METHOD FOR ATTENUATI ON OF MULTI PLE REFLECTIONS I N _
SElI SM C DATA Background of the Invention Field of the
I nvention [0001] The invention relates generally to
the field of seismc exploration. More specifically,
the invention relates to nmethods for processing
seismc data to attenuate the effects of multiple
refl ections. Back round Art [0002] In seisnc
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[0003] In marine seismic exploration, a seismic energy source, such as an air gun, or
air gun array, is typically used to impart the acoustic energy into the earth. The air
gun or array is actuated at a selected depth in the water typically while the air gun or
array is towed by a vessel. The same or a different vessel tows one or more seismic
sensor cables, called “streamers”, in the water. Generally the streamer extends behind
the vessel along the direction in which the streamer is towed. Typically, a streamer
includes a plurality of hydrophones disposed on the cable at spaced apart, known
positions along the cable. Hydrophones, as is known ih the art, are sensors that

generate an optical or electrical signal corresponding to the pressure of the water or



[0004] Marine seism c data often include two

particular artifacts that require techniques to
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acoustic energy. The surface-reflected, downwardly traveling acoustic energy is
commonly known as a “ghost” signal. The ghost signal causes a distinct “notch”, or
attenuation of the energy within a limited frequency, in the acoustic energy detected
by the hydrophones. The frequency of the notch in the detected acoustic signal is
related to the selected depth at which the streamer is disposed, as is well known in the

art.
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[0010] U. S. patent no. 4,979,150 discloses a method for marine seismic exploration
in which output of substantially collocated hydrophones and geophones are subjected
to a scale factor. The collocated hydrophones and geophones can be positioned at the

sea floor or above the sea floor.

[0011] Much of the subsurface below bodies of water is impractical to survey using
water bottom cables, further, practical marine seismic acquisition techniques to date

make use of hydrophone sensors. Still further, there are large volumes of such



separating nmultiple reflections. Accordingly, there
continues to be a need for techniques for attenuating

the effects of water layer multiple reflections on

seismc data. Summary of the Invention [0012] A
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[0014] Other aspects and advantages of the invention will be apparent from the

following description and the appended claims.



| ayer reverberations. [0016] FIG 2 is a flow chart of
an exanple inplenentation of a nethod according to
the invention. [0017] FIG 3 shows a general purpose
progranmmabl e conmputer with readabl e storage nedia.
Det ai | ed Description [0018] An exanple of marine
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sui t gladlient responsive sensor. Other types of seismic sensors may be used in other
examples, such as particle motion responsiv.e sensors. The seismic sensors 16 are
disposed at spaced apart locations along cables referred to as streamers. The example
in FIG. 1 shows only 1 streamer for clarity of the illustration, but the number of
streamers, the number of sensors on the streamers and whether one or more streamers
is towed by the survey vessel 10 or a different vessel are not limits on the scope of the

present invention.

{0020] The seismic energy source 14 and the seismic sensors 16 are towed at a
selected depth below the surface 18A of the water 18. During seismic data
acquisition, the source 14, which may be an air gun or array of such guns, for

example, is actuated at selected times and the signals produced by the seismic sensors
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devices in the recording system 12. The signal

recordings are typically indexed wwth respect to the
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[0023] Referring to FIG. 2, at 31, a first process element in a method according to the
invention is to sort the seismic signals as originally recorded into common trace
attribute gathers. A “trace” as used in connection with seismic signal processing

means a record, typically with respect to recording time of amplitude of a seismic
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means a record, typically with respect to recording
time of anplitude of a seismc 6 signal detected by a
particul ar seismc receiver (or set of such receivers)
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pOSI Bf 91@ SCPHC!TB 1 rg&lr?‘ﬁ% Q/pl re@lng tﬂylttél'}]ep Frecggdlm%?ﬁstl 8]? seismic

appear as erent even N SUCH CoMmToN
g at hsglsals t%tcatselleg@d hidiyhlualgigniat md@dmg ecprssesty i dand distandelradong the

si gn k| | S r rel ationshi .
berndu PhLL (VT RLAG STEneh ol FL B RS i s
acqupssitiono rPrlg@o)rrmﬂWt o@sﬁrﬁcs@m)uple[ I@ﬂ@ﬁl})nﬁWIIBa)paarpIS @oksgent events

cal | gl Sugﬁ)bglfll% & %fig léit% nl%at MGh gh alinﬁletuge gv % f 1{1%he signals

FX- deconvo e conmo
gat hwrllsdltpda}aiomrwlabéa reﬂaammmmbﬁtw&n tinteh@ftthd lsgh hrﬁphtude events and
attepuate.events in {)?fee)c'l gnhal s that do not appear to

dCcquisition comet, . . .
have any’ tel ati onsm acquisition geonetry. In

[(g(?&g‘ﬁgfgnvgt I On%cgs p%‘ilec? ﬁ%%’ V@g%ﬁixc?%gqgvb}%l@d ual fﬂ%t%p?e Can be FX-

m il dezvemmhd&)m inparfbomsd o thie Rpoinos ioffiact| gatharseo aE@maﬂeeandom noise,
tran orrred to the fre

enc

DecolGer b P g arar o dhe o8 g etesrar has ey Frgiprshiv t
(X) eiquihidh@eorh@nyp rI&G]XG(ﬂecﬁﬁﬂWt@ﬂI spﬁ'aeﬂt(ﬁg OIfO ihdi®idakigeMor signals
Subtragting, t he cohe ent ncoher ent
par t Qr tFaé‘(Fngmeri(g gﬁ mwlhﬁ%crqn 1{11 XS Input signals are
tr anBéLQreﬂE&saﬁﬂe@tbhhé ﬁéc{u%ﬁ’cyf-;fd@moh le-x9 ﬁb@hlﬂabe@)hgdlaﬂlon operators
Succeedj | g n sim|arl cessed
Pr of BT neEhiar B° PesSoEDy S e OPeLpEEBeeB, B the signal
bet V\Bﬂﬂra\t\mrrgdm&\ﬁzohe}_m pﬁr%ﬂlll le@fe hbtheR@NpIrBNEMdbh IdoRE) Wﬂlch can
w || be used | ater th roceis as expl ai qed bel

then be inverse transformed an subtracted from the Original signal. ucceedmg

windows are then similarly processed. Preferably there is some time and/or space

overlap between windows. The result of the coherency filtering will be used later in

the process as explained below.

[0026] At 33, a low-pass filter is applied to the seismic signal recordings. The cut-off
frequency of the low-pass filter equal is selected to be the highest frequency expected
to be contained in the primary reflections. The signals output from the low-pass filter

contain the primary reflections (e.g., 24 in FIG. 1) essentially in their entirety and the
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[0026] At 33, a lowpass filter is applied to the
seism c signal recordings. The cut-off frequency of
the lowpass filter equal is selected to be the

hi ghest frequency expected to be contained in the
primary reflections. The signals output fromthe

| ow-pass filter contain the primary reflections

t( ﬁ-eg10w-|2-;rg’qdeﬂcyF pdtionldf &S %ﬁlmdl@l'oe::ﬂ)é%t%]ogs &;{‘?{ %6pﬁ12[£1br. (f} YTRMw pass

7 lowfrequency portion
ref | 84eied ﬁl@nz(l%r_ngy be gegignptedMa,.- The lovheass blerpaayde defined as having
Filtened h@Rah MYHDs A5HLINA Yool
filter may be defi ned”as g&?@g&ﬁgapéggz%§#§%¥%§%$§f?OHzand
30 Hebovedrq steohgly métghuatedn Pimilar3iterzhammteristie qag e iselsctaf for other

40 H%ut@ﬂ‘%req%@i‘é? £6fte W %@g g%grgﬁép%nglgé ?9 'theS{r?r%rqlglF:r%ry content of the

filter characteristic nma or o

cut opfectficsgiomitaiatss for the | ow pass filter, depending

on the frequency content of the specific seismc

[88274. [ 004734, Athiddupasafiler ghappéisdtofthd sigmal resomppk (#d2)} CThe output

the sj . o le . The output. of the high .

pass§¥?F?g%{ﬁ%ggﬂ&gﬁioé@%ﬁﬁ%zkgg%rﬂ?%ag%%%%?%ﬁﬂgm“y“gp”maw

substedletticas,| jut vl prontair the high-frepenaynsyrtidaudf thielthultiple reflections.

cont &j, 0y l-gh- rtion of .the 1iple

ot ang gt il IROMRREhDBE bR it 1Y higk By be

desi defatedds Whingly.atiFinating frbqueadss Heiwder 10 ama 0 ble, rot @t begBining at

as s g tienuat i frequ ILes t ween, 0 and . 30

o, o8 PRl RGNS el D HE g Blebe e g8 Stigipones (ot

E r elquﬁhof lf&hs IOCF/ pdf}); ﬁ-llmramd}l th l@f@l@{passTﬁlQr,h&s;@hSﬂ' %‘3 @[Ei ZQNEpectively,

ro t he ss filter an e hi gh pass. .

filt é}%o,“%ﬂ%%%?eéied ééc%ﬁ\ég ‘g N thelg EJ'BBlt‘tP&e?R??tra YhStgehdhe resulting

sel eampldtuﬁa,lsphcttd‘mlaﬁs_ afngino tthj/ foraMftdqhietdRes S TR EW@ﬁﬁfr@ should also

su t resultin Itude spectrum.is equal. to .

un :T?gg%ecr)?'pgafsf %f[ Féquents gorsg.glaﬂﬁ?etg? %Eef ?tft{‘ee‘ihg‘r BRI BpYsignals.

ero-p filters so as,not to change the phase of

[ éﬁ t hei rgt?%gﬁ ec?’?%nétufi??p(ﬁ?sogit% NApE) OFET@‘%&*?‘“R os gier thp doregoing

mﬁg nlfﬁigbl @m_f(ltaﬁsgﬁz!xrdﬁanyﬁédll?.sal)thﬁﬁhcﬂd e @@ﬂgaét&isasgﬁzieeﬁold 1. If the

the foregqin i g ss filtering are conpared to a

t hr cTRBTHCG &1t getreerBRar sgess Mehpiediei: & coFssppyng frace output

magnsdnpdeis oét equdl tawgtys &Nt SadeSnAphRadeas Icb Bsh &ltg 88 holskshold 1,
a corresg&g%%Q%Ftrace out put sanple is set equal

1, |

to ulFeyTeP L@ AT Uet Fwal tegsror Hab feviee@ipg arocedure
to theresksldmbp (of *BaOO) MASROBANIE vRIBE BreOM IHRM LinBATRAiCating a
is set equal tﬁ zero. The foregoi ng procedure

genetdtRes O FHPHRIE VavElgls |or pergh Bidiakngnp semRpialof @sprigrasy reflection

ei t hetvaldliok ¥ sarhfe iinfcdatiMGh@ absa8PbE Ahltiple TMdctil Ravelet. Because
wavelet, or zero, indicating a sanple of a primary

r ef | BESPBRIC \RGEFataipsd 15 thefimes of A@PRAONHGOT-HEsibalssenthee can be

of avdriliffering froMf dneGhik AR NBANEkEEnotBe GRUS Bneric R aRRWR Beshold 1
val ues contained in the traces of a

conmBAY P sdlenlaied. fonxamplgatsrasravemge phsolute value of all the trace samples

in each trace gather. In practical examples the value of threshold I can be selected by
an interpretive process. For example, the average amplitudes [average absolute
values] of the data values in a time window containing reflections just prior to when
any multiple reflections could arrive, i.e. just before two times the ocean bottom

reflection time, as the initial value, and the results of the foregoing process can be



very different fromone seismc survey to another, the
nuneri cal value of threshold 1 may be cal cul ated, for
exanpl e, as an average absolute value of all the trace
sanples in each trace gather. In practical exanples

the value of threshold |I can be selected by an
interpretive process. For exanple, the average

anmpl bdades &@X%fn@ﬁeco?fp&ﬁidﬁs@t éﬂ?érueﬁl]s fofeg&Hg o82b& repeated using
values in a tine w ndow contal ni ng | ections Justp

pr . ormfe@%@&}h lowgrpnchhipher yrlaesfor 4heeevi14>lé pi s Véwal examinafigremay result

- il depbtied N aIdeWR AL FB S LG a‘ﬁﬁ@a@@o;@lﬂ{aﬁ Qﬁnproces& ]ixe entire set
reflectlon time, as the initial value, and the resu

of t RBdatdr Hglientp!di dries highathermanpligide weapi waestoaf aothing but zeros,
si ngh&y HPSIROToN fr&ﬁ%nc@%ﬁearre el-ml‘ﬁatg@ ﬁgﬁghaﬂ&o itk Iibtﬁreshold 1 is set

repeat ed usi ng I ncrenent al | ower an er val ues
for tarlewhdtemplituge suaml COéSé@tFnOﬁa]tl ooes, pdyalk é@ulbw frdquency data are

sel e%dt'ﬁﬁ‘eaolﬁl tRe MBhd %aﬁfth e enPQveqiy g’ub‘ﬁ%@t& ?eggﬁ@lgé F?low) from the

optimal for processing t Ire set

t hr esfigihel dataj thus efgenhitglg or ehwiratipd fhe lmdelamarpﬂmmgs §om tloef process
not hi, ? uut zeros, and all of the | ow frequency data
are el fmnated fromthe nodel. If threshold 1l is set

| t
801 2 05, ALY 96 R SOOI e v s
dat afitterad sigeala dmpt 33v élr heg r gﬂubtsh@xkd edenftiekptlanined seplevdepresenting
fr o%ﬁltﬂgry rgﬁ% 05] QJanQtE %indt %n(‘gtacgnt oﬁ {heQOw%tqH%w\é ;P8mé’§ of multiple

nat s from
out pcﬁtﬂectEQD@,ZM}ow AtN<38 thett hé anraplnpls mfﬂédtuoplms edmcﬁam:»h& Byprimary

Sanpl‘ﬁq]’ectpc%ﬁf tt}naeée%ﬁllh%tsel%n LPerwl xl\jﬁ ee S?g%a!rlllttlto Zthf };um of those two
el i mvautlegs.s3mibk estpuiep 38 srapbe desigrpted maMAL, Fretleat | On

wavel ets, and | eaving only the | owfrequency portion
[8@30dul t | pAe39 theef dugptt oOths ,rmﬂ;ﬂi;ﬂi,cxtﬂonl\ﬁﬁme 38 haduminfedawith the output) of

mul t j,pl ref thﬂIS dent th, a,pri r )

ot | LR REVBCab R SR e b B R o enections, 1

equaH- Mait retus uny Q‘foveIIGl;;:QSeThMQmpl\ﬁ)dei &f Sthe SEOVJ,;J}LS v@UElEtldt can be
nated as M 4%x

+
n 300 RHEE e or e eip by cabirgitys Fifings o xample of
summechewint filténgOthapitay befused eFKidgborpalatiod. i |As@mhiAg the Poverips
from32. resulting in full-bandw nu
ref | SPIBHS, ) kb gme—lpt‘?jj\/\ﬁ?'gwe BﬁeV‘Qusihfpph?ﬂeﬂaéﬁsfheTh@e Poveriaps

anpl ampllaied;esaﬁodlm eppeavie e apRiomawviel RSecC@dnhdeoherency filter (e.g., EX-
subst ant i la\ﬁl glucetg as shown at 40, b coh
LW &

filt &R fisuengy fanss h3s the pfi @lafynff%?ﬁ%ﬁ’f‘ amplitudes

may bﬁstus‘&@ ph&lal'_y)?eﬂ&m@ﬂ\éﬁﬂrgl}t WNtherf®$ebd A4@niidd&Y, thus preserving it in
udes are fra manted by the previously

P |
ag\éﬂh@%g%%’ﬁ%rﬁ‘étwntm@eﬁﬁéﬂbg geloWypl i t udes shoul d

?ar to be randomwi th respect to the coherency
[&Pﬁt er ( eA 1 theyprocess includes applying an amplitude ramp fo each trace so that

there will be no adaptive subtraction (explained below) performed at times where
there can be no multiple reflections (that is, at time values less than two-times the
water-bottom reflection time). The value of that ramp can be zero from time equal to
zero (source actuation time) to t= twice the water bottom reflection time less a
preselected lag time. The ramp value can increase linearly to a value of 1.0 at a time

of twice the water bottom reflection time. The ramp value can remain equal to 1.0 to
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deconvolution) within the frequency range that the
primary reflection anplitudes exist. Any prinmary
reflection energy will therefore be attenuated, thus
preserving it in the adaptive subtraction process
descri bed bel ow. [0031] At 41, the process includes
applying an anplitude ranp to each trace so that

t her@ewhd bf &eh RacadBRtbLMS i$HRIHAE, istfnit &% RhAbIRes,
bel ow) performadcat tlﬁegl ere  there ?}fm b e@temp“mace

mul t3pREudeeralee t ThonQutpytneft thlesramatn gt pyrEormed @é§1| resas trace gather
t hanrep@entih @B Mol @ th‘é@‘ilﬁtﬁp@%&]%&mnrv?afvblgﬁtcbﬁgméd ﬁﬂe origittal trace
val ue of that ranp can be zero fromtinme equal

zeroga(”éeéurce actuation tinme) to t= twce the vvater

(Pﬂ%t om reflection tine less a preselected lag tine.

[0832] r anp Atai2u éheclareeping moseleof the awitipe refleciionsifiom 4 isladaptively

at  AsubiriRed ﬂ;’cfm o Hut Si8ndek %ECC}BQ&LQ&H %@{elre%gg hﬁﬂ' Jgg E%formed at

The rarer val ue can renmai n eq ual
of e¥ehlheraugut offthe adapiiye Slsbtmiqnl q@h |beorocssa¢rbb3ea bgherency filter, at

2 3?’%&9 f%r%)/(aﬁlb‘l@ r%}%%ﬁ@%gﬁ ’ﬁgglug}uv ggsu\éﬁl f1 llltgrm ih%dded at45to a

gat hfected @[ﬁ?%@dﬁﬁahn@ Oéthfmd@lt t@fhemh}@rmbfﬂltpﬂu@ at 43 The “scale” is

fl N
S U g BT SDEH TS S By e o

mul tmpglhtemtévﬁlde@taqbtms apply FiX4decosvohdmptto vlmnytxms (dhhlﬂcm:)tcmh The
fr Or%Jt}SU? L{B@ 00955 EPQS Fg(érgge%_rlﬁeo{ﬁ"vte rg?lllé% ec sy substantially

filtering orn‘é out’ pu

adapﬁfievl@t@ubtractl on can be processed by a coherency
filter, at 43, for exanple, FX-deconvolution. The

[@93Bput ofln %gthetf adpear thﬂgan@ltlanideldl;es ad céﬁplﬁter ﬁrograms stored in a

sel e R al
coher éﬁ;ﬁteﬁ % er ll%(ql % %fggj)lﬁe %ggi @'E ?rggO'Iﬁ%%r(?C?fﬁ [ explained
to |With tresmre rte RIﬁeZFc)andlwc cmkmheui mo nommltapﬁddlabﬂd code stored on a

bec
appl % X- dé%g%%ﬁ“%ﬁﬁ%h % as?hoPPy gﬁ?@%& gt inﬁg“e“c hard
The dr(yat @utforofing lpert prfox @seralapuré&isel ﬁx'ogrraﬁmﬁslet batpdsaved. The

mul t l e |ons bst anti.al | atte uat ed. [003

I'n ar%’R{p ﬁte?% %gspe o 1HeH é’e‘ﬁlﬁlgﬂ”‘%’eﬁ‘ 5’?”(—5%'1 PIOCESIRE KO0, @ user
pr ognam;ieslb@ Ble:ﬁ dsn leyb@edrp8ibed a nsadipla ITe@ichas a flat panel LCD
Ref ef:[

e . foregoin roces
expl all?prll ggor cathf)fj]e Pagzb L{}sqlzg = cogg)g%ﬁ A 1 %&ug@lq ﬂewces for
conpinteerdgatiag dixb Flepsodiek &thK}EIlR@IM aas shamaute@rectr\@@dabiseand 56.
medi s floppy . disk 6

har 598 %%6 lsf%P?ﬁQl’?\é t}ﬁ“awené'f)“ %gé’ﬁ@%‘ﬁf iiap%esg*eg‘um includes

pr odoginTapltableCtoNqautee theSEbmplite SOCONPULRE 2013, asaset K@®MAbove and

gnughela%régwlt%respecrg(t:olﬁggz.a central processing unit 60,

[0034] The invention may provide improved capability to separate multiple

reflections from primary reflections in marine seismic data.

[0035] 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
that other embodiments can be devised which do not depart from the scope of the
invention as disclosed herein. Accordingly, the scope of the invention should be

limited only by the attached claims.
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i nput device such as a keyboard 68 and a user display
52 such as a flat panel LCD display or cathode ray
tube display. The conputer may include suitable
devices for interrogating the floppy disk and CD ROV
as shown respectively at 58 and 56. According to this
aspect of the invention, the conputer readable nmedi um
i ncludes | ogic operable te:§%§§e the conputer 50 to
execute acts as set forth a% ve and explained wth
wWigsRER! &ﬂgFIQ. 2. [0034] The invention may provide
I'nproved capability to separate nmultiple reflections
fromprimary reflections in nmarine seisnc data.
1{ 0038 meilyndifer sepasatingveitiplo refleetsons dom daserstivait signhk, comprising:
res 1.m - r..of enbodi nents, those
skipﬁé%mﬁﬁ”?ﬁéhgp%%gﬁg¥g%%a%énefit of this disclosure,
wi | | loamesseldicaing thetskiamicaignels aenirbdieddirysencgn be devi sed

whi ¢ rt.fromthe sco of .the invention

o arat Pl BheRER bl B ep e red el X SRRy oot
~inventi orsughthat shbentidllyninise chutripley rdflgctidne etist acthedeismic signals

cl ai ns. ]ago\gtﬁigg VWhat is clained is: 1. A nmethod for

separating mul'tipl& Pefl ections from marine seisnic

Si grw:nsr,atillmgmmaisls hm\fgm% uxﬁ@hﬁarh&nﬁyeré ithet I 1 ﬁ@stfhglre‘aegi@m Smplitude
signal s; | ow,pas ilteri t he i smc signa at a
sel ect ed ef(?egag%ﬁeiiﬁedﬁf’réwogcgg? Ifl?sit%é?“flﬁ Yripherlusghos plf pther filtered

si gnal s aignalbe sel ected frequency, the frequency
sel ected .such that substantially only multiple
r ef I%%@P%’H@ g sk "iaWe:éPﬁéhe 8‘1‘“??[?58%@?&?@“%15? above the

f r ecuieimg)thgengiptiéd signats WREK high\passOilidd fgnad B EeNRBE & model of
t he hi ght ass .flnsl t_?r ed signal anplitude exceeds a

sel ect ed YHPRERSI G VY nask havi ng unity val ue for

al | sabtgting ietreulple raleghia] SoddNflotd @k ¥biGenk ) €i1:8RE Keismic signals;
val ue by tcri1e | ow pass filtered signals; adding the

mul tipli &% si gnals to the high pass filtered signals

t 0 geiastahe ofstoiiieind dfsplaling a Mabult bPIhS shtifab@et | ons;
subtracting the multiple reflection nodel fromthe

cohepency, filtered, sei.smc signals; nd., . |
2. SfrieG¥indd o% GhiGT 1 TR comprls(‘?ng sorting t%e seismic signals into common

trace attribute gathers prior to the coherency filtering, low pass filtering and high pass

filtering.
3. The method of claim 1 wherein the coherency filtering comprises FX-deconvolution.
4. The method of claim 1 further comprising coherency filtering a result of the

subtracting.

5. The method of claim 4 wherein the cohérency filtering the subtraction result

comprises FX-deconvolution
6. The method of claim 1 wherein the subtracting comprises adaptive subtracting.

7. The method of claim 1 wherein the frequency is about 40 Hz.
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at |least one of storing and displaying a result of the
subtracting. 2. The nethod of claim1 further
conprising sorting the seisnmc signhals into comon
trace attribute gathers prior to the coherency
filtering, low pass filtering and hi gh pass

filtering. 3. The nethod of claim1 wherein the

g.cohefrgh ﬁﬁéthﬁ)ﬂ ¥ glléfnpg W%QFEH{ 1 568 Eerblg%& Hﬁ;ﬁf?ﬂ‘&é@pé‘&ﬁ%{‘of a fO1l off portion

The method of claim1

npri si ng co

filtefrthy @“ép%%ﬁmrtng@fld ] hcél ofEpdstierait highy pa$.filEhis smswnowy unity.

of claim4 wherein the coherency filtering the

9.5Ubt TRE kle@Bd e Sidint 1 vHRPIR ihs 8w Fés%ﬁeﬂﬂ%’ Oh b cflnvh(spass-r Hﬁering are

met hod of claim 1l wherein the subtracttng conpt
adaptityenéaibzeeaiag. 7. The nethod of claim 1

wherein the frequency is about 40 Hz. 11 8. The nethod
10f  chadomplteh8E @M tcRe CRANMRIAG Hie ARRAdLIUHES SR ERL 5M§]a91fha@1ng logic

filtering and

roll off portion of the |low pass filtering a
of f BEﬁr? %tﬁ CRHE TR FAMIRUEY 9 Bergmlwgtamomrlslyg
uni t b’oheﬁbncﬂ-ﬂl@ermgttﬁboegls&ﬁc &ialsm 1 wherein the | ow pass
the high pass filtering are
su bs{"é"nﬁals%\f‘ fsing dieeishifseenals@t a zel [RYBENCHr ogr am
St or Bigh b#ks &ieQNPHE Kisnti€ 3daNl & hediddty ﬁteg %ngerﬁ"’éauency selected

having logic operable to cause a progr
conput er Ygh Higf pesiEntallysonly arbuinle |r¢f§0t1%rﬁe£lsémﬂle seismic signals

filteringapbiems geghéy signals; Iow pass filtering the

seism c signals at a 'selected frequency; high pass

filt8eHYnE Aanaskhaying usityyrabe wherettheehigk pest fdtbred signal amplitude
fr eqUenCyexcééﬂ?aEél&Whﬁ@'tﬁ&#ﬁF& havid Iﬁnﬁg ?e for a Ig|>ther filtered

11.

12.

13.

14.

15.

substantially only multiple ectlo
seismic sigmkl s above the frequency generating a mask

havi ﬁ‘lgltfﬂ[%rtgythé/ ﬁ]llaé’kevam %J 13& d;"e]k g[ﬂtepﬁissf%aisl tered signal

anplitude ‘exceeds a l'ected thres t he mask
havi #lingrihe yultipliod S@@arls &l the dichepas filtared Sghalstiogyeadrate a model of

mul ti plyiRgmtis! Iue by the | ow pass filtered
si gnal s; ad§|nge¢%%%“8 tiplied signals to the high

paSSSUberP(tt’@gé}@f wilgplalreflactorymndel ftom the wolteéncy ffilteted geismic signals;
mul tiple ggflections; subtracting the nultiple

reflection nodel fromthe coherency filtered seismc

Si gnz§|lc§1st one of storing and displaying a result ofthe subtracting.

The method of claim 10 further comprising sorting the seismic signals into common

trace attribute gathers prior to the coherency filtering, low pass filtering and high pass

filtering.

The method of claim 10 wherein the coherency filtering comprises FX-deconvolution.

The method of claim 10 further comprisihg coherency filtering a result of the

subtracting.

The method of claim 13 wherein the coherency filtering the subtraction result
comprises FX-deconvolution.
The method of claim 10 wherein the subtracting comprises adaptive subtracting.
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and at | east one of storing and displaying a result of
the subtracting. 11. The nethod of claim 10 further
conprising sorting the seisnmc signhals into comon
trace attribute gathers prior to the coherency
filtering, low pass filtering and hi gh pass
filtering. 12. The nmethod of claim 10 wherein the
16:0hergng¥hbi bfaalhm) GIRARE ué%% E@ﬁcgg%mé%% Aon. 13
The nmethod of claim 10 furt rising coherency
sult_ of the subtractlng 14. The met hod

|It n
1o clg ﬁ%@g Rﬁ@?@?H)?H@mééﬁéméﬁ@QaPPPW@?ﬂﬁ@“ﬂhéfardlOﬁpoﬂwn

subt bt ioWpdsefkdring 26@RII STBSorfiety B8 GRA VU IePR -sutsPantiall
The net hod of claim 10 mhere?% t he s%gxrgctfngsu ntially unity.
16. The met hod of

onpr.j ses tive trac .1 .
18 P RS GRUAR PEr A HEMRFERRNEY rese Bt o6 heghehipmss Fieing ar
met hadswhtiatlyaki® phésewher ei n a conbi ned anpl i tude
spectrumof a roll off portion of the | ow pass
filtering and a roll off portion the high pass filter
is substantially unity. 18. The nmethod of claim 10
wherein the | ow pass filtering and the hi gh pass
filtering are substantially zero phase. 13

13



