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energy source positioned near the seismc sensors.”
enay gyplkablece nay be an explosive, a vibrator, or
the case of seismic surveying perforned in marine
environments, one or nore air guns or water guns.
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formations below the Earth's surface. Seismic surveying generally includes deploying

an array of seismic sensors at the surface of the earth in a selected pattern, and
selectively actuating a seismic energy source positioned near the seismic sensors. The
energy source may be an explosive, a vibrator, or in the case of seismic surveying

performed in marine environments, one or more air guns or water guns.

[0003]

Seismic energy which emanates from the source travels through the subsurface
Earth formations until it reaches an acoustic mmpedance boundary in the formations.
Acoustic impedance boundaries typically occur where the composition and/or
mechanical properties of the earth formation change. Such boundaries are typically
referred to as “bed boundaries.” At a bed boundary, some of the seismic energy is
reflected back toward the Earth's surface. The reflected energy may be detected by
one or more of the seismic sensors deployed on the surface. Seismic signal processing

known in the art has as one of a number of objectives the determination of the depths
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[0006] Prior art methods which have been used to reduce the effects of noise and
acquire a higher quality representation of a particular subsurface structure include
using multiple actuations of the seismic source (multiple "firings" or "shots") to
record a plurality of sensor measurements from substantially the same subsurface
structure, and then summing or "stacking" such measurements to enhance signal

strength while substantially reducing the effects of random or incoherent noise.

[0007] U.S. Pat. No. 5,818,795 which is assigned to an affiliate of the assignee of the
present invention, and which provides a detailed summary of prior art methods and
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vicinity of the seismic vessel (here termed “continuous ship noise”). The other type of
noise is reflected impulsive noise which originates as a result of actuation of the
seismic energy source and subsequent reflection of the seismic energy traveling
laterally through the water to a reflector in the water, and then back to the sensors on
the array (here termed “back scattered noise™). There continues to be a need for

improved methods for attenuating back scattered noise and continuous ship noise in

marine seismic data.
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following description and the appended claim:s.

Brief Description of the Drawings

[0014] FIG. 1 shows an example seismic acquisition system as related to a noise

source coordinate system according to the invention.

[0015] FIG. 2 shows two of the streamers from the system of FIG. 1 in more detail to

illustrate a noise travel time difference calculation according to one example of a

method according to the invention.
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actually tows the se1smlc energy source may be a different vessel. Further, the

number of such sources or arrays thereof and the number of streamers and their lateral

spacing are not limits on the scope of this invention.

[0020] The seismic receivers 16 detect seismic energy reflected by acoustic
impedance boundaries in the formations below the bottom of the body of water. The
signals generated by the receivers 16 in response to detecting the reflected seismic

energy are the signals of interest in interpreting structure and composition of the

formations below the water bottom.

[0021] . In recording such seismic signals, at the time of each actuation of the seismic
energy source 14, the recording system initiates generation of a time indexed

(typically with respect to the source actuation time) record of the signals produced by



actually tows the seismc energy source may be a
different vessel. Further, the nunber of such sources
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M N T A
swape Df (dddeof Méedtidi®rD). The reference R may also be, for example, the
geodetic direction of travel of the vessel 10 or any other reference that enables
azimuthal definition of possible noise source positions with respect to a direction. For
each shot record, a set of such possible noise source positions (shown along a single
circle of radius r as N; through Nn) may be defined along circles using a selected
increment of the reference angle 0, for example, five or ten degrees, and a selected

increment of the radius r.

[0025] Referring to FIG. 2, two of the streamers S3 and S4 are shown in more detail
with one of the defined possible noise source positions Nx to illustrate a calculation
used in a method according to the invention. For each defined possible noise source
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d'tt'?et &E?r%e&?vepse (\)Ngzﬁpbet pﬁdg 1eofr L&G5t recgredlb\ér?c{ g T &aﬁha% Eﬁleg Boss1ble

€ Nnol se source posi I'ti on

f t‘nbise\sﬁurcedﬁoﬁldl( Xbhe @ﬂrte)si’an'k(obﬁhnat&k \)nth Hdspedt@9 2 lorigin O of each

ein x d v.represent the geodetic coordi nates for
\Ageﬁnqdf Peg§Ibl qéxpés,ee]%(x;étlon (defined gabove using polar coordinates) may be

calculated by the expression:

X, =rcosf
Yy =rsiné
[0027] and the foregoing Cartesian coordinates for each of the defined noise source

positions Nx can then used to determine distances between each receiver position and

each defined possible noise source position for each shot record.



receiver r5 and the possible noise source position N,
respectively, in a Cartesian coordinate system

defined with respect to the origin (0 in FIG 1). The
geodetic coordinates of each of the receivers 16 and

h : 4 Fl 1). 1f used as the origin O can
(0028} 3¢ .70 ﬁf@gofw clefori ri?de?q%}ﬁlﬁf?@ﬁ% ?Weﬁlhélsﬁ@é@rf@mél possible noise
S¥sih&péslford orFabh rélc)ewefr Qﬁltkﬁ?&geéq a fGGRLE relgs?r a difference
geodeti1 c coordi nates of eac SSI |'e noi se

Niketwgen nbl@e dt@wlntadeafromgeayhrmﬁesd passilfie emseumlny:e position Nx to
ordlnat s.of each possihle noise

S)SEES)CIIht rlegeﬁvegr T@h 8%9 ﬁecanwte O@F Cﬁaﬁlétrgselv(ef ,V\,II:[ gaspﬁct 49 the reference

preaviveusibicexmyabd @ty sélestbdrb@iver GR! 4G9 Qﬁstérﬂ)e Kg(mg the
di st ance between the possible noise source positio

afdlogiargexpressivhe ot her receivers 16 can be nade for
each shot record, and for each defined possible noise
sour ce Apegd}] ah)/vihe Cartesian coord!nates mﬁth
respect to the origin 0 of each defined possible

[()02912;/3geazgesrlet fn, u’I e gegcf:rg§/ ﬁ}ehtﬁg gﬁ%rlge?g‘:%h&o!ﬁﬁngd?%sgl nag(@e}ge source
yDbsitisrsNREnd @2 ikrenbe rdcbived, ah@0PEbsEAL {Ri@%hce between the g-th
coordi nates for each of thé defined noi se source

pESFivEioas the debmed: prspibleseaiset swuthetrmsitionaNdi st @pressits the seismic
b%l%@’bﬁﬂ&ﬁo&@’ Cﬁbl\ég Ee1§)rglsclvteiocnty?%r mgli%:s%g%ﬁ{: Is?rg%)gr»&lll typically

possi Nnol se source

[ eQ28ihe eignitgvdl baity ctfehei‘wmeﬂ attheudi the @686 08088 MBEBAepend on the
di stances to each _possi bl e noise source position for

e NAKT [dspl; VR ofprell digaprecto the Boipepeyen deom dbeirsasiveraand the
dbéclgrﬁl(:e\’%ﬁﬁlty%ttﬁ\@?&nﬁﬁbﬁf fok gL t]!i Whter h(&?meahén Sope examples,

def i ned possSi bl e noi se solrce p03| on
r hegioiservel®@ity an nivey lm@mpustem aficdd theef@edpolr@Ctrhy dfffapddch calculations

t he ref ei ver. (whi ch_ may
sge% gé Jg r e}cl:eelav]é1 te qﬂcétyac:ﬁ\ sP‘i‘gIB%I §§sPlergrdy g‘?nﬁp?%‘@i time
faﬂffemmmgalanm&ssm@p be Abed(d @xpEinkl BeIok0029] wherein d,
represents the distance between the defined p035|ble

oi se 8] o) elver
0073 3RS 0SB AL P ASLTTR Y sin

r sgealweqcomlndi fronecatbfdf iedreposat biTae AaicsighMEACAn be performed by
resents the seismc velocity of

C B M gl reahE BERR sk By cach rensirsracis b ecuoise, i i
SUﬁgﬁﬁM%d Vitdnh the/ BieeiRfihdd noise source position Nx, would be present in the

signals of all the receivers at substantially the same time. The foregoing is repeated

for all defined possible noise source positions Nx.

[0031] The time-aligned seismic signals for each defined -possible noise source
position can then be summed or stacked. Stacking may be performed for the time-
aligned signals from all the receivers in the seismic acquisition system, or may in
some examples be performed for each of a plurality of selected subsets of all the
receivers, although the reference receiver used to calculate the time differences will be
the same. In one example, the time-aligned signals from each streamer can be
summed or stacked. The result is a stacked signal record for each streamer related to

each predefined possible noise source position Nx.



equal the seismc velocity of the water, although the
noi se velocity nmay depend on the water depth, the
overal |l distance to the noise source fromthe
receivers and the seismic velocity of the formations

I OXi e the water hottom .In s anpl es, the
1003%] o s TbF stepks %ﬂ%@ BESSh i RIHA8h PEFFTFG PG} SgiEhgosition, for
thm shdhRECHGS GRh B BIdIQRSd b eReAhRSE faofnoglhﬁkely noise source
adj usted vel ocity. The original set of, and
r ppeacwedFeon the prafiefifet ensesaadecpdsaidnoNs thamyosb bke.ls ecbra@nts the
0030] noi se trave

f I
C AL Rk oLl Bl Gl SERHE, PR B Soservea in e

S b@aalds trh& O EHREpdidp enahe Ghodt Nigkel R GRiskCEcircel PBsitib® In one
al i gnment can be perforrred by linearly time-shifting

t BEaeohe slckidy hilesaligpethrigaeln areewiivased By sdanpipgtwitlhesspect to
nﬂie a%’lm{n%al' e%nﬂl Oh K%%l e&% ?% dIsrro(l;? éalgﬁ s?lgg I ﬁg goﬂgé B&sition Nx. A
source % res n I n P H ﬁ

obositle bh&ﬁlt of eiavking tﬂﬂie Slhgiﬁﬂésﬁgriaw inysubkegs, %&ﬂ’ﬁ‘ a§ hll®eceivers on
The foregoing is repeated for all defined possible
n8IEIEd (IER RIS S5t ?anabwomqhatrﬁé SeMEEUSCgH &@pre than one

pgbs%ml& n8isd ré@ln%e ﬁ)%% itBRAGH 1 tﬂcﬂ%da m@:#}ﬁl@u@@ §§1t SR L{flé? Stacked,

sition can e sunne or sta acki
benpewlfgncmgnélsnr 1f the stackesl, tiadd- grmdd signalalase pxrooensad in subsets as

t he rece ivers.in the S qU|S|t| stem or
APITRCS GBS EbELTED et PaPrder PO DUEHso RO position (for
PEathaddtiat mefsesBhRES QM1 $MISRE $hDbar@d highhBnpi[tE&LENRF "f‘n each of a
al t hough the reference receiver used %o calcul ate

t Pheality ©of svlntedf tih¢-pligned, sthekedangalsl nFQIrﬂetawphmﬂeeume aligned,

eds s from eac str
sofieled "Bt AL AR P POER] & RETER AR may thn be
r acearad fliRfedadcdensify @la@ﬁlrglerrﬁb@tl&alytmsees@me bgdsf.i ned
possi bl e noi se source position Nx. 8 [0032] The

[0033]t acked|§i YRAWs & "HIVACEST l)f faﬁrexgng% ﬂo@&@fah %?B%ﬂl%'dsa%ove For

source position, for each strea
evathushasdecarddet 80 reet af mossiblei kelby sooics osidioncés defined. A
edef i.ned rce position Nx

PR TRhYE GRUSOREE ehd oL Ao aP AP EEe GaREB t© cach

peskiveots, cattubit@l) f&r @BREhAFRord WA 828 VIgRLsi JHRY € time aligned at 34.
observed in the stacked traces correspondlng to the

oS¢ t1fﬁ19<%1F%71€ﬁc§i%1élss%§@| staekgso §9rt sagh posﬁiblgnénse@oampllmsmon at 36.
t ﬁﬁe ﬁb%‘ﬁh@go lsémcea]‘g:%sg{b%% t%ﬁgﬁgltﬁe a%ﬁlg}eu\ﬁg%%q%t%ye B tﬁ%ﬂ selected for

scanning w t respe Z1 mu

eamdh substit 08 receOferse@i 3. PiSdblol e pridie&@res O e 3PQRH BB Qe repeated
si bl e benefit of stacking tine al i ghed
‘@’n%arcg ?‘f?s%tu EiCslversy - a forapachy aEameer s Tha results from all the

streamers (subsets of receivers) may be aligned by common azimuth (angle 0) of
possible noise source positions and then median filtered to determine the one or more

noise source positions at 44.

[0034] To attenuate the effects of the noise in the recorded signals, an expected
arrival time for the noise, with respect to the determined noise source position and the
receiver positions for each shot record for each receiver is then determined, at 46.
The noise event is then adaptively subtracted from the recorded signal of each

receiver at the calculated noise arrival time, at 48. The result is seismic data having



i ndi vi dual streaners as expl ai ned above is that in

sone i nstances nore than one possible noise source
position will indicate a high anplitude event in the
stacked time-aligned signals. If the stacked,

ed elt e d (g)lél t rsfcinger ﬁg&e?crses%éﬁ?l Eogksrge%ﬁﬁ o\a{%ter such as other

pgﬁﬁh@kegﬁguﬁﬂd&gﬁ@ﬁﬂupﬁﬁgtIOn (for each actual noise
source) will indicate the sane hlgh anplitude event in

[003Sia0h ogxﬁnpleé WF al; Bﬁé &ka E‘pfbl?é?steﬁ Qfex f)lam%dadlbb%gl% shown in FIGS.
tacked signals. or exa nme-al 1 gne
stackBandidghaFEs.f40sheachigsals émrreone straam sedn asray of streamers

I d ab t hen. be red
B0 by T RO TRl 88 s e TPl sk i plned ahve. The
[ BRPRY i F1&. 43\ moR\Wes apfukQuy ‘ébﬂ §1’21E b?fmd@ntn%é PR E’cﬁ&&@sh%ces for
as expl ai ned above. For each record, at 30,

sedchgteliped s7iplugh disotion 6 lnln@t:poqgtbé@ noignsouree plf@ﬁmme@iongaone circle
rential r aviel f noi.se f.rom each of
BB B o T L 5 Fal P ERFLE! bl Bered i e
caheulighed], stdcRed @acdy HRQL niBB&! 6f, adidced2de e Sh@M@LS The high
are tinme aligned at 34. The tine-aligned signals are
stmekigde eyentefchdiselssisame unseERngolr be opbsllamporpfaazus@h of the
Tﬁﬁsggéﬁcpl %sﬂﬁ%s € SPUhEE flﬁgfagt fo?rﬂhel\lsgg%lcn% rﬁs obtaﬁned from a
max! mum energy I's then se d for “eac Ghs &t
r éxfﬁremrsaeamer?:& th'Ehﬂn&ba&/@anC egzlsuérﬁ&s Showd4in BG.adBl A high
eat for. ea égbse recei vers

38 ar. e.g.
¢ oo lien 0T e 3a ) e anast e ked g i e 48 218 shows some
St @aAREPaq t%%ﬁﬁﬁtﬁ o@fth O&%ﬁio\ﬁecffstple Hﬁye B, 1889 Wows the time

common azi muth (ang 0ssi bl e nol se source
palsgnefoneckad @lgnhle IfrOHIEHIQﬁﬂ 4A hm@#lédfttlobﬂ]h@ gcdian eﬁlttﬁi‘m Note that
ource ons at 0034

of P st e é‘v%'g o nﬁ%sef?ﬁgiy 1g5ﬁﬂr%?lHti’ %‘%8‘6?18 {5 1o position

sonaMSme@muaxpected arrlval time for the noise, with
respect to the determ ned noise source position and

[0036]he T SERilfedisA b s faHEne%aCslﬂacﬁ&Ptswrrﬁﬁoﬁrg ;h%(rvneﬁf G, 5A,

recel ver is then determ nea The noi se eve
Q/htﬂﬁéh ﬁa”dQIFﬁ pf dhey sisermtarach e airraomat fisst réglondetingle gnaht 56 is

BRERA ERE Bl B, 768 0 e e 50 1

r 6Bh¢c\eldleeﬁIbﬁgta Sdcof®hemanh. Mhs evd MR aﬁﬁﬁtu@é%t@ 56, 58 may
sources in the water such as other seishic vessels

aFfPrEER the igms| RAspiblenBOis 0PFSA PEsitiAp| Y of sosed singugnstances two
A SR AR R AR RO IR A L IR0 shpipepre e
i alignedastackyd abcst resinelasdisplay for traces from another streamer in the same
array is shown in FIG. 5B, where high amplitude events 60, 62 are observable along
more than one azimuth. By median filtering the traces from FIG. 5A and 5B, median
stacked, time aligned, stacked traces will produce a display that has only one high

amplitude event 64. Thus, median filtering the traces from different subsets of

receivers (e.g., different streamers) may lead to a unique solution to the position of the

noise source.

[0037] While the invention has been described with respect to a limited number of

embodiments, those skilled in the art, having benefit of this disclosure, will appreciate
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(such as shown in FIG 1) that are tine aligned and
stacked as expl ai ned above. The display in FIG 4A
includes a plurality of side by side, tine aligned,
stacked traces for each defined azinmuth direction of

Eg%% pﬁ%g ie}?llbgdiﬂpe:n?seca%olyer é%v'ge)%.s\i)v chngd)alll(gn(ﬂa}pgﬁ eféc?{)b) {tﬁe{ gcd)ge of the

as explal ned a
eimattiaans BRclobsehyeth. i Acthidingly, MRe akdEN8H theSindekRA should be
traces for a nunber of adjacent defined azinmuths. The
hiigred apby byitbeiaitashechelabes. i ndi cat es some uncertainty in
the cal culation of azimuth of the noise source
position. A simlar display for the seismc signals
obtained froma different streaner in the sane
acqui sition systemis shown in FIG 4B. A high
anplitude event 52 in the tine aligned, stacked
signals in FIG 4B al so shows sone uncertainty as to
azimuth of the position of the noise source. FIG 4C
shows the tinme aligned, stacked signals fromFIGS. 4A
and 4B after being nedian filtered. Note that a high
anpl i tude event 54 shows considerably |ess azimth
uncertainty as to position of the noise source.
[00361 Sim | ar displays of tine aligned, stacked
signals are shown in FIG 5A  wherein for one of the
streanmers in an array, a first high anplitude event 56
is observable along a first azinmuth 56 and in a
second high anplitude event 58 is observable along a
second azimuth. The two high anplitude events 56, 58
may represent the same possi bl e noise source
position, but in some circunstances two possible
noi se source positions will result in a high anplitude
event in the tinme aligned, stacked traces. A simlar
di splay for traces from anot her streamer in the sane
array is shown in FIG 513, where high anplitude
events 60, 62 are observable along nore than one
azimuth. By nedian filtering the traces fromFI G 5A
and 5B, nedian stacked, tine aligned, stacked traces
wi |l produce a display that has only one high
anpl i tude event 64. Thus, nedian filtering the traces
fromdifferent subsets of receivers (e.g., different
streanmers) may lead to a unique solution to the
position of the noise source. [00371 Wiile the
i nvention has been described with respect to alimted
nunber of enbodi nents, those skilled in the art,
havi ng benefit of this disclosure, will appreciate 10
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t hat ot her enbodi nents can be devi sed which do not
depart fromthe scope of the invention as disclosed
herein. Accordingly, the scope of the invention should
be limted only by the attached clains. 11 C ai ns
What is clainmed is: [cl] A nmethod for identifying a
position of a source of ise in a marine seismec
record, conprising: def?ﬁ?ﬂ@sfor at | east one shot
record a set of possible noise source positions;

What sgladmiedisi ng a di fference between travel tine of noise

[e1]

[c2]

[c3]

[c4]

[e3]

[c6]

[c7]

from each possible noise source position to each of a

p j raceiyer position for the.at. |east one shot
Padhaod Yor BER|EE IR dE d urteh 6t Bline 527 g 5S8Rl recora
otorphresimgecei ver positions wth respect to the

difference between travel tines for each possible

ndF RN 0TI R Clga3 98F #lias Fecord st ief RessiHe neiserEouasq Rpsdigns;

S .
R e PP gy B, S SR OF b4t hoi8bouree
wher ei posttiva tdichdhesfenderabigt meamert poaiteh foi theat lesst one shot record;
determ ned b al cul.ati ng .a di stance. between each

OB iRE st S0 Ha b Moo harCau AT rStamy ayih Tepect to the
t he atdifferste PR cSHRSRY tinle§ ¥r chBIE F%tﬂﬂ@ﬁ’m@é‘ scat@igsi on;

further conprising adjusting a velocity of noise an
r Eprkang the timendigoad sighals pmdy di ff erence, tine-aligning,

Sh ST B S B RS PG00 o

noi se source positions is defined along at |east one

cThe method wif eipia Iseheeirede daffirutcef bedwedantdlel ginds i &wrmined by
Th t hod of claim1l wherein the origin is _defined as
aﬁ%@fﬁmg&ndl&?ﬂ%@ SeivsrR eacorRasyple Redss gdirgeqrositiea agd cach receiver

| pagd 2088 sShotuvsgcord. [c6] The net hod of claiml
wherein the at | east one subset conprises receivers

along a first selected seismc streamer in a seismc
atbaimsthod of clyymtefarthay ¢amprising adiadtingys wlocitytafeaiserasd repeating

Ejlﬁ‘g caTaﬁatHE;t tﬁﬁf%&gﬁef ltﬁiler—re]ll%l\{\f?ggg i!lcm(é&gg%a& a(ie?elililnallrgiing gnoise source

erence, gni ng,” S
position.

The method of claim 1 wherein the set of possible noise source positions is defined

along at least one circle having a selected radius from an origin.

The method of claim 1 wherein the origin is defined as a position of a seismic energy

source for the at least one shot record.

The method of claim 1 wherein the at least one subset comprises receivers along a

first selected seismic streamer in a seismic acquisition system having a plurality of

streamers.

The method of claim 6 wherein the calculating difference, time-aligning, stacking and

determining noise source position is repeated for at least one additional subset of

receivers.



determi ning noi se source position is repeated for at

| east one additional subset of receivers. 12 [c8] The
met hod of claim7 wherein the at |east one additional
subset conprises a second selected streaner in the

S i,sition system [c9] The nethod of claim?7
81 7 R RERE Rt 1 Ry |BAE Dut ALKGENL eial cormorset « sccond
t Beletted Streanir i@ BRBEIsANOadgRifIrASKRH, Si gnal s from the
second streaner wth respect to’a conmon azinuth for
each possible noise source position and nedi an
f iTI%FéP‘?tH%d phelauy i7 frthes| dopprisinggsning the kgd«@h@grmﬂ?fﬁmg the first
[ ' j ition, [c .The nmet ho
of Topragrran e ARE SAMLERABL Bl siiing vl et tacommon
araginveth fori eueh @bssible mOise @o@¢e PositiBn Sha ARSI 1RGN azimuthally
receiver flr m té]e det er m ned noi se source position
aﬁﬁg%‘ﬁjasﬁq(@glﬂﬁn ¥t eRi Y M pRIPasEOUrGePSiognal s from
each seismc receiver based on the expected noise

10]t ¥ ehethdd'Bf §19in€ AGth &SB! fn‘é[d%]tfgru ifte TR d O rival ti of a
€ ]rmri nee seism c1 surveyi ng,kﬁbg_gm risi nér:nﬁ%ovw nIg ae. saerf.“s/.m %:me. '
eREs§Pverun signalsdrem [§F1¢h|f Edcﬁtvgr frbn’sélle Si&tet‘,rgﬁeg gﬁ:ﬁﬁ ;s&utcﬂ position
a : .. at selected tinmes actu ]
i géapglfﬁély%@g%%‘@“ﬁ JOST &R Send 55%%?6@;%5%%3% based on the
plespakddnoiefiavectny & &ichReceeh Streaner; determ ning
for each actuation a geodetic position of the source
and a ﬁ?deti ¢ position of each receiver; defini ng
[c11] ¢ mgg’g IuEE %&Fﬂ%ﬁq%wl%’@mpﬁﬁmﬁosm bl e nmo:ieti .
S 68 i b0 i e t sQurc .
o SO RRE F k! P o0 e TisBRRisci & body of
travel watare of noi se from eac_ht _poss:c bl e no:qsghzgur ce
gsitign, t.o each receiver position for eac _
Pé‘c& %ﬁqe‘i :;“H{?-S é’ﬂ“ﬁH?&@%?%%ﬂ anq FesRriing Heotls dlepsicteday ech of a
of subsairslitobf tdaeivERGRIMEH stRASic Ons with respect blt 0
the difference between travel tines for each possible _
nGFSENEYE &a egshsqctyabian faoeedatiy misdionr ef Gredsowsteaakd nggeodetic

the tingsal, ' .s for each shot record; and
det er 'n?lﬁgﬂt é;agggélcgg%gource position for each shot

r delonidg floramarh beiret aclkeeidn 2isgnet (Bssible noise source positions with respect

to the source position at each actuation;

[c9]

calculating a difference between travel time of noise from each possible noise source
position to each receiver position for each shot record;

time-aligning signals from each of a plurality of subsets of the receiver positions with
respect to the difference between travel times for each possible noise source

position for each shot record;
stacking the time-aligned signals for each shot record; and

determining the noise source position for each shot record from the stacked signals.

[€12] The method of claim 11 wherein the difference between travel times is determined by

calculating a distance between each possible noise source position and each receiver

in each subset.



[c12] The nethod of claim 11 wherein the difference
between travel tinmes is determned by calculating a
di stance between each possi bl e noi se source position
and each receiver in each subset. 13 [c13] The nethod
0 I ur t r|31n sting a velocity of .
130 € P B RSB 08 TG!S hpeaing
t ithiee calcilgihd) gl frat ek thige- @-lnﬂllfﬂ@t ShERing NAd n@ét&%ﬂﬁﬁﬂgr fidlse source
position for each shot record. [c1l4] The net hod of
cPasifipn forgady dohreeprid. set of possi bl e noi se source
positions is defined along at |east one circle having
a I t .
(1417 I9E PR PL MO 35! P st Ble SRS SAG! pdsfERE B definea
defongedlcas ohbeirgesbtingn selbctet eadhies fsorh an oeindy foy esbuheerecord.
for each shot record. [cl161 The nethod of claim 11

o510 AN T Bl et a0 b o e i
CleAdray Q&Jrﬂ\@ﬁﬁ@édh dhberee@lgcul ating difference,
tlne allgnlng stacking and determ ning noi se source
ion is repeated for at |east one additiona
[c16] g J@S‘% é"teﬂlﬁd ofjckadmj I elacrein eagn subldet qemphieeh thé resiehicrn i 7 selected one
at | east one additional subset conprises a
2§§gﬁgﬂe%ﬁ§sof the streaners. [cl19] The net hod of
claim 18 further conprising aligning the stacked
[c17] S ITQn ahghdd oficlaine 16i wisdreinsthe ealerlatiag diffdrence! figleadigning, stacking
gﬂgls fromthe second streaner for each sot recorg
CIERIIBIENOMSS SRUICE PREIHOR A TrieHcG By ableapt Qessidisiogal subset of
N@dcSResOUr ce position, and nedian filtering the
azinuthal ly aligned stacked signals to identify the
noi se source position for each shot record. [c20] The
[c18] ndbpsstherd of|ckainn 17 1wlhareinkibs atdespphsidilitiated ewtseniongpriaes a second
eégg&ttﬂg t‘?&ﬁﬁeY?l time of a noise event in signals
m each receiver fromthe determ ned noise source
p03|t|on for each shot record and adaptively
[c19] s Ube netitddng chedimsles furthen soingiriig dlic@MeeBe BrasleddSsdidrals from the first

recei ver 5 sed on the expected noise travel tine to
e SCFMEL 38 \a%er staglged e%%‘ﬁ‘lssﬁﬁn the sppapd streamer for each sot record with

respect to a common azimuth for each possible noise source position, and median
filtering the azimuthally aligned stacked signals to identify the noise source position

for each shot record.

[c20] The method of claim 11 further comprising determining an expected arrival time of a
noise event in signals from each receiver from the determined noise source position
for each shot record and adaptively subtracting noise from signals from each seismic

receiver based on the expected noise travel time to each receiver for each shot record.
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