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generally to nmethods of analyzing seisnmic reflection
data for subs C raperti ti rly,
to a met noukeREuR g Ry s FOR TR RRFATHE
reflecti ognFL AFIPECORRECEROR O SEISMICT DA ATPORO UL
renoval (NMOR) that are present in conmon m dpoi nt

(CWP) or comDORMAIeMOVEQIST STREECHSEY Ssei smi ¢
gathers of traces. BACKGROUND OF THE | NVENTI ON Sei sm ¢
data obtained in field surveys are typically recorded
usi ng a conmon m dpoi NITECERRICAL FIELIDechni que as shown
in FIG 1. Acoustic energy in the formof a wave train
is introduced into the earth froma series of "shot"

r b IR Rmic reflecti
e Pk R 0RRE ARG ol O g reflection
sdatd foe sulssuefacapropertibs and acee paticeeatly,an apoéthed (oCRMpeasade for
a portion of that ener is.returned to.a series of

by paE TR ivETathee PeR R BTGPy GRmOVal (MOR)
ttﬁ&t@[}é ?i‘é@@ntgﬁuﬁﬁfn%_ nhidpSAEEMEBY 6 doRaAs iR eviCbinl teaces (CRP)
characterized by increasing shot to receiver offset
diesstizin gatharsdf dracesmmon known surface (CMP) or common
subsurface reflection point (CRP). These gat hers of
traces contain recordi ngs of desirable signals that
have been refl| ecBadtKGROUNTE OFCIHBINVENEHON on poi nt
(CRP) of the subsurface at various reflection angles
gr and/or refracted from subsurface formations.
Fur: M ioed : r ' £
AR AR EE A A8 bl BRER. BRI PR Bt comumon
desdpoad (M) dletd tedhnigdid achbwn i BEF f 1. dicenstic energynin dlsaufosm of a
of the ratjo of reflected wave to.inci,dent wave .
MBS EHDSSIMTPALREE SR oW TG R B Gy 8 FURE S Which ar
f asith hasmndi BidpeRe (CReH) Bk iPRomeatR bEheRbSces S
a%}%@%cﬁ? Unction of a sugguyfgc???or na%}?fg%' s elastic .
pstiibes ¢ ¢asmon sahisudhacegefediogeoinit( CRRY and apersion of that energy is

‘RN aos%?iles g\tas\f)%cé/ altp%tgtlrgé/e’ivesrsh E?Usi\rllg ltl%g 'a&}{ns%](% technique,

gathers of traces are recorded which are characterized by increasing shot to receiver

offset distance and a common known surface (CMP) or common subsurface reflection
point (CRP). These gathers of traces contain recordings of desirable signals that have
been reflected from the common reflection point (CRP) of the subsurface at various
reflection angles 6, and/or refracted from subsurface formations. Further, the recorded
traces also include other unwanted components, i.e. noise, in addition to the desired

signals.

A reflection coefficient is a measure of the ratio of reflected wave to incident wave
amplitudes, indicating how much energy is reflected from a subsurface interface.

Reflection coefficients are a function of a subsurface formation's elastic properties,
including changes at interfaces in compressional wave velocity, shear velocity and

density. In reflection seismic art, the earth's reflection coefficients are recovered



density. In reflection seismc art, the earth's
reflection coefficients are recoveredbel ow a conmon
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anpl i tude response or seismc traces. The actual

seism c disturbance froma single reflecting.interface
i@loomp@etr@flik?@wnéyrf%cetlp??émvéwg@ ﬁ’@ fP‘é%g%&{%&%BP a%&bﬁﬂ &t
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a e reflection seismc acquisition
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h i zed b i f . .. Th
i er G amheR s el kb RERHIR D o0 SRRSO T,

Squiptenfg @ specific originin tinme, and is returned
to receivers R as a series of events or reflected
wavel ets distributed in time and energy. This

distributi . ' i e . .
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SENAES: The Svarbldt siginateenssa fackdihef ehemlydrane e souted St havingsa specific
of a CVMP gather are %/pi cal Ig Su? ected.to a nu%ge{ of velets
SQrigia inf fime, q@ﬂdﬁzw% OJEERINGR B 453 SSHERPLEVEDTS RETHES el
z#i%gg{.\t%d b4 O gﬂﬂ %ﬁerg&.ol"ﬂ@gigﬁﬁ’)u’éi&? _isecfeﬁo&fdc?nﬂﬁpdrﬂ Voo tind

varyi ng wavelets and to align and conpare - .
adepkity incthe setspriasemdfthorlaiyaposition véthesourses Agnd receivers R.
i mportant step in trace alignnent is to apply nornal
noveout renmoval NMOR to the data either directly in an

N a8 Pl dofcfildi tRiRe P61 4 ONIP ftfidr Yrd tybiRul subjutabloaatumber of steps
i maging step. Travel tinmes to comon subsurface

i mtacprbeassing Sespucnied osepaate shodesired genlp Irony aalses togeduce the

cal.cul at ed usi he. .Sifl :
CRebafing AT bRk VAT frafi il Rhohd OB SE HTTKe
ofesﬁﬁis@smr@m%aﬁmf ihfeafafeTsl Atg_ilfnponmtt_ rstmps:h ugce dignienhistto apply
a common subsurface_reflection pqint,. ) a en .. ..
beerral Bozequs sano NMEEtp & o Bt ibirib B OB Bppgetion
t #ﬁﬁdi?&:ttlg%ﬁ[%ugﬁ é ‘Bre%ﬂﬁk %5%165 5@p ShalelltRnds@6 @bMeHon subsurface
offsets are usSe

to map the anplitudes of traces from
f inedrfhcesefop differingeshatato pidupanffststare ealewated tising the GMP gather

coordipates. After |ication. of NVOR wheth . -
U e BB e St A Sl or s
a@&h&;ﬁﬂa\y&mg iR nRthe RS 186 oRit@ h @binaonsabgrfeE edfeciPpoint
athér traces, anplitudes of si gnal traces in

. he
gé(flhlé)randahertbe@h toya rqceives loentien. 15 diffraences Iy ave Bing betyyren

traces; (2) co r ' i .
35 bbb uP SRR FReLr PRGBS oA UR e of s
i RYEYficdd rdoord Buip todrdiiatestid rérb wffest timocoonthinates.defteaiapplication of

interface properties are tQ be deduced f . _
NMOR, whether directly applied to CMP gatﬂer traces or irnalrpectly applied within a

prestack migration to generate CRP gather traces, amplitudes of signal traces in the

gather can then be (1) summed together to form stacked traces; (2) compared to one
another within an amplitude versus offset (AVO) analysis; or (3) inverted for
amplitude attributes from which detailed interface properties are to be deduced from

changes in amplitude response.

FIGS. 2A-C illustrate the effect of wavelets and normal moveout removal (NMOR)
on a single time-offset CMP gather made up of identical, equal amplitude reflections
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changes in anplitude response. FIGS. 2A-Cillustrate
the effect of wavel ets and normal nobveout renoval
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identical, equal anplitude reflectionsfroma |ayered

bt e c@REROS toRpab i eRpde R RERS BN e {Eateces

r efch.ext §HRvseOCTIPI Gt bS irftdrEacs eEflcREdn LodfHisehBIROGetibg
noveout effect (tine convergence) of reflections from

f
dillustating:the moyegu edlsct (Himg conpraesretplreflpetions fomojfierent
OB Aer 030 S5 EEH O PSSR

r efplaeed bpn weoelef whosrdmplithdesie propartyinabtol the esffeetiencefficient.

effects are.shagqwn in _the form of, offset varying . .
- RSP e fgsristonss RS aRTOWER e DEn af 8Lkl dryipg amplifudes

dadr3 RfnntdiEvedBraGt B pRRA ARl IHIGNMER fter application of NMOR
denonstrating that noveout has generated offsét

vderpomstraiing teme vent bis gersuited offsebydrgiog wavelgtsighich result in

AR 195 0B R PR ot e Ro BB R FC S
affetd drb dRarBslinaRf e ot dmpMhde indandwilth Whivherd\WkRo pre-NMOR

wavel et interference as well as to NMOR correction., As
avierelell interfarapre auneld as o NM&k gorreciianais # easulitargplitadasdn traces

?g;)fng&gfe{eﬁ{%t?&fsf cﬁﬁglt H?ﬁl dnd %Hot\ﬁ’gle&{l/eh el ﬁr@éh?ﬁlg S}'ee:ﬂec’cion

ctron coerficrents are equal. erefore,
NbbIR cienits et egtlalaThtieforelakese NMOR cazoteid derpditudes atpenco f

“true rel ative anplitude." Especially because of
oﬁ‘@ﬁf’idﬁ@edd@(t?ﬁ %re&‘ﬁ?ml%ﬁ?and devel opnent

efforts, AVO analysis and inversion are now being

applied to CRP trace gathers containing processed

s Espaviatly depiuse ofiesgoingpdech avatertsaploration| aad tdevelpproent efforts, AVO

subsurface interfaces at. refl.ecti ngl es.from0.t.0

AT T ATV REOR A b iR EPPLF AR HIRYE kS emsF B e

S pRebdseditdiémie abipligh®s ke Rive Rkch eelRebdifFaiisaivut fRéLinteaees at
at angle qr, application of NMOR will map

t he
argslertieroangtysdiam Qfio op pwse AsphewnbnIBE. 3 depictipg the amplitude

wavel et t.0 freguenci equal to. r,oti o
oSS o RN BB D m e B AR seomeot
aNPIORYAE nseGE biplifide shectilat sdPhase fRetreh oTh seikMsc @ayelet to
1 relative to the zero angle reflected event. .
Abequediing equal toeosd: Gites did astginal pess M OR Npparengiyl whikeralsa

a0 At Aol e sPeva o/ Seip B Arafio” vt i e to the

?gééb afifle MMctdd W entS ReESHINE) R RS A60PNERR1AIRKShT WIMORQKiIl shift an
40 Hz amplitude response to 20 Hz while doubling the strength of the amplitude
spectrum. Wavelets have both an amplitude spectrum and a phase spectrum. For the
purposes of this specification, here after the term "spectra" refers to both of the

amplitude spectrum and phase spectrum of a wavelet.

When multiple reflection events are present, NMOR stretches the interfering event
response differently at each offset resulting in a more complex offset dependent
interference as shown in FIG. 2C. Such NMOR stretch effects make it difficult to

directly compare common event amplitude strengths from different offset traces to
-3
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events are present, NMOR stretches the interfering

event r.esppn differentl t each offset resulti in.
omne e T e SPrplici ds i ATt SHPBTIE TR ECEEg g in 2
| QM Sathet Gill BpsibANVIRYS e gdedaldvetdiswhik &atyt with bbthaithé and
to directly conpare common event anplitude strengths .

f piset.diliesewavrletorrigiensiara destorrgaamingredrisHionAsg phenagation

c | exity.i v f I: i :

¢ PIRLEA S pIOE Ao B, Veloc B IR BUPE RERRE 1o align
nexentscieswadhl iehr aralr fur viftdts, hlibbetomes @moblenbfis ehen Finphmde
wavel et variations are due to repmining acqui si.tio
afFaPHEEH G BCPBOBTY BB, G g SN OB et Bk gifietss Moreover, at
VRl Me&ﬁb%'mgﬁ sti’@?é}ﬂdill RIS 5igalliB-Ride GG HERbFements
bet'ween near and far offsets, al so beconmes problematic
whenmadlyekpeataliasraas pinefadking ssisovertraces dogethervar y
significantly fromnear to far offsets. Moreover, at

hi gh frequencies NMOR stretch will reduce the

SUR) Platen®NB 05,684,754 100B it 03 @SR AéSa Methda HdnrepspaicifetMOR
as a result of stacking seismc traces together. U_S.

Pstraseh from CIP @ether faces ol gy methad religs ansigidaoyladge Rban

f f

BBl BLp M TS A T R, SRRt A6 i
Vanaty sty ofsetintih@ataeHis s teehiigte ddesamotpioRidetartateaklatiae tmplitude

froma senbl ance analysis of seismc data. This .

t SURPANGEOTRIDMES: Ingpessh APIde qfiecrseqngﬂ% s 5%?% thepydesirable
Cﬁﬂ%%}h&@g}sof NMOR i nduced anplitude effects and is
thus 1s Tess

than desirable for AVO anal ysis. Swan,
1997, "Renoval of O fset-Dependent Tuning in AVO

H W,

| ysi S, ded Ab t f 67th An sl 0t 1 SEG
e v 1958 Bharmovd B lBC Bl s Eauuel i
NivFandibd Albsitachf &RE7AIS Ahedl) MY QBTG Mt bih.e1575(€78gteaéhéPa method
i ntercepts fa&d gradl ent sf) that are conputed from

NMOR
pfacedistion p sthetch gffects fomed Npkattiueas (¢-6r AN(Omtercepts and
str f t I '

L) el S5 ot B RAYOR A oD P b compsponted
ofor SRRO® stfeRR FhiclieAs biresuitsthidm&holhhethe shNrtcomibgd 6f 2dtDeing
to Lazarat os descr, bes renovi }r?l% vvzi{\éel et stretch

efpriicalle forghe saractior of CAdlaer HRE @atheptratssr at i ons such

as stacking or conputing AVO attri butes.

U.S. Patent No. 6,516,275 to Lazaratos describes removing wavelet stretch effects
from seismic traces prior to operations such as stacking or computing AVO attributes.
A method for destretching individual traces is taught in which time and offset varying
filters are used to match the response of stretched, nonzero offset traces to that of a
zero offset (and destretched) trace. Because this method involves making each
nonzero offset trace match a zero offset trace by designing and applying an
equalization filter, the method can alter relative amplitude relationships between
traces when reflectivity strength varies. This method fails to restore trace amplitudes
to the relative values consistent with each traces' reflectivity being convolved with a
pre-NMOR wavelet. To be true amplitude this method must assume that all
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A nethod for destretching individual traces is taught
in which time and offset varying filters are used to
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to that of a zero offset (and destretched) trace.
Because this t hod i nvol ves maki ng each, no
e DUNOR: Ghees Fteche spedtvavairs Setedmecatigy PRASFR race

HredPR WidShefMDd Ak dmbEatly A8subies gh the ieflediRity e eadtntrace
alter relative anplitude rel ati onshi ps between traces

viveraged i toe hes thy same salye pt alhefifets asthdesspatthogere gffset

e Se R ipRRT AR debfHBTnd Fufy Pl ALY BupElptts o

Geflv@lonedglkt h a pre- NVOR wavel et. To be true

anplitude this nmethod nust assune that all pre- NMOR

traces have the sane wavel ets as the zero offset

PA GobifhRRy ! EPRYG! téﬂauf%g&%@hsabﬁaa bidbdkét ]y
a‘é(gcl?nes P’hglt@&tqﬁgl}{?efﬁectnﬁ%ty of "each trace averaged |

i shotttorminigasf piegionamethedks and appagdths which daib toadesiretcly seigmic traces

on the zero offset. tracge -.an assunption.that.is
gsé’r?ért%ﬁ%?"?{&fuerfﬁﬁhﬁ%%Bﬁtugewf?fgls i egqaorgﬁnfeg%eieg traces of
rcﬁffeﬁfg}é bFSet &M DartAERAN Jihee MethbMefad th Sompaiead fHosiidt
met hod™ and appar atus whi ch overcone shortconi ngs of

praaying veflastion oderferenresbisats due o parmahmoxpeut; Bhej@gignginvgntion
seismc traces, s S er true relative
a?‘FBV’JiE{sﬁﬁé u@ n@e@%%isgsﬁ%@ég%{i ons between traces of

differing offsets. Mdire particularly, these nethods
fail to conpensate for offset var&!zg E: |.ection
interference effe . The
present invention provides a solution to these

shortcom ngs. SUMVARY OF THE | NVENTI ON Sei sm c traces
NSeisthie tedceema bd suietehedaludite direct mormall monpegbigmovelndIMOR)

(NMOR), processj ng or stretched indiyrectl.y through

PPTESESag oF & F#gigla&s?i‘éféﬁwag@f‘@b@%?% ém?ﬁ%% pifcessiht step. The

| PERE tRRNIEIPMIOIRRs & niPRidaqRr ARl di itk Rdatide dmipléude destretched
relative anplitude destretched seismc traces from

sseddmis tracescihend suei sirefahed seismis, tracps. Ja petticulan the mgthod

met hod conpensates for offset. ' j

P Enpe olpy Sapd Tt A int Rl ofrEch 6 oHbrmal moveou
preferred enbodi nent of this nmethod, stretch factors b

Sl pichrtsd Saihopimbent PhIESTCBOY, B adPE | WO HaBupectr are
S&Jt%p%ﬁfomb tsért%&‘ﬁg& Eé'isr];lfcgfchﬂ %Sﬁfﬁ%ﬁéﬁ al%ocgéﬂ fndde 6¥ stretched

des ed wave spectra i s then obtaine _ )
wavelet spectra from the input spectra. A destretched wavelet spectra is then obtained

which may be either the same wavelet that was embedded in the seismic data traces
prior to NMOR or else by using an externally specified target wavelet. Shaping
correction factors are then determined by taking the ratio of the destretched wavelet
spectra to the stretched wavelet spectra. The shaping correction factors are applied to

the input spectra of the stretched traces to arrive at destretched trace spectra.

True relative amplitude scaling factors are then computed by taking the ratio of a true
relative amplitude property of the destretched wavelet spectra to a corresponding true
relative amplitude property of the stretched wavelet spectra. Examples of true relative
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whi ch may be either the sane wavel et that was enbedded
in the seismc data traces prior toNMOR or el se by
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correction factors are then determ ned by taking the
rati o of the destretched wavel et spectra to .the
SoRRitedeaonRes yw&gwﬁﬁm@ BRI o PR FERde the zero
ft?ﬁé ?ﬁlﬁe gf Swabibt 8l & ddder B RHplARR Ghédn@ of A8 wavelet, or the
stretched traces to arrive at destretched trace )
Siec averagenesm abeblate wedueanfithe stretiched drab¢sn JineHy: the fuapdative

t hen, c uted.by taking.the ratio o r l.at] '
P T R T T i R T
LRlaBvé th?ﬁﬁla@ Qelitreched WelsmR) tticky helby iHeutle rplatpeamplintle
the stretched wavel et spectra. Exanples of true

rebpartyvafthpstratched wavslsé practs is swpsiapiallyPresesyddt e and
not limtation, mght include the zero tinme value of a
wavel et, the area under the anplitude spectrum of the
Vel estretcéd Whesldtispectavesyelgeobisiaed bpsmpping theadtretched wavelet
the stretched traces. Fjnal I%, t,@z(ra true, rﬁl %Ltiﬁ/e dth
2PBPiTa intRoths dastratehed avavsict snera ypliripg the simylgrdy theorem and the
la\@n 8k niddiGed 8lcdfreMor
%P@%@Eﬁggﬁg‘é&eﬁ% {s‘g?‘éetrln&gﬁfdﬁtﬂg\égs wher eby the true
rednatvhiveredleptivityy The pretple factorpdre tpneferablyetabdvdaieddeienmipistically

t [ b tiall d. .The d
s SeS b oy tes OBl TG VB vailBr GEhREhabat.
SVl HanieiR)p§ tand BESIbES dip) ERainbRs A€ githers off adcesaduevhich
spectra utilizing the simlarity theoremand_the

sttreschchctbsonay be Faleulpted inclusle GRF.JeMQwr/eRB gathgiset r a
can be nodified to correct for non-white reflectivity.
The stretch factors are preferably cal cul at ed
dah ebjectives thablegertdnfention isansorréct vl ¢imbpesinsefidrtian amplitude
offset, tine, rns_velqcit i nterval. vel ocity, litudes f
o et e Ay MORGBFSInE o tceseie i mpligydes from

r imEreflection
CB}aE P lori BiSSs WU ANS P e 4 SR iiErefcctio
oljefficientendidenkiealio se mothan(tne iadativieanplitusds) mher thefimderlying
changes in_teflection . anplitude and bandw dth i nduced
d{?ge?mﬁﬁ%fgtﬁl%%g@ieﬂﬂalof traces so that anplitudes
fromtraces of different offsets are substantially
proportional to the underlying reflection coefficient
and i dentical BRIBROESCGRIREIONIQEEHEIDRAWINGS | i t ude)
when the underlying reflection coefficients are equal .
BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her

obh&etaid ofteabbiees, featradidadageseobl thhergsemsnvention will become

i nvention will becone ) . . .
better understood with regard to the following description, pending claims and

accompanying drawings where:

FIG. 1 is a schematic drawing showing the geometry of acquisition of a common
midpoint (CMP) gather of traces wherein shot sources S produce energy which is

reflected from a common reflection point (CRP) and recorded by receivers R;

FIGS. 2A-C illustrate a CMP gather of interface reflection coefficients (RC series),
the same CMP gather with each reflection coefficient replaced by a wavelet whose
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geonetry of acquisition of a common m dpoi nt ( CVP)
gat her aof traces er ei hot _sources_ S.pro
m-.lr&ﬁuc}egs PPl e e nm@%ﬁ%?w lber
?{31?-’ e@&ﬁo%ﬁ%@h@ﬁﬁal%mfe@ﬁﬁ'l\ﬂ\@@? R FIGS. 2A-C
[ strateaCI\/Pgat er of interface reflection
coefficients (RC series), the sane CWP gather with
h refl ec ef t
TAGE a5t P dRBR5 B orSOIR 84 Waefb RYELRE spectrum

refth 8ekindiin aeplitideibeii enaftted hed SHRedft d1b|vveaﬁ'eqmenbh due to
renoval of nornmal noveout (NMO); FIG 3 is a graph
|NM@%ﬁ%thﬁdV&tVﬁ1§tb@flééﬁret61?edstretch on a wavel et

anpl i tude spectrum wi th maxi mum anplitude bei ng
enhanced and shifted to a | ower frequency due to NMOR
alFid}St nA-Dalhattiete thee dgmamrreftpohmi of Be@Bposimg Single syemd ingo

%egg}’en%ﬁlgﬁg& % Vﬁ\]g‘fe*sgfelﬁr? lkgf%\FI ﬁgns%mﬁ/g%{ec{yta
S&Hcgﬁ oé%ﬁ@hto‘ﬁn‘%ﬁ@?%u%ﬁ% saks ecooresiets sndothedankelopes of

requ ncy bands depi cts snoot hed envel opes of
naarrosniréqueg e bands laad §5G 2H slmve a wpprrshisHed spike;
reconstituted spike; FIGS. 5A-B illustrate an exanple
of destretching applied to a common angle CWMP gat her

CRIGRSALBY MQLt@RE afex; ﬁ‘gpl& of t¢serhingfapplitdbtocosymanbmgngle CMP
stretched gather to a st retched gather for a

ngﬁthqrnen@mnmma mpeput trptgh gl ?qt%mﬂmrtng&eﬁe&%eﬂ gothertoa
Scﬁe%&érchéc? ‘?Hert?ré‘ﬁl%ﬂ{ Efotkit h the present invention,
for arriv at' true relative anplitude destretched
seismc traces from stretched seismc traces; FIG 7

is f.l owchart eci f| W N ste .
Fig. 6 es o Loty ehiot Fop Erl o 1R ORb Ay Frehf Bbention,

t ?)? mme)reﬁﬂde Bﬂngﬁtuéé‘ g&s@refdh@@ GeistaicardckORBm shatched

0 he owchart) 8 is a schematic draw ng

smmingrag@GJrretry and ternms used in calculating stretch

factors b; and FIG 9 illustrates the shape of

individual filters used in the formation of

FIG. 7 is a flowchart more specifically showing the steps of FIG. 6 used with

time-offset trace data (top half of the flowchart) and time-angle trace data (lower half
of the flowchart);

FIG. 8 is a schematic drawing showing geometry and terms used in calculating stretch

factors B; and

FIG. 9 illustrates the shape of individual filters used in the formation of

complementary frequency band traces.



conpl ementary frequency band traces. DETAI LED
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for processed seismc data anplltudes provi des that
t he anplitude ﬁource
excitation : ¢ &4
coefficients derl ved fromt he changes in elastic
properties at subsurface interfaces. The tinme domain

flor m cFONVOLUTHEONATL: BIODEL. ARBLIBEPKQ NQBMALIMOY. EOUT
dat a téﬁ'gi%f“ or to NMOR, can be represented as the
convol a wavelet with an earth reflection
coefficient function or: d(t, toj EIJ)— I w(t) r(t tO
-Dtj -t) dt (12 where d(t,tQ %5 a sei.s 1gata
tAla@@ep'W@tﬂ)Odﬁh wn@wéﬁeﬁmmt% %nflplﬂ ¢s preyidss § sum
airtﬂ:g cgeg ?é;?ra%g 1?1% rncéﬁ'\?oquﬁcﬁf (%feacstoh%ré eg(gi@a[tfdn%ﬁz)rétet d8thtAbsurface
rrbﬂédtroh@befﬁlatm)s der1612d fibm thé chargxﬁmef:iMm rp;ropertles at subsurface
rjd(t-tq ' Qqmain re tion

mWrﬁa@w %b@ tneﬁ d@H’@f”f ﬁtoeméﬁ ¢ IWOﬁ@g’T‘fBY@ Wﬂc%f*s‘%i%%smw data
Otizfc%ﬁ&m#;f mEnpior, n%@q%ﬁe&hﬁ‘:d VAR dontBlutibh bf a MavElef with an
I'nt requency domai this convolution is expressed
mrthraﬁl&ctmplcoefﬁbmnhﬁmﬁtmm@ Fourier transforns of the

wavel et and the earth reflection coefficient function

or D(f) Wf) rje-27tiW- (3) In this expression D(f),

W) and Srje 2pldq giAtR=q6g) stge& izygty the Fourier (1)
transforns of the( ﬂ)’ 1% W r@t d}(tytq ,Dtj), the

pre- NMOR wavel et functl on, vv(t) herein after si nply

BTG ) Pt Qo e () R0 SR B ) g sum of
dcﬁgg}gﬂe '%?‘tr) urt tﬁfefﬂ%&tlén e tNEAR deRa &inpRIse hgtgdrg%@fien by

erive e understanding that N
different effect on the refl ection coefficient

function than it h the First, the nodel
supporting appli cé(?%%%ﬁifg&é@@%‘%z NI\/ER to the @)

reflection coefficient function is to align the tines
of the reflection coefficients to the zero of fset X
t innthis ex@iessibm, rd(t:toaAt)ds & tigetdosiain reppsentatinsof the jth reflection

coefficient of magnitude rj with a zero offset time of to; and a pre-NMOR time shift of

At;.

In the frequency domain, this convolution is expressed as a multiplication of the

Fourier transforms of the wavelet and the earth reflection coefficient function or
D(D = W(f) er e-27tif(t0j-Atj). (3)

In this expression D(f), W(f) and Zrje 2"”7(‘0J Atj) are respectively the Fourier transforms
of the pre-NMOR data, d(t,to;,At;), the pre-NMOR wavelet function, w(t), herein after

simply referred to as just a wavelet, and the reflection coefficient function, r(t-to;-At;).



Conceptual |y, NMOR changes the travel tine between the
reflection coefficient at the top and base of a | ayer

wao o00besg7bat of the vertical travel tine througPCT/iig2006/004688
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| ayer. Apply the shift theorem (R M Bracewell, The

rier Tr nsf orm and
OB g GRLoR e RHert: BhOMOTronohachbf PR dgive from the
C\S}ﬁfeﬁtaﬁid@r[g thEUNFIOTO Hasadf'di&‘f%{'én@ ¥ect On thekefledtidd c(refﬁdlént Minction

t-t oj th014wherergail
ttharglt hasmp)ha wa\@kttfr rFerstal éﬂmamn ol sppresiéng annlisptiqsr ofapplying

RO IR FAELERSLATCA! BT RIAH 0f s gF R ncron
| EsbfGEk@s td e zEewiTser tithe ap) sfithon giferibg thealf magiudes t;0
tﬁ,\g&@l{)&%f HeVICHo i o igval tigs bygeen Geggieetpaetsiitient at the
S Beng %%Je ﬁ 4% bakPbe e tv@ﬁfcaf t‘?a\feﬁjuﬁ‘& ehohih erflé}eefr Apply

erences In trav to an interf
Tihe sh1fmhbenent(\R M@Iamwe(llRThe/Fanelélhmﬁrm a'mbltFApplll@thnS

T It ' ' , o HJdl. 199
b0t i) Sese Tt M s YW Eisction o
efifnGén & fofBREYI N a constant stretch factor b to a
pre-NMOR tine domain wavel et w(t) and is illustrated

in FIG 3. The S|mlar|tytheoremprowdesthat wW(t)

wavel ot st etciir PR SRl S R o o T T @)

transformof w(t/b) to the frequency domal n, Wfb)|b|
is the Fourier transformof the stretched v_vavel et and
bwherea;5§ t-togAt hisfadodomdin a:¢pr@aentat1py of & sflegtiomeqeffipient of

OB AT B 8 A ST -
ALY A D e o) el

defifée o€ BEging NM@anrtbé time tdomairctoef wavelet it t© sbratchrioly a time

their magnitudes. Finally, because of he differin
effqtramgsfa@pr RitRisgslatesst @éﬁsmewld&ﬁa TFOCRS 18, traﬁ&'&?m%ro an

t r d
n@&ﬁc? The ﬁ{ndlgﬂtgr th re W gr%c%&;ﬁ]ﬁ ﬁeenlg ﬂ}ge? ;ﬁ%ﬁgﬁ aglld Its
( gpph&troﬂs INIEGraw-Hill, 1995 p. 101-104) may be used to describe the frequency

domain effect of applying a constant stretch factor f to a pre-NMOR time domain

wavelet w(t) and is illustrated in FIG. 3. The similarity theorem provides that:
w(t) =stretch= w(t/B) > W({B)|B| 5)

where w(t/B) is the wavelet stretched in time, > indicates the Fourier transform of
w(t/B) to the frequency domain, W(fB)|B| is the Fourier transform of the stretched
wavelet and B is a stretch factor which will typically vary with time and offset in
CMP or CRP traces. Conceptually, the similarity theorem governs the effects of
NMOR on wavelets while the shift theorem governs the effect of NMOR on reflection
coefficients. NMOR alters the time differences between reflection coefficients but not

their magnitudes.



0j) (6) indicating that the pre-NMOR wavel et's
frequency conponents are scaled by a frequency

waelewengsspd sum of earth reflection coeffici ent BCHES2006/004688
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as being shifted and scal ed by the stretch factor b.
In sunmary, the convol utional nodel predicts that
application of NMOR to CMP or CRP gather traces wl|

Iy b%aauw SGHE BiEridE BEOES B NSIOR @8 Tefl &ty And havelets,
anpl 't ude and phase spectra of convol ved wavel ets, but

iFourier whrsfges of typicad NMQBrdoytiesigd seismisdtacen Rrodf) yieldspectra
agﬁ!?qiégud_es. Renmoval of NMOR stretch requires

& hg and then conpensating wavel et spectra for

the stretch factor b to produce output trace

anplitudes that are scaled in proportipgn to |oca
subsurface refl ecti onlheddfT W(&M@(ZIFQZ?IH(&J\ICEPTS FOR (6)
TRUE RELATI VE AVPLI TUDE CORRECTI ON OF STRETCHED TRACES
The present invention provides a nethod and appar at us
fipdichtingethhtethepie MO Waielees Rajuerst ¢ompaknts eressvaled by a
traces for the effects of NMOR stretch. Renpval .of ..
NiaRerayr deperdent s pEeasth Tefyctjogn coeHicaspetes ‘ﬁ"ﬁf ?ﬁg’emg shifted and
fr n [ estimating a wavel et stretch
ﬁ%@?@ﬁyﬁ*aﬁpﬁﬁgﬁggygg it froman estimte of the
stretched wavel et Wfb)|b|] so that the resultant data

Cammmasiiibe sl on peboRestcn By SR R gP o
“CRB %é@%fs ;}5&&% Evri]l\f\%é‘s)ﬂt b BedRinbd g@adlndér@chﬁﬁ‘g%_% € bR the amplitude

wavel actor b'is e to the inverse of
tdne phasd spectod of dvavolved whadets bef inewt dhangesrig the updedniag

- tret t Lfied target .
st S odhBdes RoEo Rt S ot il Aifne and
_ertﬁéﬂé g&?g%ﬁﬁ?ﬂ $ ea\Fe‘ié% %ﬁec‘&ﬁ%ﬁ 1he lstr&¥ B FRErTotol 26 it Quft trace

S reduce the effect of the earth's
rafplétadésahatanesdalediie ptapodivndo ot subsurags refleqtion coefficients.
spectrumto that of a constant scalar nultiplier.
Spectral averaging techniques rely on earth reflection

cgef f i eONCEP RS ¥OR ARUE RENATTVESIVPIITUDE ¢ ORRECTION OF
STRETCHED TRACES

The present invention provides a method and apparatus for true relative amplitude
correction of seismic traces for the effects of NMOR stretch. Removal of NMOR
stretch (destretching) is achieved in the frequency domain by estimating a wavelet
stretch factor B and removing it from an estimate of the stretched wavelet W(B)|B] so
that the resultant data (convolution of the embedded wavelet and reflection coefficient

function) becomes:
W(B)IB ere'z"iﬁoj = Destretch = W(f) ere'z"iﬁoj @)

where the wavelet stretch factor B is equal to the inverse of the cosine of the interface

reflection angle 6, and W(f) is a destretched or externally specified target wavelet.

-10 -



taken froma large tinme gate to be statistically
constant or of a known spectral shape. The averagi ng

wao ewbnsgIees i ncl ude frequency band averagi ng OPCHUS2006/004688
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trace's spectra or Fourier transformng a limted
nunber of lags of a trace's autocorrelation function.
The effect of non-white reflection coefficient spectra

B e Rt RIRIRATRY spectral averagin
appe1 Sﬁ%gétﬂ?%%gowgfe%ct [ Sﬁtﬁr @avl\ﬁl teemﬁlr?g fil tefs a}s), eine
deslﬁﬁqdbednteee edchniqlies mdlmeeﬁeeﬁfaﬂ oﬁtﬂecedrth‘e n¢fleofion boegficients on

Idgé:qréltslcq(l)%% qesﬂ?g&;f%:tgb a’é‘)%‘%ﬁf %IE“ uﬁt;plmegt eB@al averaging
ARG geelg%p'ehﬂhe Aencich BARGCHE TGS i fdRausiand

t he nunber of frequency sanpl es that
atakemﬁremagexgeutmm gatetoshs stadistipalyneonstanierefsdaped spectral shape.

vel et duratjon and S reat.er I

Rt S H et S oyt B gl s lectra or
pF(ﬁfrﬁE @hsfoinfial 'd@ﬁm&ld @bt oflldgspecirticrls anesrplrekatiom function.
each frequency band.) Aver %grgd trace anpl.itude an

p’ﬁlaes@f@p ebrqrrwhite fﬁﬂ?g@(ﬁl enehiicient quact@@nreéflp@ail wavelet spectra can

SEARDES #thépgﬁ oﬁ%hs§ R{;@ ];{Y?e}ﬁg"gelﬁlé?yaﬁ&és@mbew}(&éln

t lmea eferiieRbodined e bf ﬂnpnemt/emoanﬁe reﬁfectwfazafynmngﬂny ection

|nde endent, ti and of f set endent scal
PRGOS b reR 1 Bec e SeBRBIALDY Efsity gpplitnds i phase

s%gxglés?\lvﬁlﬁh%egﬁ&c;ylﬂaﬂ&t [RLAY, the n%ﬁ&%ﬂ%@ﬁenc&%&%ple@'ﬁl‘i’at are

FI'G ternately, wavel et spectral
esteragetl ésinyense bethg mmmumttxps‘&tw wajaletsluratiomaing also greater than

t%ﬁﬁgtg)a?é ] sfotfgf}ggér) gfﬁ ; tgrvga;’}:%{ ilmg n%lo%S@heotulcﬁgl%%erably

detivaedt Restal speFadtbd esV\ﬁil cabh pE@RALY Band. NAaveregal ttacme
val ue of the stretched (pre-NMD wavel et convol v

mamnlﬂade prcbphese speactn [fost Wih b@@@fwllcl?eerﬁﬂect%tw%iei gitignates of
tretched | et
WD PRl SRR efhe i oL TV T 26 e o

constrained so that: = constant (9)In the frequency

domai n, thls constraint would re re that:

WEib) bl = Wfi) (10)W \nﬁ}srércw(?g%‘%re di screte values ®
of a destretched wavel et's Fourier transform If the

phase spectrum of the wavelet is assunmed to be zero,

owhére W) s thb ereaNMOR wdwelet spectra and . is a frequency independent, time

and offset dependent scale factor that depends on local subsurface reflection
coefficients. As illustrated in steps 130B, 132B, and 140B of FIG. 7, alternately,

wavelet spectral estimates can be generated by frequency domain averaging of the

Fourier transform samples of small time gates.

"True relative amplitude" destretch is defined as an operation which preserves the
zero time value of the stretched (pre-NMO) wavelet convolved with an isolated
reflection coefficient. This occurs if the zero time values of the stretched wavelet

w(t/B)|=0 and destretched wavelet w(t)|=o are constrained so that:

W(t)l=0 = W(t/B)l=0 = constant €)
-11-



spectrum of the wavelet is known, true relative
anpl i tude destretching of the data can alternately be

waledobngsizas an operation that does not alter tPET/HE®A6/004688
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under the anplitude spectrumof the wavelet so that:
S(Wfib)|b] W(fib)|b]) 1/2 = S(Wfi)W(fi))1l/2 ( 11)
where W( fj) and W( fjb) are conpl ex conjugates of
W fhe) frﬁh%néé}( fid:Bdin BERQAbAR! Wodd e thdt) WFj)) 1/ 2 is
an anplTtude spectrum sanple. For situations where the
stretch factor b or the wavelet varies with tine, this
true relative anplitu [ ti houl d be net on an
i nst ant aneous tinme bagﬁg&%ﬁﬁyfhgw st general form of (10)
this nethod, normal noveout stretched traces are
transfornmed with a discrete Fourier transfaorm and
selpae 3 (@) atertisereye enluapel sdpstretehedavelgad@urienisasiogm: b
center frequencies fj. The frequency bands shoul d be
conplinmentary so that the frequency domain sum of each

off tHdYhate GRbeMGOf B Waveld iesisahed o tidwrd,oe dfitary the amplitude

domai'n representation of the _ input trace data.,
Apeetruraréihg, waygles [dnogpe Hie ielativer c[@grﬁetgl@ng of the data can

[ ' 29 9hOhreh DRAFMY diBplitude
GRS e QoA R RE R AR I A ek DT
cepaceph of tHerwmvelet bathiae anpl i t ude destretching of
seismc traces is done in 3 steps. First, wavel et

spectral estimates are preferably corrected for

non-white refl eCtZ:(W)sﬁ@ﬁ m%lge)@l)ﬂ@=@(m§w*@)f@rre (11

varying reflectiv stretched wavel et
spectrum Ws(fj,t-toj) given by the foll ow ng

(whsmALH ) Y (658 ey ponbleaenbieptce eh Sk GrENGHD) ekpectvely
i - 1 . f . 4 . Y .
SR O RV QLT kil RBC s FRERARH Pl ofshyfr the sretch

f £2860Y Bz ¥hd Wandletatiss Wik tisdel @liciiud @ttt ampliedecbadition should
destretched (pre-NMO) target wavel et spectra ((fj) is

deef innleeh arsinsigntaheousitivd basist y t heorem as: Q(fi) =
Ws(fi/b,t-t0j )/|b] (13) where W(fj,t-tg) is the
reflectivity corrected stretched wavel et spectra (the
PRsSthe otRve Iferin shitmehod mdrrbaltrhevestit stetdhed fratasrare
Alternately, for true relatiye anplitude destretlchi.n

(rapiamedarith peiserts Fayger rm and separated into overlappin

frequency band traces with center frequencies fi. The frequency bands should be
complimentary so that the frequency domain sum of each of the frequency bands is
equal to the frequency domain representation of the input trace data. Alternately,
wavelet spectral estimates can be generated by frequency domain averaging of the

Fourier transform samples of small time gates.

Using the above concepts, true relative amplitude destretching of seismic traces is
done in 3 steps. First, wavelet spectral estimates are preferably corrected for
non-white reflectivity spectra to produce a time varying reflectivity corrected

stretched wavelet spectrum W(f,t-to;) given by the following expression:

Wi(fi,t-to) = Wi(fi,t-to) R(EY/R(EP) (12)
-12 -



wavel et) with a user specified target wavelet, Wi(fi),
the desired output wavelet is defined as: 0(fO =

wO{obi0gd724 0j ) R(fT O (14) where R(fj) is a user speniU$1006004688
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non-white, vertical tinme reflectivity spectrum at

frequency fj. Second, for each input anplitude val ue

at center frequency f and time t-tqj, Ain(fi-t-toj).
dARWEIET 4 &trat @ﬂt)me -8 aid\mubucy £, R(E) is

g‘grte T(E#H?Jﬂm%% et t o pe é,% Ws( | St - tOJ% l

aabnmltg,emnml xmteheﬂekmsmtyege@élﬁm adtqanencydi g bisdhe stfetch

sarT'pl %6‘1%’@ ﬂ%ﬁ&egﬁ% 'GXW\*/}GX Mleﬁ@ﬂcﬁ% g{ﬁ) i?h'agﬁgzd rrlllsing
ﬁfes‘ixﬁﬁarﬁytﬂﬁé&erﬁra@-QUency band data, Aout(fi,1-t0]). |5

constral hed so that the area under the spectra of the
i nput and desired output wavel ets are equal. For a

desi red out put wavel \_t a7 and maxi mum out put (13
frequencies fmn nd f‘?@n \pﬁg}@twﬂhed spectrum (13)
val ues are summed over over b" fnjn to b fmax in

et WolTido ihoresieciabt prepsg SyorEheg et bR
fi)O(fi 1/2
PoTHO e bR B HedORRe L) Srl e

trace data, Aout(t-toj). II1l. DETAILED STEPS FOR

| MPLEVENTI NG TRUE, RELATI VE ANPLI TU
mlmmhﬂforrmea@tme@mmﬂ%c}mﬁ%tcw BlicaRAG: of the Post-NMOR

Rrete ex h vthitivigeRt is
tVYa[YS %}Eﬁ%ﬁﬂ?d %@%?@%@ef }:mg? fs?lgldfse%hg&{ r%ces
fdeﬁffédsésretched seismc traces. FIG 7 expands upon the
steps of FIG 6 with each of the steps being

identified with a corresponding brief descriptor at

the top of the flowhg F)—Mﬁ%ﬁl‘&@)es of the (14)
destretch method are shdwn for processi ng (a)

tinme-of fset data in an upper fl owpat h and (b)

tlrre l.e data in.a,lowe
wase PgRp aenarsi® HaRTh oRHRR e RFRAYE oREF I
QnéyOf, IRt S RseschitpRr @hplitude vdlee bt denteofibgencyl ftaad time
f ath and character "b" in time-angle data. In both

@dqn&in(%frtytoﬁ Itbv\p'dphtsamﬁlﬁéd% éoulfidrioh 1HEFEREY| ng of

traces is acconplished by replacing wavel et spectra in
stretched seismc traces with true relative anplitude

pre- NMOR wavel et Asjictttsp=1tAo(f,t-to)) O(E)/ Wi(fi,t-toj). (15)

In general, the desired and estimated wavelet samples can be complex, having both

amplitude and phase components.

-13 -



arrive at true relative anplitude destretched seismc
traces. FIG 6 sunmarizes the general steps taken in

W b@opsssent destretch nethod. In step 110, stPEr/Tkm®d6/004688
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seism c traces are acquired. Stretch factors b are

then determ ned in ste 0 for each of the. strefched, \ -
Eatabi & corta D Lo tns Hih T Be Ut BERUCE B SR o o) i
fg%)ﬁsi{a?r{e%?gﬂ tél%ﬁﬁfesariaasu&%} BleGB&Eh dMhé in%ﬁtf dmtldestréd biptesavelets

wavel et spectra are nmade from the input
spesiual Fona desired baut Waveletepith spinmes apdmenagmhavigret

spectra are obtained through calculations utilizi g
frequenciestioi alﬁcgﬁr@e g stesfohegt gb“i%‘ Yﬁlueé@%ees‘?’i’%ﬁ‘%‘ ger er B fn
esiif ed. .r_qt.ﬁ;;g el S Hand Bpiteddy fallows:
S%érf“@hlgg\ﬁdﬂ’tg rrgg%v}é%%“"ftgtg?%{r}g@g?e de“?%irem ned in step
160 by conparing the destretched wavel et spectra to

the stretched _wavel et spectra. The shaph Fechhon

f act orAsufirte) appiondat-toh EEWe({fj»tiOZ t &tfthigpi /ﬁ:gg&'gép@@t ra (16
of the stretched traces to arrive at destretched trace
spectra. True relative anplitude scaling factors are

qeFild @shtrerthed epe id&tiveyantpitadegrach dataatbudt-tf)- a true
relative anplitude property of the destretched wavel et
spectra to a corresponding true relative anplitude

ﬁgﬁperﬁﬁﬂfl{jbﬁsfﬁsmmmmlsm TRUEREBATYVE

e true relative anplitude scaling factors are
app! i eAMPLITUEE CORREGHON 6% $’§R&T&3“Epa¥%t ra
to arrive at true relative anplitude destretched
seism c trace whereby the true relative anplitude

PETEP @lshywoh flohRhat bed phedredaxemetars fdestretah| method for arriving at
substantially preserved. Referring_nowto FLG. 7, the

Abasvisladizs amplitHe destrrbdhedagionis EaceT figm Wsicheg) sgjsmic tracss.

tie-of f se | ' WAR- ' 8} Rlentified with
BT ol BTy ol 6 WA ] oG} s A Riontificd with o
asorrppdridad Briefdbsriptore: dfeftep bf Go fiwehard. Tve sxanaplehof the

Met hod - Tine-Ofset Domain.ln ste Q tretc

séaspick methadage show, fof prgcssping Wéb[‘fgb‘);tfsgt ?‘833 Bt oc'gbjj X1 flowpath

i . i f r St6pd ifleath yethadetlovipaales. are
F%}dts(ﬁg?mt@ hag@%acgga ]ihgd 1tB Fvgniﬁé‘)g%tect g%l 1s uch that the now
otdestifieiwith fresharcteatal added to nefapenseepemenals ipthastige-offpet data

t he source and receiver position Ralel hs. th
SRR 5 o e B LT ) g, e
elidsaeich s RLIH: Skt isHRYaaplishee bp yéladhig taveletgipectra in
Pre-Stack imaging processing. It is reegﬁ th?‘]tathe ;
ditstched seitmimtracee Vb rueaclal Ve emnlityds by M@'gwag t spectra to
Cgrrr]f%te aF fudifive Iaﬁiplitude destretched seismic traces.

FIG. 6 summarizes the general steps taken in the present destretch method. In

step 110, stretched seismic traces are acquired. Stretch factors B are then determined

in step 120 for each of the stretched seismic traces. An input spectrum for each of the

stretched traces is determined in step 130. Estimates of stretched wavelet spectra are

made from the input spectra in step 140. In step 150, destretched wavelet spectra are

obtained through calculations utilizing the stretch factor f of step 120 or else from a

desired destretched wavelet spectra input by a user.

-14 -



| ength of a trace. This tinme correction process occurs
on a trace by trace operation and any trace ordering

w@amvegs7esed. However, the preferred data or gaPCmES10061004688
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of traces is to sort ensenbl es of data i nto common

%ggytngg ES%%@?DP&EMQ" o I?Féirlg S%Rglgo S co}qplgnng H{Q‘H%Qtretched

@ﬁﬁ/gﬁ? bhto BB seOBRIdRs 1R 4sd c‘ﬂﬁ”l‘h@sHaEﬁlgtdbﬁeaﬁomiastoﬁs are
ase spectrumthat is constant over the usa

kapplubﬂ idtstep(1901t6 thei ipit] syecstarqulge ﬁf?ﬁﬂheti traess teprT vt dgstipiched

LA A e
thRhehid of D@t Bive @ﬁipatddel’}bgoﬁeh@ df dmeadestrﬂtchéd wavelet spectra

trace wth respect to the velocit g a{

do e camespondiagitae gelateve anpliudg W@Peréf ‘gfto the, stee g‘i‘ed Wa"d“ spectra.

b5} 1R RB R FhBAGAD lifp AR HRLBPIRB T BRhe

eac resp ect ve stretched seismc
tdestetchadriradt specha @d\armesat tre¢ mﬂati‘va eplitusiei destaetehadesgisgyc trace

rre P e S A Sheh i S g et
§%§M§@}&%ﬁlgﬁ>{es&%@vel et of ener gy emanati ng from source

ral be refracted as it passes through
subsurface formations. An interface containing a

n refle (o] oi Nt P
P emewS § F1ie PaRe Al TémaE ool et bt in 2
Sirh @St dodid &fihaciherfRogrearald dorsdinvFhedestrbieh areghael will
between the normal to the interface at the CRP and a

rfzegt @(d@pmhqwsﬁpﬂmiméhmeﬁéfsﬁté@&%r R The

reflection angle gqr is the angle at which a wavel et

will reflect froma CRP. As shown in FIG 8 the

wavel eesti-dtth Methékr TimkerQfftet oneaini t i s refl ect ed

fromthe CRP due to changing velocities in the

subsurface, prior to be received at receiver R A

dl‘ﬁts S *ét&leﬁ%tefsfﬁ% 8aQE atcRq SR It Hiaa i Oprobesded m such a
function’ of tine and of fset |s generated froman rns

vehyss typrésenctiiusrelative amplimde Jwrthace idateds tigle copreed pych that

Stﬁ’ﬂ fﬁl?\?v(cl}_)g%r%é talmes m eacﬁ trace( replsesent%ﬂer tll‘}l/ %s {f]tﬁg scy{ﬂ&{ &nd receiver

positions were coincident, i.e. at zero-offset. This time correction can be done either

through normal moveout removal or through Pre-Stack imaging processing. It is
required that the distance from the source to receiver is known and constant over the
length of a trace. This time correction process occurs on a trace by trace operation and
any trace ordering can be used. However, the preferred data organization of traces is
to sort ensembles of data into common depth point (CDP), common mid-point (CMP)
or common reflection point (CRP) gathers. Additionally, it is assumed that an
embedded waveform in the traces has a phase spectrum that is constant over the
usable bandwidth (sufficiently strong amplitude) of the data. Auxiliary data required
to calculate stretch factors p are a model of velocity as a function of location and time,
and information detailing the location of a trace with respect to the velocity model and

the distance from source to receiver distance or offset.

-15 -
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of fset travel tine, tdno is the zero offset travel
A g{ ﬁ@lﬁ@&&ﬁéés ahd'h Seckivel REAZRARIR bf &gy érﬁﬁnm‘hg from
m grated gathers, e is the overburden ani sotrop
panreeStveit] ganetrabjob iefracthé agﬁ ohssgs threligh sabsurfpse ifQﬁT@FIP&Fc én

The i nput tr.ace spectra r the

S cqaiining § OB raRICEP 5oty FERE} BT B bliBRARdPa eeologic
Q@@éﬁ%la‘tl% B AvaHBNYoraAl. SRAERVYAY ke os Iindlands shown as

tra as shown in FIG 4B. These narrow frequenc

y
hianshgle betesemteaotthd tp rchqaeterfpcq #idhe CR& andgyray gxtending from the

e gq;eggvgq%gﬁlgggﬁé%maﬁ% 1fs|t]i1§ @-% ?gtvimlgh\r/\% g&’a@glet will reflect
GRNE L. AEeshggvﬁ%' ?f@}@ BNGadl AGAR furliee réfedvp efterd is reflected

frequency is preferably chosen to be the

ofroh KiesERP dlieit ¢hanging atiostties in tha sUbsyripesaDHET toghrcEqigRe at
Nw < N < Nt /10 (21) where Nwis the expected nunber
dFceYHe - sanpl es in the wavel et and Nt is the nunber of
sanples in the Fourier transformtinme w ndow Typi cal
choices of Nbo and Nt /10

A deterministic estimate of the stretch factor B as a function of time and offset is
generated from an rms velocity function and the subsurface interval velocity at the

interface as:

B = (1-sin’0,)"? (17)
where

sind; = x v; cosBq /(v4" (to* +(xcos0g)* N (18)

Va = Vims(142€ sin®a(2- sin®o))" (19)
and

sin®or = x*/(x*+Vimsto)’) (20)
for CDP gathers:

sin0; = (X v cosOd) /(Va (o> +(xcosed) 1)) (18a)

for dip moveout (DMO) gatherS'
sin%0, = (x cos@d) /( (’cdm0 Vol vi ) + (coszed Vo2 ! Vi ) )
and for PSTM data:

sin®0 =(x coszed) ! ( (tmig 2y i ) + (cos49d vl Vi ) )
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showh apFIROIR. Theearmon: Tequenersbangiteases hfé’edb%B‘i?B%Y thaptheir
t of FI G 4A into frequency bands

&&%ﬁﬁaﬁe%ﬁ%ﬁ‘%@‘ PR HagE sfy the above constraints.

The frequency bands are then inverse transforned back

to the time traces shown in FIG?E Envel es o ?

tEIﬁie%b@V%l@neﬁigSlém oftheregpenayderd LittRs fFﬁl‘H"é’ 0ENITEH Y o
rre and frequency i ndependent post-NVOR

gf?é}@%% spec esti mates V\h(fl t-tg), for each

center frequency f] and tinme toj according to

eber o brgaetey by Rt BEREY Pored 4 et ket
rs%ﬁ%]f?éfétthé’f&lm cﬁ‘ﬁtldﬁﬂ estimate of the anplitude of

eac requency band trace is conputed by taking the
filtered Fourier transformsd frequency data that is an

i nternedi ate product from &I nd applying a 90 1)
phase rotation and then c oty fhe i nverse Fourier
transformwhich forns a Hubert transform for each
correspondi ng frequency band trace fromste

fwhere Nedis thmeqmemnb@r of dinrecspptagi in gha WW@@&H% Neis {he number
f rfo gq% %81{, tréaengg o C Q Wﬁldotv& 1cal’% rets. of Np aﬂd N;/10

sunne and

%ﬁh%[&iﬁj? ﬁrrfeca%ragﬁlgtvﬁh@cm@éf s‘ebérar esidréd m’lghsammldsThl s forns
the trace

The preferred practice is to choose the number of frequency bands approximately

equal to the number of sample points in the embedded waveform.

User defined frequency band filters have the property of fully passing data at a central
frequency and tapering to fully rejecting data away from the central frequency.
Neighboring frequency bands are entirely complimentary such that the full pass
central frequency is the zero pass frequency of adjacent frequency bands.
Corresponding frequency samples of each frequency filter is multiplied by the Fourier

transform of the input trace. The result of this operation forms the filtered Fourier
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envel ope (FIG 4C) which is filtered to reduce the
effects of noise. The resulting collection of trace
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i rpol ated. at f AV L y :
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thiandsgars theatipyrsse Eanspumed hagk fof tll?‘iﬁiéfaﬁ?so%lﬂb"’f‘ 181?‘ 4B

LR ' | Ofed i L4TB UV t¥i gRerate th
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alrheamblréqenéyoindependém posNMQR dayelebspobiad estimpigs Wn(fi,t-to),
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AN R b (e

destretched out put spectrum preferably has the
characteristic of having high and | ow frequency

char act eri sti cs Whiditt-toxt ¢V edholsdBPt he usabl e data (22)
frequencies on the w dest offset traces. Shaping (or
corrected shaping) correction factors are determ ned

i i { JnekfiyitPYealaki ng the
r‘glilelsrésg? &lt@%@e géf%uﬁ%@ﬁ&e}ais\%n}\%ﬁﬁet spec?ra to the

stretched wavel et spectra. A stabilization factor is

preferably_added. to, the depom nator tr

DL oEL K RSeuh o RBARS) Bl Dbt e
Vﬂ&ér?dlﬁ&ﬁier (AnSIBth ARéqURAEY &4th HRNistA ihfeemetiat peddubefiom
wavel et spectrumfor non-white reflectivity

caperpldGdandhapplyipg 2 §0Aphask mefatpuRd hers cqrmtlnglﬁge foygyse Fourier
Thi on. | . .
SRR i B ot A Ry TRk ey gt tind

sl Rfin eRpl1BOAETS B the tiics@pelaparvirespdinding éithe satnples from

t he destretched wavel et spectrum determned in ste
1epgh narrow frequency band trace, I—ﬁﬁ)ert transform pairs are squareg, submed

together and the square root is taken of the resulting sum. This forms the trace
envelope (FIG. 4C) which is filtered to reduce the effects of noise. The resulting
collection of trace amplitudes represents an estimate of the pre-corrected wavelet

amplitude spectrum determined on a time by time basis.

A destretched output spectrum is obtained in step 150A. In a preferred manner, the
estimates of the stretched wavelet spectra determined in step 140A are corrected
utilizing the Similarity Theorem Equation (5). This correction utilizes the stretch
factors (B) eq. (17-20) calculated in step 120A and the estimate of the stretched

wavelet spectra of eq. (8) determined in step 140A to correct for the stretch in the
-18 -
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spacfore ey bebswddnreadraty th dastpigher outpel Spﬁﬁmm.siavé.%gésgetched
g%lltﬁ’% SB cir%gﬁpr%fﬁ?abgg égft%g Cflarh et }ﬁl i glth%}fc déglgllqb@' frequency

ctrum conprising
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and central frequency fromthe output of step 180A,
itrages.t he correction factors, and fromstep 162A, i.e.

t he shaping (or corrected shaping) factors, are

mul tiplied by those of step 130A the input data
rStppagaodt edrated shepingnayrettomfactpre ae detsrminet ie sfap A6FA

bands. The corrected .Qutput spectrum.is,convert i
dehe RAERGE o ChS itk 8 TP o b dutsierSTRETEF ek P
| g iseféggllf&ﬂ whieRd 4686, RanwiliZ868 factr iSpiefrdiPAddddeo the
sumed together to formthe destretched output traces.

Fdenatiinator(stretaldd wavelst spactya) to preveens pessie dhsigubpeo- If

f bapd dat AQUE(F it -10i) ] i .
SRR P dDHPd Bhepspn it eah b aefot SR APHOR - white
dRslkéBAtyqy ERHputed etes S60 esingBalhatidne((12) adé$14)ehis correction is
out put wavel et with m nj mum and maxi hum_o

f pestpuead be snadefing iecnmiide sprengr pethe W_é‘defﬁégé %?Iihﬁeﬂ_ectimy-
‘;nfae“&%da&f Fﬂﬁ'ﬁ{t{églg?tﬁxa?rspg&g@i ! QviabdBfio tH2 dAstedibhdd-Waielet

over J) and applied as follows:
AgpdtirimtdejermineSAostep I50A-1 0] ) S(Ws(fi,t-toj)WVs
*(fi,t-t0)))1/2/S(0(fi)0 (fi))l/2 (16)
The shaping (or corrected shaping) correction factors are applied in step 170A to the
input spectra of the stretched traces using Equation (15) to arrive at a destretched trace

spectra.

True relative amplitude scaling factors are computed in step 180A. The ratios of
corresponding true relative amplitude properties of the stretched and destretched
wavelet spectra are taken to determine the true relative amplitude scaling factors.
Examples of such true relative amplitude properties include the zero time value ofa
wavelet, the area under the amplitude spectrum of the wavelet, or the time average

mean absolute value of the stretched traces.
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preferably has the characteristic of having high and

| ow frequenc )
to yield dqestretcﬁ/ed true relative amplitude trace data, Aoui(t-toj).

B. Destretch Method Time-Angle Domain

In step 110, stretched seismic traces are acquired. As described above, the stretched
traces may have been processed by normal move out removal (NMOR) or through the

Pre-Stack imaging process.

Stretch factors B are then determined in step 120B for the stretched seismic traces.

The stretch factor B is defined as the inverse of the cosine of the reflection angle 6;.

-20 -



characteristics that extend across the usable data
frequencies on the w dest offset traces. If warranted,

w@pooatighi7ee onal adj ustnent is nmade to the shapi POI/US2006/004688

10

15

20

25

30

correction factors in step 160B to accommodate for
non-whi te reflectjvity. This cqrrectiqgn is,cal .at ed
oA TG AT BI 1Y BERIS LB ARG RTGF TG R RFYPh g Ele &
€ defdrnGtddl didebily by hﬁer%g%ghg theack Med Rk k&retaluy irhok.

spectrumis divided into t estretched wavel et
spectrum determ ned in step 150B. Shapi ng correction

factors (o corrected shaping factors) .are d wnegd. .
b inge i€ n BBt fie DR Hems SFleRaited B fiof Tadh it tua s
spl 186 8delipyaigakindpRs.tHadiwihddw, tif CurflSiS cb@ebrted to the frequency
déstretched wavel et spectrum The quotient or ratio of

edwnain by teldne He Fagriartagsfeme jo sappded and ealeilging ifsanepldude
V\%\ég spectra to the stretched wavel et spectra is
cal’culated to arrive at the shaping correction

factors. Preferably, a stabilization factor is added

to the dengmi nator to prevent .division by zerq. The
SRBSFHGAES L reted SevIFLapahtig SP&BWQB%E@%@%J Hystep 140B.
f r erfathel thifPBetifpu BedARm §REI82B b
o?ﬁ%s%g&érﬁ%?gﬁgfg{ tr g::egs%yt%gﬁgr r ié\algeéltgb a 1geest r etnéheg y

t losceass fidtetingthu¥ fareningthatestioate v thet tngtchsd siaivelgt fpaetrens
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the true relative anplitude property of the stretched
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parttcularly, correspondi ng frequency sanples of the
S “correction factors (or corrected shaping
correction factors) and the true relative anplitude
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As an alc%ernative to calculating the destretched output spectrum, a user defined target
waveform may be used to generate the destretched output spectrum. This destretched
output spectrum preferably has the characteristic of having high and low frequency
characteristics that extend across the usable data frequencies on the widest offset

traces.

If warranted, an additional adjustment is made to the shaping correction factors in step
160B to accommodate for non-white reflectivity. This correction is calculated by
modeling the amplitude spectrum of the underlying earth reflectivity. The modeled
earth reflectivity spectrum is divided into the destretched wavelet spectrum

determined in step 150B.
221 -



factors are applied to the input spectra of the
stretched trace windows to arrive at an output spectra

w@boodesd7eet ched trace wi ndows. In step 192B t hBCT/US2006/004688

10

15

20

25

30

destretched tine wi ndows of the data are fornmed by

taking the inverse Fourier transformof the product of
step 190B. The destretched seismc traces are forned

| BhagifPcdBA4BoR Yacsor(art@rrtdied staging fdetats) whedbammifed in step 162B
reconstitute the traces. FIG 5 is_an exanple of ]

d by eempaingife sstroravel thesfrechedpvaystas spectrpmewidl therdepised

[ |-gf t ' i :
BBl W gl i B g drhS SEEREGEREHAEE frequoncy
v eamplt b the destratchpddi wardiet speces petkistretchéd tvheelétapecttaiat

SRIPUSISED RRire QLU BUTRBTESHISN G I gAY, Agtabilzation factor
Vjevsﬁahéd RANE dBEHhindtol SRl GRUvAIR by Ydes with angle as

as reduced apparent residual noveout. The
i nventor also includes a program storage device

readabl e by a chi ne, , t angi bl odvyi.ng a, progr.am.of
| T8 SrheieeReliBt el o B Halietee ERATE RIS B AR
NBep QU0 ke ihRit spédira\of i@ sfetched Gadeltahirie adAakitidiciRd trace
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t BREEE8. using the following steps: a. acquiring

stretched seismc traces; b. deternmining stretch

factors b for the stretched seisnc traces; c.
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traces; (. determ ning estimtes of_ stretched vel e
s 5%%893113% Fe Fdat e dyleqirprerties ofghs _%Imﬁﬁ(‘iwg aa%_estfetéhed
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correction factors by taking the ratio of the
ddgaine thebetuamlative anphitste pzoptettigsineight ineludf eerowaneyadge of a

spectra; g. a i,thg th hapi.ng ceprecti factors to
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relative anplitude scaling factors by taking the ratio

of a true relative anplitude property of the
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speredatet shapilg correction factors) are applied in step 190B to the destretched trace

spectra to arrive at true relative amplitude destretched seismic trace whereby the true
relative amplitude property of the stretched wavelet spectra is substantially preserved.
More particularly, corresponding frequency samples of the shaping correction factors
(or corrected shaping correction factors) and the true relative amplitude scaling
factors are applied to the input spectra of the stretched trace windows to arrive at an
output spectra of destretched trace windows. In step 192B the destretched time
windows of the data are formed by taking the inverse Fourier transform of the product
of step 190B. The destretched seismic traces are formed in step 194B by summing the

individual windows to reconstitute the traces.

FIG. 5 is an example of destretching a common angle CMP gather. The stretched
input gathers on the left have interference induced apparent residual moveout as well
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of a tddi@ntigingshapdngeqrtdctionéacpmre by takyngthe ratio of the destretched
destretched wavel et spe&ﬁ]rp to a correspondi ng true
r el at i Vaveighspeaitade t i @Wﬁf’ eleh % et ched wavel et

spectr ﬁip%f’aiﬁg te shaﬁlﬁ? L &ioh Factd ik Y6 tHeqh@it sy taragithd sifbeched

stalin ctors to the destretched trace spectra to
arri vetrades to areive et atéstretchepiracespecttfest r et ched sei smic

h. computing true relative amplitude scaling factors by taking the ratio of a true
relative amplitude property of the destretched wavelet spectra to a
corresponding true relative amplitude property of the stretched wavelet
spectra; and

i. applying the true relative amplitude scaling factors to the destretched trace
spectra to arrive at true relative amplitude destretched seismic trace whereby
the true relative amplitude property of the stretched wavelet spectra is

substantially preserved.

While in the foregoing specification this invention has been described in relation to
certain preferred embodiments thereof, and many details have been set forth for
purposes of illustration, it will be apparent to those skilled in the art that the invention
is susceptible to alteration and that certain other details described herein can vary
considerably without departing from the basic principles of the invention.
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trace whereby the true relative anplitude property of
the stretched wavel et spectra is substantially

w@e@sossred. 2. The method of claim 1 wherein: PEEUS2006/004688

10

15

20

25

30

destretched wavel et spectra i s obtained by mapping the

smm= tI spectra utilizing the simlarity

t tretch factor into a destretched

wavel et spectra utilizing the foll ovvi ng mat hemati cal

formulas: Wf) Wh(f/b)/|b|]where: Wf) = destretched

\Qihv el e nsqztb@d foaarving 3t tenelative papbitvde dowiréihed seipmic trages
=th t a| m

2 vvher@?lﬁl C% gél lﬁ{ﬁ:c[%c \%q{é%tﬁs pe@ﬁ) Qﬂg o S k

to correct for a non-white reflectivity utilizi ng the

foll owi ng mat hemati cal forrruj a: Ws(f)

Wh( f) REF) / ReGImBIng stretshgd sgpgpicyiracegi e st ret ched wavel et

spectrg cor

spect rom vagpying e S BRR R (bR e Rbd dhdatc races

= a user spécienmlamgnn]ﬁutepttqtralfmyths p‘edch&ﬁmelsmlﬁ teest

i nci dence ti .and tch cto

The mefiod EfteipipeimAs &F kel vlblef bl fRhe e

spectra is ghned froma user speC|f| ed target

wavel et spectra wher ein: Vé WI(f); where: Wf) =
dest r ee.chedobiainénga desgreishe Wa%ﬁi@tha) = a user

specif} k ed t ﬁet%%m}’ﬁ% %Ia]? Bg 2BE&HOR factors by taking the ratio of the

destretched wavelet spectra to the stretched wavelet spectra;

g. applying the shaping correction factors to the input spectra of the
stretched traces to arrive at a destretched trace spectra;

h. computing true relative amplitude scaling factors by taking the ratio of
a true relative amplitude property of the destretched wavelet spectra to
a corresponding true relative amplitude property of the stretched
wavelet spectra; and

1. applying the true relative amplitude scaling factors to the destretched
trace spectra to arrive at true relative amplitude destretched seismic
trace whereby the true relative amplitude property of the stretched

wavelet spectra is substantially preserved.
2. The method of claim 1 wherein:
the destretched wavelet spectra is obtained by mapping the stretched wavelet

spectra utilizing the similarity theorem with the stretch factor into a

destretched wavelet spectra utilizing the following mathematical formulas:

W) = Wa(B)IB|
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5. The nethod of claim4 wherein the target wavel et
spectra are nodified to correct for a non-white

wOo edobegd7eyvi ty utilizing the foll ow ng mat hemat PCHIS2006/004688
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formula: Wf) WI(f)R(f) where: WTf) = destretched

wavel et spectra; Wi(f) = a user specified target

wavel e¥i<pectra; and R(f) = a user specified

refl ecWi(ﬂi ty JepRfched WaldletPedtt£al time. 6. The met hod

of claiml wherein: the stretch factors b are

cal cul Whéd drestmichedwpredetispedsr f uncti ons of of fset,

time, ynms vel.ocit nd i.nterval velocity. 7. The

nmet hoo‘g of cT eﬁ?’ﬁ%ﬁéﬁr‘g’éf}hfac{%e stretch factors b are

cal cul ated deternministically as functions of offset,

time, rnms vel oci tléiml nterval velocity and at | east %?gedto

df. oveFhnmebad afitletn 2 oyherein thegiisiched wayelpt spgctrargg mo
met hod_ of aim F ek o at. g _
trac escog’fegg%bﬂ nogs eﬁggg%gvgb %tlﬁ%ﬁgglfezféﬁg\t%gi | ntﬁematlcal

accor dgagglaM th the foll owi ng mat hemati cal expression:
b = (l-sin 2gr) 1/2 =1/cos qr; where sin2gr= ( X V]
cosqd)2 / (Va4 (to2 +(xcosqd)2 /Va2)); va= V ns(l +2e

si n2a( I D) Kbl Rmegl N2a = x2/ (x2+Vrnst 0) 2); and
wher e ﬁ{"(qss &ﬁ'ébfkgﬁllkég@l on angle at the interface; x

i S shoyhére: group offset, Vj is the subsurface interval
velocity at the tO; A/rrrs is the rnms vel oci

I ty of. .
over buad),: = the stretched wavelet spectra cortected for a ngn—wfhlte reflectivity
spectrum,

Wi(f) = the stretched wavelet spectra;

R(f) = auser specified reflectivity spectrum in normal incidence time; and
B = the wavelet stretch factor.
4. The method of claim 1 wherein:

the destretched wavelet spectra is obtained from a user specified target

wavelet spectra wherein:

W) =W
where:
W() = destretched wavelet spectra; and

Wu(f) = a user specified target wavelet spectra.

5. The method of claim 4 wherein the target wavelet spectra are modified to
correct for a non-white reflectivity utilizing the following mathematical

formula:

W = WyDR®E)
where:

W(f) = destretched wavelet spectra;
=25 -
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t0O is the zero offset travel tine; e is the overburden
ani sotropy paraneter; and qd is the geologic dip at

W baeioss7es f ace. 9. The net hod of cl aim 7 wher ei PCT/URID06/004688

stretched seismc traces are di p noveout (DMO) gathers
and b&& cal cul at e fg nce vvlththefollovvlng
mat he ti £k &7 2 U585 PREL leav f E‘Zﬂ;af . where Sin

2qr = K@ CaSgdger %pémﬁedﬂéﬁgaﬁutyasﬁéctﬂim ) vettmiaﬂiﬁﬁlequ Va
21V ) Va rns(l+2 e sin 2a(2- sin 2a)) 1/2 ; and

where qr is the reflection angle at the interface; x

i/GZIf) %ftrg?@?ﬁgpglgggg&here\{[h is the subsurface interval

I'S the rnms velocity of
over bLtheI etistch thators P atehrlcnbnal dftérashisticalyels fonatienoé! DREST,
gathers; e is the ov rburol ani sotropy paraneter; and
qis ttnaeg“awsbacgyaﬁl migrvalyelqciyer f ace. 10. The met hod
of claim7 wherein: the stretched seisnc traces are
CRP gathers and b 1 is calculated in accordance with
t'he f olheomethgd nfelhimdhvihesdiniexpr ession: b (I-sin

\2/5r )2) 1’£/ eZﬁg%/nh i‘&e%)sr%g are%alculefted gé%ermﬁls'zlgalfy a(s f&ﬁéﬂoﬁs N (ﬁ’fset

time, rms velocity, interval velocity and at least one of overburden anisotropy

and geologic dip.
8. The method of claim 7 wherein:

the stretched seismic traces are CDP gathers and B! is calculated in

accordance with the following mathematical expression:

B= (l-sinzer)'l/2= 1/cos 6y;

where
sin®0;= ( x v; cosHy )* J(va* (to* +(xcosBg)* N2
Va= Vims(1+2€ sin®cu(2- sin oc))”2
sina = x%/(x*+Vimsto)*); and
where

0, is the reflection angle at the interface;

x is shot to group offset,

viis the subsurface interval velocity at the to,
Vs 15 the rms velocity of overburden;

to is the zero offset travel time;

g is the overburden anisotropy parameter; and

04 is the geologic dip at the interface.
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2/ V2) ) va =vrnms(l+2 e sin 2a(2- sin 2a)) 1/2 ; sin
2a = x2/(x 2+Vrnst0)2) ; and where qr is the

offset, V] is the subsurface interval velocity at the

t0; Vr is.the.rns l,oci.ty of overburden;tm g is the
ero o es@?thf’?lﬁgda?n?n%hr%getnté'd gathers: e is the

over bugeeRetamidsetshiPira@a nendip eicveamDAO) gathérs and B is
geologic dip at the interface. . e method of claim

11. Th
1 wherwilovlatedin aceoidance) vith the Talipving mathesnatisal gxpressigh
is preserved in the true relative anplitude
destretched traces, is selected fromone of the
following zero tine val ue gf=i(heinfty¥et, the area
under the anplitude spectrumof the wavelet, and tine
aver ag&h¢rean absol ute val ue of the stretched traces.

12. A nethod of. £o [ JAG\2 e rekat bwv Lrude
scal i ng factorssmcb%:g)?%dé@%gt/gﬁ °s ae/pa)\é )ofg(ﬁg@l gar ?r?'m)%g a

stretched wavel et spegf= @ f(or2NUR(3tsiogéd gat her of
traces; determning a des}ret he2q wavel et spectra; and

taking the ratio of a tsine Fel/ftvestamprid ude property
of the gestretched wavel et spectra to a correspondi ng
true r®P¥five anplitude property of the stretched

wavel eg if BRGEAGHoR SGORRHR ihetBed; el ative anplitude
scaling factors. 13. A nethod of obtaining destretched

wavel ex isshettorgrofp offsed, gat her of stretched traces, the

met hod coppr.i si ng: i.ng, t he retched wavel et
spect r&lﬁﬁﬁglsPéﬁuﬁ%C? ﬁgeorgﬁ‘lr}ﬁ%}"ﬁﬂ?fﬁéﬁ?ﬁ%or emwi th the
stret ci_ [ AGhéFmd W16iy dostibatdengd wavel et spectra
utilizing the foll owng mathemati cal formnul as:

tamo 1S the zero offset travel time of DMO gathers;

g is the overburden anisotropy parameter; and

04 is the geologic dip at the interface.

10.  The method of claim 7 wherein:
the stretched seismic traces are CRP gathers and B! is calculated in

accordance with the following mathematical expression:

B = (1-sin®0,)"%;

where
sin?0; = (x c0520a)* / ( (tmig> Va'/ ViZ) + (cos*0gvi2/ vi¥) )
Va= Vims(1+2€ sinzoc(2- sinzoc))” 2,
sino. = xz/(x2+vm,st0)2); and
where

0, is the reflection angle at the interface;
X is shot to group offset,
v;is the subsurface interval velocity at the to,

Vims is the rms velocity of overburden;

-27-
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WT) Wi(f/b)/|b] where: WTf) = destretched wavel et
spectra; Wh(f) = the stretched wavel et spectra b = the

woronelgs72st ret ch factor. 14. A nmet hod for cal cRCHUB2996/004688
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stretch factors b for stretched seisnmc traces

wher ei n ors b,are cal cul at ed

det er rﬁ“rﬁll%{ﬁf’5%1rlol‘§%sgﬂnpﬁﬂ£’f“f%ﬁt§d t?lglfsfset time, rns
vel oci § i tRevdrbiir@én@lisot@p9 phiayneld; andThe met hod of
claim 14 wherein: the stretch factors b are cal cul at ed
det er ais gtei gealdgic B at adntedees. of offset, time, rns

“velocity, interval velocity and at | east one of

over burden ani sotropy and geol ogic dip. 16. The nethod

of 1.cl arke hétholof Elait 1twHEAGE: Ssttrreettcchheedd
SSEEI issnmmicc ttrraacceess aarr ee t he s and
i s calhe tivardativermpltuieRiap tisithah 1StIH€Sngq iR gue felative

athe h Rty ki
qu n%ﬂ))(lﬁ@he g@é@’éﬁg% R%R/qi %le&%&‘fr?ﬂnc%lg oé" (’:til?e fo‘ﬂ’ﬁ r% ime
= \Wadlse «6ﬂ the vxavslem tlideprea urﬁienthzaa)np)hmdezpc;ctmm oﬁ‘@he:wayelet
+Vp st 0) ; and wher is.th | ecti nangle at
the i n@@r‘?rﬁ% averges mga%areﬁ’é&u{e valed ‘gfﬁﬁ tfeg‘gl B%'s the
subsurface interval velocity at the t O; VI i s i s the
rms velocity o f overburden; toi s the zero offset
t Favel Atrethod ef ¢asnputiog e et eeamplHindotcabpg faskraprrpptising the
and steps of:
determining a stretched wavelet spectra for NMOR stretched gather of traces;
determining a destretched wavelet spectra; and
taking the ratio of a true relative amplitude property of the destretched wavelet
spectra to a corresponding true relative amplitude property of the stretched

wavelet spectra to compute true relative amplitude scaling factors.

13. A method of obtaining destretched wavelet spectra from a gather of stretched
traces, the method comprising:
mapping the stretched wavelet spectra utilizing the similarity theorem with the
stretch factor into a destretched wavelet spectra utilizing the following

mathematical formulas:

W) = Wi@BYB|

where:

W() = destretched wavelet spectra;
Wi(f) = the stretched wavelet spectra

B = the wavelet stretch factor.

14. A method for calculating stretch factors B for stretched seismic traces wherein:
the stretch factors p are calculated deterministically as functions of offset,

time, rms velocity and interval velocity.
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gd i s the geologic dip at the interface. 17. The
met hod of claim 14 wherein: the stretched seismc

W0 e@e6e88729 € di p noveout (DMO) gathers and b" 1PECBHUS2006/004688

10
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25

cal cul ated in accordance with the follow ng

mat hemat i cal expression: b = (l-sin 2qr) -1/2.where
sin2gr = (x cosqd)2 / ( (tdnmo 2 va 4/ Vi 2) +
(ng)Crﬂhé/aIgzthbdwclainnl4v?l(er-eimr s (| +)2 e si nga\(Nﬁ-

sin2a))l 7 Sin2a = x2/[(x2+vrnmst Q) 2).; .an ere qr. LS
the r et stretch fackg P aregalquiated ﬁ@témma@%é?alﬁf gsdungiigps Pgo%fset»
group Offset. aYacks i 1BsBoN¥EbE KRR ddnYanot
t he tot? @Sivse}é%catzﬂﬁl%s?v%g?@g{ ;ﬁ;l‘f(g?tlg%er%urden; tdm)ais el
t he zesmd golopdd dipr avel tine of DMO gathers; e is the
over burden ani sotropy paraneter; and qd is the

geologic dip at the interface. 18. The nethod of claim

1fe WhetRi Rethol®f shalr 16 Rl sm ¢ traces are CRP
gathers and b"1 is calculated in accordqppe wth the

f ol | owihagtretehérbseisniie trcesyape €5P) gatherpand 7 isgaleulated in
2qr) -1/ 2; ere..Sin o= (X C0S / tm g2-Vv 4/
075) " e PGy ARG efppsslont ' 1 07 )

sin2a))1l/2 ;
B = (1-sin®0,)"%;

where
C 20 2 42 N
sin“®; = (x vicos0q)” /(Va (to” +(xcosOqg)” /va));
Va = Vims(1+2€ sin®a(2- sinzoc))” 2
sin*o. = x%/ (x2+vmsto)2) ; and
where

0, is the reflection angle at the interface;

X is shot to group offset,

v;is the subsurface interval velocity at the to.
Vims 18 the rms velocity of overburden;

to is the zero offset travel time;

¢ is the overburden anisotropy parameter; and

04 is the geologic dip at the interface.
17.  The method of claim 14 wherein:
the stretched seismic traces are dip moveout (DMO) gathers and plis

calculated in accordance with the following mathematical expression:

B = (1-sin’0,)"%;
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sin2a = x2/(x2+V t,sto0)2); and where qr is the
reflection angle at the interface; x is shot to group

wWo@RGosm88729/) i s the subsurface interval vel oci t RCHUS100€004688
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t ; rmse is the rns velocity of overburden; tmgis the
zero offset tine of mgrated gathers; e is the

over buV&% ani sotropy paraneter; and qd is the

geol ogi ¢ di g,& -t rface~.4 33 + P@grany, dtor age
devi ce reada Ie b(?l%oé@}?@((% v?/;!, ) /M% rﬁ{) ylzr?g a
program of inst rucwtewsns(elkéeum%tk(aesmﬁoc)t)lﬁe machi ne to
perform met hod stepsfor arr,i Vi ng e relative

anpl i tude destr et chednS@rshi® “'tVrnaE’béaP om st ret ched
seism ¢, traces, the method conprising the steps of: a.
acqui rllﬁgr stretched seismc traces; b. determ ning
StretCdf}1§ﬂfétr@ﬂl@:ubnﬁ@gletahmsﬁteﬁh@hed seismic traces; c.
determ ni ng i nput spectra for the stretched seismc

t r acesX isghotietgspun fsﬁ@ esti mates of stretched wavel et
et i Rl Bad Rl B RERbfPan e 1201 2 1 1O 2

dest r et Waver spect erm ni ng shapi ng
correctrtngstliea@ﬂsoxdsochy otfat«erbgrdbh,e ratio of the

destretched wavel gt s trat tretched wavel et
spect rlamo 1§ theZgH) Qfisghtr ?‘fﬁi a‘iﬂ?t%‘ %?ﬁlteéﬁ’tlon factors to
the 'n.{)fétthigv?&ﬁﬁraerpﬁmm ﬁt@%{é@ﬁdaﬁd aces to arrive at
a destretched trace spec . conputing true

r el at i &g dhnpdeotagitedip @tthierigteffact ors by taking the ratio
of a true relative anplitude property of the
destretched wavel et spectra to a correspondi ng true

reg atlyﬁeﬁg@llouwgﬁugrl@g@{e}é{nof the stretched wavel et
spectra and i . applying the true relatjve anplitude

scal i nthefstetchedsseismit acesese CRP@adrs and B is calculated in

accordance with the following mathematical expression:

B = (1-sin®0,)";

where
sin®0; = (x cos?0g)* / ( (tmig> 23 viD) + (cos*0qvit/ vi )
Va = Vims(1+2€ sin®al(2- sin oc))”2
sin%a, = xz/(x +v,mst0) ); and
where

O, is the reflection angle at the interface;

X is shot to group offset,

v;is the subsurface interval velocity at the to,
vims 1S the rms velocity of overburden;

tmigiS the zero offset time of migrated gathers;
¢ is the overburden anisotropy parameter; and

04 is the geologic dip at the interface..

19. A program storage device readable by a machine, tangibly embodying a

program of instructions executable by the machine to perform method steps
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trace spectra to arrive at true relative anplitude
destretched seismc trace whereby the true relative
wa@epbiogaTee property of the stretched wavel et SPEDUSH06/604688
substantially preserved.

for arriving at true relative amplitude destretched seismic traces from stretched

seismic traces, the method comprising the steps of:

a.
b.

o

a

acquiring stretched seismic traces;

determining stretch factors B for the stretched seismic traces;
determining input spectra for the stretched seismic traces;

determining estimates of stretched wavelet spectra from the input
spectra,

obtaining a destretched wavelet spectra;

determining shaping correction factors by taking the ratio of the
destretched wavelet spectra to the stretched wavelet spectra;

applying the shaping correction factors to the input spectra of the
stretched traces to arrive at a destretched trace spectra;

computing true relative amplitude scaling factors by taking the ratio of
a true relative amplitude property of the destretched wavelet spectra to
a corresponding true relative amplitude property of the stretched
wavelet spectra; and

applying the true relative amplitude scaling factors to the destretched
trace spectra to arrive at true relative amplitude destretched seismic
trace whereby the true relative amplitude property of the stretched

wavelet specira is substantially preserved.
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