.-x -METHOD FOR DYNAM C APERTURE DETERM NATI ON F
THREE- DI MENS|I ONAL SURFACE- RELATED MULTI PLE ELI AMMMMW"””IM””’I
BACKGROUND OF THE I NVENTION 1. Field of the Inv
[0001] This invention relates generally to-thefielwbosox
of gdIPHYODCIEOR YOS pAMIG AGERVDIRE DEIERMIN AFICGN FORe

[ [ e field t
RN FSRR G ST raies TR 318 Fufluiamion
Description of the Related Art [0002] In the oil and
gas i ndustry, geophysical prospecting is comonly used
to aid in thd8AeKRGROYED QRdTHY BYVENTHINof

subt erranean formati ons. Geophysi cal prospecting
techni ques yield know edge of the subsurface structure

1. Fi@lfi of i 18%dtddn Whi ch is useful for finding and
extracting val uable m neral resources, particularly

hydrocarbon deposits such as oil and natural gas. A

[0001 Thlp&)rwgnttl(?nc *r‘é?ét %gglg%r l%ﬁ%o ﬂYeSh ﬁ' 0 ée gyggs%al r})gosjtpéctﬁlg More

ismc survey e resu ting~s

particxﬂbﬂﬁl tﬂeﬂlvbﬂitlcﬁﬁfefaﬂd’sr’fb g Reld of surfare elatedynilSplp elifissied in marine
to yield information relating to the geol ogic

seismigispiyeytir e and properties of the subterranean
formations in the area being surveyed. The processed
seismc data is processed for display and analysis of

2. Dgsotiptiin aflthd\Rdlaedakdbon content of these subterranean
formati ons. The goal of seismic data processing is to
extract fromthe seismc data as nmuch information as

10002105 3h Rhe oil 88t o IhY S PREBRA Y R Bscd to aid in

order to adequately inmage the geol 0gi c subsurface.
the searderfor canddemalirdtion of asubtersnian tfhen&wnsh' Gephgued ap@Spectmg

tec}]m&'d%sumfdh F{l lgégei 8? ! Oba@#:g{'t%%( ];}%I]E]c@];}'len %gx??%ﬁ 31'1%4{9 useful for

naim mgHia Ta. urce T 15 such as
findi g&h&%&ﬁm RIaQfaB8 RS i@ral 2burdebl (i idE@drl y By F64a8brCdépdbids such
rocess of constructing the reflector surfaces

oil angd eatiuml ges- thavelldmonarteetmegns of, a%ﬁ@IPhMS@?]eIPYQSWFUmmIS@rSQWIC survey.
[000{]r orﬁ'ﬁehreé?{]‘gn? egs%%{:fc;lg%a O@tﬁn%%%pfro% g se?sn 1%1 rrargey 1S processed to

yield shfortisitione relﬁtlrtg‘leo kB¢ tgeokghu bsudtingc end propepibsced then subterranean
or der t o0 enabl e an int eBl‘pr eter to sel ect | ocati ons
formatiprsin the agfachoings surpexsHadine Rrgcessedhepisnig dajgeis paresssed for display

and aﬁﬁw FtbARIE hydrB0R8dn L&ht&t@%é&@ sﬁﬁhﬁ&ﬂeﬁn Ton&80ns. The goal of

C ener gy sources are used O generate a seismc
seismii dpt@prowkssalg, is ad ertragd fmpa et selIngnlc rat dsheudninférmation as possible

rtially reflected sur f sm .
regarcinég ﬁ@éﬁlggegran% dRragians;iR of It(étil Suat )ymacg&tix?ggﬁ%glc subsurface.
In ordeP{SHERET S0 REENERNNS EAHIPS s@af8ce where there is a probability for finding

petroleum accumulations, large sums of money are expended in gathering, processing, and
interpreting seismic data. The process of constructing the reflector surfaces defining the
subterranean earth layers of interest from the recorded seismic data provides an image of the
earth in depth or time. The image of the structure of the Earth’s subsurface is produced in
order to enable an interpreter to select locations with the greatest probability of having
petroleum accumulations.

[0004] In a marine seismic survey, seismic energy sources are used to generate a seismic
signal which, after propagating into the earth, is at least partially reflected by subsurface

seismic reflectors. Such seismic reflectors typically are interfaces between subterranean
1
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formati ons having different elastic properties,
specifically sound wave velocity and rock density,
which lead to differences in acoustic inpedance at the
i nterfaces. The reflected seismc energy is detected
formatignss banang diﬁeﬁmocbst(capwen'abl qzbcﬁ'eiaﬁmsoumcbmaivvareh)citaMd rock
.recorded. 00 The ap rlat sels c .souyrces for
denSItaewgrcgt oA ¢ 4 KRt btz imnedanie; e dBPdATeS 1 reflected
seismiz&n¥ l?ﬁs Hé‘t@ét@@uf Yeibhie! s@%r@(ﬁé&tﬂiﬁéﬁ %srﬁi‘%‘ré&@i&ér&c) QH4 ¢&orded.
towed by a ship and periodically activated t
[0005]enelhet epranprate sisingc wavesks dbl gelérating |tlsansc1smw sigeal in marine
eneratin fiel plcally an a
scismy A8 Johipelf i oo pfhterd Rebmig oteobingl Brek ip and
period@Euy ARV ALE td ¥@RSBateTan 20bSHcGyERASIAI STHeYRisEAL IsWurcl GhatdRing the
rticle veIOC|ty sensors (known in the art as
Wavetge% psmm@ Y andit gan era meélggymestlsleﬁ@bmax#mns n the
[00063rt i ap rgpgﬁgot&ggs) orfmé'élstn‘iag é’c\dngors ntg'? c%l cluge partlcle velocity

treamer

sensoxS;e(lREOWﬁ iffale be ed;egﬂoph@d:sbﬁnd hﬁwqbr’éssﬁre hﬂlﬂl&or@r(ﬁnm én the art as
ommonl y depl oyed in sensaor  arrays within the

hydrogl@%l@wun[eéowl}lw f@ved paspicr pteRmes (A9 énpya@aq asseispuac cable).
\lg@éﬁ@ t

Selsm%ﬁéee%\%rtger ﬁal ?Je?lo 2ce aste eﬁlﬂvval{i?ezrrnbgbuc ace 9? Elglmgr & in sensor

arrayswhitlth thdereamere i s reflected downwardly, and is again

etected by the ensors The .refl ect ed wave _.conti nues
l°°°7q p&%ﬁaﬁ‘&t wflegied waye piaches | s PATNIG RSPy thegWRYE cpytinues to
propaéaﬁ@ YRk E W alkRPhir AMePacO b Bile WHBT SIrFRBCAOm! YhiZRhO Iavave is reflected
Interfaces. Reflected waves that reflect nore than
downwarsidy, anéd is agaimedbtéated by thiessttsosm dl twrrefledtgdwared ¢0,nt1t1u@setb @uopagate
as, no cul ar ,cat egor.y of. noi se_conmpri ses
and oy pf Fitted RTaply thatt, t3AhE G Soyiemt of Py CHuchgikap formation
interfodt.f AREIRAA RhvesChbi edlest hicde eharnebﬂéeeﬂre%hhédﬁ‘ﬁﬁmples” and are
0008] Three-dinensional Surface-Related Miltiple
typicaflyi treatrslt 4smlqesmmla§t0ﬁtege@ efonoiggt ¢aspprisee mubteples that reflect at
[ e pl
least ogllrég %I%gr}t_ %r gff‘rg?égz{ d arrg 22%1 e\é%'u%%ée %lal?é( Igiglélplesl at ed

[o008]ul tTlﬂJeeﬁnﬂfErslofnal Sﬁrfa’;‘etRﬂaﬁe&d\/Iﬁlt@m Ehﬁm‘idﬁloﬁ NBD SRME) strives to
and then the predicted nmultiples are subtracted from
attenugiee thee purface-related mslt1pé@§v@ypapaﬂbs| R agpredistiandenbiiagharocess.  The

surfacfe'ljéﬁ{edsltnﬁﬁgﬂés ark irSt Qé'tf?l?aq ?HTH{e' S&smitOdRd raH(ﬁ:ttflJﬁgth% predicted
ntribution gather Oor a source-receilve
multiplesaare, sumhaoméd frova ahey msmlheiamn‘pemata wisecdttehhaed 51gnal A first step

convolution.of pairs _.of tr over. a spatggl ar ea

n th1% Brqcsss ?%présﬁé rcpm,nélctlgg geregﬁl(}j)?esg%n@gw& gat for a source-receiver

trace, WIS f¥6ivefhe@oRY, ﬁfii'tl%ﬁ o tHE'-@o‘h’vE’lluﬁoﬁ BPﬁﬁrsWtfé@es over a spatial area
“cont ai ns prlnarlly mul tiple reflections, which

called; the @pm@gestﬁagmong steipl cqnmnsnu anspuetlr(gmprqdmmd wmltiple trace which

contalgg%%es )égxtélﬁ}&églrj(lt egﬁl %, % rllingglgf: @%t h?l:i for uftir;])?e contribution

tracesSH Bt @EHipNOcoRBBatSH %Bth.@f ﬂﬂl itted @@rd@#e&élpéreratcé afQhird sPomprises
the original seismc data. [0009] The choi ce of

subtragfing mang smbrpradlmﬁrltrmﬁmeleé@nQSrﬁrqzmﬁhmnggmlhelssmtmﬂta i s
[OOOﬂﬂaSI PR cB&lceCc%qp%p %né fi)rS a uﬁ?p(%gg(]%%{ u &gﬁ:%alth%r t at & easiest to

pr €se 5 né dnd “cr
implement is a rectangular spatlal area with preselected inline and crosslme dimensions,

which is centered on the midpoint location of the source-receiver trace for which the multiple
trace will be predicted. An aperture is sufficient for a particular multiple contribution gather

when at least the apices of all contributing events in the multiple contribution gather fall
2



which is centered on the m dpoint |ocation of the

source-receiver trace for which the nultiple trace

will be predicted. An aperture is sufficient for a

particular multiple contribution gather when at | east
withint the apgriures Tbis m¢ans ¢l thed smface (efleeeont points cotrespontingpd ¢he apices

e o0 O BB Rt e B e BB Sl s

the cdrReshOMRIIMRP hfifple |dvBntdl di thé thhte R RIRY E#%@s antntd)at simple choice of
Fr esnel stack%ng works to col | apse the contributing

apertue@xém multml@ conthibuidery getbpr@n‘dﬂh giemlahly rheea traderpf Betwednecost and
the &

sccurde 0 s pRRAE o ERAGRe Bl 0 pieRes ifing too taree and for

othersi in @Ml b@ﬂioysnbﬂfl A1 bpElRaldf SizdpintedBp&dOsiertafttyog 66 batas small as
For some nultiple contribution gathers the aperture

possiblf |t9 npgintige compytatiandl efbrts sndhdarge iepowgh fo papturgcall apices of all
I r

surfac% 'F@hécno maﬁg% agg ilo}lé ggtsl’lﬁtgﬁtég? g‘lt%g%?%&z%ogg}w{ %Qél?lgér% gsltabc%ng for

those efpitest t s and | arge enough to capture all apices of al

urface refl ectjon_ point r constructive
1001611t sy & et Goisioiok & Hebrdde ﬁ&@&émi@&%ﬁng gpRIgRriate shapes

and si2Bd &€ap erfuP 3160} m-lthﬁﬁle &n&%ﬁoﬁ%’aﬁk& flﬁ’xrefe?aﬁ'f?ttﬂg gpflfﬁ[al shape and
eff|C|entIy determ ni ng appropri ate shapes Sl zes

optimalf sizgpeitheiamestuf ocanrhel detqringnedatynaminatly drongtit lseusmlc data itself.
Preferably, the optinmal shape and optinmal size of the
aperture can be determ ned dynanically fromthe
sei s c_data BRE! SUVBRARF SPMYRRINGENTHEN NVENT! ON
[0011] The invention is a nmethod for transform ng
seism c data into noise-attenuated data u5|ng

yn Rsfture det na for
R e R
data, 1SIRg EBARGAL hydtuad d%téhﬁﬂfaﬁaﬁ of @rialtipkN SofiButine gathdre d Multiple
by the followng. Dips are calculated for a series of

tracesgp peisHic ¢ald EPEMENATY Phiubsedrerfpmationn are rredisted by dhg following.
Dips ?rg'cﬁfalﬁteddf%} 2 AU &l adga%gxllt%{lﬂg azi(ﬁltrwu"ﬁl ttttéégé)sf, from seismic

ISMC Sensors proxina ear

data aqtmm& Bﬁ@leplbpmgea plaadlitg tof deisinfke saBbSNProxiRLIRS B Grea of the earth’s
%_neratlng at | east one of an electrical and aopti
subsugfpeenior by AValualeh e seizmisetennite senepie t?attw@e\ﬂfanrﬁlfgtmal and

optlca@g |%ﬁalkm Lf@é})%flye tgfseﬁpmé‘gﬁé'r%g N oRd vﬁlnltﬁl'%f{a Wufidary of an aPerture of a

ributi"on gather oundary of the aperture
multlplh eonributiph @ath@nt rTltmbomrdaryg af e apgtureairtbe walltiple contribution
ext ended

b th
Eatha R n P L RS TR e deliPi sPRGiyution races in
the mORfpREoniBloh RAHRX Whdad e%ﬁd&%ﬁﬁﬁ&%ﬁﬂﬁy L st§(§k%9 ke ‘éenerate

to generate predicted nultiple traces. predi ct ed
predigied muliipte traceeedhameedicipd madtindel traeesrare h@t@eteé fioen thetsgismic data

f I [ tipl t ted t
o sehaBSPET SR, T AR AP e TSRS P s
formabxCRI PTI ON OF THE DRAW NGS

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention and its advantages may be more easily understood by reference to
the following detailed description and the attached drawings, in which:

[0013] FIG. 1 is a schematic diagram of construction of a multiple contribution gather
3



[0012] The invention and its advantages may be nore
easi |y understood by reference to the foll ow ng
detail ed description and the attached draw ngs, in
which: [0013] FIG 1 is a schematic di agram of
forasomsircqmteirmceafasawhramdﬂmdeofdbmtrwiemri on gather 3 for

sqQuyr receiyer tr as.,| he nmet hod of the
100145 S HHEF 5,5 F ot ke S1TebE gt Sl for o muliple
contribdtlodStafiRt iMhe xdtERbMAe ARBAGM;es for a nultiple
contribution gather in the method of the invention; '
[0015] 00 HIG. Bll@a flywchar ifustraigan cibodimentafitheyingention for transforming

— di of .th t f t f i Ng. Seism .
selsmlgggga 1:n 8015% FtéeélugEelfig% nlulglgg dig{qémc{@g%&ro Lci}heg%?rba%%h%? § multiple
contri@fhtgafierdet erm nation for a multiple contribution

ather £0016] FIG 4 .is a flowhart illustrating
[00161notHI&G: b oiliflesyehatsf illupfeatingy appthenembed 1maytnafntbe invention for

dymanfB R o BT aPk BIGE TR TR L0t ng an

[0017¢I erl%ml 5f ist heflowvieat iitiastratiagasrdi edgnent 0of tthidl dhvemtionf regarding
multiple contribution gather; and [0018] FIG 6 is a
constrflwmfrf@rmulrﬂplwrr&mﬂﬁg zatheB@Bdent of the invention,

[001 8? eggfre. Wis a%w&l'a}’telllu%%ﬁ% 4h eelé?ﬁgn@ B8 iHRnvdnhOd: 91]e é%ln:gerecurswe

he invention wll be des I n connection Wth
apertupe eftensiaad  enbodi nents, it w II be understood that the

i. nv jon_.i s.not to.these. .On the contr.ry.,
ot PR QreS RRbTuE MIERS, S0 R s preferd
embodiRhs! & 3ill B8 And@Hdo& eHak MRl iBNn%ioh Rekot Mvitddqo tHeRE | OH®ME contrary,

within the scope of the invention, as defined by the

the inpgnpion dethtenidad m_r,COVBETAIauEDa@@Q%bmﬁC@O@Fanﬂ-EmM@WhMay be
he i
g ifn B SpApR ik REpurae TorRe b Mo pRnoas iyt

dynam c aperture determnation for a multiple

contribution gather. The invention can be used in a

3D predi ct DEW&%@B@%@‘FRH@@@%@F tIGBRINEENA{@Ns ur f ace

related nmultiples in seismc data. The |ocation at

which the nmultiples are to be predicted and subtracted
[0020]s Tief investidiy isaa smethed foreasi@ming aciemid-d4ta idtol Soise-attenuated

schemati ¢ di a of constructiaon of a _nulti ] )
data, ysapg dynsoms ape ?E%Fn?la?“%{l é’éaﬁ’é‘étlﬂé&@w&ml?& &%Eer adiejipvention

can bE I?ﬁem g%b %ﬁ'e(ﬁaean!d@(lgﬁ%ét Wocesd A& 2BAMHAEEsUrBEE r¥iGled (multiples in

race 1 det erm ned a conbination of a specif
selsm&odatme Thec btcatdon 4t whmhdtlm mphtpilefm mertede predictedcatd subtracted is

. The process of e t|n surfa ere
definedpy (ApTOMECe TP T Strds E1G e phepatc dftires. slecatastion of a
multlﬂlé 6RribHLHEP BAhES B L£NA- f'é'célgelpﬁfhcres afin tHeAREH 0@ the invention.
t hen accunufating the convolution results over a

The seurcé-saceivar tracel ) isTeterminedtbyt 3 eambitatiannoferagpiecific source location 11

and a specific receiver location 12. The process of predicting the surface related multiples
from seismic data for this source-receiver trace 10 comprises convolving pairs of traces and
then accumulating the convolution results over a surface area 13. The first trace 14 in each
pair of convolved traces has the same specific source location 11 as the source-receiver trace
10 and a receiver location at a selected linkage location 15 and the second trace 16 in the pair
of convolved traces has its source location at the same linkage location 15 and the same
specific receiver location 12 as the source-receiver trace 10. The linkage locations 15 for all

pairs of first traces 14 and second traces 16 are distributed over the surface area 13. Each
4



pair of convol ved traces has the sane specific source
| ocation 11 as the source-receiver trace 10 and a
receiver location at a selected |inkage |ocation 15
and the second trace 16 in the pair of convol ved
linkagt demtien H&scormespondsite e porntitl omfaat refleeticrapeint b &&mrface related

ocati o d the sane. ecifi recei ver |
multipl S0 Bish Atis S BeS T et Faked 0y e ey §Rateg B9 the onvolution
of thel RAFBII GRS tharel A8 Al sechtl frdcedT16f drk %feﬁ%@@@%s %ﬂllﬁ‘ﬂg contribution
second traces 16 are distributed over the surface area
traces 18d fhgcensembld ok ghesel m@atplemon@bobm geendsefors accumulation) is
of the su

referréf;)lq%) 21? t'éignallll & f acg)g{lgli lg% ﬁ‘tn:[1 Of gqgrage ¢ hfe SOfface area 13 of

the sufffide CREQTRI yasrntst raaclacd;@orame (dffercBuMuRAbLE iPYtht Nerediction is
convolution of the pairs of first traces 14 and

commerlygpigrred sressthe apegtuse pethe praskiction. as nul tipl e
1002 95 EP S 00, ssbEARS AR 1 FASRER Rty R8s syt

contrithefoar gactl@hrtlﬁ ths method bf phee irsentiod. bt nmm;gatcb@mbuf[bne gather 20 is
extent or coverage in the surface area 13 of

th
shownsyyith 48 @rbigryepeiid ipsnsiens 2hat thaden pt atieg d(ualﬁv%?n 22 proceeding
n h -
dounfEBUPELETA BERERAEE £ | EPPIRS o PRE S B o
recelvar :coimbmtmn; m}mgr a)murls I ash r atrtiaimg time, ewdl showpep tiur d multiple

contripiions i e B & swERH 4 1 2 Bre oG B GBERBYE 97t ution gather

20 at #A0Wn ¥kl A ﬁ%t}kﬁtr(ﬁf tHe §ﬁ)ﬁédeai3 BLIORNR 188 Ahedt Fhﬁﬁermore the
top and a tinme dinension 22 proceeding downward

spatiak leeatjoafaf therapax| 24 wilbcce'mmnd o the spatinClocatmneifitee surfa@e geflection

to sour.C recelv . CO nat
point BEUEF S Mulitfe B Tioe' EFRUEfigh S B RulRl pififidion races
into tlﬁ%&dwﬂ@ﬂltshﬁibegéla&!ﬂfmﬁl@ip&% cBmPHELsACHrodeks \Wbinkhodly RRA¥ & resnel

within the multiple contribution gather 20 at that
stacking, meConsyaictiyr) intpdercaey abfand Hsownd radhe apex B4| gbanges the desired

e 5 BB RGA 0 BBR 8 A Bl e

remaisig pae of ttef iged (ot 1s,mut e pnfedltctaaatmxslnpkes)f | Thengtlatitypdfethe multiple
event. The accumul ation of the multiple contrjbution
predicfipn dgrends gp Joyruel halbrlientsusiaes edlsction paing aFq inpppprated into the

apertu?@HP{HC%§M1%O@O(!O%@I‘%§IOE%HHEP bl HBROR RSl ’l;'féasﬁaeétackl works on the
stackin nstructive Interference at and aroun§ eac
multl}ﬂp@mnmuamh dnces tBnth dbpcrrdedn seteeting ttead comédt i qpleersreaandl on the
structth I nt rferenca gther away from each apex
g d

spacing pepuerndhg lipkage Ipcafans,y PEH S he signal (that is,
[0022] Ot Ré%@rnﬂfgqg'ﬂtﬁq mélabbr@ﬁ@%)m bd. Bl%s@ﬁ@i fhtelélrﬂ’;;lefit raﬁse a rectangular

| e “predi ction depends on how wel rel evant
surfacs utrefaa& syrefundingi the: npdpmntsl'épéthers@umcﬂmm tlranc d0tthethe specific

sourcehfg)ert W Of éprr%g]lﬁm rfecéeé%rﬁ&caﬁg rl}gbul#eorﬁ%t %li]a}rt ét%%eagrga 13 can be

paraméffizéd byltm fillink [dafi &iorBI8 dhdiese8in dinsésRmt 19N, Alkenatively, by an
correct aperture and on the spacing between t he

inline japepiagg angl 8 cAQSSbAG aRFriuRg- nAlseethgpeiepiapan of gwagytangular surface area
13 cagﬁ;euflﬁ'iéag HRwe L/(gi:" e tsttnj?fceaﬁgzg L4 & £@N p%ﬁulcehﬁ’ée%nnoqshatvge[o be a

est case, rec angu
rectangular area. The apelture s shape can be, for instance, an ellipse or an irregular shape.

In any case, the optimal surface area 13 of the aperture should be as small as possible to
minimize computational efforts and large enough to capture all apices and be sufficient for

constructive interference for those apices to work. The same applies to the spacing or
5



surface area 13 surrounding the mdpoint 17 of the

source-receiver trace 10 for the specific source

| ocation 11 and specific receiver |ocation 12. The

rectangul ar surface area 13 can be paraneterized by
distanambétwled:mhnkﬁgmhowtimlﬁ and a crossline dinension 19

[0023]; . JE eI 2o 20 HIGH), EREreiS B L PERPS copdbution gather 20
is shéﬁﬁt anelyl fethdl fTAC e liSRntids Erﬁ?lo § .4 a([lg Qﬁéteﬂhﬁl‘gﬁ}fﬁrmethod on

the surface area 13 of the apertuie does not have t
(overlbgping) pextangf] the tnem. inThiee apenityrog’ ﬂnesbxamdaxqanﬁoxb&;e multiple

Jor instance, an eII| an irre ape. n
contriton GEAE Mo Shetind SiFTdserars B Brine ABodiesadaed along
eventsS ReBsdirB&s adve SoId tABe PRSHIVE] Biat &, tHE BUEtE Shemselves are pointing

conput ati onal efforts and Iarge enough to capture al
UPwarépIn@@IynaW@és su frlier eme, mﬁrlnwcanhsﬂnqnubt icorsesponding apices 24 will

lie 1n51d1 tﬁ %rlt{‘:f‘;gg %ﬂntn ttlcpnoS gh r agﬁli Ee%glp&ég ATS ??%%S‘ée then the

corresb@ﬂ‘diﬁg apizesl 29 \ilﬂQiZﬁ(])utBGé lﬂlﬁcﬂtﬂﬂl@l;ﬂ@ chhtbutdon gathér26 b the initial
aperture 25 for the multiple contribution gather 20

apertupe 25 ol DrHECTYEICH GUPTST thoprepartsefnthic duadgsy Gy gererate an extended
spenfl 26 SHEFUEA TR0 Ay LR, i O2EI 208 Blrmina

dynamivdltyi. pltess, sheeting etdppropgiateapertdf® dren g@rtermide fally or partlally data
ext ended ap rture é6 [f the dips 27 calcul ated al on

drivergy o NREITE: P & pRaloinifal FRFEHEF (- e pBindrsye cotlabe extended

automiafical fy'Basel 8RSt %ﬁﬁk%@ﬁle@aﬁu&%wlgy upwar d,
nmeaning towards an earlier tine i nwar d, then the
[0024]or ras poﬂdxmgplapam asiti2gl mensure of idip icnsliddee tHeeemetgyf lqﬁtl ever after
applylﬁg glt (ilpslﬁ er. OM%e ts&éhlstbcgﬁdletfgﬁ%ﬂgﬁs %8{1@341 al e t&‘s acgounf éhe relative
amplifidE Stile, Adtesiope bf Heedip®NtThk hHéds@res %ﬁl'ﬂe'ﬂie r%gd@ﬂ@petntl@nt on water
initial aperture 25 should be increased al ong those
bottomp glepth. #$ lacakohelabal aiaiation gremereag@em&iye»bsemdbdr a priori knowledge

r.fu Thi thod i nvention a
of ecfBREN LA Biny ¥ JE' OBRa skt Bplal 1BEh I rdh e iy Bur related
measuTMoulﬁ&ieeﬁ&atm witheorfi @iehisile FP@idréle6mplh@tedCaAp&Eareas, like
made fully or partially data driven. Starting with a

for insigege) am oflipticH R p¥A talifoe tysnumipes of aRsradey cedd bg ade dependent on
the cuf heRdethe gpgagyta%gé ﬁée doag gth%oﬁf? ymeasure of the

cal cul ate exanple; an initia
[0025feasHIGS. 08—6li showo dlodh chartd Rustragng) yerhiefdimemer ofatliecinvention for
[ Mor e sophi stj cated neasures

appl yi n dip fi
dynanglf gp %ﬁﬁfgs%t%ﬁ@tuomfgr aaupiiRle eantribusion: gather. JiGri3 iy flowchart
1llustr5t'1r? gé}fé‘f’lal%lnﬁﬂﬁlrﬁént bolp %edlhf?éltloﬁh EFI@;E ASWLGR ocg\l&?’rﬁtmg a more

ependent on water bottom depth,
detaileg @‘mlaidlmanu Htthomventiomp rlI Gfe 3e6 atd ﬂromcﬂmsts \ﬁatheo illwtrating elements

pri o n g ogi cal conplexity. For the
Ofﬂwfvﬁ?gg?a?&??gﬂ%UPJaE§%§_4ure area general iy four
[0026]el atieyl 3 DR FRIW St WRIskEtiBLarr 68BEBhentd ithe RREnRH ﬁ@&ﬁnsformmg
side. For nore conplicated shaped areas, |ike

seismicriptaainée neine-alt¢rugted glata, @Slng\ﬂahamme@eﬂuwedqtﬂnmwmoffor a multiple
conmgl?tﬁ)%uéa?l?erp qqubQOck?(ejd;r%gp% g R&BS aeltrcl}l £8a series of sets of adjacent multiple

contribution traces, from seismic data representative of subsurface formations, in the vicinity
of a boundary of an aperture of a multiple contribution gather. The seismic energy is
acquired by deploying a plurality of seismic sensors proximate an area of the earth’s

subsurface to be evaluated, the seismic sensors generating at least one of an electrical and
6



the curvature of the boundary and be spread al ong the

boundary. [0025] FIGS. 3-6 show flowcharts

illustrating enbodi ments of the invention for dynamc

aperture determnation for a nultiple contribution
opticaDsizhatlin réspbnse3oi seismié bwasgnantt blackldls theattdungarg (ﬁ&h@a@rture of a

multlg‘f;‘?%g%&’gﬂ{nn%h&& S e abhendeon Bassd drihe dips ShRaTated in block 30.
At blél){lﬁv qh! 'nﬁﬁn%lgl éﬁtﬂlﬁltl@naﬁﬁ:egl AWERALfuSifi& ol bution gather with the

ustrati el ement s the 1 nvention as descri bed
extended apbiBie h%uﬁdarﬁf @26 ploek Gl aBe stscla:dftb @eotratetpredicted multiple traces.

tra n. enbodi. t of t
Blockt i@t ripsieh L Ehee TSRO AL Pk e g isied multpl
traces Y1 Blodl BARHCoBREELY FBnD@E RERINNAYd b fderate Siack Pifted multiple
contribution gather. At bl ock 30, dips are calcul ated

attenufited datageefubforomagiag shegubtetjanesmrformatiansp| e

[0027gf ngl{}é AH ggaetfio& ﬁg\‘tt ilﬁgtlnaltfcﬁgl %rggéﬁ?/rdatﬁ 1ren%1r1tes?rﬁ1e 1nvent1on for
dynanfi® Usistaduye Qfetcmimipion t fre multiple NedntrdiltR_nC @ﬁlhéﬂsb UtTl&ﬂ embodiment
gather. The seismic energy is acquired by depl oyi nﬁ
lllustr@ne@ imFIGy4 egmprises ginore dptatied descaRiiomthan i earhodipentalstrated in
FIG garth S subsurface to be evaluated, the seismc
"Sensors generating at |east one of an electrical and
[002& opMi datk 40, gnmlltiple caspbutim gathes as sasrisu'uetaé;r Ghe cénstruction of a
| ock 31, the boundary of the ape rt muj ti
multlrée RemtriBenosRibeA dhdescried i smgre deteflyp g% disgrsion "5 "b‘ﬂ“ regard to
h ﬂc}‘ﬂfﬁ Lpgr€akcul ated in block 30. At block 32,
the al|qpecontrlbutlontraces|nthe mul tiple
[0029]ont Al blotk di, gatihitial wpdriure e selected fiateitic apetipler eontribution gather

SRS PG S ECRESAge L i ot o ot
appropMAtt | 18 €hd 'hﬂﬁﬁ‘ﬁle' OdntdtisR! S Esthablodt 40! 0TKe IBapes @mmonly

predicted multiple traces fromblock 32 are
mcluds:ubmtraa@netdlmrt@dﬂot restangles,liipsgatandtigegpdarcshapas. duohaembodiment,

the cl?%e!éeatgg%flgl}flll Ll e raet SaNHRL %ﬁle qﬁag?‘lﬁg frgfr(%ﬁ) rprévqglgsl 'Yetermined

YIS 50t 1P6Re T
multiplk @¥&HBhior gdﬂl}@ﬁ [ hdtgu@not her enbodi ment of the
i nvention for ynam c aperture determ nation for

[00304y| thnpﬂn@ﬂ@bﬁmbwbmepb thegdoirerof anTHEalapsediefen trace can be made to
|
vary %:feis @?}%{1@% S{Jtr n aﬁq ezftggpgﬂr%rth%tﬁi?clﬁfigqg t? rngffngﬁtlec? go ffé‘et meaning

the d13tan{:d)6él81]eeﬁ\thd)i;cﬁﬁé’c #Q regeival toqrimaes i rai thacde] erimyet, he¢aning the
is constructed._ The construction of

mul tjple
angle DEYEN BT QbR SqUECC LI FoRrBHes ek & predppesgeference
dlrectid?l tAH@ 11‘Hirx%cah’1§lsér9§§h% %?fsét?gtﬁégnﬁé)thet (rf?sef hRwREar 5101'1@ the reference

[ 0029] At block 41, an Tnitial aperture i's
d1rectmml emdtpecpehdrcukah o tho r¢fershee divgrtion raspeonvaat her

00505, ShTBREE h 5eds V4  FET TS s
blockféﬁr A Raxiid %rﬁlrg O bd Bitric@BastAl ditthe R ih @6locHt. the length of

he shapes comonly
the source receiver trace that the multiple prediction is done for, and the offset (distance

between source and receiver) of that source-receiver trace.

[0032] At block 43, a maximum aperture extension is selected depending upon the initial
aperture selected in block 41 and the maximum aperture selected in block 42. The maximum
aperture extension can vary along the boundary, in particular when the initial boundary of the

aperture of multiple contribution gather has an irregular shape or changes to an irregular
7



include, but are not limted to, rectangles, ellipses,
and irregul ar shapes. In one enbodi nent, the choice
of an initial aperture can take the final aperture
frompreviously determined nultiple contribution
shape da¢ tver previously applm«ﬂrﬂxter{sﬁﬁ%n}ngl anlppat hethe én‘mmthiryre nt,
[0033 hgé&: ?@aglgrg?c%n gg bélnllf t(,flﬂ (a;{x? g el%%) %q%&{fg r11?,0 wdip gbut %%‘p 11m1ted to, the
tempo?éltlééa*ﬁ'dﬁ% tHehAbasti@l tide,; arPplitud®hind AdPid 88theAipOhh® Ble amplitude,
meani ng the di stance between the source andprecelyer
energy onpidiien elcmsedoq‘athtfrm ¢he mwitinie hqntn’eatmmgathetrsn therglomity of (and

. be en a lin hrou h the sourc nd r er . .

includghi WGF hofindarln (it Bt Gachd b BncansEaf B8 regsion g viable

updatdsrifitR€ aphrs 1 IihSa?lthé? eRbbaiient, thE aidaBetelch® aRb be@iken into account
di stances al ong the reference direction and

in the ghoipeabindial apertuge fordutues mplipiecaninitaion gathers
[0034|f| es pﬁ C%iocﬁl 4* {hgo ufd 1? ?%mé}gl?l gxt%&p %p?écﬁ.li‘gl\?e aperture
- ure selecte

cted 'nT £ a aper
extensﬁxbmrsl«ieédnbeé Heshw rmmo&p@ertmu irethe alischssisle with @elgdpd s theffowchart in
t he maxi numvelocity, the Iength of the
FIG. §our ce- recelver trace that the nultiple prediction is

[0035? one f ﬂ%ck Q 1t tlp QetRfhined if gl'eséuﬁ%ﬁleapepl%}é’\%e&fﬁa tC e[f and current

ecei ver) hat source-receiver trace. [0032
apertulod mc:kotébﬁfﬁcaenmlhlemmhn mz»ecdsmoatlmds&nsbﬂmk 4(s I;fethe(ctmfeht aperture is
dependi upon the init perture selected in block
sufficigal, S PRBORER © %%5&9%‘8%4‘2,‘@ ected in block 42. The
[0036]HX'Sﬂbeleﬁ’1P§ﬁéri=ﬁ'i@ g€ NBAO R GAMUPR' YefRLOAS bRSent in the source-
boundary, in particular when the initial boundary of

receivehdracader the euxl)tﬁplﬁmontrphuelon cgathrer bahrpuhinbg alrmlyh assmmned by the

cstimaf SR w3css kot ESHRRE st ke Pln ap BiPsiBieg bifs Hippe sed in
the coftridien @ uﬁdﬂﬁmple[&%iﬂuuén BRASHNDI 6 Y (Ohol 1 dohe@;sbrfdh@ all these

basis of factors including, but not limted to,
multiple seflackipny. oachi wrfaphreflsetionepeint bes 2 P%@pom iap%@ taﬁ dnultiple

conmgﬁ]t%n agltnert I}S’l %JC?%S t}% a{lgqp%qg}l CE)H‘Q ond qB %}/e I%{ lﬁl{llr%etrme of a

val ue romt ecotrl tlon

spatlallijl viRéng/sittace whefdby (thetimeb BE {hd:d;uft@ée ﬁlhfbakrowhdﬁﬁl)bvm'émv\&y from
' asure can be used tQ constrain the recursion to
the aRﬁxablhé anugéra%aésveo?m?%ma@teﬁb%ﬁ@?enswnaﬂaeh%qulg be replaced by the
dimerSI9AQAl gpnt this measure can al so be taken into

accou in the choice of initial aperture for future
[0037ul tAqirllﬂomﬂlyt thiehapieitore igatffediant (W0@84jreshbl thddikg érkstpreperly for

apert cursivel extepnded, This . recursive
those apjces: rssneﬁ%fl R 15{he stagidug p g@éatoo%trtaml ghensieadldapgise ratios of

a parﬁd’hla{rhl%ﬂg":tﬁﬁlue%v?éni) NwMirbbly HRIBHEuiOof B4a frb BACHANd 1D related to the
. [0035] At block 45, it is determned if the

portloauwfr thqt caarespangiineg r@lesmrfﬁrmn ewhich |refledied engrgervan reach a detector
oG oo YL el PLOCES2, oL nues
[0038]henAt bR cR4EL geSm Sahuh BfStk® elbfsidn dolected in block 43 is decreased
depending upon the amount of aperture extension applied in block 44.

[0039] At block 47, it is determined if more multiple contribution gathers remain to have
an aperture determined. If more multiple contribution gathers remain, then the process
returns to block 40 to select another multiple contribution gather. If no more multiple
contribution gathers need to be examined, then the process ends.

[0040] FIG. 5 is a flowchart illustrating an element of the invention, regarding
&



[0036] Sufficient aperture neans that all nultiple

reflections present in the source- receiver trace for

the nultiple contribution gather should be properly

estimated by the estimated nultiple trace. Hence, the
constrctidnoctea meftipk‘cctdrmﬂbtpimhrgaﬁleco]ﬂa@eﬁilhgstrhﬂaﬁnﬂpe]retdﬂael this @drtion of

. In . the con ct.i nmul ti ple contribution
the inyentign :AI%CHSSB gt O%QQ Hgiﬂé c8P&spond to all these
[0041']‘-II tAPLIBcK 50, laQBhicR MseatibR S SeRif1ace reflection point
has a corresponding apex in the multiple contribution
[00425 at h@tr blogln Sapexedesvet hevaspmis sdledtat aThorowor feestpamfiomgblock 50

tially varying surface
and ﬂ\fﬁ%‘feé‘f?y Wf‘?ﬁh"‘t H]ﬂ@sbqg‘fk %ln@efgﬁ ﬁ%ﬁ%‘r?%fﬁ"%‘é{ée %ﬁen novi ng
[004:2\/\BYA€EIQJER 53 helifgX lodaflo i ldcRiiN atHoMmkapdRALAE borrdshéhds to a
i mension tinme could be replaced by the dinension
potentd@ purfacq odRTondeint b the llny tlpﬂdSeasmatch mathi the sofire-técetvier trace.
The ki a%r:é lgcga S?lsg lg’l%ﬁng(:kltﬂg ; a?he Xt a f 01réh r hrgrzciee to tlae discussion

of thedhin&:hﬁlrt i BIGr4,sind ﬁpﬂ)ropﬁatﬁ @p:&ﬁlgr Bdtiveén mfe linRagedbédtioHs. ar
reflection event wher eby the anount of data to be
[0044dt ackeblock 33ejaafiEsy trage tif, &clegted tiagm aypilabhe traces that have a source

locati&if EHa??sOQ%Q{aaﬂgaHfE&ﬁ&h&{t WP 'EHe"\ﬁbhﬁ% ?zitlo%cste QteﬁrEﬁrbggck 50 and a

can reac etect or I n one- mave
receiveh dodatios tsubﬂﬁﬂtmd:ltyetr:blmdae‘ngwul{ GR38hkAte Peaida élfﬁectédlﬁl block 52.
ma erture extension selected in block 43 is |
Ths, % sk Bac ‘Sd’e‘BSWBFr LPRIRMPR EOURE §RPeOfoT Hifetoufiedocation selected
in blofXs@nsi on applied in block 44. [0039] At block 47, it
is determined if nore multiple contribution gathers
[0043]eneAnblock Hh\acsecaml tagperis salectetbfremthnadhilable trapesthat have a source

ocaiEht LSRR SHICES REEk Bl R A965582 an o
receiveP [Hcﬁﬂlck}m}ia@ﬁ; aitiaghially EoilQdem r\ﬁtmletrb&llﬁzr 16QBbF IsPldte® B block
athers need to be exam ned, then the process ends.

S1. Tg@fi)lﬂ@ﬁ serpng trapejis a membsiofacommonuetei ver igadenfor dieaweriver location
vention, regarding 8 construction of a
Sele(:tgé khg‘fkegllcont ri buti on gather. FIG 5 illustrates in

[0046]'Dr €T ldaemi:leivef ReofddatdsODf @ife fikdiErdddViantteOtbrilins6 USERE gdther are
bl ock 40 of FIG 4, above. [0041! At bl ock 50, a source
substangjalhy jcgicidsnt ayithc thegsourgoagrding emczfcuhe sspconsl fragseiny de common

recelvlgp %chlero nSL nce %8151%9 taﬁ&‘ é&\fer %(%ﬁ'ﬁ? s In ﬁﬁ@&ldl%a] gf{a d;ﬂ}: k&%ﬂ%{ﬁh%remsely

& recerver focation
coinciglenty mtemragdm nesesdarygce. anold4 mbddindmcto begulatizt ithkdara sets to a
.rltagcatl on is sel ect ed. . The | i_nkage | ocatj on_corresponds
nomzi

egomifpy anthad this gomeideneepf sQIFQ AN Bt epocatien is achieved. In
anothéF-@rﬁBd?lluﬁ&taﬁl%orﬁhﬁl Rd apd tHen nﬂ?@dlét@él’ F5the %‘f'l?in\éﬁ %e&ﬁ@tﬁewhlle using

e |1 nkage Iocatlons depend on the aperture
theregtdmlszelduiatae&¢tsm th reference to the di scussion of t he

[0047f] hlﬁ g]’l th 5}@'{3@3 %%magl% 19@5' aEl he’ e%(():l’il({] gac%egrc\),\g %Tock 54 are
convolved with each other. This convolution can be done in a time domain or, alternatively,
the convolution can be performed as a multiplication in a frequency domain. The trace
resulting from the convolution is a multiple contribution trace. The set of all multiple
contribution traces generated here forms the multiple contribution gather.

[0048] At block 56, it is determined if any other pairs of first and second traces remain.to
be convolved. If more pairs of first and second traces remain, then the process returns to

block 52 to select another pair. If no other pairs of first and second traces remain, then the
9



[0044] At block 53, a first trace is selected from

avai |l able traces that have a source location that is

substantially coincident with the source | ocation

sel ected in block 50 and a receiver |ocation
processghds anti al |y coincident with the |inkage |ocation

[0049ir: Ingﬁhe gfii D LK sﬁl&g@gggfj S%Ff?he [ FﬁltéJegg{e}? :_.}'Egaardmg recursive
apertut PSRLsR. FUE E @lstrdtds 19|rﬁ’&'lé defdil tBQQéI%l)n Rk 1Rl i96dntef diRussed in

second trace is selected fromthe avail able traces
block #haf FHavk abosource | ocati on that is substantially

0|nC| n th the.li,nkage I t|o ected | bl ock .
100505 2B et st ST BB PO GREBBTE e fph & uliple
conmmidﬂcga@tﬁa@taravsél&tédtﬁl heGEEMRY of QGRLh@Hy 9€laf Ghbeture df the multiple

bl ock” 51. Thus, the second trace is a nenber of a
contribwionp gathete ei Hew ganpetradesrare heelactasein dhe |sstsaof cdjacent multiple
contrig'tgotn S?desl 1@ (?%tgr(l:nlgnedl b [‘%0“‘} 6rl'1ar;r h%raceescg géed%??qg) dcl:ali]cetlltlaqg reliable

0 rst trace € CcOo n sou gather are

estimabesrst @ipl asolilybecdunedn BRick 6Mbelowt. he so ur ce coordi nates
of the second trace in the common _receiver gather.
[00513; nda apsuprAmRln GTRodEmensy theosat Plopdiagent rr@étspls egpnirugion traces

compﬁgeg tw& Liﬁgcggng tr}]gﬂ:tllopﬁg dntrib@i LRt In dnot 18 g&l%ﬁ&lﬁ{ﬁ%t the set

anot odinment, to regularizet a sets
of adJacenmmnlnplle @eaiteitioy teeed kamptibissa smuﬁmedeﬁmr@fthamotwoc adjacent
nd re eiver locatjon is achieved. In not her
multlg"il a

HED tages muine Ve @othsTeckamle [SbOAtRRG fhsr sqtnef adjacent
multig?é lcgdtﬂ?ll.ltl(gle Ak Q:Mrlng{éliésea HSLI9f adif&ent RAMIAL 'cgﬁﬁbgl%rﬁtraces For

sets 55, the first trace fromb
instan&g thetlock eosléwndnrisc dve2§ ndjavdnit ouﬂ(tlpjd camtelbutc@mr@utee eml a 5 inline

he ti be d
by S Qoling Bk AT Brcesa S REBPY B J1e MPRRCBIR B TErb A0 baResFicted by
these BRAMNEN BB SofPad PatJeﬁﬂ RLItHES ddribuitiod a8 BaNEYapPREMBIdto any such
The trace resu ng fromthe convolution is a

set of ﬁdalla@qnpn@llmdﬁwntnbwchpace The set of all nultiple
[005ﬁ0m1&t k 81 a tc[la(l:segalg.ﬁ%&igﬁr%%? seblo? ag]%%egll? %ltlplg%l)ﬁtngut?on traces

ontrl \aRen! ga hef

selectétEIrﬁBlm:k’IGGi The dij¥ integatvei das befuséd foSIEalar\dheie&m’uinces are in the
traces remain to be convolved. If nore pairs of fir

gathera Jipde s sippebstveesn tepariacent maHtiply @ovﬂéeté@strt@ﬁ it the g@@er of the
same ?tl:lgxﬁh: e'if% t oTgé€ hlg)cits RORERE s Qiallaltlo tefwddfl o ﬁllﬁg lifRaER £d a space

st an second traces renmaln, thent process
dlfferﬁmd3an2[16)gm@]to Rt@x).6 Althoagh Iaod\'nppmlgtewehﬂ lssgemataillygnmt to be non-

el he inventiaqn egardi ng recursive

ho“”ﬁﬁg Q?QQ 8W§V5H““F¥@¥ %{lllustrates in nore detai

[0055r1he Rﬁ’raﬁérﬁﬂfe Qf tﬁé"ﬁlultﬂ)\f@ @Mtﬁﬁuﬁgrﬁ%}fﬁéqgaﬂ i tocb Lrﬁ&lh( cAfbOletected
4, above. [0050] At bl ock a set of adjacent

and enlargddphwometitalliybby ieamimeg ¢se drpsnatathm auingary Of the gather. The

detection and enlargement can be done recursively, whereby the last aperture used initializes

the process of detection and enlargement for determining a new aperture. If there are

negative dips in the vicinity of a certain part of the boundary of the multiple contribution

gather, then that part of the boundary should be extended, as there are apices outside the

gather.

[0054] At block 62, it is determined if the dip calculated in block 61 is negative.

Negative dip means that the slope of an event which from the outside to the inside of a

multiple contribution gather also increases in time or depth. This implies that the apex of that
10



contribution gather are selected in the vicinity of a
boundary of an aperture of the nultiple contribution
gather. How many traces are selected in the sets of
adj acent nmultiple contribution traces is determ ned

event tiys hmis\irderﬂrwgathac:estha rapexnedtaigvalys be kboateklaalt en eaflieatiine. If the dip

for dip, bl.ock ,61 hel ow.
s gy Jen e BiRGe s RN ShBISEK BRI SxiehE tedtoufary f Recerre.
the dlﬁf}HrIolt Héé‘aﬁ@@ Rhéd i%tp'r&!%s§ EbiBSes t6 BMRKIesES two adj acent
i ple contribution traces. In another exanple
[0055drrbo‘?siu block 631 e agwunt of bawtjdae axtension ipHetenwined.i Alei ammount of

trac C ses sequence of m)r t han two ace
extensiff £F e SRBIHBRY B6EPS ARG CE" eyt |AEnES * dUpract actors
includedl) agtit R Uimitddetos @émpdraficat &) twatBl ibptR| Bsseiéd Wtk thRNsource-

traces conprises a bl ock of adJ acent nmultiple
receivgbiigge; M largestidip detscteday the ivipinisinefethe bewndetyock coul d
[OOSéljgngA%tﬁ:g%l{ ?‘ﬁ él%e %P%gtjg%gfs %%ts !:& 1nq}1§ ch?m#y #%Hé se? %%acen% multiple
contrib®idoglaces sélbed fivblotk 60 nySth@ Qﬁloﬁﬁt&fﬂbcﬁlﬁdzbﬁ e&&i‘ablbh @eRBmined in

t hese exanpl es of sets of adjacent nultiple
blOCkéént ribution traces, but is applicable to any such
et ent. ; s

[00572t 1911; %1?9%?§ 12 1%:2%46%23%(2 |I§U a{rfgg@%étg B %gjag%? %41981§2J0nmbut10n
tracesa'ehjname Af nrowé tetp béadjecent iultiple poitribotsm tr&tels eahaid, then the process

bl o 6 ther ca sed to | earn
retum gL pISck R o a R e OB T HEPE BRI IRGOR HacsiB B vicinity
of thebﬁ&iﬂﬁﬁﬂf SF’\@leaéi“eﬁﬁl%m MY Hlopd Gets YFtadideut Iﬁﬁltﬁ)[@@(ﬁﬁnbﬁlon traces

t he gat'her of sane seismc event. The dip is
remalmhgume@rmssamdatl 0 between a time difference and a
[OOSBQPaBISn f%rﬁ%t?‘fnecgrél pdmen aI OP 1pie C(Hﬁnhlbt}f) h'(c)rgcges t%at would be

addedn@r thé%ﬁl%'ple BoABHZAN ﬁhereét‘f@éfrt e)dt&lsﬂ)@lt ofeitfe! biRdaryl 8833 cked to
An aperture of the multiple contribution gather that

generjtg g @mmnltr@an Baisdeqresstien tragacrarthelr gedapplied to the predlcted
multllﬁgt gaRd Id%? egy bae/)e(?cg]:él?ﬂ nzgmgﬂgt 1F 0 6i‘-'tresnlt’all([9 sl?ackl 2 %16 multiple

at Ner. rgenent can s one

contribetgair tSacveinythe M’l&ﬂi}ﬂbyoﬁthbuﬂl(ﬂsgatm ®efon¢ extexisish of the boundary.
initializes the process of detection and enl awgement
u

[0059rlor laetnothar neralpdimarty th deyhtple methade SRME ecoulde jatrenlaced by
t [ f r

Interbgéj q\?ﬁlglﬂlneuﬁﬁrlnmaglbg o@%ﬁr ?bnvtﬁllcgﬁnre?éé Qrﬂ’ctxt fSlOElhtE a}?‘%’l@{j?ﬂté{rbed or

interneff mhh@léaowﬂ\dmby astnipidt ebf bﬁc@(mﬂldﬁdcomhﬂi@ﬁs ereauised as part of the

pi ces outside the gather. [0054] At block 62, it is

methofet ermined i f the di p calculated in block 61 is

[OOGU]egaFHeVﬁwenthﬁlgﬁés' ¥&nddiBcu¥BaNshdveals § tﬁ‘?etl%ddof?@r ﬂfus@ﬁhve purposes
event which fromthe outside to the insidé of

only, but ¢4anpdleo bommnplementedrasgasiseam.allhe svncmecefstbs mwntlom preferably
1mp1emegt§|a ol@{?r';%gé | I o, %?t 1%§g?ﬁﬁﬁééigggtqﬁw Gommpyfers, 0 ;ég% with other
convenf6@] @Qta%oc%ﬁ‘slﬁg?‘éddlﬁrheﬁt! Rich Hta pR&eesiiml equipment, well known in the
art, will 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 (electrical, optical, wireless, or otherwise), and peripherals

(input and output devices such as keyboards, pointing devices, and scanners; display devices
11



IS negative, then the process continues to block 63 to
extend the boundary of the aperture. If the dipis
not negative, then the process continues to bl ock 65.
[ 0055] At bl ock 63, an anmpunt of boundary extension is
such ad etomitaisrend. prifibees; aooipoter ofadaldk smageanedid sudheas bapes,dhisks, and hard
aﬁerture .can be made to vary as a function of

. of th
dnvesf%&dtadlly§ STRBPRAFAG CIBBMEABt |imited to, tenporal
[0061] OCah | SdcheredEhodGRAD (RS IR&nAbE Lomd Bet 1|ﬁ?ple°rﬁéﬁt§(? as the method
fecei ver trace, and [argest dip detected In
describgdc pppvey smc1ﬁ¢aélybmn@ﬂapyt u$l@@56}]>rogtanbnddk oempmehéo perform the

ptur |setene|nt

methof T hfsfer SRRl aN g iehlich {5 Br infeBinebibd af gigofguter program

storedhhca:korﬁ&xtbyrdamlammm Ofvith Ghen nf—‘)hbﬂﬂgll@glc operable to cause a
determned in block 63. [0057 bl ock 65, i s

prograganegicasguicr te pyriemt shosmethods ea@}lﬁdeabpvemlln |appféer embodiment,

the mQ/QIFtiorn Pbﬁlholpe 11&1%1%&%1?&&6&@ COnllgutgFD f&a Esmgiulﬁdbvﬁﬁeytcomputer
mu | e contri I on traces renaln, en € process

progrernetsttrrlds dro thd eddidib), fwchs taeahe epm@grbmr haelogié opejablerd cause a

mul ti ple contribution traces in the V|C|n|ty of the

progr%uﬁaafc?mawef foereaioapiths wethpd dageribed abayst s of adj acent

|t t :
[0062] 1 1t RAGUETM frdokld Rl 365 BrecE G 1E mdrl5 WRGIIRY QE&ADtion of
specifitu bmbpdlimemsn bf ithistineentionaareks that atunvavorksd changes dotedifications, and

the nulti ution t her, after extens f
shtemitiies (b s el s B Bocliich e be Girle Mhd ot pib dhtisclosure here
w1thoﬁtrd’éf>§rt1 ghﬂrém GRE E&ﬁk'o‘? Fhd FRERHGANTRY kac@cﬁn%%@idri%ﬁoﬁ,%erefore, is

he predicted multiple trace determ ned
not mavmtuﬂﬂirmt ithey sqoph rod iy irFeatiore | R@ﬂ@cknhng}‘ondnef thg| inygitien 1s to be

ributipn traces.i.n the multi ontribution
aetersf3 bt B wrcBi&R b B BBty [ oosol i n
anot her enbodi nent, the demultiple method SRME coul d
be replaced by Interbed Miultiple Elimnation (IM)
which refers to an extension to predict interbed or
internal multiples, whereby a triplet of traces and
two convol utions are used as part of the nethod.
[ 0060] The invention has been di scussed above as a
met hod, for illustrative purposes only, but can al so
be inplenmented as a system The system of the
invention is preferably inplenmented by neans of
conmputers, in particular digital conmputers, along with
ot her conventional data processing equi pnent. Such
data processing equi pnent, well known in the art,
will conprise any appropriate conbinati on or network
of conputer processing equipnent, including, but not
be limted to, hardware (processors, tenporary and
per manent storage devices, and any other appropriate
comput er processing equi pnent), software (operating
systens, application prograns, mathematics program
libraries, and any ot her



[C1]

[C2]

[C3]

appropriate software), connections (electrical,
optical, wireless, or otherwi se), and peripherals

(i nput and out put devices such as keyboards, pointing
devi ces, and scanners; display devices 11 such as
nmonitors and printers; cOippdMS readabl e storage nedia
such as tapes, disks, and hard drives, and any ot her
appropriate equi prent). [0061] In another enbodi nent,
the dayention could be inplemented as the nethod
descri bed above, specifically carried out using a
progranmabl e conputer to performthe nethod. In

anot her odinent, the.invention could i npl ement ed.

RIE R e R L s R A

NBidiidihg Wdltiplt RRACEY ROJemMib AtaNGpletditfiveRITsaBdRfak® formations by

cause a programmmabl e conputer ?o performthe nethod

descri hedoldpyving: | n anot her enbodi nent, the invention

coul d [l epent : [ |8, redi .

w th 2 RO 6 3808 GETREbE o ae ARl Tl SltByuion wraces,

that the pr@gmadEishas dhagicquitqieaddptoting & plsslitd of seismic sensors

progranmabl e conputer to performthe nethod described = |

above. [ 006PIoxjmatedpared ob éhe srgdrsstubeiiface g be pealuated, the seismic

preceding i HeAiflE LR 1480 oHE D fah Rlid o ical signal i

specific errg%lglarrsfee%t gﬁgﬁgt F]li sa1 ?ﬁveﬁt iao%tl%%]cat r?g(tl optical signal in

nuner ous cheaspase torsdsthiceatigyns, thanctinigy dferbvahdagof o aperture

t he discloseg enﬁ%ginent can he made in accordance

with the di SttBSitt ?ﬂ@FE‘HWW: > departing fromthe

scope RlcuishRly SuERihOfhe bbiEddY SE8LIPEHAeSE Eﬁeﬁﬁhltﬂgle contribution
e

therefore, is not neant to |limt the scope of

i nvention. Bathérebaset oe theoyberlaed tlips; dandvention is to be
determ ned only. t he,appended .cl ai ns.and their.. :
equi vararies TiRE spREIN BPGe iR PO bl songhutey eather with
transf or m negheS&itsited afarhde IVOLAIARY itS Berdrhie Pidlifed @afid@ple traces;
conpr|5|ng:emfred|ct|ng multiple traces in seismc
data repres ative of subsurface formations by the
f %h)ltr%wnﬁlgg the" r!egil%le%t ﬁlﬂ?llpijelbgécefs q{'(%rﬁ e 5diii O(Iatas % er?efrate surface-
adj acent® nul tipl'e contribution traces, rom sefsm c

dat a agdjated aailtiple degpuand dgtaduspfull forlinbying theS®ibsurtate formations.
sensors proxinmate an area of the earth's subsurface
to be evaluated, the seismc sensors generating at

| PRSI o1 Lt botbrghgl Optical signal in

response to seishic energy, In the vicinity of a
boarsdactngd maitiphpeortaibwiongfatter;mul t i pl e contri buti on

at he

selectlrn;g an initial aperture for the multiple contribution gather;

selecting a maximum aperture for the initial aperture;

selecting a maximum aperture extension for the initial aperture and the maximum
aperture;

recursively extending the aperture; and

decreasing the maximum aperture extension based on the extension of the aperture.

The method of claim 2, wherein the constructing a multiple contribution gather

comprises:

selecting a source location,;

selecting a receiver location;
13



[C4]

[C5]

[Cé]

recursively extendi ng the boundary of the aperture of
the nultiple contribution gather, based on the
cal cul ated di ps; and stacking rmultiple contribution
traces in the nmultiple contribution gather with the
emﬂeﬂdgdsapﬁﬂhmng:h&wmﬁmry to generate predi ct ed

multiple tr and subtra tln pre )
ntﬂpﬁ?tﬁwgéh? folloadhg o et inlags Lprbokin e g Ogéwfs?@tlecatwns

sur f acgsedibal Bt Hibd ith& @Juwne@atﬁﬂ ﬁﬁgenm@fwmcﬁ&&u with the
i mgi ng the subsurface formations. [C21 The method of
claim 1, fuselémted comped sllonglonccmlgt raucrieceigera logation plsebstantially

contri buti on .gat her an. initial aperture for

the mul tipl & 88‘%‘%‘%‘8} Ef&%%&‘fﬂ&z?a 1Ml ecting a nmaxi mum
apert Us@ediidly 4 fRohdittab@wiBPe S HES 1ocaBbE StbsRM a1 RSInBdBAt with
aperture extension for the initial aperture and the

nmaxi num ap#et linkage rleeatiosi and| § reseivendpeation rrabstpesiallyr epincident
and decr easj h ur e tensi on based on
t he ext ensi oﬁgé}% ?eng?ed i3 lﬁ%ggca%[o@? he met hod of

cl ai m 2onvohéngeithe t fut Ctﬂi&stwuﬁtﬂhlgseaoﬁdﬂttdca,l @enerating a multiple
contri buti on ather conprises: selecting a source

| ocati on; bytigngrace; @dej ver | ocation; 13 sel ecting
f OW.
g e L Rl o

| ocati ons: selecting a first trace with a source
at i oincident with the selected
sgﬁ gethog thcf gaﬂ" cxely theapssvoly etendine dinsseaie cQmpyises:

Cod18&%ing e berits tJT s"f:{%eot1 ASREE ThPGAE 1BRLRELE %éé@gﬁ(ﬁn the multiple
second trace with a source location substantially

coi nci denttibutianhgathenén thenkeigity bbe hvundaryasfdhaapartes vfthe multiple
| ocati on sgbst ant.i aI |y, coincident wth the sel ected
recei vEPIBY convol ving the first trace with

t Rpes@ROoNe fb[léﬁﬁmg ﬂﬁrhaaatsém&f adjfatht figple CORfbLRSH | 'txﬁébs in the
trace; and %eneratl ng the mJItl pl e contri bution gather

f rom t bRsiemel s¢tppeadienent mpliiploepninbuties traces:

calculating a dip for the set of adjacent multiple contribution traces; and
repeating the following for negative dips:

determining an amount of aperture boundary extension; and

extending the boundary in the vicinity of the set of adjacent multiple

contribution traces by the amount of boundary extension.

The method of claim 4, further comprising:

stacking multiple contribution traces added to the multiple contribution gather after
extension of the boundary, generating a correction trace; and

applying the correction trace to correct the predicted multiple trace determined for the

multiple contribution gather before extension of the boundary.

A method for dynamic aperture determination for a multiple contribution gather,

comprising:

using a programmable computer to perform the following:

calculating dips for a series of sets of adjacent multiple contribution traces in
14



[CT7]

[C4] The nethod of claim2, wherein the recursively
extendi ng the aperture conprises: selecting a series

of sets of adjacent nmultiple contribution traces from

the nmultiple contribution gather in the vicinity of a
boundary of thehecmjtgrdfur bowfdatshef aunldpephre ofcomiuliiiatdootribution
gather; and repeating the follow ng for each set of

adj acent nu5?$ b&%ontribution traces in the series

of set fcfsiv) SGEREng Mk boBh®re BNk aBii8Rf tHedh@Biple contribution
calculating a dip for the set” of adjacent nultlppe

cont ri but i opatherabassd oarhk calepsed dipg. t he fol | owi ng for
negati ve di ps: determ ning an anount of aperture

boundary extension; and extending the boundary in the

ViTRé Riethod T cldid 65 Blrttef c@lﬂbﬁtﬁg@.t mul tiple contribution
traces by the anmount of boundary extension. [C5] The

masing thegfrograminable, computdrde pederpt theifelipwisgacki ng

mul tiple contribution traces. added to the nultiple

cont r| BUETAA Tt RLlFs e HeRZE. o the boundary,

gener akéleging adanitielCdpettoret foathe mtipleappiripution tdiBer;
correction trace to correct the predicted nultiple

trace SEedingiafaeKipnygm ancaurear thegnisiabanstttrebut i on gat her

bef or .esééétﬁ‘mgsh %a)gfnuw ?#Jpx%i'g Aa: ¥nsi drCfdr enﬁfi@eﬁ daﬂe%re and the
dynam c aperture determnation for a multiple

cont ri but i omagahiempertwreyTpri Si ng: usi ng a programabl e
comput er ?erfor the follow ng: calculating dips

to
for a SEPrDelnextending the apgfure; mul tiple contribution
tracesdbfeashth tRCmYkifluth perfire xRAYRHBdedonMe extension of the
aperture of a nultiple contribution gather; an
recursi vel yapsttieedi ng t he boundary of the aperture of
the nmultiple contribution gather, based on the
cal cul ated dips. [C71 The nethod of claim®6, further

[C8] CTRPIth&th&@ of UshiRD 7t RehePdip Gha rBaBRhR 1AL M wiudtiple CoRBIHuBbM gather

the following: constructing a nultiple contribution

compysgsher; sel ecting an initial aperture for the multiple

¢ REbE iR R ome G S BTN, Sheriire
ext enskélectingra doneeeilodatival] aperture and the
selecting a receiver location;
selecting a set of linkage locations;
repeating the following for each linkage location in the set of linkage
locations:
selecting a first trace with a source location substantially coincident
with the selected source location and a receiver location
substantially coincident with the linkage location;
selecting a second trace with a source location substantially coincident
with the linkage location and a receiver location substantially
coincident with the selected receiver location; and
convolving the first trace with the second trace, generating a multiple
contribution trace; and
generating the multiple contribution gather from the multiple contribution

traces.
15



[CI]

[C10]

[C11]

maxi mum aperture; recursively extending the. aperture;
and decreasing the nmaxi num aperture extension based on
the extension of the aperture. [C81 The nethod of
cllaim 7, wherein the constructing a nultiple
contribution gat her conprises: using the programable
the foll ow ng | ecting a source

rt erfor
IE %{Weg‘ﬁ’ Og éf) ' Wgerginy 1he spcpeivel bE’&FPQeiﬂgt e%?%‘&?ucﬁﬁlpﬁses
Stlin@hheldrbk b RABHANS 1o paREA! iHBFollipLOl | owi ng or
each kage location in the set of [|inkage
| ocat | sniex:tmged, eaidsngf setf of siljacersceultipten cantsbutiopetraces from the
| ocati on subs tlal oi nci.dent .with the selected
sour ce T ocal LU anPEn KA o] bifingLaE Raffineny, of the
coi nci dent  Whdrihrd HEthe hUERHIE cbREBItiGH GatlRe] &t | Ng a
second trace with a source location substantially _
coi nci thpratinghe fiolidveng foricagle s¢tod atjaoent amatiple centeibugen traces in
| ocati on suRstanti dent he sel ected
receiver | ogjatsle esoailsﬁ% Ofaga n\tumr}lltllfl goﬁﬁng’ SO TAEE wi th
the second taladeting e igs adsﬂ thg sat Uﬂhdija@ne muleplt rdobtHbu€ion traces;
trace; and generating the nultiple contribution gather
fromthe nultipla<dontribution traces. 15 [C9] The
met hod of claj.m rively extendi ng
t he apertur gé?)conrﬁtlhéwg(gfo(%ﬂ%ﬁ%gle%ﬁgggﬁ%gr anmabl e
conmput er to perf detamhinmgfanl dnoamngt apee:hmjjdun@arg estensios; and
of sets of adjacent i pl e contrihution tr s from
the multiple coﬁ¥¢?%ugﬂ%¥L@%Fﬁ@fm QY%“WWG? FﬁebPFéhmmm
boundary of ‘the aper biyihI0toftREuibi fAddt &y GRLbEH LI Boundary
gather; and repeating the followng for eg
adj acent nul tipl e conextetien.on traces in the serles
of sets of adjacent nmultiple contribution traces:
calculating a dip for the set of adjacent nultiple

CORE bl iidl STR1dith 3 BSrther comprising:
using the programmable computer to perform the following:
stacking multiple contribution traces added to the multiple contribution gather
after extension of the boundary, generating a correction trace; and
applying the correction trace to correct the predicted multiple trace determined

for the multiple contribution gather before extension of the boundary.

A computer readable medium with a computer program stored thereon, the program

having logic operable to cause a programmable computer to perform steps comprising:

[C12]

calculating dips for a series of sets of adjacent multiple contribution traces in the
vicinity of a boundary of an aperture of a multiple contribution gather; and

recursively extending the boundary of the aperture of the multiple contribution gather,
based on the calculated dips.

The medium of claim 11, further comprising:
constructing a multiple contribution gather;
selecting an initial aperture for the multiple contribution gather;

selecting a maximum aperture for the initial aperture;
16



' and repeating the follow ng for negative dips:
determ ni ng an anount of aperture boundary extension;
and extending the boundary in the vicinity of the set
of- adjacent multiple contribution traces by the
assetting of narimatarapertevet @naisam. for ChOlinifibleaperutodndthe maximum
claim9, further conprising: using the programuabl e
conmput BPT¥&perf orm t he fol | owi ng: stacking multiple
c [ j . o the nmultiple contribution
gg?hébgﬂé?ggrﬁggﬁg%g?g%@%¥hthe boundary, generating a
Cc dedremstrigthe trraameym apettura pyteysiomgbdskeéd on thier extdnsmm dfitixcgperture.
to correct the predicted multiple trace deterni ned for
the nultiple contribution gather before extension of
[C13]t TRe RURGRT O claibfC32] wheeRITRIY S5nsirBAHALA SndTBEleUBnWiButiod gather
conputer program stored thereon, the program having
comptigggi ¢ operable to cause a progranmabl e conputer to
per.f or m st eps ,conprising: calculating dips for a
sé??%ggé?mggFgo%ﬁggﬁjacent nul tiple contribution
t gasaﬁlgiarfeééaeer lvdagioni ty of a boundary of an aperture
of a nmultiple contribution gather; and recursively
exelegiigrigset pllinkogp gayons the aperture of the multiple

cont.r i i , he. cal cul at | IS
b AUt ap DAL Rl EAL S 216l ions
const r weledting afirstttateivethcosdutdcblotativn gbktartisllyselisddénogvith the
an initial aperture for the multiple contribution ,
gat her; sePeestphgsereraxioffiitapidt i erepgver Hacqtions jsypstantially

aperture; 16,5eliett A0uR lﬂﬁgééﬁ%%tﬁﬁ?!” ure extension

for the initral aperture and the maxi num aperture;
r ecur sisele¢tingex senodd ngice vathapeourae docation sulestangiaBy rgincident with
naxinun1apertuh% ext.ensi on bhased on the extegsi

on of . .
the apertur&® S 106 oMUY APV | 1gFaoR sy Wgtglaéﬁ'ncommdem

the construghinge 8ei8bd eéifer0Pdtionbattd on gat her
conprises: selecting a source |ocation; selecting a
recei vepnvabgagi ba; first trace with the second trace, generating a multiple

contribution trace; and

generating the multiple contribution gather from the multiple contribution traces.

[C14] The medium of claim 12, wherein the recursively extending the aperture comprises:
selecting a series of sets of adjacent multiple contribution traces from the multiple
contribution gather in the vicinity of a boundary of the aperture of the multiple
contribution gather; and
repeating the following for each set of adjacent multiple contribution traces in the
series of sets of adjacent multiple contribution traces:
calculating a dip for the set of adjacent multiple contribution traces; and
repeating the following for negative dips:
determining an amount of aperture boundary extension; and
extending the boundary in the vicinity of the set of adjacent multiple

contribution traces by the amount of boundary extension.

[C15] The medium of claim 14, further comprising:
17



sel ecting a set of |inkage |ocations; repeating the
followi ng for each |inkage | ocation in the set of

| i nkage | ocations: selecting a first trace with a

source |l ocation substantially coincident with the

sshekdne thudtiple centributien tracesradded te thei waltiplo centiibution gather after

substantialhg ojncident with the |inpkage | ocati on;
of SR

sel ect PHESY OYdaR BGRTHINE STUFCHOR Bast AY
Syﬁﬁﬁﬁgftﬁ@édrbécﬁ&{ pededsRbrdbitthe plcARtdd MERPE: trREFeiePRined for the
and a receiver |ocation substantially coincident wth
t he semabipdelconsgluticargathse hefoomextensiprcafrtbobaundart he
first trace with the second trace, generating a
multiple contribution trace; and generating the

mul tiple contribution gather fromthe nultiple
contribution traces. [Cl41 The nedium of claim 12,
wherein the recursively extending the aperture
conprises: selecting a series of sets of adjacent

mul tiple contribution traces fromthe nmultiple
contribution gather in the vicinity of a boundary of
the aperture of the nmultiple contribution gather; and
repeating the followi ng for each set of adjacent

mul tiple contribution traces in the series of sets of
adj acent nmultiple contribution traces: calculating a
dip for the set of adjacent multiple contribution
traces; and repeating the follow ng for negative

di ps: determ ning an anount of aperture boundary
extensi on; and extending the boundary in the vicinity
of the set of adjacent nultiple contribution traces
by the anmount of boundary extension. [Cl51 The nedi um
of claim 14, further conprising: 17 stacking nultiple
contribution traces added to the nmultiple contribution
gat her after extension of the boundary, generating a
correction trace; and applying the correction trace to
correct the predicted multiple trace determ ned for
the multiple contribution gather before extension of
t he boundary. 18
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