer systens that can be used in accordance with
enbodi ments of the invention. A central processor 20 is coupled to user
.input devices, such as a keyboard 61 (wired or wireless) and a nouse 22

(wi red opeWiioBlePSiboaitit, PSR SERMc ediitnd 106 MGG GAMPIBHN CoBeiplafty. Such
.as a nonitor : conput'er programin accordance wth e O(iil ments of the

i nvent i oemplayed e Sheaymnofasgnsafs iHusiarddein bf sesmiu bequisigadsysiesn ABlliimnosuch as

a disk 24 insertable.i.nt.o a.disk drive 25 or on an jnternal or external
nard ar i PEERE Bha i HiBh 3 M Eiighn FRsimil b Hidim e SHEC

e>r<]pl or atj bedinit wgh@adl FM totpled Y ogeﬁub@f&fngQdd&e{rﬁﬂisﬁovﬁgwrcﬁishﬁélfséml ddub;yh a
ship and periodically activated t enerate an acoustic vefield (the
shot). TIREAGRVRIVPRICH S 158 1NET holgs: o) %%ﬁa??ﬁ@iﬁu&@ﬁ@ enhe 681?‘(“&‘11

el ect ri Ca@RALHOonQYsterhd00.2 0P t@e®bf scimic s3#RbEAOY ¥nd thefWirandddfRnBURay @0 be a
wat er gun, vapor gun, or, nobst typically, an airgun. Each airgun contains a
vol ume obewded. typically conpressed to about 2000 psi (pounds per square
inch) or : [ ] I I es it ' ate an
it bubb{ T ol hed BoHimAE LR S ERT ek o RRPRERT B fobRiEE P Ty
wave froatl118r hpaghttiesbalyvefwatad 192 amd the twater dattorh 108 hekyér honedaris,euch asef | ect s

fromsubterra earth.l aver.s, and r.etur.ns,upwardl rd the ter
LT hoa MO RAOETA SRbifhine Y Slterdiin REHAHET WBE Yt s B0 b G T oo
nmor e dens®ustad ehefpdliPtefloged froahd Rier bragdare sl axd geadlogiwvadly Sdt 1 u4t Thes .
Recent advan i ui si.tion Slﬁh .as | ti-Azinputh or

Ges,.1n.acq Vde-Aanuth, M

Ri ch- Azi HRIYHIXCERYCURS AEHSEGAITRY i1/ Jeireird astePces ity d 05ions b aced

azi muth gathnPhsiet108 amhé REismikOstfe@hleLab6.S TR HRbaadly MHivEIMY SconfticSBleggyser vi ce
vessel s to source and receiver vessels are deployed, thereby increasing the

costs of conyguesypnegrdsiahdil$i wat roflectingoef] tha waian swrfacentlS aedjiresi fravels there
IS zero H&Wﬁzf?%@q&sgiﬂégeﬁ%%e%%wﬁl%}pfr%ﬁggg%ﬁﬁd SiEgy iRl RaPbEakiEaey ded

di sconti nuous result, the sei'smc urce domai'n 1s often poorly
sanpl ed, agaaly sgsme whiasil®fon the sdismit steeren sl 06 hodhd negpandqtiosidableri08dat a

T onea FAGEEGRA RS s Pt SPREY BhedEh R b e it
acqui si t reebrdedMvingh agy psec e apprepridie siobigei tydia rat Sy VieyatigeoBRhr 4se dut Ast a

result, a npre densely sanpled data set in terns urce spacj ng, put
Al S0 i HIFKICAHR B estismin SerRBAUoo e 5 BRtoLR Ierﬁ.?gz onrihe S@gg\sw?fSﬁg

r ecor ded16h@&tanb@eOdetbiceBselos Onghafeerred to as "bl ended" shot records.
[0020] In terns of efficiency, simultaneous acquisition can contribute by

r educi ngl&A#6) ey FIGn2ds 2 disram illysteringabyt weviphexapmiaieng af weny diffgrens iypefat i ons
where smngf !:or{?;ﬁﬁ@' 9tk that boPpehsad ?Hvﬁcc@%%\gﬁh 8o difheRtS WPt MARDY. A

envi ronmental’, or“economc restrictions. [0021] The sinultaneous firing of
mari ne seé¢nmal prasesspc@8 isapugledva deersinpuii deveast sugld\vart bgybeardnbls évised or

acquisition efficiency. ve eac ouf.ce 1s aff teﬂl the. seismc
interfer gﬁrglgssf) S ohe ot fpﬁ &° oP ﬁévrlresecsjsir (':,l{é}ée. PEPRTSEOT 1t & ggérn%oél pclfsst(c)’ca} at ed
W t h eacHhisplay,ssitic asotoaiord3eds compiner proganihadcdrdincs eithheatbodinieant df\iee

Drocessl 10 L SGrm eSS, BF RS Le- L1, S0 Led S s gt g
sei sm C §fbkdbR fiod disk @hve@¥%rbAfan iM&maltdr exiahl d 8fivd (6t shown).
[0017] As shown above in FIG. 1, marine seismic exploration typically employs a
submerged seismic source 104 towed by a ship and periodically activated to generate an
acoustic wavefield (the shot). The wavefield may be generated by a small explosive charge,
an electric spark or arc, a vibrator, or, typically, a gun. The gun may be a water gun, vapor
gun, or, most typically, an airgun. Each airgun contains a volume of air typically compressed

to about 2000 psi (pounds per square inch) or more. An airgun abruptly releases its

compressed air to create an air bubble, leading to an expanding sound wave in the water. The



energy frominterfering sources after sorting the acquired data to a donain
that nmakes it possible to align the contributions fromone specific source
to zero tine, while the other source(s) wll appear to be incoherent. As a
result, nethods that can discrimnate between coherent and incoherent
energy allow for the sources to be parat ed. 023 ing.technigues in
‘accor darteairs R RS REER, pOYRERRDRITRE fort R T M SEIRLEHER, ' D
separ at egibtepanéai ebttie gted, 'and bstuine upgardbnsvardahedatehsuofagh M ni m zati on of a
cost fu iLon. The cost fuynction describes the size of the residu or
ot t HOPABL Pheci e RIHton o HIBEHPEAJRME dov g e (Lo Rt ot
funct i ongahplie@lLBbiRE BnadB chhfleR kbilgisa stHidi@s. f RécchhRIvhriés InSdcgilision uckequence
of overl apping tenporal w ndows wil| be described below in ‘exanple

enbodi nedst Widst Aziputh, daHtAzmuth] goBich-AramehtasapipEng camhdeliiged Moretiyfssf t o
separ at eraﬁ%é ofircd CadififiR ahd offit %ﬂlﬁtﬂ%‘atﬂ) éorﬁ@ét s‘ﬂ@?dﬁﬁ%l{iﬁg stisthidGeH AL N€

si mul t aneous shooti ng acqui sition. ing matrix notation, selsmc data can
be repr esssden shyrcaanthiteecinatvessels Rre dupidyed,ttiseretyl inemasingethe esstafi thgysusyryt
records and it§1 rows representing receiver gathers. Hence, elenment Py

repr esent &80 Y1 e trace related to source position j and detector

posi t i on[0019]Thelpasiveitivhalodcqeidition etheedn kerb ninieh@veRaprativieen stott kespibngsl t o t he
spati al coor.dinates of t(ﬂg sources. and receivers; . w.th different S

cor r espotitig 9818 & receideth AisRUBEREE - (B HY BIsPEe sBKte dpaiRsotien

cor r es popbrfOsakiplddl, i¢RAIRNo SRR MBNkSnullan®dus sBH&Ing! £GAIADN, HMa gRANESAI
sei sm c source bl ending can be Tgorrml ated as foll ows:
r(z,,,z,repdedcontmuously, gae temporal; everlpp befwesi shpty et allomigtly iAs a gsltz@0Teand zs

are the JelRehAl iRRdSRNNGE AP pdLYLHEmISRAP ShichatinccBuRNAEOBITRRT | X F
contains the blending pdaranetersS. In the case’ of a marine survey Wt
random f surveyggepingiss.bis agepudtl a2 e densely sampjeth data getl iy tgrhra o€ seurcoshapigei s
utilized, In thi. ase 2N di I . Fl a nsi.sk..on se
er ms et A il i oS dPBRg Gl Blfindd T Rl Rt RS
bl ended mootds greatsbagferted foQO 2bikddedt eot teewrdsi ndi vi dual ~debl ended' shot

records fr t he bl end data matrix P, a matrix inversjon _has to be
per f or meE?.‘ﬁHL ggh@F‘aﬁ ?fef‘gﬂ%e‘lﬂyeﬁﬂi“ PeprotRifes Cﬂh%?r&?élfee‘?)fﬁeﬁ%‘an% e SO =)

has | esstiged, With i§ bephridular VRRB M &tidapditubiiing tehefeImHlll RRSisition ife-wind@iss e
probl em do not exist. Hence, the blending matrix F is not invertible.
[ 0026] A duripate dpeto sersapafely, envirempenial; AECORMEE FSHICARY be defined for the

i nverse O?Si E‘gghg_ %mgl%%%.ss ﬁ?in% U&Chiaﬂﬂé" se{s. ice'soﬁ"rcégagaﬁ &9i8e \éf'g%fﬁraﬂts pace

to the fte lerlying the vector space) that neasures how cl ose the
debl endedfivdategess in epsmis epquasitidnyefiicicnayr Hawelver pachiseurce safliseted byrthgekisiic s t he

]? L?nmdeglgn?e%%fre&g? 'i;r%T?%n_ }E%ﬁ% ?{}dra s'b%rc%?.j %ﬁ%siil\lltgrfg:rléﬁ]c%tais%%iaitesd Wittt g‘ACE'IySCI rfnict he
source needs to be accounted for so that effective processing techniques can be applied to the
acquired seismic data to separate the sources in the seismic data.

[0022] The randomization of seismic source timing allows for the attenuation of the
energy from interfering sources after sorting the acquired data to a domain that makes it
possible to align the contributions from one specific source to zero time, while the other
source(s) will appear to be incoherent. As a result, methods that can discriminate between
coherent and incoherent energy allow for the sources to be separated.

[0023] Using techniques in accordance with embodiments of the invention, two or more
sources may be separated, or "deblended", by being constructed through minimization of a
cost function. The cost function describes the size of the residual, or misfit between the input

data and the modelled data. How to use the cost function to calculate an iterative solution for

the inversion on a sequence of overlapping temporal windows will be described below in



whi ch represents the L2 normof the residual, which is defined as the
msfit between the recorded bl ended data d and the predicted bl ended data
nF, that can be constructed fromthe predicted debl ended data m Note that
.an L2 normis used here as a generic neasurenent of the distance between
t he predlcteg 3;.an nd the observed data, but that other norns are al so
_possi bl € qﬁﬁ@ RS FENEIPYSPUORKi s embodiment is illustrated with two
sources, [olorza]bt hDSie lefbb@iinedt InCRtiEd £ic@ddab sthatt R¥iGRid Qirced WD s@$midTIatx

sour ces nay e used. [0027]The goal of the objective function is to

i ni mi zethethwagpgapaed Hepe H@E%éﬁmtl‘ﬁ&eoﬁﬁ SHOUINg Regysition s dsingdmatsix fotatign,

m ni m zegt G AL € lSeVr% geh N data RatriR @) wahtn@%omﬂmgf@?esa{tmglsﬁmrec&&e
gradlent of 'the o ect unction 1s cohputed, using the same rationale to
m ni m zearsd fturmoAs wpregetntmglryce@me gadllersabHenceThlemgntam erepresénts Aesingly tregd ve
function 'n uatiagn er 0} )

[ 0028] \/\/nrlecahe SOPICF |pogl%2"?{ érd gtgérjt?ra Osg%?ent Orhe osEth"{fFeaHE efsgﬁlﬁ’rér élsthé o%’l ution:
m = dcH ﬁlEtﬁix)corrés@)mﬂsQBZ&] spatidl heorﬁmaleslef masmrcéslaﬁddecngfenawth thf%remn kows

cont ai ns phase ter hase encodi.n a res its | eas res
iver se SPRGHIRAS SR Aot OIURE T AETaR SO sPeSpPERHE 1 IHFeSThe
appl i cat &:@eribnts, et HANSROAR. CaNhenl, Heismid sufce Blesdigairete Bymalddpay scri pt
"H', to the bl ended i nput data then | eads to "pseudo-debl ended" shot
gat her s: folPwgr  (5) [0030] From the physics point of view the

"pseudo- deblending" process carries out an expansion corresponding to the
nunber of seism c sources that are bl ended together. For exanple, if this
nurmber of sources is b, each bl arfige $ad(zy,eqddld is copied b times. Then,
each of these shot record copies is corrected for the correspondi ng tinme
del ays introduced in the field or decoded in the case of encoded sources
(correl awvhan)P' isTihe dlended éap andix, and 84, apd y, o theadstdcny aad cbursh deptl evelss own

time zero. Si.nce e respons of .mu | e. sources ar |ncIu in. a single
bl ended. SHRETEC0BIFTAING THER Sot PR cnEnaing TBOETL hyBR RS (e

" pseudo- getdyenih wdo@rmﬁ@&ﬁn@%ee@hesmﬁw §tfth @thb, WAl 1PHaS€ encblling i€ ofikiAkAt i on
noi se i s known as ' bl endi ng noi se cross tal k". Neverthel ess, these

pseudo- dbbthsredes theHdendingederdents Er v@nsa;t puly 96 phase fermg rexpérj @m0 dé@sqxn@ss ei t her
as end-product after separation, or as input for a subsequent source
separ at | B timetdelay v g1vige tcas;@prqeécdn blended source array /.

[0025]  To retrieve individual ‘deblended’ shot records from the blended data matrix P', a

matrix inversion has to be performed. In general, the blending problem is underdetermined
(i.e., P' has less columns than P), meaning that unique solutions to the inverse problem do not
exist. Hence, the blending matrix I' is not invertible.

[0026] A goal, also known as an objective function, may be defined for the inverse
problem. The goal is a functional (i.e. a map from a vector space to the field underlying the
vector space) that measures how close the deblended data, represented by vector m, from the
recovered model fits the blended input data d. The standard objective function is usually of

the form:

(D(ml,mz)-

2

which represents the L, norm of the residual, which is defined as the misfit between the
recorded blended data d and the predicted blended data mI, that can be constructed from the

predicted deblended data m. Note that an L, norm is used here as a generic measurement of



[0031] An alternative to the | east squares solution is to inpose constraints
on the possible solutions by enphasizing certain possible features in our
nodel s. This type of constraint technique is known as regul arization.

[ 0032] One approach to regularization is to constrain the inversion by

enf orci r t I i

ranst ore dNRES BPRg) B SRR ORI, oA Bl B orhSER S | o

t he fol | mssibig foireeabadidsiondiyf dicéntgpdapan seillesmtalotitiotwoysostepp besthess hote

bl endi ng noi se b%t unf ort unat el al so _su %pss s the weaker reflection
events. BvSHOTOR e BXepliony Wi Toss %Oélk‘ieﬁaﬁg W&T°% or the coherent events),
the weakmo2Vpf | € kodl &VABLcHjRAN inclen di 3¢ inigilishe’ differéd Bethkandieng

noi se. Further, reflection events are typically tog conplex to be described
by only Rredieigd Rad slhspuedddter ko miniguze thseotieesiti function di-c. syohies®e dRvsitgh.

[ 0033] Ahpratlteﬁ?,n@y YRlidn® of T ObiSRRESBAGRA i€ ABRbLRANsId heldin@TatRRS RNCY
constraints. ['n such nethods, “i ncoherent energy recognized as a

r epr esenmatimgn adfinatioh ef enly oae eariabld eThergyadient od theebgectivg fuppreon intEgnateoni ng

shot s. ﬂ%ﬁ iLnversion approach aims to distribute all energy in the bl ended
shot records %& reconstructing the individual unbl ended shot records at
their respective |ocations. [0034] I n exanpl e enbodi nents, a nethod may be
used that constrains the inversion by inposing that the recorded wave-field
is regular, i.e. that nearby solf<e®Idrodtke=lecords that are sinilarto
each other in the sense that the desired records mcontain data that are,

at | east I1y,.predi.ctable and contain coherent events. Various nethods
exi st t ololggg ra 'glcggwgfﬁf aé?rdﬁaéfang%%?f%%ﬁ\eR%aghsg}l%rﬁi Solrfli}'ﬂoélr ference fromthe
over | appi ng shots, e.g. multi-dinensional F-X deconvol ution, but
alternative nethods nmay also be utilized. [0035]To aid in the separation of
coherent fromincoherent energy, am:NWﬁKFﬁP)ection can be used to flg#yen
the events such that they becone nore parabolic. However, an extensive

| ocit il hat .ai tq flatt | t. i || t i tch
ol 1 b e SoLbAASEnd LA e GLHe R
exanpl e, AV €] YesuAD @ NeaRdquddshinvense i@dhespohd£30 thé |thanitiosd dol@PR S@Y &Ik

stretchiq? effects, but will not flatten all events as desired. [0036] To

over come(Hemmiag). o hThsn applicatign pfo Hiss FansPese spaley pHematian hiesieaaigd shota

recor ds b R&iﬁ‘”ﬁ",l B AR B1ehdb& TRAT @ta MR £A4Sto “hEubiblactibdRE” R Rk tRert ED,h t he

wat er bottomreflection Is considered, where a NMO correction wth the
wat er-velocity is applied to all pseudodebl ended gathers. Typically, the
NMO correction is applied after sorting the seismc data to a Common pt h
Point (CDP) domain in order to flattBh fhe refl ection events as much
possible. Note that only mniml stretch effects are introduced by doi ng

SO, becappBop CEeRH altphdBic®pbiny of SieWs BR. “psdfABIALhIERGIRXT pracdss (chgics ol Nt

signals e;pgrrgiénhgorrl\lel\s/;%n%?nrgr t%cthg %ug%graotg gatls?rﬁ(r: Ssburgesrrtlljl!dtt ellr;: blended together. For
example, if this number of sources is b, each blended shot record is copied b times. Then,
each of these shot record copies is corrected for the corresponding time delays introduced in
the field or decoded in the case of encoded sources (correlation). This corresponds to simply
correcting each shot to its own time zero. Since the responses of multiple sources are
included in a single blended shot record and the source codes are not orthogonal, the
“pseudo-deblending” process generates correlation noise. This correlation noise is known as
‘blending noise’ or ‘cross talk”. Nevertheless, these pseudo-deblended shot records serve a
purpose in further processing, either as end-product after separation, or as input for a

subsequent source separation method to be applied.

[0031]  An alternative to the least squares solution is to impose constraints on the possible



di mensi onal median filter may be utilized. The type of filter utilized is
not limted to nedian filters. The type of filter utilized may include, but
is not limted to, other filters such as frequency-wavenunber filters,
‘Radon filters, and curvelet or wavel et domain filters. Subsequently, an
inverse NMO is applied to the retrieved signals, after which the

ti me- del siutions by gpyphasszing cértain pessitle feangessiinane dnedels. sTis itynst @foconsteamtt he
resi dualmchLF@erise '0 aalSr 'u{l]gﬂz%&%n serve as input for next update, _
progressive expandi ng e tenporal w ndow of interest, thereby using an
appr opr i [@082NMDaorappmiatio o f egulhtizationt 8nthe dotistraimottad inmersthawvby neleforcing

consi deration. [0038] One advantage of the tenporal w ndow ppr.oach is
Chat |© PECHSAGT SOBF AHRGITHE (L gBamB oot rRes CYPERIRRY f ect s.
Fur t her nBéwevet, tsudh Isehinel Qe kh®wil @MBXAR) atOlbast tthed Rglowiiz0 BRivBAdks S PEdESRingr OM t he
shal l ow data first, so that extracting coherent ener gg, is easier when the
process SParseusse Apeenly gupprassge theaplendjag npiserbut, unfostunptgly, glse suppressenths. The

| nventi Opcdier RtfectiddTbiah, t Bvbs i dhd k%n“h&iﬂﬁ}bé’e(@{eag%{n% bR iiMie COR&ERL | ONS.

O her nmethods, such as static shifts, could yed to avoid stretch

ef f ect s. evemSB Ihhvecalseroppfisettbnneyents- ednfein 8¢ chuingwsltidafrom; theeblending @9s t he
separati . I : e e >k t

ovor | app kS EY UL ReoRIR D cohefr, B BBy BHFE 1R R

bl endi ngpamnaers, since dchredk is hgrspirseamiuply. The target event nmay not be
reconstr conpletely in a single iteration, hut the remainin

o 1ot | WRBEE CRRFISR!L folyoihecumastest fOTsRuMBds Pl FOSTSS SRS, I

hasn' t | ®aka@thods, ilh¥efGeiRetcogMised st repicbéhtdtRIdABbhar @it brgitd efbngligr gy can
still be added in subsequent iterations. A sim/lar, conservative principle

i s used tPdpneeffherinisferipg shoy. | Hisaavatien erproapicimp i disEbiis gllenergy it 8ssi ve

extract igpdeh| ef $ec%?d%ubfj I@@bn@tY&EtiquthE Gn@RRMAE uhtlalded ! hoBRe®YRNEt kRirnOt
added to the correct deblended gather, it is also not added to the wong

gat her . maspeetivelpeationst iteration, the residual is added to all debl ended’

gat hers sufe [ t | i I .

i nver si olpegggr oglc%xtag‘@%r %@”8%%‘3%&??%%%5%%&&2{@% ﬁgg}c?in&éﬁgﬁlgg%ﬁgrbg ,

obt ai neding®siag smathe decoededivaave dield ik ecdubmasite. gguadaelsy otcat produdeaeduirds thatzi ng

t he objective r cost, function O(' ' m,..., nmO -d1122, (6) Here, i S

bl ‘ended TThoiTtag i sack atiep i BF S bl litsrodhits o datd b Bkt ¢ ut s
the N degtg8RdpRddabr Gdicbaam doRefeittevbnts®e VAR fetBbdb dxist bolskphaRlBE&8HS t he
L2 or Euclidean norm_ (distance function). [0041]In the first update step,

an NVO cogtabEpmdhe insphegent irterferense fTam Beiov§riappingsppts e tenliidimensional F-

pseudo- dghil&d6r SR bIELIRmael ReMBA May NS bOMNLed Ni Bl stretch effects are
i ntroduced doi ng so because a constant velocity is used. Next, a tenporal

wi ndow i [§088hsi derulintthaseperativmichsohereat fibat inerhetenivencegy, ko NMoaogkttent i on
event. 108 Mol RS B0y (PRl B Shicfor Shobfie 514 RSk I

coherent "si gha quently, "an 1 nver i's a rieved
si gnal s, exadnsee velocichpibolie: thatEme el Axteenailleevamp Wik eksult hrestreachidifestsalia nsaynmed

and subtracted f otg1 the residual . The.r esi(g %) wil | 1t hen servtﬁ aﬁ? i.nput for
next _updi Vi dbriae S e SR N0 RPN Shaipifsty Sosthead adb
[ 0042] | njotyi Pd1baisies) w1l nja€le | 16sse@ere NBENhiAR ChffebUBut WIDAdEMAERK | DNevedds, ast he
initial residual r(o0)
desired.
[0036] To overcome this problem, it is proposed to build up the deblended shot records
using overlapping temporal windows. In the first update step, the water bottom reflection is
considered, where a NMO correction with the water-velocity is applied to all pseudo-
deblended gathers. Typically, the NMO correction is applied after sorting the seismic data to
a Common Depth Point (CDP) domain in order to flatten the reflection events as much as

possible. Note that only minimal stretch effects are introduced by doing so, because a

constant velocity is used.



equal s the blended input data d. In the ith iteration, the 1th residual ro,
is given by: r(i) =d - m [0043] Models m through nN for the separated
sources are built up iteratively, where in each subsequent iteration, a
larger tenporal A?vindow is considered, focusing on the next (deeper)
strong r tion event, This proc e IS ated until | events in the
Sel o B0EF 08 SHER e el GRREN iy o NREH R M eBbirenk T boen
conpl et edimehdienal artidn dltechatpbatdlizadd@te type bh Bltetabilieatie dodixhAcs®insedian, NN

[ 0044] The NMO_correction is.typical.l pplied in the Co n t h _Poi nt
(COP) dob, oA VROl ot A g e BuLBrars i tof BEOTIREE Y Fhe
resi dual fafendyewrRatmb&t iifers! rdoP dRkeds, Mind FhiveldP VWY RaveléthBomMyeRlitb@n i S
not limted to this choice of gathers. The process can also be applied to

ot her gaSuhseaenty;@p inxsrse SHiviBris arplied to Be retbewed nignale cifige Whighthrdime-delayms) The
propos ed%rg;dhﬁﬁea?ih%&%\lkﬁ ?xg'suﬂi'ﬁ@d%ﬂ%fshﬂ&aﬁ{ed‘ﬂo'd thlaqgs‘;r‘dl.ﬁﬂ PUELRLA Wi TR M ng

effect o e events h'I's good to separate overl appl ng events.
Ot her w serveaas ephieftrimeat epdate, paomiessivelyosxpridamp thegtetmpernt wmmylomop € etgpitkes

(bel ongi p 0 coherent events.,i,q the other shaot i be bot.h.added to the
tcat o (REgRL JEPICHEnr R Te) {olfeBi Bl ARt LSl aB G O
not be renwidedticonpl etely this way (the remaining is still in the residual

data, so | eaked). However, the correspondi ng bl.endi.ng .noi se r educed
o o3y, SRR Heivaoess of e ieppra) ERGOT DS SPErOREL oG AeaelR eEant
can be fildnfigafe Qdet 3Pentlith 818 sedldedtdR. tFgh&Riore Gt aldeR IfeNHe centaher . As

| ong as events are in the residual, the events have not | eaked to the wong
shot andsttoRg ipeohgrgak spikgst Epmdhe) shallyyedais fiest.conthal Gdtaring pahicrea! BRESE & be

used for.,ueakeh R ptRES ?'%&E@eﬁ’}‘qé}g@r axﬁgad%ggg, §3S k) Cadehdr! &lefitsS d not

be used to ensure that, if an ' not a to the correct debl ended
gat her, inhentenannotilgnitdsousing timd cendavocansaaingdoNM QyetrieenionsAO thermesthdds, aft er
updati ng he resi dual t be added t. |l b} ended gathers, giving a
o qht 1y usbrosils S OtRhE: peede B sfn 4R Cuchart i 11 ust rati ng-an
exanpl e OBOHI nFhé podpoacdreiulibdinfensioss pacdidn fifjert epretdsetbe Semratoail sy
sources in sinultaneous shoqting acquisjtion. a£)0.04ZJ:] At . bl ock 3Q, sejsmc
data ar cOBERBRPGA BYS riécr aFGON SYEM: IMeBLOYSIPANE HISHing Seive Sk o BY
acqui r edudyziRcd m¥dihd NBeraMB bRVHABWEIsY isShdlebd ABRAUSHLY. THO tget BB ARSI C
sources, towed at two or nore positions in vicinity of seismc streaners.
[ 0048] At berresenetracted gompletelyimp singlejitegatian, Rpé iy rempaiame defiestommfarmadesstdh
sol uti Onregifdemcm‘!: residual data, that is, it hasn’t leaked to the wrong shot. As such, the remnant

reflection energy can still be added in subsequent iterations. A similar, conservative principle

is used for weaker or less aligned events. The application of aggressive extraction filters

should be avoided to ensure that, if an event is not added to the correct deblended gather, it is

also not added to the wrong gather. After the last iteration, the residual is added to all

deblended gathers to ensure that no relevant information was lost.

[0040] The inversion approach starts by computing pseudo-deblended data gathers,

obtained as a scaled version of the least squares solution to minimizing the objective, or cost,

function @(m,,..., my):

®(m,,....m,)=|ml-d|., ©6)

Here, d is blended input data (as originally measured) and m = [m,,... my]' constitutes the N

deblended data gathers in the time domain and || |2 represents the L, or Euclidean norm



for the activations of the two or nore seism c sources fromblock 30. The
iterative updating of the residual utilizes a sequence of overl appi ng
tenporal wi ndows containing reflection events and utilizes normal noveout
.corrections based on | argest reflection events in each tenporal w ndow.

[ 0049] At (ditck fundtiord. final updated residual fromblock 31 is added to a
final updated nodel result fromhblock 31. [OOS0]FIG 4 is a ro har t

i |1 ust r atO0Ad] anlneths disstrdse sEPrABMIMEY corrertiohbing te waater;velocuy 132PPlig By si on

sol uti ongphseiBslatitedded ghff€rsaatdey akhiR rihé?fonl))"ﬁmﬁﬁlamfe@chsﬁfe%m e TRHYIOER)
[0051] At bl ock 40, one or nore selsnic sources are towed at a first

posi t i ondding st beapiissi arcenstant vele¢itymis arsed r Mante p demmptalovimdow isngersiderddstitc
SOur ces rn?alﬁsq}ﬁ‘@ﬂat?ﬁtneg QtePbo nt%&?:é?etﬁ& St ev E&S'fhef? NSmbid. c{ublgns\{én(él B &Xn It?I he

seisnmc Sstreamers. In one e I men rst position can
front ofistused seestmce tist cobarent sigaaisl aubskelqemtlpoanm\cersed‘ama)s ajphbcheo tlear of
the seismc streaners Iil t he,i.nvention,.i not i ntended to ,be

| PREhche o ligd

restri ct ¥He? orRel gl [(BeESRs Be mplisd he FESYRATS SUREd @har at ed

sei Zm c %&a%af ﬁdhﬂrtgcl@hébﬁiodélaﬂo 'El{eere@iﬂghlvaﬁlﬁdh@pl@érl%(lag&i!n?lhtYﬁcﬁl fekk tu@aae]ysl K
Random ti ne del ays of -5 m to +5 are applied to the timng of the
activati Pfﬁgr(??s“fql}’ée’%ﬂ%d‘% ﬂﬁﬁ?népcgﬂl“é‘ﬂg%” g%lme&%& [ 0053] At bl ock 42, seismic

data is fooQQ] deﬂnmmyt ﬁl%n%%'eﬁ%&eﬁﬂt& SRR, fr&n@%ﬁﬁﬁﬁs(g) R ihitg] RGHSdrp Source
activations 1n blo . The responses tO ‘% WO OF nore seisnm c sources
3¢

are recoeqiels ths bl@ndeémuéatg/d [roibs 4] mratmnoéllke sidpab g isgivendpor al Wi ndows,
each containing reflection events, is selected in the seismc data recorded
in block 42, starting with the water bottomreflection and proceedi ng
downward. Let the nunber of tenporat, widndays .be designated as N. Thegq®)
tenporal w ndows do not have to foll ow the recorded reflection events or
any sub-surface reflectors. The terrporal w ndows may refl ect isochrones or

PSCUdO- DRYGALF  §odk R SR N9 o AR b S e YR L L O Yo 3 oW

each subsequent iteration, a larger temporal window is considered, focusing on the next
(deeper) strong reflection event. This procedure is repeated until all events in the seismic
data have been reconstructed. After the iterative scheme has been completed, the residual
data are added to the deblended data sets m, ..., my.

[0044] The NMO correction is typically applied in the Common Depth Point (CDP)
domain, and as such, this domain is convenient for computing the residual and reconstructing
the models m,, ..., my. However, the invention is not limited to this choice of gathers. The
process can also be applied to other gathers, such as common source or common receiver
gathers.

[0045] The proposed multi-dimensional median filter will have an averaging/smoothing
effect on the events which is good to separate overlapping events. Otherwise, a reflection
event and the overlapping blending noise spikes (belonging to coherent events in the other
shot) will be both added to the update (leakage, seen as gaps in the other shot). The target
event might not be removed completely this way (the remaining is still in the residual data, so
not leaked). However, the corresponding blending noise is reduced significantly such that, in
a later iteration, a deeper and weaker event can be filtered out as well and added to the correct
deblended gather. As long as events are in the residual, the events have not leaked to the

wrong shot and can be added afterwards. The same conservative principle can be used for

10



[ 0055] At block 44, at initial iterative step 0, deblended nodel results
m(0) are set equal to zero. Thus, the initial residual r(0) equals the
bl ended i nput data d fron1b|ock 42. [0056] At bl ock 45, at each iterative
step i, fromi = ..., N, the residual r( ) is updated for an

i nver si on qutlon of su ts in the sel ected
set of (¥ ol uti.on gl dcl nesulle . isBespoiE ot B Roeago e b, i ooy

i terati varest iRot &daied ftd €12l cottpétateBénderisdthen| the éMnt fsr 050 Wtealeddd théwashged to

t he nodel result [0058]FIG 5.is a flowhart |IIustrat|ng an. exanpl e

enbodi nepthess Aga ﬁﬁlw&tef Brdafipg the regidya) Hﬂlﬁﬂl?ﬁ 3ddgd forpdl deblepdrdgathely, plying

fl owchar § &8¢ HoReRidybuiie detail the iterative step in the process
referred to in block"45 of FIG 4. [0059] At block 50, the previous (i-1)th

i terativi90AEki dBEG. B(is al_)ﬂowsharaklétmtrfatrlmmle@@lhplﬁembpdﬂln@t of a[ma@Be] Aer bl ock

51, the (gl fihe Lirkille L0 BLACK: S0 RS0 UL ENdRG, f o Lhe two or

nore seis Ur €8s 1 Tom bl ock nto CDP gat hers.
[ 0061] Bemuzp t Yo blck rif; ecismidr dags a@r ebtdinedebly wecbidingn Ismui;tamdohsly amdeismici me

del ays in between onses of t rces are recorded at the sane
time. DeBIBREHILE eénéy ?ﬁ%@gmaxmﬁ F‘H‘itf‘“?%&'y&‘é{? 8" F'GF° BCRESHNCE are
al i gned bwedertapmrmdagpdshemsandamtybmlsﬂﬁé ayamend then that part of the

data (bl ending n0|seg at was ignited by the other squrces. are renppved.
Pseudo d9ABhdi A§dleskAdL. %FP&td“EIHé ltsaflaely &ipdated, fog ap gpisasiomosolptins of argdelsy

Source, W?'tﬂeeacﬁbﬁlo% @f‘l‘ﬂé 'ﬂgo BPInSR: demidbRirdds %m 5198634 AF héjllté?gth/e%datﬁ@
NMO-correction is apP to the pseudo-debl ended CDP gathers
of the residual utilizes a sequence of overlapping temporal windows containing reflection

events and utilizes normal moveout corrections based on largest reflection events in each
temporal window.

[0049] At block 32, a final updated residual from block 31 is added to a final updated
model result from block 31.

[0050] FIG. 4 is a flowchart illustrating an example embodiment of a method for an
iterative inversion solution of models for the activation of two or more seismic sources.
[0051] At block 40, one or more seismic sources are towed at a first position in the
vicinity of seismic streamers and one or more seismic sources are towed at one or more other
positions in the vicinity of the seismic streamers. In one embodiment, the first position can
be at the front of the seismic streamers and another position can be at the rear of the seismic
streamers. However, the invention is not intended to be restricted to these positions.

[0052] At block 41, the two or more separated seismic sources from block 40 are
activated approximately simultaneously. Random time delays of -500 ms to +500 ms are
applied to the timing of the activation of the two or more seismic sources.

[0053] At block 42, seismic data is recorded in the seismic streamers in response to the
seismic source activations in block 41. The responses to the two or more seismic sources are
recorded simultaneously.

[0054] At block 43, a set of temporal windows, each containing reflection events, is
selected in the seismic data recorded in block 42, starting with the water bottom reflection
and proceeding downward. Let the number of temporal windows be designated as N. These
temporal windows do not have to follow the recorded reflection events or any sub-surface

reflectors. The temporal windows may reflect isochrones or pseudo-boundaries representing
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fromblock 51. Al though this NMO correction may work ‘best on CWVP gat hers,
the invention is not restricted to this choice of gather. The process can
al so be applied to other gathers, such as combn source or comrpn receiver
gathers. [0063] At block 53, a multi-dinensional nmedian filter is applied to
retriev porrected CDP gathers from bl ock
52. A tzwn%’ggvé?&\r}mﬁlﬁ]ego ecﬁie@%@fbjsdgv&&pgw 't' the area where the filter is
active. [0065H] AAt blocic #4, atlinitaah itenather sep WMEblenﬂademdebnsdls nappkd etdequal tohe

retrieved si fro 6 0 th omtine del ays
from bl oK 4'%‘ tﬁ? Tﬁes’éﬁ‘élk B‘F‘iaL;dg‘? %l]e’ﬁ?g Wfﬁg?tgg ff\(ﬁ{’b&(? ‘?gct ed signals
from bl 01;0&)5514 hOOREL 4%, abb&ﬁliteﬁﬁwe btbgﬂd}dﬁgzis, BPPIN ek tesidid1§ lis HfRtaetd ayed
signals fromblock 55. [0067] At bl oc t he bl ended signals from bl ock 56
are subtfonar @wersiamnsofusion 9f andsl resulisgug gt e ’r Eyentyn th S@l@ﬁtéi! s¢te TPl

resi dual yghws bR W3e seisnic data obtained in performng a seismc

survey, representative of earth's subsurface, are processed to yield

i nf or mat [08A7} el At blagk #6 afthethg Sohlatsrativs sienche flealalmdatpci spidnalires from blonk
subsurfa%esgg&edqoth%rlg@&eh%gﬁ ‘nn the area being surveyed. The processed
seismc a are processe o di splay and anal ysis of potenti al

hydr ocar[lﬂ@ﬁB]:onFmI Sofs 4 Hesehatbihetradmean dxemplt erohslimditecfgaahethéd $ai sm ¢

dat t t dat f t
posei bl crrapabaraueuSEtn et LT PhroEeald o oG Gl \eaBiTARER, T rage

t he geolmgbﬁ,cgggbéfgﬁé@@qnbIOqusdﬁFmq identify locations in the earth's
subsurface where there is a probabiljity for finding petroleum

accunul at038k, {Aépb’@k é@n@eﬂevﬂﬁéylhr‘éﬁr@%’ﬁéﬁﬂ‘é‘éﬂ o dhitaker fig, bleskotelsi ng,
and intepRieting seismc data. The process of constructing the reflector
surfaces defining the subterranean earth |ayers of interest fromthe

r ecor dedl096Pk i &t lock Spr boireredpabn.-i frageblogk ﬁ(hts rsawdchddbiendedofon tesr ted pre. A

prerequi s a well-resol ved
Cei smi'c Mooz fifc hECOUSR BN Ki 4 Ba BRBALRSED Mtk 2 P (i Fucture
of the e[aoosn] S Badm;nw tvac er nore saoless edle lﬁmecbwdbrontwsmﬂhbindommmmﬂelayﬂmt er to

sel ect |ocati ons W th th r eat est of .havi | eum .
ocumul abTur e geupares §F 1 oOF ot BeoBR pebt Suine s DodeRERt B S8 111 eq
DriI'l'i ngdapehlesnst BatCiBit @atai ﬂiﬁoﬂdqﬁiu%rar@@Ilgrﬁhﬂjymefb@p@ﬁigttﬁe adrdofrt@se délagy not ,
is an extrenely expensive and _tine-consum ng undertaking. For that reason,

there i sand @émthaﬁmaﬁgofnté@diatao(bi%ﬂws\fmeh@%r%éég%lmngaHH Fheplogiren are he
sei sm c faf3ed, Sl“%e@cﬁ) dBIRGRAY Wb Mat tH@gzﬁa AfonliyRighbd Ri iy Rsitdd iR e SRkl S
subsurface that wll inprove the ability of ‘an interpreter, whether the

i nt er pr ethablepding sowabantynted.conput er or a human, to assess the probability
t hat an | gt | t u an.4d.n the
Lhat, o0 GRS 2 bRAGE, AURLENI RN Ry 8 REFMLEM Aot EBbR MR, 1
facilit afrem bﬂrmkéla@dthbaglethdeéMﬁx cm)nsctmm mﬁ}ewaekrbeetnm OB rgethew, tHe idvientiand

her k., of dr
thereby {sen%ltjgeestsnctte to tin% chglce % gat er grocess can also be applied to other gathers,

such as common source or common receiver gathers.

[0063] At block 53, a multi-dimensional median filter is applied to retrieve the coherent
signals in the NMO-corrected CDP gathers from block 52. A temporal window can be used
to limit the area where the filter is active.

[0064] At block 54, an inverse NMO correction is applied to the retrieved signals from
block 53.

[0065] At block 55, the random time delays from block 41 of FIG. 4 are applied to the
inverse NMO-corrected signals from block 54.

[0066] At block 56, blending is applied to the time-delayed signals from block 55.

[0067] At block 57, the blended signals from block 56 are subtracted from the previous
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[ 0070] Embodi ments in accordance with the invention have been discussed
above as nethods, for illustrative purposes only. Enbodi nents can al so be

i npl enented as systens. Systens in accordance with enbodi nents of the
invention may, for exanple, be irrpl enented by nmeans of conputers, in
particul ard 1)30 sanputers, res1d%n19r W th other conventional data processing
.equi prren 1‘1 ata processi ng equi‘prrent, well known in the art, may
conpri se[oaBS] apmh@pélsxatcedﬂmrdbtamm‘dl npeaformétgnardeisafic Gorvpyit mprqsermate&sofhg

equi prent, | nc but not_ be limn 0cessor s

t enpor ar V‘“ﬁr?d"“% #?ﬁ%é’ﬁ‘f PRCEeh R YEW leé’gnaté?ﬁdegﬁﬁ}g & H’grg(eg{ﬁ’ﬁposﬁ‘?‘fnafé oy mput er
processi figp sl SMBRLbsusRAt WAL frRRBSRT inNEle SV BT sEPdlell CalleOpropdsedl ans,
mat hemat'i cs programlibraries, and any other appropriate software

connect i Wifgic G@P erstrpeested fopdisplay anWb’F’é§§ potgntiah hidrpgaraen conigry Of)é??epher al's
(i nput ang o tfmgl% {ofi€ STﬁé"g{]bl BB sdiGMil Qﬁ{a%ocegﬁhé‘;s 0 IxHERY SRS the 38&mic
scanners; |s evices such as nonitors and printers; computer readable
st or age detalian rmlsvbhmm‘rnta@épess pdisgits regarding shred subtdrippean ma@mﬂ 9t ¢rder to
appropri 71] u r.Qgr. tar

conput er &egua eq%lleggreeé@ uf”rjé o %ﬁu@ﬁl &Potéltr?arrﬁp ggl lﬁéﬂt@g?%ﬁg%e?la&%e&?toascause a
pr ogr amabkaface mhigtectheieds peprdtmbititaifiy fafditghgetroiuhogsuniemtons) &otlgabonseof

[0072]1t should be erstoad that the ecedi is nme y etaile
oscr! pt ORI SEaTH © @HEO0ERes oY i FESTPIRO BRSNS (PR bus
changes, cdieghdiing Md RNSstordefaddstRIRAL thSSbtedrahi@ edith tdyessast igBROdkdB Mes can
be made in accordance with the disclosure here. without d%gartl ng.fromthe

scope of regefed pRIBRICi B Provdepb dargey B st B dBH of HBEe O PETEqUSIR T neant
to Iim tdﬁ&%mﬁ/cgpﬁn f011t 'BP L OVERR AN is MQF{‘GSOIR/&? séﬁﬂﬁ:e ifdget BE tlleméﬁ{ﬁé on is
to be determned on e appended clainms and their eqw val ents. CLAI M5
Ve cl ai nsubsurfaca et hod for separating effects of multiple seismc sources
|0 sl e8P |s TROBRIIDG iR LAl droh ?eéﬁ%bsﬂrﬁge is3h8 '%Hﬂ%r&eﬁ"t(?@ﬁa%léjata
recor ded l'tan é Irsmc Streaners uire activatin

appr oxi nmad dhigrpsetenu ltd asmmuslbgatlbm vdth i egredss rprcbabdny cefs hammgdpealtoletum or

nore positions .in the vicinit eismc e erativel

updat i ng? “é“’i"&éf‘ﬂ‘?ﬁal st he pr 8‘?°§| %He% ‘i’“ﬂi‘fl agel Iiﬂuﬁg’ggf@é(} Iﬁ“{llﬁéw @f ?/({/ati ons
of the ty¥QeHindWh&h&Pehdlebm ASHUSRE Bre prddetttdr abt, 1shd xtremall ieXsensivdahd fieof t he
residual utilizes a sequence of overl apping tenporal w ndows cont ai ni ng

ref | ect i enpsep@guadertaiingt iFor Q’é&reﬁWFn‘ﬁPTe%ﬁ/%ﬂf‘“’@éPF%’GPl“BB@VE%éHOQ??F“F%r gest
reflectigiy guant Sr i %gsgac GPSY & o é@é@ axﬁmg@dﬁltﬁ@ stﬁlcftdrg%lf thPSaned

residual to a f1nal nodel result. 2. The nmethod of claim 1, wherein
t he acti subsinfiagetthes willgmproventireeabslety ofiae lmwr%@swhgb?rdm Fragratelation umedheous| y

conpri Segy a computer or a human, to assess the probability that an accumulation of petroleum exists

at a particular location in the earth’s subsurface. The processing and display of acquired
seismic data facilitates more accurate decisions on whether and where to drill, and thereby
reduces the risk of drilling dry holes.

[0070] Embodiments in accordance with the invention have been discussed above as
methods, for illustrative purposes only. Embodiments can also be implemented as systems.
Systems in accordance with embodiments of the invention may, for example, be implemented
by means of computers, in particular digital computers, along with other conventional data
processing equipment. Such data processing equipment, well known in the art, may comprise
any appropriate combination or network of computer processing equipment, including, but
not be limited to, hardware (processors, temporary and permanent storage devices, and any
other appropriate computer processing equipment), software (operating systems, application

programs, mathematics program libraries, and any other appropriate software), connections
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appl ying randomtinme delays of -500 ns to +500 ns to timng of the
activation of the two or nore seismc sources. 3. The nmethod of claim 2,
wherein the two or nore positions conprise positions at front and at rear,
respectively, of the seismc streaners. 4. The nethod of claim3, wherein
the i ter(@feb%@ﬁl)’oﬂ%ﬁ‘w&%ﬁasﬁ of Sfhcrtiad), ﬁﬂ%bﬁ&&s (ﬁﬁﬁt%ﬁ'oﬂﬂ)u@d&@ées QficHNis
termporal w ndows, each containing reflection events, in the seismc data

r ecor deckeyboasds, |pngltmg tdavieest end besnporm diemlpedeviess sual ap mneesi and RIGU#Sar d;
setting,, i I e ul 0] qual to
Yero: é)?r&) Cfatrkéo%le %&%gé nYe% e%%?li gse tagﬁé’ cﬁE\Q g?%‘iﬁi dh%?s fhé aEE& étkﬁ

resi dualaplp(dphafeceqmpmenu)lverS| on sol ution of m)del results m E) at the i th
event selected set of N teppo f .claim4,
wher ei n TORETL i FosEm Bt e dor s Pt SPRpiSes radstis, aieatu L 4% o o
resul t cmophinSEsingalddicneperadid ®F cdube a fpré@hminhble aloinpates i@ lperféﬂﬁﬁ ahy BAkheupdat ed
residual rmto the final nodel result ITI(N). 6. The nethod of claim4,
wher ei n ‘Pﬁéo‘ifrﬁééﬁr}bﬁ@a A€ each iterative step i, fromi =1, 2, ..., N, the
resi dual jopfd)  CANRALLRGS uRRAWIA- ﬁﬂab!heqﬁiweg ghe Iﬁ&ay@aétaﬂédlde%ngt% she two
or nore sel sm ¢ sources, generating pseudo-debl ended CDP gathers. applying
an NVD- cwerifie tanghodinesntsh ef plie ideentien|and dbet ©DRergat kkanges, modifications, and

alternatives to the disclosed embodiments can be made in accordance with the disclosure here
without departing from the scope of the invention. The preceding description, therefore, is
not meant to limit the scope of the invention. Rather, the scope of the invention is to be

determined only by the appended claims and their equivalents.
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applying a filter to retrieve the coherent signals in the NMO corrected CDP
gat her's; applying an inverse NMO correction to the retrieved signals;
applying the randomtinme delays to the inverse NMO corrected signals;
applying blending to the tinme-del ayed signals; and subtracting the bl ended
signals fromthe previous residual éﬁéﬁﬁ% to generate the new residua
r(l). 7. The nethod of claim®6, wh in“the applying a filter conprises
applying a multidinmensional nmedian filter. 8. The method of claim?7,
wherein the a plylng a multi-dinmensional nedian filter further conprises:
using a tenpoY&F'dfndow to linmit the area where the nulti-dinensional
median filter is active. 9. The nethod of claim®6, wherein the applying a
filter conprises applying a filter selected fromthe group consisting of

f r equencl- wavie methedrfor separating efifesthorf multiple ssismipmgurses inedimultapeowseshedtstz domai n

filters. s d of claim1l, wherein the iterative updating of the
r esi dual aclﬂgn%tllo;zggcgm@éi? tic shift. 11. A systemfor separating effects of

mul ti pl e sei sobtadnisguseismie data secondddasimaltanestsdptin Beis@ngstreamiersp Acquitedhyi Si ng:
two or nore seisnicfs \Ur ces confbguret to $e activated with randon%tine
del ays of - 500 MEYADEERIOTRALE ?linﬁl MFOBTY PHCTIRF SHEPEOYEe RESE fo or

more sei sm C Sour GRS or mdek fodiNivds BahS ikimits bf ey Ristic araingtst ed t o
si nmul taneousl_érr,ecord seismc data in response to the activations of the
two or nore SEFAIYEY updatinges residyplfopan syerspnselutigned medels forthe astyationsy ear |

respectively, of tdrand awedr 3856 BLiSmRt JBATE 8 wiliclP HROGIRDLRIGRBEERr used
to performat |east the follow ng:
residual utilizes a sequence of overlapping temporal windows containing

reflection events and utilizes normal moveout corrections based on largest
reflection events in each temporal window; and

adding a final updated residual to a final updated model result.

2. The method of claim 1, wherein the activating the two or more seismic sources
approximately simultaneously cc;mprises:
applying random time delays of -500 ms to +500 ms to timing of the activation of the

two or more seismic sources.

3. The method of claim 2, wherein the two or more positions comprise positions at front

and at rear, respectively, of the seismic streamers.

4. The method of claim 3, wherein the iteratively updating a residual comprises:
selecting a set of N temporal windows, each containing reflection events, in the
seismic data recorded, starting with water bottom reflection and proceeding
downward;
setting, at initial iterative step 0, deblended model results m, equal to zero; and
updating, at each iterative step 7, from i = 1, 2, ..., N, the residual r; for an inversion
solution of model results my; at the /™ event in the selected set of N temporal

windows.

5. The method of claim 4, wherein the adding the final updated residual to the final
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updating iteratively a residual for an inversion solution of nodels for the
activations of the two or nore seismc sources, in which the iterative
updating of the residual utilizes a sequence of overlapping tenporal

W ndows containing reflection events and normal noveout corrections based
on largest, reflection events in each tenporal wi ndow, and adding a final
_updat ed ‘fpélgtle HEY gltrgsugtcfe)fn g%eSUpdat ed nodel result. 12. The systgm of claim
11, wherein tadeing} sftenthe/@iay itefaded stag the findiupdakbd esidpali g so tedimtimodd a set
of N tenporal w ndows, each containing reflection events, in the seismc
recorded data, sta&HM™with water bottomreflection and proceeding
downward; setting, at initial iterative step O, debl ended nodel results
m(0) equal to zero; and updating, at each iterative step i, fromi =1, 2,
..., N, &he risirgiaad efclaimdpvhergin the Bpdatipg, a sachitemtivestepddeom fedudts n(,)
at the t ral. w in the selected set of N tenporal w ndows. 13.
The systlg’nghg#ge@ugirfﬁwfg&%&?érei n the updating, at each iterative step i,
fromi = 1, 2seudo-debNpdinpehe esidualal.yripd }hedwopringes seigissdurces geranatingg t he
residual r(1_1) for_the iwo. ar re seismc sources, generating

pseudo- debl ended @ffydaﬁehlg?%eacappgé;%ler{g’ an NMO-correction to the

pseudo- debl erupplyinglan NOharetti@pp lthd psgudn-dablendedCDRgsthensal nmedi an filter to
retrieve the coherent signals in the NMD correc CDP ga s; .applying an
| hver e NN, CBPPEE B (Greptrae P hasR B A e Nppopee e Btifom t 1 ve
del ays to theppRwRlmant¥be 10 @eleitbnSb @akGievaidnuisng bl ending to the

ti me-del ayed si lgnal s; and subtracting the blended signals fromthe previous
residual r(/_2Ppiying thermedem dmerislayg i the uveise NMQcprrected signals;

applying blending to the time-delayed signals; and

subtracting the blended signals from the previous residual r(.;) to generate the new

residual r;.

7. The method of claim 6, wherein the applying a filter comprises applying a multi-

dimensional median filter.

8. The method of claim 7, wherein the applying a multi-dimensional median filter
further comprises:
using a temporal window to limit the area where the multi-dimensional median filter

is active.

9. The method of claim 6, wherein the applying a filter comprises applying a filter
selected from the group consisting of frequency-wavenumber filters, Radon filters, and

curvelet or wavelet domain filters.

10. The method of claim 1, wherein the iterative updating of the residual utilizes a static
shift.
11. A system for separating effects of multiple seismic sources in simultaneous shooting

acquisition, comprising:

two or more seismic sources configured to be activated with random time delays of -
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14. At |east one conputer readable nmediumw th a conputer program stored
t hereon, the program having | ogic operable to cause at |east one
programuabl e conmputer to performa method conprising: obtaining seismc
data recorded sinultaneously in seismc streamers, acquired by activating

appr oxi mat _eI y S! MODQH@@J%QO M¥Qo %iﬂ@bﬁ;&eﬁoﬁ%tfonSWﬂhQQ&oF&Me &kista0 Of
nore positions in the vicinity of the seismc streaners; iteratively

updating a resi dugPurces: 28th i nversi on sol ution of nodels for the activations

of the two or,ypi &ishi %ﬁl&lé@éqnﬁgémd kDsititaRobd récsﬁrs@fsing@daapﬁk%yaﬂs&f the

residual utilizes a sequence o ver | appi ng tenmporal w ndows containing
refl ection events tatht agtivatione of thertwalor myve saismic sourees; camiguizrdde de towddar gest
refl ection events itpmgtac addi.ng. a final updated

enpor.al ..wi,nd and
st dual TTo ReT b ot BofRg ol RADELBElb e §R¢ ighRdudpialn! LPdat Y
wher ei n t he acprogamintabletdomptwdusd torperéorment kastahshliveag: appr oxi mat el y
si mul t aneousl y conpr,i ses. a ing.randomti.me delays.of -500 ns.tog +500 ns
to timing of the Hotirtps vf_aﬁtR%V prgsifid 16 Mrdpera) §<?vhﬂeons8tjf{toésl.s foq e The
medi um of cl ai m 15, V\haétﬂlaﬂoﬁsh@f th¥@w® lor HREE st kb @S, GPWRIch I8 RGatitd ONS at
front and at rear, respectlvequ of the towed seismc streaners. 17. The

i vel . . .
medi um of claim 15, whapdtmetafehe residuel yaiaps @peatanae Of oY HPBIRg| CBRARY | ses:

selecting a set of Nt GpehAlcofaliRncaRAREADLAT At HBLLRELOARBNENt S,

in the seismc recorded data, starting with water bottomreflection and
proceedi ng downwar d; sdesedeg largest rafiectical eviente fragack tempoegh windosle bhdended nodel

resul ts (0 edualyghig, s ANl WATRL 09l wAGH dldsBr Ablve Step |, from!

=1, 2, ..., N the'r an I nversion solution of nodel
results nm(,) at the ith tenmporal wi ndow in the selected set of N tenporal

wi ndows. .. 18._.The nedi.umof_ claim 17, wherein,the adding the.final updated
o e 1% o T HE e SRR Lo s e oS e caeS e edmises o T ha
final iteratiggcBAELR,sct BE N itdhdporAl PRRUEWs, " €@8h ddtaining) rdfRctidhCedenitalin fRdel

seismic recorded data, starting with water bottom reflection and proceeding
downward;
setting, at initial iterative step 0, deblended model results m, equal to zero; and
updating, at each iterative step 7, from i = 1, 2, ..., N, the residual 1(; for an inversion
solution of model results my; at the i temporal window in the selected set of

N temporal windows.

13. The system of claim 12, wherein the updating, at each iterative step 7, fromi=1, 2, ...,
N, the residual r; comprises:
pseudo-deblending the residual r(.;) for the two or more seismic sources, generating
pseudo-deblended CDP gathers.
applying an NMO-correction to the pseudo-deblended CDP gathers;
applying a multi-dimensional median filter to retrieve the coherent signals in the
NMO-corrected CDP gathers;
applying an inverse NMO correction to the retrieved signals;
applying the random time delays to the inverse NMO-corrected signals;
applying blending to the time-delayed signals; and
subtracting the blended signals from the previous residual r(.;) to generate the new

residual r;.
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result MN)- 19. The nmedium of claim 17, wherein the updating, at each
Iterative step i, fromi =1, 2, N, the residual r() conprises:

pseudo- debl ending the residual r(1_1) for the two or nore seism c sources,
generating pseudo-debl ended CDP gat hers. applying an NMO-correction to the
pseudo- debl ended CDP gathers; applying a nulti-dinensional nmedian filter to
retrieve the coherent signals in the NMO corrected CDP gathers; applying an
i nver se NVO cﬁrlp@tpnfowmmltetrheada@? m@il@uWéthgmmuteangwnngto{eldéhfﬂmmldm tine

R e ey I R

r esi dual mbtmdt@mgsn@' ate the new reS| dual r(l). 20. The nedi um of claim
19, vvherelntkﬂ)e agglginggmﬂti- |rren|onal medi.an. filter furt el b
conpri ses: usToRY™ r 410 TPFRa TRURTePEsly W SEPRIE VFAPETS, ﬁ‘éq““e y

mul ti-di mensi onal ae®ditiag apprbiifiatelySsiMaltanéBusly two or more seismic sources towed at

two or more positions in the vicinity of the seismic streamers;

iteratively updating a residual for an inversion solution of models for the activations
of the two or more seismic sources, in which the iterative updating of the
residual utilizes a sequence of overlapping temporal windows containing
reflection events and utilizes normal moveout corrections based on largest
reflection events in each temporal window; and

adding a final updated residual to a final updated model result.

15. The medium of claim 14, wherein the activating the two or more seismic sources
approximately simultaneously comprises:
applying random time delays of -500 ms to +500 ms to timing of the activation of the

twO Or more seismic SOurces.

16.  The medium of claim 15, wherein the two or more positions comprise positions at

front and at rear, respectively, of the towed seismic streamers.

17.  The medium of claim 15, wherein the iteratively updating a residual comprises:
selecting a set of N temporal windows, each containing reflection events, in the
seismic recorded data, starting with water bottom reflection and proceeding
downward;
setting, at initial iterative step 0, deblended model results m(, equal to zero; and
updating, at each iterative step i, from ;i =1, 2, ..., N, the residual r;, for an inversion
solution of model results my; at the i temporal window in the selected set of

N temporal windows.

18.  The medium of claim 17, wherein the adding the final updated residual to the final
updated model result comprises:

adding, after the final iterative step, the final updated residual r, to the final model
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result mg).

19. The medium of claim 17, wherein the updating, at each iterative step 7, from i =1, 2,
..., N, the residual r(; comprises:
pseudo-deblending the residual r.;y for the two or more seismic sources, generating
pseudo-deblended CDP gathers.
applying an NMO-correction to the pseudo-deblended CDP gathers;
applying a multi-dimensional median filter to retrieve the coherent signals in the
NMO-corrected CDP gathers;
applying an inverse NMO correction to the retrieved signals;
applying the random time delays to the inverse NMO-corrected signals;
applying blending to the time-delayed signals; and
subtracting the blended signals from the previous residual r(.;) to generate the new

residual r;.

20. The medium of claim 19, wherein the applying a multi-dimensional median filter
further comprises:
using a temporal window to limit the area where the multi-dimensional median filter

is active.

19



