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'[err] 2 EP 0 335 450 Bl where [err] 5 [err] [err] Also, in terns of

t hede sare coefficients, the nornal incidence or zero offset reflection
coefficients are given exactly by EPRB3R 45RBlerr] 15 [err]

(2e) [err] [ERR] For sufficiently small values of [err] and[err], equations
2d and 2e may be approximated as, 25 [err] [err] Thus, neasurenent of the
nor mal ingj.dence conpressional -wave reflection coefficient,[err] gives
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It is génerally the objective of seismic exploration to generate seismic energy, make measurements of
the reflection amplitude of this energy at various offsets and for various times, and then, by employing
various processing steps on this seismic data, to deduce the geometry as well as some of the elastic
properties and densities of the materials of the earth through which the seismic energy has propagated and

55 from which it has been reflected. '

One such processing method which results in some knowledge of a velocity model (that is the velocity
of seismic waves as a function of Z) is conventional moveout velocity analysis. This velocity model may
then be used for dynamic correction followed by stacking the corrected seismic data, as described below.
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EP O 335 450 B1 A seismc reflection froman interface will arrive at a
rectiver*after a two- way travel tinme, denoted and used herein as, t(X),
where X is defi ned and used her eER o;aasasmbeadi st ance bet Ween t he source and
the receiver, or "offset"” distance. This "noveout tinme" t(X) may be used to

"dynam cally correct” seismc data acquired at an offset distance X so that
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the e#rt nodel assuned to be one for which velocities may vary with
dept h, i mt.?t |)%(IYET al r"y however, the nmethod of the present invention may
be appli q‘drel n nore general cases. For exanple, this nodel and analysis is
al so appropriate for reflections fromdipping reflectors as |long as the
data Ls gathered by common mdp0| nt (CWP) between source and receiver pairs
(as nore fully descri dv(?g and the degree of dip is not severe, and
the reflectorsyate_l a ra 'y 40 continuous. |If these assugpa)ons are not
met, other conventional processing steps, such as migration, may be
required, although they & e not described herein. For a dipping reflector,
t he iﬁbterpretation of the coefficient [err] of equation 3 as the square of
the recigaocal of effective velocity nust be nodified to include the cosine
of the dip angle. For this case equation 4 becones: 45 [err] [err] [err] 50
where a % s 2 fgdZoi@l.angdop. Conventi onal processing of conpressional -wave
data uses data collected with many sources and nany receivers and gathers
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nunber s use cor -
45 2
12(X)=t2+—x—~——— ’ (4')

° (Ve/cosu)2

50 -t
where « is the dip angle.

Conventional processing of compressional-wave data uses data collected with many sources and many
receivers and gathers the data by the common midpoint (CMP) technique, as illustrated in Fig. 1A of the
accompanying drawings, which will be discussed in more detail hereinafter. Traces with a common
55 "midpoint™ between the source and receiver are collected or gathered at a surface gather point. For

example, in Fig. 1A, S1 and R, are the source and receiver pair for the first trace and have a midpoint at

the surface point (0). Fig. 1B of the accompanying drawings, which will be discussed in more detail
hereinafter depicts the corresponding hyperbolic moveout of such data (where the numbers used cor-
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[err] (14d) 10 which depend upon the offsets (i.e. acquisition geonetry)
used, but not the data, and (14e) [err] [err] 20 which does depend upon the
data. (4) Finally the |east-squaPR8¥F#OBItting coefficients A(t), B(t)
and the quality of fit coefficient E(t) are conputed using the suns
(14a-14e) in equations 7, 9, and 10. Tables and/or displays of the quality
of fit coefficients are made for each velocity function and tine sanple and
then local maxinma of these fit 25 coefficients may be,pi l)<ed as in
conventional velociTy ﬁrF&P%ﬂ(E)) A vel %ty function may t‘ﬁé‘% be selected to
pass through these ’b(cked maxima, and is referred to as the "optinmal"
vel ocity function. {5) Additional results of this nethod are the
Ieast-squared-error_fl glggex flcient traces A(t) and B(t). For each
trial velocity funcﬁio one ? ’and one B(t) trace are deternined. These
traces may be used % I nterpol ate optimal A(t) and B(t) t(aadgs after the
opti mab vel ocity function has been determ ned, or optimal 30 A(t) and
B(tY traces may be recal cul ated fromthe opti mal vel ocity function. (6) The
opti mal A(thichgerenBpon ther dfedss(i.eragquisiiemgdometny) nssddiee eal theelath)e@d | ndi vi dual | y or
i n conbination, as characteristic attributes of the earth and these
attributes may be displayed and interpreted by conven- tional or other
met hods. For exanple, the traces provide information aboutigdystic
properties and denstt ige(tuR @hn'rfﬁflxlﬂe.l nterpreted in terms of Iithol ogy,
fluid content, or Bgher geologically significant 35 features. The basic
steps of the met hod for processing gathered data to estimte a noveout
velocijy function, a normal incidence trace, and an offset dependence trace
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of reflection anplitude fromthe seismc data. The optimal A(t) and B(t)
traces may then be considered, either individually or in conbination; as
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EP 0 335 450 Bl 7A, which contains the normal incidence traces, shows that
the A triaces are relatively insensitive to velocity errors, that is, A(t)
changes very slowy with delta [@Prg3354asmBdig. 7B, it is seen that the B
traces are nmuch nore sensitive to velocity errors and an error of as little
as 100 ft/sec may give a poor indication of the true offset dependence of

t he dat a7A THhigh contajna the rowna “ﬁ@ﬂ@ﬂe Yasess ghows thabibe. § fragee g Spiasively ingegsifive 19 YFéPCtS‘f f set
dependeneers. $hatis; AN |seangasyery oyt daka Yer F’?@d: ig. I7'ﬁ- s égijgghaé?’d on ?( "E

of the B I to vplacity gess prstpniegonof asfile

mutcdoieTyety i T saape ooty PR | e LT PRes | <
s fg‘f e ek ;aﬁf}%m
ertects [T i %@;.s o oy o N o

not to ag e%@ dﬂfcﬁ% & Qﬁsé"fh& Esrﬁ%mlaﬂ of BRE: He%&éﬁt invéhtior] Abt BCHYAL ipRBisdly wiMVige
when the LafffCi, IM%H 6, dUBh Aenltte dofredt FBFboutivbibity is dsbe FifgR Afeih 8T ethenDbf B t )

i s ‘Whde Y hitiediith Sl di6dive Ricitiéhed ARYNS BorRétDirén d @odR GhidhiaDMBiaitys iBelibh) Setdney mall

vel oCi t Y sfrthafd is8imogRfie 0B this BRa S¥NWEIetdeRera&l SEMY BNt © loxdrdsiion Gt the Deitet Wer e
gener at edepéhidonch of GR[INottioR coofiiRichts etir Bin he Bppidxitnatdnfo eduatibe BeThite.speal distottie
refl ecti age Bowinfal db@tit Klydatiliherredibranill isbraewhgtgimitthenaaturasn with wiicjueiisétalapeddentdi r d,
Si gnal rsdicart bs imieasvred Uy this meshiode [Notepthetoalit thy rméiittiese effactsernayi bm agepirfedsionehhat
limt thétemetationskgedilt bpitaiol bisecfibate dupraerttchvtieen he marpsuled Bikpse) w@us"@i) Vehi s
met hod. (eis end thextheerpticaltiealnulatef for tisseartie pdat isuitmgpos andpvch bAfteE an PESFa08 thep he

i nt erpr et“&tfﬁse!fﬁ abtaingd uging| Vo frapicenventipnd) valosiy estimation B‘°‘f°ﬁ‘é95a reement petween the
nmeasur ed B(Thp ipterpretatio ot the grmal [incdencecMp Jrase 2pY 0{% df"ﬁ’ @ "‘ay be
calcul At @ErpRd ipHpagy éevsf ﬁ°rneaep'° lgto ﬂiﬁ*@w '6 "

than the °F‘8'§ f §ssB‘fﬁt cgt;; f"? d 4" t'°" : %rggt i on
E pe 0[) m%;es in s I' tr;?sn géﬁ%ﬁ%gﬁ of E @ch |on

pr ocedur ) JILer pr &
of fset d ? 8 E’%@% ? ra lgg X I2”| BlallB eéi Ght u%atvo (}ﬁven by
exarrplg Sral, m aus i nthe traces themse ves may be

enpi rlcaef'y assomated W th local variation of lithology or fluid content.

O her |ntFe Lok ald PPSR.ORLRDS fggde fromvarious A(t) and B(t) trace
conbi natloﬁg gir‘f'd rgt ﬁ%’s vvhlp'cﬁqg é to enhance or discrimnate in favor of a

parti cul af mphynai Cadirafll Xpssionts of 8GualidhSiiadne Bqudtibh 26 AieNEBd atey dqOdtilis 164 fuddpt hs
of typicCaimpheBkar ati on interest, the [err] ratio is often near 2. If this
value is incorporated into the approximation given by 25 equations 6 and 2,
one obt aiR@) =[Re(O) |+ [RIO)}2RsONsItd. |  OSW)t r ast expressi ons of equation 2f and
equation 2g are used then equation 15a further 30 sinplifies to, [er rJ For
t he appr dr i @paeximgtionsof equation 15b5 (4B Ab®Id B asmeasiig oblbe shepreree feflecyity fypstion
shear - #a\Rs(Q)cliaterat chappesyin comeressignal-gave 'éffeﬁfj"'ty 1Pt erra?aswfiah!gé which are not accom-
conpr essiRepied bk ghangein skret praMetrofectviiy, PRy r‘é&”% aAbe MP%“%{?*‘&%?S?
accom paﬁ’??'@a 'eef'“@ pip oithis type 8'a¥ EFF‘E‘”&"? '\795( / h (8, TEas ef
(A-B) / 2, ﬂp?ﬂ?lj?fc‘aﬂo‘ %ff'%f"’é‘hé‘?'n §‘ 35 9'%"‘ 5 'eﬁ e
t hi ead enaf: ‘d 0i cts ng - ces 0 ﬁ,Qel _
of t he A ?ﬁa%s(?markeco bj' glaﬂ" g%l‘z%‘emm tggg A lEax eFfe @&1 %&" g)% ntab'sgra| €s
of adj acec,Q iston n'h‘ HQB g\lg QP'hQ § c@ns&%ﬂteétro RY 1eft Qb EonPIaE AN
A-B 11 aCE3ulogh x4 b Pdﬂ?n Qto QA dridVSriablBRop bt X, 9 ANTThidF sk Riferehdse
;vert i cal  AXQRreb&h Gmptide] béi#eeﬁ')@ an€ &P RS} viBBY @n (R0 98 EinGdT it Gna \bR IEhispetied thed
"b" angs " flentaBis GOSERIRN Ford RA4yBE widhCRbS RN BavBRIdREdndead fidid @AWnt[alhg jhe lil/éntie " b"
| S a CONSégsioR Zhown! &6\l it m@PPe BohsiBORt) biheded, Yihiloddveht 3. mayvmnd refidationt i@ alayer in
consi st enfhichtthed@ doftbrit d¥f6re plody théiing, in thid dagd prsvably neicatihg gesdbetvean s dodiXe.changes
to a weak andlindiastéralp breall diffsenbeativebe Ve [V vatip oamveb gides of] an ifidrfase BShectntariged by
di f f er encmalfrig. tha sdimecapp@simations as1fibset of chalatibre 1 She elpng] withrthe agseinition et Rg ingpall
Vi si bl e0 oFekirg the dORativdlalid,/Vd tieldsay be suspected that 45 event "b" is a
reflection froma Iayer whi ch does not have a difference in fluid content

along the line ct 9 It may be consistently
brine-filled,4 eg:ta(gn frm a b@wey i(aeyhich the
fluid content f rs n yth vne |s ca%e prBobany i ndi cating gas
betwee®[err] a ds er ]s Pndi chfo differences in the [err]

ratio on two sides of an interface may be determ' ned by making the sane
approxi mati ons as those of equation 15b, along with the assunption that Rp
is small. 50 Taking the derivative of [err] yields 55 [err] 15

EP 0 335 450 B1 s



Thys, the sumof- A + B may be a good indicator of [err] ratio and | ateral
changes in the summay indicate changes in rock type or fluid content. In
typical cases, the change fromer DRBas#850Bed to gas-filled rocks produces a
significant change in [err]. Further, if the conpressional velocities are
nearly constant, one woul d expect a chan e in Vp/Vs to be an indication of
a change ThHs: [thet $48) ooyt B gay be a gopd ipdieator 9f t ﬁ’eé%m@a% oral chapggsyin thg gum may

app rOX|"}?Ef“P(?H§‘9?Fa\?é°‘{5‘eté'?? ?ﬁs{H’é’ ‘iRHP’E n ‘fﬂ' \gaﬁ‘?? e the ghengs e "i‘?/fé'F t‘;}ﬂaéq t the
cause d&f¢ 3”)8"? A %“%él, ¢ i c%gsre Tgo §IP°“I?3§E‘? nepry gogstant,

desi ralgp% ? Ffl?fls? s% pl| in apso%g;ama{t' % ?I!§ emrs.r(a 8%‘,& al ow onF 3“%‘?’&5:918"
such” e pfetyl] su% o B \4"@ Sbibfer ' o B Ssanfalilon

Squ cfiohs &F Hi%reaa@g.lr e@use da@lni l ng prochures
Numer 'smL oAb o B§ck Qran@ dnﬁd?@ The mabie Al e ra? o RAbea”
Geoph y%pplréatBn AS formaffPF for dedbphyRidal Ikérés ProBlemd'0 Ge&pll%sﬁh AaekslSs, dp. 260

G Nogr t(196%); Backire GT 8Riéd) §. PIAYRIsolRhg .smsa Rt biithGRa8 GoofRg o RIRY Bstr. $0<R1s Astr.
Soc. 16p. 139-205 968 0dnd Bad@E D). andBGilberBaT; kUSiquehsss @i tfle fabdrdie df inatcurate debdh GaHBNES S

i Nt he dafa¥ehE TeRs. Ghy.iSeacibdont2es, gh.aes192anbiv).dat a”, Phil. Trans. Roy. Soc.
London 268Bencg pom Hid3ebdi2it is( A& Gt thédipressat Wetnﬁnntdmmmbmemodsi for meas@ing affectieat t he
pr esentvelotity ewttilé @ppriristely clesounting Hordtbe Fa@yingreitssiudepanpeadef ¢ cubspdace abflactprsyThahi | e
appr sproresem linvergdior determinag) trdces A@)Hthe Vaormal ingidesfcp drece M@ﬁﬂ@hﬁc@fwfﬂemwm ¢face

r ef | ecttes spismittriata) Shichareedasirablej forwieait! fithelogifeandionfiuigiogntent intesayetation pf seismis dalor mal

i nci denceTherseeqiic)sequeurepy sipps(deprabesihetpinbefera fns faarathedef therpeesent fnueptien mayt be)

“whi ch #hengadand g |aghigvg the, saae rpsult jwithpyt deppdings fiem dte SoPRe; ¢ hegr(psepfinvention. As

i nter prisied hpreiRbeire: ey '§?¥’i‘°€'s ﬂ'dP%presPﬂe"@bt@E |a?3'| ac?'“'%’é‘ﬁ%'é?r?@@ cgPrressiopd! AR Phed

her ef"n bsé? gvefSSIngﬁép'% pcation. Jei}] rrraix ?l’ ges and
S Tt .r.é%sé;ﬁ el g fméfh??ggzﬁ'ﬁ et i

i nvent |:§§§?:é§ ,,,éttps@ Le%a ey %, M&Q&RE ‘Sﬂ notfhidnd Ilfgftah%ﬂ %pemve
sei sg Cor % tec n| Ervariations and modilications may

be made in the technlques herelnbefore descri bed, by those having

experi efagnsi N this technol ogy, w thout departing fromthe concepts of the
present invention. Accordingly, it should be clearly understood that the
met hods1. d@phéhcadon glodelshgaemeniondy adt@irddl sdisinizgisldatatd t6 edhafideatiortnation fin sdisenic

f or egoi ng sigesLiefigatel Gimab@rasts biudifferentds\uie elastit yorgtaots ar donsies in tho evtdeticad the

| i mtati orsthomhitihiscledee perfoRbing adrmdl rveont @ivtityoamalys iaismb almanderras tiinciudedhe
processi ngfietnefdint plisataddpgndanrg Al refiection mmplituslef and| whersint the moveswirgleelty analysis

i nf or mat i opesithe vadatigmpfaefgetion ampliyide with) effsetedetasminectsimylignpovshiftorie seisgyic data,

di f f er enc&Bargaiprigadbythecstiepp Akt ants or densities in the subsurface of the
eart B8 whi ch FeMRIringesreloeiy modehnAdnakaeRer osimpled arra@edcity anal ysis in such a
nmanner as to WeﬁﬁrmIHéaX"ﬁ“énge‘f‘PléQf‘t§'dd?°dP'HE dgtprming; 0 ﬂ@[ﬂ‘hﬁ@h%@'“@f“y PEPSEE A% n

litud "W’f@?@ Her?'ﬂg' ' i ¢
?(rerpf\l,ecgl gn grr-:g W'th !g?lmtﬁqé%eanq%r%ﬂ ft cfpr\é%:' ﬁg'don Y
e e G G i it I B

set ol tlme of sai
vel oCi ty nod im I \?h Y¥§-|c atao é { st-square @rf' r‘ﬁﬁu
raytraci ng t hipig g%EHu ity & H€oediice nfiﬁ éfcﬂba@@sqﬁﬁ&d’ P fitih fer r Or a pI urality

of offsets ang&leﬁ:ﬁr@‘é@hov&édﬂ?ﬁocnw\‘ﬂﬁ‘(ﬁl@d fﬂat[rﬁ&fn]lzeé fhelqDlity AIGit aﬁﬁl&erl’tﬁ* la DRkt 13
angl e, - dynagdveaimby, correcting said data with a plurality of selected

nmoveaesit vel oCiiedpolbngCd tdhtiious-méledue kéldcity Rgictioh thbiwbgh SacHldirbiity efntavdl tiMes and
correspondi ngié® normal incidence reflection anplitude and 40
anpl i t ude var deddrmnibing Vittibg coeffitiene rackOtorrespoiidingas saidihtepelbted maveelt vbibaie fupétiosai d
data by fitting the anplitudes of said seismc data to a formA +[err]
usi ng a2l s methgdiay @aimelin dpimf i tharaptgrized by tib stebsdti ng a quality of fit
coef B¢ ci ent -f opdifging.ehid welpsity- megislhasad-vper Bid shlected meyeout veledty tup¢tiag a8d \Igy eout
vel ocity f uncrepesierming;iho forpaping eps tq selectandmn prevpd groveppt velegifynplioneand thepr g
plurality of Yereirefningififiipg coeffigent traces °°"°SH°H‘E"&‘B61"%1?'?%9%1"‘%"8?&‘ VBN eout
vel oci try* function between said I ur al |t%§ of tr

|

1P e 3? ditente 0 p a%ff#t%%&%selt ed

det er m né‘ef'lefhf"? ?ﬁg"'?}'B%’f Ip F'&'F‘eznf 3arigriagd b
2. Th
gﬁ;?ac t or '55% m o & é%l Qn clal*n gﬁara enze%dbyatﬁe gta;? Ff”@e@er%mm? aea X Stglb t>e/s frljr%nael

based upon sali ecte aneout vel ocity functlon and then - reperformng
t he foregoing steps to select an inproved noveout velocity function, and
then - redetermning fitting coefficient traces corresponding to said

i nproved noveout velocity function. 3% The nethod as clained in claim 2,
characterized by the step of displaying said fitting coefficient traces. 55
4. The nmethod as clained in claim2, characterized by the step of
determning seismc attributes fromsaid fitting coefficient traces. 16



Eﬁug S?ﬁellggmBéf A+ B nmay be a good i ndi cat;r of [err] ratlummnwim Mi;]’”m
S *

changes in the sum may indi catgepgh3paessihin rock type or fluid cébntents
typical cases, the change frombrine-filled to gas-filled rocks produces a
si gni ficant change in [err]. Further, if the conpressional velocities are
nearly Chpstheraum et Bvoal de emethdlaatwmwgé/sl ratio\gnd \isers! chigesin thenslinc by on  of
a Chaw%éate ﬁhqnpqqallmr@}!rytyp%or fluid coptgntplyttypicst caspme dhe change Jromy bripe-illed to gas-filled

appr o IR PHAS Sgrincanishangs i Vaifs Evithen if &g @ﬁ@reﬁmh\alorzvm g eoyly genstnict t he
cause°‘6°f"” 5’ é‘? %Ic'l?ﬂ%ﬁi eV 1 by a7 ﬁ"ﬂfﬁ?ém’bl?f?pﬂ 5'" thologhst cases it is

desir abI 'é Hying. gopreimations feAde "‘QE’E (ot anerier gygliativelyn e

su Ch t cause o b g%\an " "é°"ﬁﬁ’&8'? S %es‘ﬁ éP"f V1B 1he88) o
Siooe b s S oD yéé’ﬁ? i ¥ Pfﬁcef'izns

urre%bp‘ﬁ?étvor@sp& aI fG I.sﬂf‘f‘ar Qf si er Z&%

GeQ9 ¥1967)Jdekus G dnd GRBéH: he Flolvi groL
G | bepp.,168:205, ﬁb&) réﬂ&@hékw@ BV Gifber® IF. Qbﬂélﬁané‘s%h{ r§on of é gro J_a)rth Astr.
Soc. d%a". PRI Tr69 RN Soc. (LbSRA 066, p.0 287K H4670). G and bert, F., i queness

I N the iH¥WE dnD the Gbove N &CdIdaRhet tBd FreSenRldnliondtbwitles thibst fonT ﬁ\@&'ﬁr1ng%?f¥ctlv§oc
Londowelée@ whispappidpdatdip) 2ccopritilg Ggr. thdediging bfseuépardead¥OMECsubsukfadeSrefidcR. Thérat t he
pr es e piesdnhipegntiorodetqumipes thess AR t(the Georiad lincloeris iiataTarall B(p (the viRetvdbaribics onhi | e
appr opwiseisnaic yatalohiphrate degirable ifor ubedul {ithelggicapdiof fluldsdonteiet freerpretation ob Seissnidgat. f ace
r ef | ect o8 spetliie saqyense ok dens dpseikadthersinbelere éar fhormthotls efdiwspreseot)invettion may be mal

i aei deheeed nd st pohigye) (a0 (el witfoutsapartiesn Ear dhecssonstof theopressn nveotiakafa)

whi' ¢ h "elpdheirinbeforsy the megio wé’_mreﬂevtt'wew@g jate agpfigakle tofbothi camergesiaspitwave and/or

i nt&r f)’?eq% YAYP SRSE 9@5’@' : The s eC| fic seguence of steps descri bed
her EI G\g l(15;vm r a:ence in ISW thP 'I’qua ﬁ.e ﬁ,ﬁﬁef%% dewa eay and
still yachit %lt gh) I un er ﬁ’ﬁ' ds Iy f“qt ° F?"S?ﬁtst ?fé %8’8 1’°"f'

pr ese enjeg In He %b ?er Ed Z 82' ot 1IN enrﬁ(]:g at10% ﬁ%gﬁ‘o%\/e

| NueNbd R inédnfona PP L4 ona wave an
seism c exploration techm ques Many ot her vari ations and nodi fications may

be nadmihg the techni ques hereinbefore described, by those having
experience in this technol ogy, wi thout departing fromthe concepts of the
present A meémbd fod ProcdSii@ Eshivéigbnally éJquuﬁahQﬁEldlc 61d G836 bdhante GR6riafndn tdiddic t he
metshods sigpis edflected font beitrastLo PRRNdo8 th élisby\bdgiantdBiddohsies i 86 siiidurfade bitRe

f or egoi nepritlegichiipludenpesfoenirigl dotisdl mdieoinevelotity yansaysib ilsecharhannért BN6l Reludsthe

| i mt at | diags ohthe mifset clopamdéhbe of refidvtion anyingle,cand wibminrse hovedutrwelobigdarkiysis

pr ocessi y¥gs be myieliani abrefedtion mwe with offsat.gletegnifadainglitarmbiesiyt fomethd) saisrrde data,

i nf or mat §haRctprized By hasierse: nals reflected fromcontrasts or

di Pf er encés 99YFoRINS 3 Velecite Hpdy %ﬂ*ﬂ"@ ROVN Qeesdnpteéparsmetarie. subsur face of the
earth, whi cROTOHRING erxacing Hrenohiseig Mese! i Hetermine fuand sisfeoler & pluealitilof affsstsiand such a
manner as t ehteideore ‘éf"Pé’Iﬂdg“t(’ﬁ"e‘EtH%aQﬂeF set dependence of reflection
anpl i tude, il ”r" °t[' grue 'd (?é‘tb‘s[}fp{??‘;f'%ﬂ? °'3ﬂéﬂ°§%:f“s"e %’é"t’l"rﬂé‘sfvarl ation of
ref JJ ect gnt f" e"?van :gﬁn w1th t} %%f? eac%f 7589‘:0 o%? w&gﬂﬁ%fmﬁq FTEJH‘}:;H

seism c da gm EP ar} m A sm ast-squared-erro t gm

vel oci ty modgky Aag..&epfweoe%eﬁe me} ng

raytraci ng tdsanph morotk VRES! furkﬁbnc{ﬁ‘att ﬁ’famn |tyeb'f‘al Jo@f’flélgnt Fo?% pﬂwrﬁéy% ality
of offsets agadidmadvel tines, wherein [err] | S t e i ncident "'ect1 on
angbe, - dymsiolBhd ¥ csﬁhaoagmomutsetoditydemo%&heea slWidiityl % tbel SRbE Ghed
noveout vel éehty functions, - determining fitting coefficient traces

cor r espondi Agerriningditting boeffmamd.emeonfegﬁdram@ toosaidamtbdldtetitovetd vélélity function.
anplitude variation with offset for each zero offset travel tine of said
dat a By Thetnsthed as bleimadripl disinu tlebaradfterisad ey teeestepsiot data to a form A+ [err]
usishg a | eagwedityingseid delesity moded based prpn said seldoted| menvequyvelpcityfamationy amf thén t
coeffici ent repeorgiag the|fasegsing S\qerdlp gelect pn imrpraved mpuegut velodite fusetion.ragd thempv eout
vel ocity fuffépPEnnitgfitng ﬁastﬁcr?ntztese%qqeesqunpﬂg/saeﬁ'mpliovedcmmw vlasitit fupetipn.
plurality of travel tinmes - interpolating a continuous noveout

vel oot TV’PJ’??&'PF ah CBpdinsring %.caarmhﬁlﬁ%ﬂ byithe Hep 'ffrdée'@fmgt eidditing gepfficleptdrgces.

det’r tting.coeff nt trac p nd| to said |nter olated
moveodt njé%ﬂaé‘if g;f%' i o 5 SRt ze 5t TRV 3 FREET e s
characteri ze by t steps of: 50 - nDdlfylngsald vel ocity node
based upon said sel ected noveout velocity function, and then - reperformng
the foregoing steps to select an inproved noveout velocity function, and
then - redetermining fitting coeffit¥ent traces corresponding to said

i mproved noveout velocity function. 3. The nmethod as clained in claim2,
characterized by the step of displaying said fitting coefficient traces. 55
4, The nethod as clalned I n cIa|n12 characterized by the step of

N T o . . . T . r




e gt e, e 0 0 S I

characterized by the step of dis d seismc attribut®s.¢

method as clained in claim4, characterized by the step of i nterpret| ng
sai d sei gM1pe Aloihbd Bydifhfed iR ciBifl £ EfEl0R R 8¢ ihb GleP bIARPRYihPSictRRmREARMuleseS. S
Pat ent anspruche 1. Verfahren zum Verarbeiten konventionell gewonnener

sei sm scherthbalethdabe Blaimedninadidive 4) dhb@ctrabd Bythe Rtes of istipRafieshidSiemit! Atributas to
er hohen, didetexnoiid dahd praiten aatkiensitidat er schi eden i n el asti schen Konstanten 10
oder chten in den Bereich unterhal b der Qoerflache der Erde reflektiert
wur den, d&atentdnspridhechf uh- rung ei ner Anal yse ei ner

Nor mal -Ausvvartsbevvegungs Geschwi ndi gkeit auf eine sol che Wi se unfal 3t,
[err] di & BfefieienezueVeorapeicn kertypraiprsl! grEqnneney ?P@F“'W IFelddagans a'ﬁmlwet'e!er@a Qé‘r"i‘]
wer den, undeiFpiseien fiapalehay gradhenctic yanskpaiasien q(éiee H'Wieﬁﬁis fen
Varvat’? on AIREPICESY I SR GFSis P‘P’f‘ﬂ'ﬂée”rﬁbﬁ*"'%‘i“ﬁ ﬁ'i 8{ ?Ii TR 8 Wem‘r'{::ff:,;'
gl el Chze! i’ ga?jga ﬂvsgé?l gr ﬁé‘w ‘ﬁfi q; l%e sa und wobei die

gekennzeic 1 g% ‘1% w 'd )
Geschwi ndi ly?e e |g ent dne anat ne n’é?u e mit emem
Cahl yer "Oé\ eﬂh lbl%ggﬁéic j::{:e's c (C? undl uratra?ne Vi eI zahl von

Strahlyerfo gg&
O fsets und L {ﬁ’ et &an %Hesb@'e% Hﬁmﬁﬁbltsm%' mﬂgoe%ﬁteﬁb&t Géskiidnl Favdhisamwi nkel
ist, - dynam.sg hd Sr&T GdeSMERE umPEHRRINE tlir ftle Viizaliver GifBEs uN®Dautzeiton
ausgewdhl ten A;,@m{, mumg&ﬁnmreﬂex.onswmke; iseschwi ndi gkei t sf unkti onen, -
das Besti nmen uﬂiamEbﬁes Iﬁe.a&.ia:bz wiese DitIE R RinerVidzaRl vBE&usWahMlA&Wwbﬁdﬂdﬁ bei
Nokwal-gi nf al | Gesthwihdigieitshiialohdnpidenvari ati on mt dem Ofset fOr jede '

Nul | - OF f set - L-audszBéstim@ier vdpakicKvetiriérs-Euream ain einemBedinxichs@nphiterd béi INbeTrlaidall und

sei sm schen Datiesr Ampligideraarfatanmif\-deBs0fis@Giinjetee Nulh@iffseielaieritgdee iDates epfsirechen, t

M ni m erung dende aigr Aplidéreder Beisthisshen Batgpeqadine RormvA +Epigie funtet ¥erwenslunieeines 25

- das Ber echnenFisi mieMiniriexiirigtdas ausidnatisshei Fehlete efopag! kzwt angefittelwegtle. Anpassung
bzw. den Fit -uftsePorktmpmpeieerufiplide sinepu Bitikegffirignene v P@hf\@a%s""g ba'asdeALER/\m‘ﬁ'en
ei ner Auswar t s Minipigyraydes GERARFNAITYRE t ST unkt i on, di & Qual deg. Fi

Koef fizi entenn £ AgwAlen eiapr, AysvansBeropugs- E?CP@W'%EH”W'B? td'e 'edg'éa . s Fi-

| nt er pol i er en &PgiiEtenion iy P'H%V'é'rz"’fhf ¥R Fl”fze“e“ maximiert,

A tsb F) tAF ﬁrtsfmvesgﬂ?g ﬁe%wmmgkeltsfunktloa zwischen
VUZ\IMZ Eﬂqf \e/\gﬁgﬁggi’ie%?ﬁ Vﬂ%gie' Hé’ﬁ‘}iﬁt ’%’ 35 das F YR oV Merpolierten
i oe izignten éurven §I’ pOFJneEr {i P

Fit-Koeffi zi enﬁuswa L{? V%Rr/]m"%s e@l%d tlon

Auswar t shewegungs- Ion. 2. Verfahren nach Anspruch 1,
35 2 QEKEHN hg\pgaq;chqiurch foI gende Schritte: - Modifizieren des
Geschwndi gkel g,gq,éﬁgﬂ,,legdurg,a},g,g@,g; s@ftie: aUsgewahi t en Auswart sbewegungs- Ge-
schw ndi gkei t.s fma.hi.ér&n a8 ésBhvindighéimodell) GBS TRIF | @ BusgewHiten NukiEreBoweguhgs-Ge- -
Vor angegangeneBchwindighditsutilion basibt, uni Ne  ver besserte

Auswar t shewegungsmape hvbuehimheai t 8druniordngeyagessnustniies), umd ebmsclvbrbessated 40
-ndbehmal i ges BestsitsnwpagunyoGesciirdighaitetinktion apstuwitionver ansehiie8qpd echend der
ver besadert en -Auscharaligeb e vigsglinms Gasc hfil-ikffigkmtKuorednu nkit§pmashend.  dasr fygthessartanach
Anspruch 2, geléeswirtehopbguogs-GascrplindigkeitsiBikdioni tt des Anzei gens der

Fi t- Koeffizient-Kurven. 45 4. Verfahren nach Anspruch 2, gekennzei chnet
dur ch derd- S¥eriaher nagh Anieh Prmrens sei smi scher Attribute aus den

Fi t - Koef f i zi erfekerpagictrshdurgirien Schyi dpefieipens 4o/ T ARETRALI™™ gehennzei chnet
durch ﬁ‘erl Schritt des Anz i gens der seism schen Attribute. 6. Verfahren

h A (V’ﬂ'faZren h Soh tI d
o oo AT QRO a2 ot Rrblh P SRR

best i rmen.

50 5. Verfahren nach Anspruch 4,
gekennzelchnet durch derSchritt des Anzeigens der seismischen Attribute.

6. Verfahren nach Anspruch 4,

gekennzeichnet durch den Schritt des Interpretierens der seismischen Attribute, um elastische
55 Eigenschaften und Dichten zu bestimmen.

17



17 EP 0 335 450 Bl Revendications 1. Procede de traitene
sism‘qués sur le terrain acquises de fagon classique pour anbli
| "informati on des signaux sismgpie33saéd gehis a partir de con lﬁ[‘ﬂﬁ‘o“m“lm”“‘
di ff 6rences de constantes 5 6l asti ques ou de densites en

dans | equel on effectue une anal yse de vitesse de d6p|acenent nor mal de

mani er degendivgtionse | es effets de | a dépendance de |'anplitude de r6flexion
envers le déport, et ob I'analyse de vitesse de d6pl acement utilise la

vari at ilonPigeéd$ da igilemeni de denssesaismigeeony leerein 3sAYIBp 8¢ fasonguRsEaueiPa@@meliorer

si mul t anelgermation Fts'ig?a“élé'§"‘l95‘??rféf?§h'§ ?s‘ﬁi“t]ﬂ%§°“"ésé?sa%’t@r‘i"féé6e rdel ‘é’%s‘%‘feé es

‘ t
consP st an?a‘ﬂq"es fef? ¢ mclur dgﬁ gn CW T"éf& X ﬁfﬁfsn gnve ? ?éwglrt 1 edi t
éu

ol s Do i d%f’gpéﬁg e g el °:O:V.sgp?
par courss, ARG EeSo & %’ Anpge e sm,soce% acon
dyQaygi que '%@&ﬁ&#f %%r'@v&g ARIakSL BT o j%}%rb% aaéhjn ev(;ttsﬁ%s&& S8iours
coT et on s ’parcmg? £ 6B 8o d R eAekiBE RSadi, COCT T 1 CI ent

d' aj ust enent cGrQﬁJr Q8 PRB@MEmiBue lesHidY dohhids arde ﬁ:ﬁédrse%hcﬂﬁhs:h'é vitesses de correction
d'incidence n@pdBiResSt @ | a variation d arrplpl tude avec | e d6port pour

chaque tenps d@emifl Ads 1acdd ERO EdeffiGBAtOd's|EstdhehE SordEIINGAS 2 BRMPI BT G Fénbxh

anpl ist udes demstidests ndevaRaR 3 |15 vBigliof WRMpRidelite: 1k @EoR pdurchBfib fetfps @@ séjdur Bi sant
un aj ust enentdépteiszéar destites domiSedTan BiUStS los amplitedes -degtitbsCdinades sismiqgasadni dre de
coeffi ci ent dormp WS- BeinSren upiisant uh gjcktémen| des beeveviar aeisdres caeés s par noi ndr es
carres, 100 calculer une qualigalecbfficianh drjusieresni peve tadib pjugiement tessreurg @aroodindesst | on
qui maxi m se ceegsqual ite du coefficient d' ajuste- nent pour plusieurs tenps
de™Ns®j our, sEipgtienngbune fongting deoiiRsse emcaFection fd snasimise laqypirdey ?%Wc'%ﬁ?Pﬁ%Ie dans
lesdits di ver@"&'&%@"%’%ﬁ?@&ﬂﬁ@wpw s - determiner |es traces

coef ficient d""gf"ﬂ%t“é?r@ﬁ‘f“% 8¢ VilesociecRarectiop oapinue dens dercts %W’sdé’“‘?ﬁ qee%aécéurﬁe 25
correction i revendi racterjs6 par
PPN ea%tst Sis de Gifhairs 3o Bier iR opt eduot it ARtidhse b
| adi f% fonct|°8ﬁ°° PIPPE¥%se de dbpl acenent sel ectionnee, puis 30 -
procede; g, @@aévss.av.a%géna%@qscawm% 85 &gges afisthatlg 561 ecti onner une
fonction de @ g fedit! n é)dé‘QI%E@Qtsur ab& & Ga |t€p'an§tlon cfee\ﬁ't@gs@rdg] Jéﬁﬁcetr@ﬁt
traces de co fe&tﬁh,@g pu aj ustenent correspon ant a ladite fonction de
vitegse de d c@@e%%bve@@ﬁlkﬂ Q48 quidrscadbnt BnCSeCBRciRnd?ind AndtiBlY 8 ieSatdeON 2,
caracterise pﬁmagem@ﬁ@p@hoegea&jg chage desdites traces de coefficient

d' aj ust enent . redbterfind G30Rc&MeMWieftident EXjGstehonBiorredponrtiantGaldie fddttios Ge pigkse debt ape
de det er m natdépiacethent amiliordebut S si sm ques a partir desdites traces de
coefficient d ajustenment. 40 5. Proc6d6 selon |la revendication 4,

car aest 63i Shcfér selon G4 sqyendelivei 3 tcamattériné phif ['didpe rd'affiskaga tdesditprutraces de gpefficient. 6.
Procede sdlapsterhent.r evendi cation 4, caracteris6 par |'etape consistant a
interpreter lesdits attributs sisn ques pour determiner |es propri6tés

6l Q/t i qﬁefrqgédq sslon droreugndisation 2pcarAgtérss pag I'étape de détermination des attributs sismiques &

partir desdites traces de coefficient d’ajustement.

rminees snmul anément a_partir de:

40
5. Procédé selon la revendication 4, caractérisé par I'étape consistant & afficher des attributs sismiques.

6. Procédé selon la revendication 4, caractérisé par I'dtape consistant & interpréter lesdits attributs
sismiques pour déterminer les propriétés élastiques et les densités.
45

50 Vv ‘.

55

18




