METHOD AND APPARATUS FOR TRUE RELATIVE AMPLITUDE
CORRECTION OF SEISMIC DATA FOR NORMAL MOVEOUT
STRETCH EFFECTS 5 TECHNICAL FIELD The present invention relates
generally to methods of analyzing seismic reflection data for subsurface
properties, and more particularly, to a method to compensate for offset
varying reflectiavi SNEEIGDeANS eﬂmmﬁ FORARDE BEIAGTIGIal
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typically recorded using a common midpoint (CMP) field technique as
shown in FIG. 1. Acoustic energy in the form of a_wave train is introduced
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thatsbang: bagariefiesiad. from the common reflection point (CRP) of the
subsurface at various 25 reflection angles 0, and/or refracted from
subsurface formations. Further, the recorded traces also include other
unwanted components BACKGREUINBICHi THIOMNERSTeN signals. A
reflection coefficient is a measure of the ratio of reflected wave to incident
wave 30 amplitudes, indicating how much energy is reflected from a
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. strikes a common subsurface reflection point (CRP) and a portion of that energy is

20  returned to a series of spaced apart receivers R. Using this acquisition technique,
gathers of traces are recorded which are characterized by increasing shot to receiver
offset distance and a common known surface (CMP) or comimon 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

25  reflection angles 0, 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
30 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



response or seismic traces. The actual seismic disturbance from a single
reflecting interface is characterized by a time varying response or wavelet
that is related to the earth's overburden properties as well as to the
reflection seismic acquisition 5 equipment. A wavelet is a one-dimensional
pulse characterized by amplitude, frequency, and phase. The wavelet
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are typically subject a number of steps in a processing sequence to
Sepaatenhetdesired signals from noise, to reduce the 15 effect of time

and offset varying wavelets and to align and compare amplitude
responses_from common interfaces. An impqrtant step in trace alignment
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(CRP) and then back to a receiver location. The differences in travel time
between zero and non-zero shot to receiver offsets are used to map the
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20  acquisition geometry and estimates of the subsurface propagation velocity of seismic
energy traveling from the shot location to 2 common subsurface reflection point
{CRP) and then back to a receiver location. The differences in travel time between
zero and non-zero shot to receiver offsets are used to map the amplitudes of traces
from field record time coordinates to zero offset time coordinates. After application of

25 NMOR, whether directly applied to CMP gather traces or indirectly applied within a
prestack migration to generate CRP gather traces, amplitudes of signal traces in the
gather can then be (1) summed fogether to form stacked traces; (2) compared to one
another within an amplitude versus offset (AV Q) analysis; or (3) inverted for
amplitude attributes from which detailed interface properties are to be deduced from

30  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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-2 from a layered earth model composed of randomly spaced subsurface
interfaces. FIG. 2A shows a CMP gather of interface reflection
coefficients (RC series) illustrating the moveout effect (time convergence)
of reflections from different interfaces. FIG. 2B depicts the same CMP
gather with each reflection coefficient 5 replaced by a wavelet whose
amplifode idqopbetivhahtddhergieat ofraakfidjestacEiffsbtumdnyingterfaces,
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a common event. FIG. 2C presents ata of FIG. 2B after application of
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development‘efforts, AVO analysis and inversion are now being applie
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60 or more, As shown by FIG, 3 depicting the amplitude 20 spectrum of a
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while also amplitying the am%ll}[ﬁ e gﬁecter'um of the data by a factor of

¥&os 0,)- relative to the zero angle reflected event. Accordingly, for a 60
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while doubling the strength of the amplitude” spectrum. Wavelets have
both HRUFHHHGdRVeFEs U AR e phaRRieh BctrBR ey gab e Apiaainet
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20 spectrum of a single event reflected from an interface at angle 8,, application of
NMOR will map the amplitude spectrum and phase spectrum of a seismic wavelet to
frequencies equal to cos O; times the original pre-NMOR frequency while also
amplifying the amplitude spectrum of the data by a factor of (cos 6,) relative to the
zero angle reflected event, Accordingly, for a 60° reflected event, NMOR will shift an

25 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 afier the term "spectra” refers to both of the

amplitude spectrum and phase spectrum of a wavelet,

30 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.



30 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 one another. Another

COMPiiRhdentR ah R RBRHRIRPEIVRPEOCL SHIAGLHRERR rdbeSME traces in a

gather will typically have X/gedded wavelets which vary with hoth time
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expected as a result of stacking seismic traces together. 10 U.S. Patent

No. SHvireaucRsigS AR afterghmall sdiesribe serrbioirorlinimRovements
stretafvfienyGMEcaathes taok e Thisnetagshieliesandgeaeknowledge of

an embedded wavelet and the measurement of a NMOR stretch factor
from a semblance analysis of seismic data. This technique does not
IgrovitieSaRateatrlatiye84iAplitodeywosh pé nsatienaoh MO Rinducesd of NMOR
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AVO attributes (e.g. AVO intercepts and 20 gradients) that are comp |
from SRS LA P LR R O TR ARA 88 FNRRTSFen desitable
18tretehr effeotanahsi. result, this method has the shortcoming of not being
applicable for the correction of CMP or CRP gather traces. U.S. Patent

No. 6,516,275 to Lazaratos describes removing wavelet stretch effects 25

from3seisnticWad887piBenmogerbbidist Shighadstdtiing or AVQpAingsis",
AVOrlitNIe 3v & DR RS, 1R %EEE%@.'%%‘dQR{E',U g ?ﬁﬁ%é?t%%‘éﬁé‘s‘é“ ethod
which time and offset varying filters’are used to'match the response of"
stretEHaBdwdieRroNBHEY tizriel efepiatisma A VO atiributes (e.g. AVO intercepts and

20 gradients) that are computed from NMOR processed traces that are not compensated
for NMOR stretch effects. As a result, this method has the shortcoming of not being
applicable for the correction of CMP or CRP gather traces.

U.S. Patent No, 6,516,275 to Lazaratos describes removing wavelet stretch effects

25 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 sireiched, nonzero offset fraces to that of a
zero offset (and destreiched) trace. Because this method involves making each
nonzero offset trace match a zero offset trace by designing and applying an

30 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

4.



zero offset (and destretched) trace. Because this method involves making
each nonzero offset trace match a zero offset trace by designing and
applying an 30 equalization filter, the method can alter relative amplitude
relationships between traces when reflectivity strength varies. This

preathaditailscta restare taseRnplibdendodhe ralative- xalies gansistent

with each traces' reflectjvity being convolved with a pre-NMOR wavelet.
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frace aQ/erageé inctime has the same valle at all'ofeets as it does on the
apete offset trace -- an assumption that is generally not met across a wide
range of offsets or reflection angles. Accordingly, there is a need for a
method and apparatus which overcome shortcomings of previous
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LETHE INVENTION Scispic races may be stretched due to dicet,
normal moveout remova ( (8?33 processing or stretched indirectly
shihroaghngsprestack imaging processing step. The present invention
provides a method for arriving at true relative amplitude destretched
seismic traces from such stretched seismic traces. In particular, the
method compensates forBffgeyiins atledbiorihidibrence effects due
to normal moveout. One aspect of the present invention provides a
method for arriving at true relative  amplitude destretched seismic traces
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. Stretched seismic traces; .. ) ) .
1mvention provides a me%lods for arriving at true relative amplitude destretched seismic

traces from such stretched seismic traces. In particular, the method compensates for offset

varying reflection interference effects due to normal moveout.

One aspect of the present invention provides a method for arriving at true relative
amplitude destretched seismic traces from siretched seismic traces, the method comprising

the steps of:

a.  acquiring stretched seismic fraces;

b.  determining stretch factors § for the stretched seismic traces;

c.  determining input spectra for the stretched seismic traces;

d.  determining estimates of stretched wavelet spectra from the input spectra:

4]

obtaining a destretched wavelet spectra:

f.  determining shaping correction 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;



c. determining input spectra for the stretched seismic traces; d.

determining estimates of stretched wavelet spectra from the input spectra;

C. obtaining a destretched wavelet spectra; f. determining shaping

correction factors by taking the ratio of the destretched wavelet spectra to
rine SURIGRAA WAy RIRh SRS A ARRIYING.NG, SRORIRG, CFLEEUAN GRS fuive
the input spectra of the stretched traces’to arrive at a destretched trace
spedtilimgds. ropspuitidhe destettve arsiRueregealing facrsroplinakipg relative

the rafigipf g}@gﬁjasw&e@%@b&ug%m@Qespé&tgh%gestretched wavelet
_spectra to a corresponding true relative, amplitude property of the
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amplltu e estretched |sm|ct‘[l ewh reby the tru relativ

litude
prop SR B h B SRRte \“?v%t&%* FSpEiFa IS4 AN §/aB*r‘é‘s¥#i’}‘é*E’ e

alternate aspect of the present invention provides a method of computing

Apalative @5?8#%\1??5%&&4{@%&9 G P%@E'ﬁ'ﬁ%t %Eeéﬁnﬁ ting true elaive

etermining 22 stretc wavelet spectra for NMOR stretc ther 0
arabisadeerlivgifipigra dusprattlacbogmpelet slstatraniang s&m@ec{weﬁvaﬁ@ Phctra

£& KgaRlative rupplithde, Praparty ok the fesiratehad uavalet SReClR: QR taking

corresponding true relative amplitude proper%/ of the stretched wavelet

RIS BYRSIHEY SRR SRR 2 Rl idE S Eatrgchsddre et to

cofpesinaitberpresant investinaiavees o metire BEORBIEINGpectra to compute
destretched vr Fflet gecfra from a gather of stretched traces, the

etk 88"80% ﬁ%t%e stretched wavelet spectra utilizing the
similarity theorem Wlth the stretch factor into a destretched wavelet

AS%%%& U%IIZ{I’] tt}b ”Q V%’mge ﬁ)h%%%&%%] f?r{ Sé%f\%qglm &Hgf-[l)e Rlefiet

ere: W E‘St d wave et'spectra; Wn = the stret wave
vﬁyélﬁ?gp@%tﬁ@m\@g@ﬂbqrg}fé%m(gmces 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(T/B)|B

where:

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

B = the wavelet stretch factor.

Another aspect of the present invention provides a method for calculating stretch factors
for stretched seismic traces wherein: the stretch factors B are calculated deterministically as

functions of offset, time, rms velocity and interval velocity.

-58.-



Another aspect of the present invention provides a method for calculating
stretch factors for stretched seismic traces wherein: the stretch factors (3
are calculated deterministically as functions of offset, time, rms velocity
and interval velocity. -5a The destretched wavelet spectra may be

PRined by-narping thesiratehed Mﬁé@tbm%%wmeta@e%émgma

wavelet spectra utilizing the similarity theorem and the stretch factor.
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idabido NIMORNtbeeSSRgaheraces so that amplitudes from traces of
different offsets are substantially proportional to the underlying reflection
coefficient and identical to one another (true relative amplitude) when the
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he present invention will hecome hetter understood. with regard to the.
TG R R BN g BRI RECMpLN g BreuiRGex Fisa: and
akGEtiddbra @chamatic dnawiigishowirligtte geomibdtryofcasindsitibrwia
gger%'(rﬁ%gtsrg]iggolilg (CMP) gather of traces wherein shot sources S

produce energg which is reflected from a common reflection point (CRP)
and recorded by receivers R; FIGS. 2A-C illustrate a CMP gather of

interface reflection cgpfiigienis{Repseir)HASHRNG MR;gather with
each reflection coefficient replaced by a wavelet whose -6 amplitude is
proportional to a respective reflection coefficient, and the CMP gather

affer theireme valeinemat meveavhiNMO HSpddsmaigrarivillustratingne

the effect of stretch on a wavelet amplitude spectrum . .
better understood W?th regarcyvto the on?IoJ?:ng gesc iption, pending claims and

accompanying drawings where:

FIG. 1 is a schematic drawing showing the geometry of acquisition of a2 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



5 with maximum amplitude being enhanced and shifted to a lower
frequency due to NMOR and the wavelet being stretched; FIGS. 4A-D
illustrate time domain responses of decomposing a single event into
frequency bands wherein FIG. 4A is an input spike, FIG. 4B shows the
data 10 decomposed into narrow frequency bands, FIG. 4C depicts

smMoQilpRkRIvEIRES AbRAIS AW HRAHEDRABARAS BBRIEiH:, 4RISROURR gather
reconstituted spike; FIGS. 5A-B illustrate an example of destretching
appligferds E%ﬂ?ﬁ?&ﬁféﬁéﬁ%abweﬂﬁw%htaining normal moveout

stretch effects comparing a stretched gather to a 15 destretched gather

for a jpylti-event model: FIG. § is aflowghart depicting steps, taken in
acootdted el bt e ARG BRI ectrm
gmpliviiierdesretciedlivedsipiing aobehalnrstisbidteddo sdisweiciteguensPdue to
FIG. ﬁMf&Wmmg%%@@%éhowing 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); 25 FIG. 8 is a schematic drawing

showinggaametn;andleresssan idgalsdiating stiepeRidastarsiSeandinto
FIG. 9 illustrates the shape_of indjvjdual filters | segi Ettlﬁf rmatjon,of

com BRSO ST (a8 B T A ELS reSE BN
10F TddEoiipdel THO Natro G @biMEHCY BN ATBI OD Edpials Bt eO@nvelopes of
NORMAL MOVEOUT STRET! accepted madel for.processed
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convolution of a sotrce excitation wavelet with subsurface reflection

coeffigigsts gasiver famte shanges: inalarlia Ry apgiies.at subskkassl cvp

gather containing normal moveout stretch effects comparing a stretched gather fo a

15 destretched gather for a multi-event model;

FIG. 6 is a flowchart depicting steps, taken in accordance with the present invention,
for arriving at true relative amplitude destretched seismic traces from stretched
seismic traces;

20
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);

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

factors §3; and

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

complementary frequency band traces,
30



interfaces. The time domain form of this model provides that processed
seismic data 10 traces, prior to NMOR, can be represented as the
convolution of a wavelet with an earth reflection coefficient function or: (1)
d(t,toj,At))= J w(i) r(t-toj-Atj -ti) d r 15 where d(t,toj,At)) is a seismic data
trace, w(i) is the wavelet and r(t-toy Atj) is a sum of discrete subsurface

reflection coefﬂuerﬁ gﬁ(ﬂﬁ &Qﬂj : ﬁﬁqﬁé«f&): E

rj5(t-toj-Atj). (2) 20 Xp ; -toy ATj) IS a ime domain
representation of the jth reflection coefficient of magnitude rj with a zero

offsqt time ghHRkAREIENNY QRO HRE iR i piiTh NetpmensnVEOUT

domain, this convolution is expressed as a multiplication of the 25 Fourier
transforms%m%f\ﬁglelet and the earth reflection coefficient function or
E)(f) W(t) Ere 2nil(io; At). (3) In this expression D(f), W(f) and Ere ZnQ
0j j) are respective }\fe Founer ansfor s, 30 OL hg re-N %%qﬁ%

d(t, tc%L %C) elﬁneﬁprec% r\?vcae\S/% et tunc |or%i ta\1/v ereeig aﬁer sim

refermagiitids pasteaantiheletpaniitine obfsetiong evatib Ayl o‘ﬁth subsurface

F(-1QEA P 078 c&%ﬁdm%f\%drﬁ%?%%ﬁ% eifarts.0h BRR strglehedce

traces derive from the understandln%that MOR has a different effect on
the riatretarsp dbefiwie demaedomm efdhinmadebrtnddsrthatarocessed srigmic data

10n0dgl suppestinarapriicationeianpiving NieBoia dhaitfleciionvelet with an

coefficient function is to all n the times of the reflection 5 coefficients to
the 87 SHESPEME iGN RAERBARY their magnitudes rj. Conceptually,

NMOR changes the travel time between the reflection coefficient at the

top and base of a layer t ¢t) th trg |c Itra | time through the
layer. Apply the shift the A0 effi %% !!;I el) ? 8T:ourler Transform M

and Its Applications, McGraw-Hill, 1965, p. 104 107) NMOR transforms

e e T AR RN RISV NP AN S s of

discrete subsurface reflection coefficient delta (impulse) functions given by:
r{t-to-Aty)= 2 1;d(t-toy-Aty). (2)

20 Inthis expression, 1;3(t-to;-At;) is a time domain representation of the jth reflection
coefficient of magnitude r; with a zero offset time of ty; and a pre-NMOR time shift of

Atj.

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

25  Fourier transforms of the wavelet and the earth reflection coefficient function or
D() = W(f) Zrje 7y @)

In this expression D(f), W(f) and Zre 2"““94; ) are respectively the Fourier transforms
30  of the pre-NMOR data, d(t,tg;,Aty), the pre-NMOR wavelet function, w(t), herein after

simply referred to as just a wavelet, and the reflection coefficient function, r{t-top-Aty).



where rj8( t-toy Ati) is a time domain representation of a reflection

coefficient of 15 magnitude r at zero offset time toj before applying an

NMOR time shift of 4ti, indicates the Fourier transform of E rjS(t-tol) to the
frequency domain. Second, the effect of applying NMOR in the time

domain to a wavelet is to stretch it by a time varying factor (3 that is
relatéttyamifded fiepandeng diffeférntes INMAOR biinsectohan tintesfdaéveTinen the

similarity the regmé}g ﬁ&lﬁqﬁﬁ %glffTheF_ r'erTan%H)r and | i ”
Applll%:na |6Sr%n%l rgaw- I ,199;39{ p. ff)eftf f}crr?gyébeerusee 1?8Cee§§rl gt enc 1on

frequibsrei haearatheattecl 6. Ajbisty thg masish seanpira enrfaertpabagplying

pre-NMEOR fime. Jomainwameiabyy @:R0d13d s dniils ofhbRenection
smﬂar%heorem provides that: w(t) ~stretch~* w(t/(3) D W(f)3)I(3j (5) 25

whe g hiaare Rt tnnds Wit B oHackEs HeREdRSE
transfeprephan{l/ Mt ehtrggiseneit semaif, BMDaN &3 ks dbeoh ousiicient at the

e R A RS S BRI  son
the Sinpithtﬁyhtmmﬁigdvémsemieﬁh@&acﬁwm nn&dt@@%imls,
the %Wé?}‘f?ﬁ}?f ik 9%6@:? e @PS?%M&NM%E%G%%‘}EQ RN S

NMOR alters the time  differences between r lon coefficients but not
Itheirfinayprasé&dlagstinally, because of the differing effects of NMOR on
reflectivity and wavelets, Fourier transforms of typical NMOR corrected
seismic traces, Domogé, ield spectra of the form: 5 Dnma(t) = W(fP)1R1
(Erje 2ndt%.J) (6) ifdi T%idsfﬁﬁwgf‘@ﬂm%)@@é’t's feequency
components are scaled by a frequency dependent sum of earth reflection
coefficients as well as being shifted and 10 scaled by the stretch factor P,

In sUFAfiRAP i AV R4 MBAdPPreriA R Hpishicstion crrifirsrt &
1EMPapnfaiRE Yatheb thagestwil {9 suibin fFpuHeReY SRBORISHE @Bﬂf‘gﬁﬁt}&b
both the amplitude
indicates the Fourier transform of Z 1;8(t-1y)) to the frequency domain. Second, the
effect of applying NMOR in the time domain {0 a wavelet is to stretch it by a time
varying factor { that is related to offset dependent differences in travel time to an
irterface. The similarity theorem (R. M. Bracewell, The Fourier Transform and Its
20 Applications, McGraw-Hill, 1995, p. 101-104) may be used to describe the frequency
domain effect of applying a constant stretch factor B 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/p) o> W{IB)IBI (5)
25
where w(t/B) is the wavelet stretched in time, = indicates the Fourier transform of
w(t/B) to the frequency domain, W(iB)|B| is the Fourier transform of the stretched
wavelet and [} is a streteh factor which will typically vary with time and offset in
CMP or CRP traces. Conceptually, the similarity theorem governs the effects of
30 NMOR on wavelets while the shift theorem governs the effect of NMOR on reflection
coefficients. NMOR alters the time differénces between reflection coefficients but not

their magnitudes.



and phase spectra of convolved wavelets but in no changes to the
underlying 15 reflection coefficient amplitudes. Removal of NMOR stretch
requires estimating and then compensating wavelet spectra for the
stretch factor (3 to produce output trace amplitudes that are scaled in
proportion to local subsurface reflection coefficients. Il. CONCEPTS FOR
TRUE RELATIVE AMPLITUDE CORRECTION OF 20 STRETCHED

TRACES The present, inveption provides.a hod apd aratus for.true
relatVB L RS CoMEL IO P CLRE SOOI e S BENTTGR
stretBbuiRe raisfirofsNinp R as WMER(cestottd sikighis tietigeehitftheeld specira
freq%%%:é/tg main by estimating a wavelet 25 stretch factor (3 and

removing It from an estimate of the stretched wavelet W(f)3)j(3l so that
the resultant data (convolution of the embedded wavelet and reflection

coefficient function) becomes: M\A&f{)ﬁ@}j&ﬁ(@ﬁﬂ&j{g&mﬂa stretch W(f) Ere  (g)

2'ift%J (7) 30 where the wavelet stretch factor R is equal to the inverse of
the cosine of the interface reflection angle 0, and W(f) is a destretched or

externatyispasHiesk ISR Slgtel O idacpicolehagonaus ot Spael 8y a
W(ff )I(§34 can be estimated using trace, spectr Iaver%gingute?ﬁni
e

The e EG R PE R AL AR AL (i SARS R LR G Shatisd and

1@ tragalsdrmphitudeispéatreP. to that of a constant scalar multiplier.
Spectral averaging 5 techniques rely on earth reflection coefficients
averaged within a frequency band taken from a large time gate to be
statibtisatiynegn starnbovabErkalonmispeetiatsshapepplitwiavefaguigR to CMP or
tec“@i@‘g&ﬁ@ﬂ%ﬂa%%sf(%‘q%@ﬂﬁ}’ﬁ% ﬁ%@a?giﬁ&@grﬁ URAGS R SPESHAR amplitude
Fourier transforming a limited number of lags of a trace’s autocorrelation
functishphasssnertieod Caorrine i vetlelton wourrbiaaes pe Sieuperlying

1335“%ﬁ%@dﬂ%\ﬁ%ﬁ%%@ﬁﬁﬁ%ﬁﬁ&bi@l@ﬁl&%ﬁQFWQR%'&%@%%QQQEHM and
cri

whitening filters as described herein. In a preferred embodiment of this

inve B OIS RTIERE STUsITinBeeBrtir T Sifctitnh Saemdidamrnductapiwyt trace
speghpaiRdnininiZe s BYEIRGNE SMPldusle g Phase s aioR escithiats.

frequency bands. Ideally, the number of frequency samples that are

II.. CONCEPTS FOR TRUE RELATIVE AMPLITUDE CORRECTION OF
20 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

25 stretch factor B and removing it from an estimate of the stretched wavelet W(IB)B| so
that the resultant data (convolution of the embedded wavelet and reflection coefficient

function) becomes:

WB)IB| Zrie "™ y; = Destretch = W(f) Zre ™™y (7
30 _
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 -



averaged is inverse to the maximum expected wavelet duration and also
greater than 15 the ratio of transform time window to wavelet time duration
(should preferably include at least 10 spectral samples in each frequency
band.) Averaged trace amplitude and phase spectra from such bands will
be reflectivity scaled estimates of stretched wavelet spectra, W"(f), of the
form: 20 WO(t) = (re) W(fP)IRI (8) where W(f) is the pre-NMOR wavelet
spectra and re is a frequency independent, time and offset dependent

scald hactoriehed BepdropeiiotAlbiRbsenfrestineledoninedetmernsaiiahaveraging
illustated JRestqResd 3BnikdelRdaRd PR L1 e draiteraalaiindBefficients on

wavelet spectral estimates can he generated by frequency domain )
averAdiRRG SRS RSP D SPAt PSRt SalaT MR LRy Steapeqtakaveraging
telatieehaipitude ol esiietelidgide inet dsmarnoperationtviniafipiassety éand
the ro time value of the stretched (nre-NMO) wavelet.canvolved with an
oo S A B S I R0 IS M S G S A OS] S

stretéhedvaagisleteobf(BH inciuts HegteoroHeddvancateing(tfrotars's spectra or
conSHAIRGd 20sHakMD ¥ S WY o PrS OPSIARE LD hiitobbrd M6 function.

frequency domain, this constraint would require that: E W(fp)Ipl = E W(f)
(10) B, amers Shnprardidrdefledion rretisiat sestetmets itarieteravelst segetra can

1gan$f@f§ﬁxd¢réb?3pgm@a$mwéﬂ§fﬁm@ waifeﬂﬁﬁgsm@w aaqestgﬂla@z@f@mor

If only the amplitu pectru of the wavelet IS_.Kno , trye relative .
Ao BT o M R ER g S RSCLl B (R A Tggtion
operaitdicttiat doe notsaltertitherarsaimiziel iheramipitg dendpedtramd pifase
the wavelet s that: E(W {(Rlp = W ()12 (1
R e R e o S
respREHingay ininqve @)t medrparcapapiit de wheiclrost ssaanpid s¢-greater than
1§1UGHORSWEEEHIEAIGIR W AW B %‘t@ﬁt\a&w@&&mﬁ@sﬂ&%@m@aﬁﬂ@

true relative amplitude condition shou
include at least 10 spectral samples in each frequency band.) Averaged trace.

amplitude and phase specira from such bands will be reflectivity scaled estimates of

stretched wavelet spectra, Wr(f), of the form:

20 W) = (o) WEB)IB| &

where W({) is the pre-NMOR wavelet specira and r; 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,

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

Fourier transforin 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
30 reflection coefficient. This occurs if the zero time values of the stretched wavelet

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

W(t)=o = W(t/B)le0 = constant &)
-11 -



be met on an instantaneous time basis. 20 In the most general form of this
method, normal moveout stretched traces are transformed with a discrete
Fourier transform and separated into overlapping frequency band traces
with center frequencies f. 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, 25 wavelet spectral estimates can be generated by frequency

domairihevEraeny SemEnFiT PFERESHPHIARIPIE B mall time gates.

Using the above concepts, true relative amplitude destretching of seismic
traces is done in 3 steps. First , f sp. g}{@} estimates are preferably
corrected for 30 non-white refle%vtx@if/c;j éte_c??a roduce a time varying (10)
©eflectivity corrected stretched wavelet spectrum W8(f,t-to) given by the

follow essiopn; W, (fi.tstoj) =W, ({100 A Rer randlere
Wl,(ﬁﬁ%ﬁﬁgﬁ Eémsf{%ég%ﬁtéa} %?équ? gé%ﬁr%%%r%% %{t%j and%equency'f,
R(f) is a non-white, vertical time reflectivity spectrum at frequency f; and

Ris f?&éﬂﬁ% aaiam theR he destrsichada Ry eNME)tatastywavalapliuude
spectra O(f) is defined usin the similarity theorem as: O(f1) =
WS(FRReia)pfithe ey aim é%%‘iﬂf%,?l‘&jﬁ’é‘fﬂ@ W@Hﬁﬁ@%ﬁ%‘%ﬁﬂ&"f the data can
18tretghadariy sl nratss dhedAthashN MeRhwarrichspesitadantid Aripitude
stretch factor. ternatilety, for. true relative amplitude destretching

(repERSSHERLEMPEHSEIRMBR wavelet) with a user specified target

wavelet, Wd(f), the desired output wavelet is defined as: 15 O(f) =
- Wd(f,t-toj)R(f) (14) wher. @,&J ' . eified. _W@@ yvertical time (14
reflectivity spectrum at f%q g‘ﬁz@fﬂé@@fﬁﬁ for eggﬁvl nptk?l )zzmplitude (4
value at center frequency f and time 20 t-toj, A;u(f,t-toj), the output
lgmplvlvtﬁledrgWlﬁs(fa:ﬁ%)*('%@\é?gc%}ﬁplex conjugates of W(f}) and W(fip) respectively
and (W' (f)W(£))" is an amplitude spectrum sample. For situations where the stretch

factor B or the wavelet varies with time, this true relative amplitude condition should

be met on an instantaneous time basis.

20  Inthe most general form of this method, normal moveout stretched traces are
transformed with a discrete Fourier transform and separated into overlapping
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,

25  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
30  non-white reflectivity spectra to produce a time varying reflectivity corrected

stretched wavelet spectrum W(fi,t-ty) given by the following expression:

Wi(F,tto) = Walfit-to)R(EV/R(EP) (12)
-12 -



Aout(f,t-toj) = Ain(fi,t-toj) O(fi)/Ws(fi,t-toj), (15) In general, the desired and
estimated wavelet samples can be complex, having both 25 amplitude

and phase components. -13 Finally, at each time t-toj, the sum of the

output frequency band data, EAQ"t(f;,t-toi), is constrained so that the area
under the spectra of the input and desired output wavelets are equal. For

a desired output wavelet with minimum and maximum output frequencies
fmin and fmax, the stretched spectrum values are summed oyer over (34 ... .
i vebees koo VRS RGP0 PRFITEGHHER TP rRISBIaB )
as Tollousi L Erta e putfiviof)s NG At HEMEfiftand B is the stretch

) 2/E(G(fi)Q"(fi))12,(16). to yield ched true relativ Jit .
ot RO P BT S AR £ S L B L O B LTS RO ine
RELAT B fetiieiDas: CORRECTION OF STRETCHED TRACES FIG.

6 shows a flowchart of a preferred exemplary "destretch" method for

arriving at 15 true relative amplitude destretched seismic traces from
stretched seismic traces. FIG. @@gaNeditligon iR steps of FIG. 6 with (13
each of the steps being identified with a corresponding brief descriptor at
the top of the flowchart. Two examples of the destretch method ar

showiisr Brtfoksi ﬁfgﬂea}’ftﬂﬁ%t-léﬂ‘f&&H&?&ﬁﬁgﬁt%ﬂé?’%éﬁbﬁfﬁc%@%)
mm%ﬁam‘@m@cﬂ@mb@@ﬁm aaebrof these flowpaths are

20 identified with the character "a" added to references numerals in the
time-offset data flowpath and character "b" in time-angle data. In both

exemplanyinypRaths fbatidesinglohdroesssihingfteptesisaoctirpisttedMOR

by replaging wavelet spectra in stretche IS cesawith frue relative

amp ﬁ]’&i}et I%l-t% SE \%’g\clleﬁagill saﬁgg %at‘gq%iﬁ}gg}lé& %%e&r% aﬁve ymplitudg s
destdefoirédsseismic traces. 25 FIG. 6 summarizes the general steps taken

1§n the present destretch method. In step 110, stretched seismic traces are

acquired. Stretch factors (3 are then determined in step 120 for each of
the stretched seismic traces. Aﬁ@bﬁt"%ﬁf@&ﬁﬂﬁ(fdr each of the (14)

where R(f)) is a user specified non-white, vertical time reflectivity spectrum at
frequency £, Second, for each input amplitude value at center frequency f; and time

20 t-tg, Ain(fi,t-tog), the output amplitude, Agulfi,t-105), is given by:
Aulfit-toy) = Ain(i,t-to)) O W(fi, o). (15)

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

25  amplitude and phase components.

- 13 -



stretched traces is determined in step 130. Estimates of stretched wavelet
spectra are 30 made from the input spectra in step 140. In step 150,
destretched wavelet spectra are obtained through calculations utilizing
the stretch factor O of step 120 or else from a desired destretched wavelet
spectra input by a user. -14 Shaping correction factors are determined in

Stepf}éeﬁl Y, COPAHRY. teufesisohsd oHBNRIRl RRACY Bt e StRlchind 1), is

wavelet sgectra, The shaping correction factors are applied in step 170 to

the ispstraipedtve Britie sisBnder thicwsdeatithe ruesndagsagd pulpyt wavelets

SpPecliaefiers atiuaRMpHAcBS S faCHIS B CoM BIathinmssapdB0
by 5 taking the ratio of a true relative amplitude property of the

destheessatisn dve Bt et 15CHE RESHHAG LTS SIDR SRt ST T
propgrpy of the wielehpdiuaxeiel sPeaa inFoall il wlfdivers:

amplitude scaling factors are applied in step 190 to the destretched trace
spectra to arrive at true relative amplitude destretched seismic trace

whereby the,fue elating, amplpsiepmpenpolibegtenednauept”  (16)

spectra is 10 substantially preserved. Referring now to FIG. 7, the above
destretch method may be carried out in a time-offset domain or in a
timetsefieiatitustangleddnmaintiVherdpstudtchamsethiod il tisst be described
@S applied to the time-offset domain. 15 A. Destretch Method -

ime-Offset Domain In step 110, stretched seismic traces are acquired.

Inpulidata BEFAdESHR S TEESRARIMPESMBNERN e TREFRHESTIVE
amplitude. FyiqriPs daigietineoreard srabmitalp20 thaams

observed times in each trace represent the time as if the source and
receiver positions were coincident, i.e. at zero-offset. This time correction

can pryderBeeithenchcaMgbmosrealtedveaubremtvabetdiraughod for arriving at
Pre-Stack imaging processing. It is required that the distance from the

13 o PR B LT QOB UME o g e e
timeRiGrreetipmpsopessiacteps o FAGrgceithetetcefdhestyorbeng i@snbifipd with a
trace ordefing. can. UG RIelesRd datapreanizaiionah
traces is Slf’gl}sgé? egﬁé%r%%t%gg ‘g')fo éyata in?}é common depth c|§>oin_t (C[?I%, ©
comsksiretelidnsdingd oy wn for processing (a) time-offset data in an upper flowpath

and (b) time-angle data in a lower flowpath. Steps in each of these flowpaths are
20 identified with the character "a" added to references numerals in the time-offset data
flowpath and character "b" in time-angle data, In both exemplary flowpaths, the
destretch processing of traces is accomplished by replacing wavelet spectra in
stretched seismic traces with true relative amplitude pre-NMOR wavelet spectra o
arrive at true relative amplitude destretched seismic traces.
25
FIG. 6 summarizes the general steps taken in the present destretch method. In
step 110, stretched seismic traces are acquired. Stretch factors f 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 siretched wavelet spectra are
30 made from the input spectra in step 140. In step 150, destretched wavelet spectra are
obtained through calculations utilizing the stretch factor § of step 120 or else from a

desired destretched wavelet spectra input by a user.

- 14.



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 30 to calculate stretch factors 0 are a model
of velocity as a function of location and time, and information detailing the

'°C%@%ﬁfg%%‘&%’ﬁi@&@%@%@%ﬁﬁﬁ'Qpéﬁégﬂ%@%ﬁ&ﬁné%@%@%%ewhed

from source to receiver distance or offset. - 15 _Stretch factors (3 are then
detevripletsrraie P tboRirsiied arrutlth ePrsipe Lho S PSR ISEE e Sipg fgtors are
tracgsyfeatensibgd 440 & siesighfasiond3fsdelivahastibainvenstoithestretched
cosine of the reflectio%angle % fca; a tr?ce. 5 I%S. 8 ggl%w§t &sﬂtgcs)éﬁsol%?g

S afidss FBEERel Ke AR e R A M POhh S ST PSR SR Y
Yeneildhbehrafidcieth andphise stiplindh subsdyfat thfokesttiohsd Anvelet spectra
interface containin co. n reflecti i '

i AT R e AN L e
angléraliy. shovwmeas!athe amgliusetivalbrstirstath Ararkyiisd ntdemtelde dhe
CRRE2p6 aEaNLLepIRg Hamibe HORR IR raagiManficE e rileslionic trace

angle 0, is the angle at which a wavelet will reflect from a CRP. As shown

in FYEesbnbaaeiebii rrpiGideRaeratar MRSHENEEd asi thectre
10duestpahangingrésdegities in the subsurface, prior to be received at

receiver R. 15 A deterministic estimate of the stretch factor (3 as a

function of time and offset is generated from an rms velocity function and

the Bufistinfaoevirite RG] Vetbeiyoat iestricitdrfachabmE:-Sineopietiiu( vy 20

wh [ =X\ £0 #(XC 1y = :

o A e T S gy v
(20¥igsbe Bxpoghtdeasapplied to the time-offset domain.

I5

A. Destretch Method — Time-Offset Domain

In step 110, stretched seismic traces are acquired. Input data is processed in such a
way as to preserve true relative amplitude. Further the data is time corrected such that
20 the now observed times in each trace represent the time as if the source and 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
25  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
ernbedded waveform in the traces has a phase spectrum that is constant over the
usable bandwidth (sufficiently strong amplitude) of the data. Auxiliary data required
30 to calculate stretch factors 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 fo receiver distance or offset,

-15-



sin20r = ( x v; cosOd )2 /(v 4 (toe +(xcosOd)2 /Va2)) (18a) for dip
moveout (DMO) gathers: sin20, _ (X CosOd)2I ( (tdmo2V 4/ V, 2) +
(COS20d vat/ V, 2)) 30 and for PSTM data: sin20r = (X COS20d)2 | (
(tmig2 V 4/ V, 2) + (COS40d Va2l V 2) ) -16 wherein sin 0, is the sin of
the reflection angle at the interface, x is shot to group offset, v; is the
subsugiRbaHatesphiateoiticatitiisctonibl BOthdmneschel tityredingive stretched
. overburden, to is the zero offset travel time, .tdme is the zero offse .
md PO GRS 0 i U O A bl ng e 35 AE R R Bl
the eMsgftted anisgitr OpfpHapm@meter and Od is the geologic dip at the
interface. The input trace spectra for the stretched traces is determined in
step 130A where stretched traces are decomposed into a number of
Sharii@. fRethomsayshelrdtiercd sndis retedven fn £1Gavilst Pheregyaprawating from
: ffe%%%%b@ﬂﬂgféﬁ‘&%ﬁb@@ysaméa%qpﬁgxemm%tr shbseumavilbyialddhenn

original input trace. FIG. 9 shows the design of the frequency band filters

reqUAEHRS GRMBIRIRS e HEGREHIS HRRRP IPACER PISPh &S RIRREIeg " 2 gcologic
frequgnayibanasadNe (b ReefRrRBbAsROSaR: B he thepmpiesidales¥irtvn as

satisfies the following condition: Nw5NQR5N(/10 (21) 20 where Nw i thcfe h
expletRRsir hAEEB e TaipIRS iRteHask At de AN i%%’eeﬁﬁﬁﬂ%ﬁ oy the

10saminescHibe kP RIiEhdr@nstoen dixe windeyanbipicatidbbicesafitivahailect

Nt /10 imply time averagi indows of several.hyndred milliseconds

TR POACHEE I H0 i 5 B RN, ST NS, DA oteed

appioxintat IR P2 eqgudltg thevelmniber inftsamybledetat pivthe Emivedddat

waveform. #ser defined frequency band filters have the property of fully

ICCCIVEL S, . . .

passing dats at a central frequency and tapering to fully rejecting data

away from the central frequency. Neighboring frequency bands are
1sentiseheeampimenian sucHhat g féﬂ{é}%zﬁs 0 {5 freamenty Jedhes

zero pass frequency of adjacent frequency bands. ]
generated from an rms velocity function and the subsurface interval velocity at the

interface as;

B = (1-sin’0y™" | an
20 where
sinB, = x v; cos0g /(Va* (to” +H(xcosBg)” 1va)'"?) (18)
Va = V(1426 sin®oy(2- sin®o))"? 19)
and
2 sinec = X2/ HVmsto)’) (20)
for CDP gathers:
sin’0, = (x vicosB)’ /(va' (16" +(xcos04)" /i) (182)

for dip moveout (DMO) gathers:
sin’6, = (x ccsﬁd)2 /{ (tdmz vl i 2) + (coszed Vool Vi 2) )
30 and for PSTM data: '

sin®0; = (x cos70g)* / ( (tmig” Va/ Vi %) + (cos’0g v/ vi7))

-16 -



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 -17 transformed frequency data. This product is then
inverse Fourier transformed to yield the desired narrow frequency band
traces of FIG. 4B. Estimates of stretched wavelet spectra are made in

stepAdQ4, ftare thanp putcTreciEAc&ioh sipR M inléfBcd A sHusisaieap
the decomposition of the sjngle event of FIG.4A into .frﬁguen%y bands
elocity of the

usin@FEFLNb S e e TEESH VRS Bttt S FBYUERE
bandscaseridaanwersetoutiiarmed Haekto fetinertratist sShowiine of DMO

FIG.4B. 10 Enyelopes or time averagin ch. [ r
e Toe sk g DO SO G
Svaveleisgtectial @stittatespgiidine)) thédniedakecenter frequency f; and

time t-toj. according to Equation (8): Wn(f1,t-toj) = (re)W(f4,t-toj)jI31 (22)

15 where (i is the stretch factor and r is a local reflectivity scalar. An

estirfatdnpitirecsrpiitoeoohe sentehed tasesy ip dakmined i sbim hotdavdipre

_taki@géaﬁecﬁﬂg.’i@ga'r:@&&@&gmfﬁﬁ@ng%%m@ﬁi&&?'ﬂaﬁd traces, as
mtermedlqter%gduct from 20 steg 130A and applyin %??'%?hase rotatio

and Ry TESTHURTSY ESAPRICH RIS Sase mgpsrﬂifgsw cir

1grangiet R foyierRIdRcaipasnandingatequency band trace from step 130A.
To form the trace envelope corresponding time samples from each

narrow frequency band trace, Hilbert transform pairs are squared,
sunith@cd shgethibe dedgthef spifiequany isaekEios taevitesi itisgnstais. tihis
fornhsegagntgg%g %ﬁ g&\é.elop'e (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

1 MG, PG BRBiS; Andestaiched Quier-SRgGiHdan SR @iBechil &feRIue that

150A. In a preferred manner, the 30 estimates of the stretched wavelet
spedttisUrsmitliarinestepiiA are corrected utilizing the Similarity

Theorem Equation (5). This correction utilizes the stretch
Ny S Np <N /10 21)

20  where Ny, is the expected number of time samples in the wavelet and Ny is the number
of samples in the Fourier transform time window. Typical choices of Ny and Ny /10

imply time averaging windows of several hundred milliseconds.

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

25  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 ceniral frequency.
Neighboring frequency bands are entirely complimentary such that the full pass

30  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

- 17 -



factors (1) 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 trace data. For each time and mean frequency in
step 140A, the amplitude of stretched wavelet is interpolated at a
frequency that is the product of p and the current central frequency. The

interpalagsd amplifud.isadm s PLURIRAHY eV eIsaisireiallatiero yield

(R"lé)h%nd becomes a corrected sample of the destretched output
spedit AT BT TRV R P ABHNRAR TS bFefktion is to form a time

varying corrected wavelet amplitude spectrum. As an alternative to

calculating the.destretched qutput spectrum, a. user q e{rj target.
LA et T e B R A S T A Bt spectes

dlestoétitetB WA 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. Shapin

conBEt Shapilyr et besk B R e MBS TR SR 16SA it

usingdgastationsdd 2sif) yNaking: the: katierpiibaudestetehathwave!lequency
spectra to the stretched wavelet spectra. A stabilization factor i
d %1%413.

pref@FABRSEABR T tHE HONORRR It eias Rvetahepach
1 preVvEntahassiblardivisieninyragng off cuchrofitiied, tancopitendd cexdeciionctate the
the destretched wavelet spectrum f white reflectivity.is.c 1in
B S R TR A
by rfiwdeithgthierdinplicnoe fspedthmmt ddtheconddies (e dig eaioh t&Rectivity.
The modeled earth reflectivity spectrum is divided into the destretched
wavelet spectrum determined in step 150A. The shaping (or corrected
shaping) correction fact®ardoapifiedAifbidpM0A to the 25 input #2)
1$pectra of the stretched traces using Equation (15) to arrive at a
destretched trace spectra. True relative amplitude scaling factors are

compshitesins dheserh fagter prdds ise lsAldeleHiiiHy tFaktelative

amplitude properties of the stretched and destretched 30 wavelet spectra

are taken.to determine the true_relative amplitude_scaling factors. )
.&n estimate o?tﬂga ampﬂtu e of eac% cquengytband traceq computed by taking the

filtered Fourier transformed frequency data that is an intermediate product from

20 step 130A and applying a 90° phase rotation and then computing the inverse Fourier
transform which forms a Hilbert transform for each corresponding frequency band
trace from step 130A. To form the trace envelope corresponding time samples from
each narrow frequency band trace, Hilbert transform pairs are squared, summed
together and the square root is taken of the resulting sum. This forms the trace

25 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
30  estimates of the stretched wavelet spectra determined in step 140A are corrected

utilizing the Similarity Theorem Equation (5). This correction utilizes the stretch

factors () eq. (17-20) calculated in step 120A and the estimate of the stretched

wavelet speclra of eq. (8) determined in step 140A to correct for the stretch in the
-18 -



Examples of such true relative amplitude properties include the zero time
value of a wavelet, the area under the amplitude spectrum of the wavelet,

or the time average mean absolute value of the stretched traces. -19 The

true relative amplitude scaling factors and shaping (or corrected shaping)
factors are applied in step 192A to the destretched trace spectra using
Equg&%n g‘a@%%% aégpl/%n,?et H%%&%‘é%@m?wg{% ?%&tﬁ@grﬁﬁimcof stretched
traces wﬁere y the true relative 5 amplitude property of the stretched
wavetstkpécinteipaatodtaimiBigusreydhabts. trherodpeitadfoendtier sigsnt sopiral

are ﬁ%@(ﬁ%@ ﬂéﬁﬁ%g%&%%muaecgﬁﬁ QMIRI SPEF Wi Thverse stretch

comprising individual frequency band traces. Corresponding samples in

timefastet dEnteakirheqomae g sroTRctpd ssupia o tiaeclsstmtshed auipw epirEERbM he

Jactorsansk fram siem 16246 e ShapiRgd anroskepiesd shapiativavelet
factors, are multlglled y 10 those of step 130A the input data represented

as f corrected frequency bands. The corrected output
spectrum is converted into destretched seismic traces in step 195A. The

corrected individual frequenc ngd trac f step.190A are sum
o ih P T e U BT B OE Bk PPty SU Wehned e
t-tolythefsummdstthe veebin fragurantye dasttbwhea @bpectoyy,. iEhis destretched

169 ”8&[%9%%%95}%&%%%% derdng.specta of thaBRiLRRhdew uency

output ets equal. For a desired output wavelet with minimum
andchiasetptiscobstiexterd aersdtmisabls datn Meguereiss e R ddrst o it
valygg.are summed over Rfmin to Ofmax in W,(f,t-toi) and over fm;,, to
fmax in O(f) and applied as follows: 20 Aout(t-toi) = EAout(f,t-toi)
E(W,(f,t-toi)Ws*(fc,t-toi)) V2/E(O(f)O'(f;))tn (16) to yield destretched true
relaghgpam bt ude deacbsHasmgASH{bdoy). (A& d3s ReslcatchiMathatbp 162A

S T
norhalstreduled utaratebvad MO FIbD 2t Fow v thrais Pref@ehbkaddadinghe
PrOGR SR thtor (stretched wavelet spectra) to prevent possible division by zero. If
warranted, an optional correction to the destretched wavelet spectrum for non-white
reflectivity is computed in step 160A using Equations (12) and (14). This correction is
20 performed 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 150A.

The shaping {or corrected shaping) correction factors are applied in step 170A to the
25  input specira of the streiched 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

30 wavelet spectra are taken to determine the true relative amplitude scaling factors.
Examples of such true relative amplitude properties include the zero time value of a
wavelet, the area under the amplitude spectrum of the wavelet, or the time average

mean absolute value of the stretched traces.
-19-



Stretch factors 0 are then determined in step 120B for the stretched
seismic traces. The stretch factor (3 is defined as the inverse of the
cosine of the reflection angle 0,. -20 Since this reflection angle 0, is a
constant value over a trace, the reflection angle 0, can be determined
directly by interrogating the trace header for each trace. Input spectra for
stretched trace windows are determined in step 130B. The data is 5 split
into overlapping windows. Each window, in turn, is converted to the

frequidndynansintaim bynkikide Seslingdiidey andfehming {assarsoed sepping) factors
Calcai@t%gﬂ&a aMmplifyge ASRast HorAhestimalerrt tha.stsehedivaueliplo arive

(amplitude) spectrum is calculated in step 140B. 10 These estimates are
detefhime@hyisraahihderesisied seemicrBrr s ey E sy 160 HLE
filteringpitugclpropitey bElestinate Ohibeistrgichedivaretelsibctiemsrad. The
destretched wavelet s %t um is obt?i(ri)ed LP Stie?% fﬁg% Prgfgga@{% C{f(})e ut
destFBRhRF WA f&ps%e G T CAEh A Rs T6llows Thé Estimate o

the sretthadcorapeiiig hdpeblfregeerned nste Ci4episdiogsamples in

corr ilizl imilakity T is.C ti
et o e s,

wavenst Spectien] 8/sdrfe tieshapia s ee kIR IGsHaRELSY Aes Wifphttigutkaptied by

162chyssauency saMmMRR iR steRAQB dsditer Rolatgd-at A fsadlpnaniialds
the product of (3 and the current frequency. The amplitude for that e
freqifeABsPSE PSS B SOFFCSY Sty B%ﬂ%‘ﬁé"s‘ﬁéﬂfﬁ’?&& frtg diffetehed seismic

becamas thetelesasiced voanetel (adiliivd e ppact bandAsies afltapal e are

to calculating the destretched qutput ctrum, a user defined target
wavé ormeé]n%geoeeﬂgoe%%%gﬁleengeersé%{‘fﬁée)f gg?}lé{#éﬁ%eé‘output spectrum. This
destretched 25 output spectrum preferably has the characteristic of

avi ilgh_and Jow frequen eristi Sdhe e ey s
R R S e
additorahingilistrtienths aerlentdstihe spegtingloba duvmid clesisdhatapt spvelets

16081 ACAORMPAReIPL NP Wk Ja I RE IR mbS QRS HANISoutput

calculated by modeling the amplitude spectrum of the underlying earth
refle@ﬁ‘dﬁﬂ%ﬂﬁ%@m d8éibd. the stretched spectrum values are summed over B 10 Bmax

in W(fi,t-ty;) and over fin 10 finax in O(fi) and applied as follows:
20
+ Aoutto)) = SAou(f,t-te)) Z(W(Fttoy Wi (£, t-to)) Z(O(FY0(E))* (16)

to yield destretched true relative amplitude trace data, Agu(t-to)).
25 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.

30
Stretch factors B are then determine& in step 120B for the stretched seismic traces.

The stretch factor P is defined as the inverse of the cosine of the reflection angle 0.

- 20 -



earth reflectivity spectrum is divided into the destretched wavelet
spectrum determined in step 1508. -21 Shaping correction factors (or
corrected shaping factors) are determined in step 162B by comparing the
estimates of the stretched wavelet spectrum with the desired destretched
wavelet spectrum. The quotient or ratio of each corresponding frequency

5 sample gfiheentechrduaelet shedin o he sirclehed WAYCIE ane o
spectra IS “calculated to arrive at the shaping correction factors.

Preferadiy datstatbilidatioatiabromismgadet tthetomcehadin fto eaohgrasent
division by zero. The shaping correction factors (or the adjusted shaping

factors) are applied in 10 step 170B to the irtl%ut spectra of the stretched
traceSRBtapyEadon Hethetches trirdovapaeisterpaceiaiier ddHithae data is

scaliggifasto ralepian wHNPMWEHah eRIdS 0B tRAlIRTOhveRHERPOB#BGency
true relative a%tude F?ro erties g%{rge stretchez%ang d§§tretched 15
wavelBTEPeRHEaPE LA SR IS YRR MR e A SRS UG R Aepetitude
scaligggéaators. Again, these true relative amplitude properties might

include zero time value of a wavelet, the area under the amplitude
spectrum of the wavelet, or the time average mean absolute value of the

stretéhietsiiratie of 2o Thetchad velerici(amphiindar spealing facweslated in step 140B.
18hapig.EQUERNRE JRCIOIS Rk A SRIGSHRNARIRG FRIERIAN RGIPERLATEB by

applied in step 190B to the destretched trace spectrato arrive at true

relatlf¥ aﬂ%ﬁ?ﬁw g drerirebrsritpie el Msetarshmktrvelctarasam.
amplitude property of the stretched wavelet spectra is substantially

preseryed. Morge particularly, correspanding freq y samples of the

o T gk By O BT g e Tt Sy sgehed
the traedeiapeciamplinaiekoalingfddcter Taesstppliec falib eticphé S pactiat

19f t ' rive at toL: raof ., .
A e R T
the d&ts creefdionaweds yhakirsteihladiovéps el oumioedrars torh? OB thel trodsionate of

of sigp dA08.J R ASSIBICha 6 RGBS eI Mad Iy Ae RS ér%plﬁlude for
summing the 30 individual windows to reconstitute the traces.
each frequency sample in step 140B is interpolated at a frequency that is the product

of B and the current frequency. The amplitude for that frequency sample is, in turn,
20 scaled by the stretch factor § and becomes the destretched wavelet (amplitude)

spectrum.

As an alternative to calculating the destretched output spectrum, a user defined target

waveform may be used to generate the destretched output spectrum. This destretched
25 output spectrum preferably has the characteristic of having high and low frequency

characteristics that extend across the usable data frequencies on the widest offset

{races.

If warranted, an additional adjustment is made to the shaping correction factors in step

30 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 1501,
-21 .



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 -22 as angle dependent variations in amplitude
irrespective of the fact that each events reflection coefficients are equal
with angle. In the destretched data on the right, all events have nearly
identical amplitudes with angle as well as reduced apparent residual
moveout. 5 The inventor also includes a program storage device readable

by a FEEHIEEOTERHRITLRDOa PRI ESst SRpRIRE Srsil clstcaninadiiniep 1628
by thgyaaehing faReFeHRENs MRS RIRBS TR ElMIBE: 8l Hi S RIAkY Besired
amplitude e%[retched seismic traces from stretchr%d seismic tracgiislu in

the fOTSHIRIeIEb ROdR i rG CHPLEH S8 iR Pl cogegponding frequency
detersmimplegos tiet dbsfactbed Wavdhe sptratehe thseisenihddacegleCspectra is

deteryning.input Speclia f %@&h{% Sé%etgﬁ}?odn%eé JCfragesd- é*s‘?fagaﬁﬁ‘z'a 138 factor
estimates of stretched wave ePsSec ra from the INput specf’l”’a, e.
obtaiisinddadde shedehedivsiuctie prpestdiyisigedermining shaping correction
factors by taking the ratio of the destretched wavelet spectra to the

stretched wavelet spectra; g. applying the shaping correction factors to the

input SjseRaRing spucstierdheiars et de adivstrrbshrpelislonsh ate gariied in

18pecttas 2008 6aRIPNHRG YT efatiy srrERiUER ScRling faclar SddaiaDtrace
the ratio of a true relative amplitude property of the destretched wavelet

spec%chi%aa corresponding true relative amplitude property of the
stretched wavelet spectra; and i. applying the true relative amplitude

scaling, 31%(518&%& i) %ﬁlﬁéfsf(%‘iﬁﬁ‘ge{%é{&%eﬁgét%@3%55%&%@{5%%5‘5 e .J%.Fié’ Gt

amplltu e. destre selsmictrace where ) the'true rel e amplituae
prop@tﬁmlﬁﬁ@!@ﬁ@dtmv@@ﬁ@é@mwies of the stretched and destretched

15  wavelet spectra are calculated to determine the true relative amplitude scaling factors.
Again, these true relative amplitude properties might include zero time value of a
wavelet, the area under the amplitude spectrum of the wavelet, or the time average

mean absolute value of the stretched traces.

20 The true relative amplitude scaling factors and shaping correction factors (or
corrected shaping 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 specira is substantially preserved.
More particularly, corresponding frequency samples of the shaping correction factors

25 (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

30  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

-22 -



substantially preserved. While in the foregoing specification this invention
has been described in relation to 30 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 copsiderably w tde from the ba rinciples of.t .
e e SRR e CHCR A P AR Bt (] i Srents
relativBeatiopl toeiE destretc heueidninzicabethefdsnirstebedidath oaidtideht, all
”%C%%_en?%m%th O BRIENEIRARRT A A A Y10 SRR Efbarent
seismic traces; etermining stretch factors 1l for the stretched seismic
trac&idgabiemeniting input spectra for the stretched seismic traces; d.
gletermining estimates of stretched wavelet spectra from the input 10
spectra; e. obtaining a destretched wavelet ectra f rminin
o RO P, TG 8001 h AL G R BRM el
speckitbddying 5@5ﬁigfwddﬂamaleﬂﬁp$eﬁa,ugab&pbjwh\gzﬂa&ﬂhaplpgform method
cormeeion tactars (e Jnpik el ol e AR AUPLNEAITARES HOATHEdhed
ata &e%st stdhed' Itllgace spectra; mputlng true relative amplitud
scaliatpisictorseh ity flobawiig sfers:true relative amplitude property of
16he destretched wavelet spectra to a corresponding true relative
amplitude property of the stretched wavelet spectra; and 20 i. applying
the frue rePSRVE BETIRIFBEISEHIAY FECESEs to the destretched trace spectra

to agive atjiuadpinberaisee ﬂﬁﬁ@é@ﬂ@&:ﬁaﬁmmﬁaﬁﬁéﬂhefeby the

true relatlv%amplltude property o stretche Wav.elgwta s Sectra is

sub&tantia Wg&gﬁéaput speclra or e stretched seismic
d. determining estimates of stretched wavelet spectra from the input specira;
15 e obtaining a destretched wavelet spectra;
f. determining shaping correction factors by taking the ratio of the destretched

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

20 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

25 spectra to atrive 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
30  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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25 1 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: 30 W(1) = W.(tYp)/I(Il -24 where:
W(f) = destretched wavelet spectra; W" (f) = the stretched wavelet
spec{ay g%—%t%wﬁﬁﬁt@retch factor 5 3. The method of claim 2 wherein
the stretche ectra are modified to correct for a non-white
reflectivity utilizing the following mathematical formula: 10 Ws(f) =

Wn(RR(f)/RATRImweRe Wi httherstigieher e 8l sRega (aige®skes

for a non-white reflectivity . spectrum; W" (f) = the strefched wavelet )
spectra; 15T T HEdSeSERFEAr s HRR INAY D ERTRRTRE st seis of
thcidence time; and R = the wavelet stretch factor. 4. The method of claim

1 wherein: éhe destre&lgpned tvr\@&]eégts S ecl:érgaics obtained from a user
specified target B Wavert spectra w ereln:'ﬁi(f) = Wd(f); where: W(f) =
destretched.wavefstspauteg sheidiPB oo fortssrdgied fedias dgetes;

wavelet spgctra. S.fhe:meinesehdaim 4 whesin e Rigawavalet

spectra are modified to i .
d. determining estimates of stretched wavelet spectra from the input

10 spectra;
e. obtaining a destretched wavelet spectra;
f. determining shaping correction factors by taking the ratio of the

destretched wavelet specira to the stretched wavelet spectra;

g. applying the shaping correction factors to the input spectra of the
15 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

20 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.
25 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:

30 W = Wu/p)yipl

-24 -



correct for a non-white reflectivity utilizing the following mathematical
formula: 30 W(f) = WA(f)R(f) where: W(f) = destretched wavelet spectra;
-25 Wd(f) = a user specified target wavelet spectra; and R(f) = a user
specified reflectivity spectrum in vertical time. 6. The method of claim 1
wherein: 5 the stretch factors | are calculated deterministically as functions
of offset, tipe, rms velocity and interval velocity. 7. The method of claim |
wherein: the stretch factors 0 are calculated deterministically as functions

of offset, 1Wtne=rfsspibedeyarrishPREGERoCity and at least one of

overburdemq!@?oug@/s@aglg@m@&pec&ﬁhe method of claim 7
wherein: the stretched seismic traces are CDP gathers and (3" is

calculated fh 15 AcHSHAKLE Wi th&Mfowing mathematical expression:
p =(I -sin'O,)-" = 1/cos 8,; where sin20,= ( X Vi COSed )2 /(Va4 (tot

+(XGOSOd)2 /Va2));.2Q va = y"ns(I+2e,sin -sin2a)li2 : sin2a=__ ..
x2/( 2+v,,,?§€8)%‘?@%%0%v¥1&e %}%‘%ﬁlg re?l%%gé% ‘“‘5‘&’?&’ aﬁﬁ%el%[%r gc%?diﬁed to
is shot to geourpedfizet 1RB-whigettwdlstibspyrfddizingsheafolsiobing mativanedical
Vv,,,,S IS thefgrgﬁu\ﬁglocity of overburden;

10 W) = WaHREOREP)
where:
W(f) = the stretched wavelet spectra corrected for a non-white reflectivity

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

the destreiched wavelet spectra is obtained from a user specified target

20 wavelet spectra wherein:
W) = WaD;
where:

W(f) = destretched wavelet specira; and

25 Wa(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:

30
W) = WiHRE)
where:

W({) = destreiched wavelet spectra;
=25 -



to is the zero offset travel time; c is the overburden anisotropy parameter;
and 8d is the geologic dip at the interface. 30 -26 9. The method of claim
7 wherein: the stretched seismic traces are dip moveout (DMO) gathers
and (3-1 is calculated in accordance with the following mathematical
expression: 5 (1 -sin 20,)-111.. where sin20r= (x cosea)2 / ((tdmo Va/v;

2)+(cos29@ld t-L—Xix i)ép\é@fﬁé/g'%%%i aiazs(%(egffa?g;ﬁa))"z; sin2a =

x2/(x2+vmst0)2); an wher the reflecCtion angle at the interface;
x is shot tdgBoup-ariset, speidigibreflemtii e saterinvEBiss) Wthe to; v.,

is the rms velocity of overburden; 15 td,O is the zero offset travel time of

DMO gathers; a is the overb

rden anisotropy parameter; and 0d is the

geofogic difarHaanehees ij1\6}.‘@ﬁ"1’é"method of claim 7 wherein: 20 the
Stretched sipismiely foesrafenE RAcghtheé e mnoh iRitiisitalsUfatedbirs of offset,
accordanc,g Witr%[@e {olclé%vg‘lg %th r@glg%ﬁ%expression: R = (1-sin20 )az;
where 25 sfrxllft), = (\SS ® (ﬁ% 7v(a tm;g? Va4/ V; 2) + (cos40d v2 /v 2))
va=v, (1+2e sin2a(2- sin2a))12 ; sin2(x = x2/(x2+v,ato)2); and

10

15

20

23

30

7.

The method of claim 1 wherein:
the stretch factors P are calculated deterministically as functions of offset,

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

and geologic dip.

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 =(1-sin?8,)"% = 1/cos 6;;
where
sin®0, = ( X v; cosfy Y A(va' (o7 H(xcos0a v
vy = vims( 1428 sin®ou(2- sinzoc))m;
sinfen = X2/ *+vmsto)’); and
where
0;is the reflection angle at the interface;
X is shot to group offset,
v; is the subsurface interval velocity at the tg,
Vs 18 the rms velocity of overburden;
1 is the zero offset travel time;

¢ is the overburden anisotropy parameter; and

04 is the geologic dip at the interface.
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where 0, is the reflection angle at the interface; 30 x is shot to group
offset, v; is the subsurface interval velocity at the to; vms is the rms
velocity of overburden; -27 tmjg is the zero offset time of migrated gathers;
a is the overburden anisotropy parameter; and Od is the geologic dip at
the interface. 5 11. The method of claim 1 wherein: the true relative

amplitude @ﬁ%eoer%m{@ft I8, presened,in the true relative amplitude

destrétched traces, is selected from one of the followin (%fzero time value

of the wavdhstsithishdseisnderases ar girmevseatRMOrsrbaARE, Hnd
time averagg mern fhsbieva vaRIibetsaRhadmaseaichD dkdrdsion:

method of computing true relative amplitude scaling factors comprising the
steps of. determining a stretched wavelet spectra for NMOR stretched
gather of traces; determining a destrgteh@dswd®g!ét spectra; and 15
taking the ratio of a true relative amplitude property of the destretched
wavelet s 4 to a corresponding true relative amplitude property of the
stretched wavelet spgate-tg:carsabite (ttus feldlive arpbitidiersdaling)
factors. 13. A method of obtalnlng de Le}cheq velat gctra from a
gather of stretched 20 traces, Yhe ‘e &8t sﬁ1g apping the
stretched wavelet spectra utilizingithe sigdifatity thgpiesadvith the stretch
{i\ctor into a destretched wavelet spectra utilizing the following

athematié&Ff§rmulas: 25 W(f) = Wn(f)/Ifl where:

0 is the reflection angle at the interface;

X is shot to group offset,
v;is the subsurface interval velocity at the ty,
Vems 18 the rms velocity of overburden;
15 tamo 1S the zero offset travel time of DMO gathers;
& is the overburden anisotropy parameter; and

04 is the geologic dip at the interface.
10.  The method of claim 7 wherein:

20 ~ the stretched seismic traces are CRP gathers and B~ is calculated in

accordance with the following mathematical expression:

B= (1—sin29r)'m;

where
25 $in9, = (x cos0g)’ / ( (tmig Vo'l vi?) + (cos"Bg v / vi7) )
Va = Vis( 1128 sinzoe(fl— sinzot,))l"2
sina, = xzf(x2+v,mstg)2); and
where

0, is the reflection angle at the interface;
30 x is shot to group offset,
v;1s the subsurface interval velocity at the to,

Vs 18 the rms velocity of overburden;

o



W(f) = destretched wavelet spectra; W" (f) = the stretched wavelet
spectra (3 = the wavelet stretch factor. 30 14. A method for calculating
stretch factors R for stretched seismic traces wherein: the stretch factors
(3 are calculated deterministically as functions of offset, time, rms velocity
and interval velocity. -28 15. The method of claim 14 wherein: the stretch

factors (3 aye sajgulaled AiesmNsisplMasAgions of offset, tme, rms

velocity, intérval velocity and at least one of overburden anisotropy 5 and

geologic dip isbe PHe A EPERIHPIFRHETRARY the stretched seismic
traces are gOPRatheISRMH = iseGalemiated in accordance with the

following mathematical expression: 10 (3 = (1-sin20 )-12; where sin201 X
V, COSOd )2 I(Va4 (tot +(XCOSO0d)2 IVa2)); Va =vms(1+2E sin2a(2-
sin2a))12 ; e SinROY of xR A+whrisln)2); and where 0, is the reflection

tenval vel B e RT3 2 (oo B get S B A Rty
- zero offset sraplthtiodestdsitbd towesbisrstdoriadifotropne pé itherelaviazeauime
is the geolqgigAlp At RQEvLI?éE HACErea under the amplitude spectrum of the wavelet,
and time average mean absolute value of the stretched fraces.
10
12. A method of computing true relative amplitude scaling factors comprising the
steps of:
determining a stretched wavelet spectra for NMOR stretched gather of traces;
determining a destretched wavelet spectra; and
15 taking the ratio of a true relative amplitude property of the destretched wavelet
" spectra o a corresponding true relative amplitude property of the siretched

wavelet spectra to compute true relative amplitude scaling factors.

13. A method of obtaining destretched wavelet spectra from a gather of stretched
20 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:

25 W = W(@B)Bl
where:
W(f) = destretched wavelet spectra;
Wa(f) = the streiched wavelet spectra
B = the wavelet stretch factor.
30 '
14. A method for calcﬁlating stretch factors B for stretched seismic traces wherein:
the stretch factors B are calculated deterministically as functions of offset,

time, rms velocity and interval velocity.
_08 -



25 17. The method of claim 14 wherein: the stretched seismic traces are
dip moveout (DMO) gathers and (3-1 is calculated in accordance with the
following mathematical expression: (1-sin20,)a2; -29 where Sin20r = (X
COSO0d)2 / ( (td=2 Va4/ Vi 2) + (COS20d Vat/ V, 2) ) va = vms(1+2s
sin2a(2- sin2(x))112; sin2a = x2/(x2+Vrmsto)2); and 5 where Or is the
reflection angle at the interface; x is shot to group offset, v; is the
subsurface interval velocity at the to; v,m8 is the rms velocity of
overbirdenthomahrsieftlaizerd B ravel time of DMO gathers: a is

the overburggRianaqHamy parantickangReisiRegreladimeipa sheffset,
interface. 18. The method of clainp 14 whegrg(’;n: E the strq?tch d seismic
L Ir%‘lt c (v} I‘fﬁ

traces are CPP PRSI e XIeGR: TR LR L ansotropy

following matthgmeddidaldgxpression: (3 = (1-sin20,)-1r2; where sin20r = (X
c0S20d)2 / ( (tmig2 Va4l V, 2) + (COS40d Vat / V 2) ) 20 va = vms(1+2s
sin2a(2- sin2a))la; sin2a = x2/(x2+vrmsto)2); and where 0, is the
refleéfion abbtezating ohedefackt WhREgHot to group offset, 25 v; is the

subsurfacejpteréalivalQsitviati®daie CDP gathers and 87 is calculated in
accordance with the following mathematical expression:
10
B = (1-sin’0,) "%
where
Sin®0; = (% vicosBa ) /(va' (157 +(xcos8a) Vo)),
Ve = Vims( 142 sin®o(2- sino)))'?;
15 sinou = x¥/(x*Vimsto)?); and
where
6, is the reflection angle at the interface;
x is shot to group offset,
viis the subsurface interval velocity at the to,
20 vims 18 the rms velocity of overburden;
{p is the zero offset travel time;
g is the overburden anisoiropy parameter; and

84 is the geologic dip at the interface.
25 17 The method of claim 14 wherein:
the stretched seismic traces are dip moveout (DMO) gathers and B is

calculated in accordance with the following mathematical expression:

B = (1-sin’0)";
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vms is the mis velocity of overburden; tmig is the zero offset time of
migrated gathers; P is the overburden anisotropy parameter; and Od is
the geologic dip at the interface., 30 19. A program storage device
readable by a machine, tangibly embodying a program of instructions
executable by the machine to perform method steps -30 for arriving at
true relative mglitude destretched seismic traces from stretched seismic
traces, the ﬁﬁ?é%od comprising the steps of: a. acquiring stretched seismic
traces; b. determiriindfstrémotvieiors Griattibtwtietdhed®etdiic iaces; 5
c. determining input spectra fqr the stretched seismic.traces; d.
determining estimates of st?é‘tcﬁgﬁ@%%%fle? g?e"c ra ?%r)ém the input

spectra; C. obtaining a destretsihém weigfetspestiagdd determining
§haping co%%%}ifzon factors by taking the ratio of the 10 destretched
wavelet spectra to the stretched wavelet spectra; g. applying the shaping
correction fActotiscteflectiopungipetths ofteh@cetretched traces to arrive at a
destretched ty, ecira. mputing true relative amplitude scaling
factors by %Eﬁ%%ﬁgrgg%gpogﬁg%ue relative amplitude property of the
destretchediraibslathspefestintler (8 Helmi@sphdifding true relative amplitude
property of the stigichad.-waxelet sResthdeand i. applying the true relative
amplitude scaling factors to the destretch ar%tgsggptra to arrive at true

Ifblative ampiiniddageirdtis s ime the true relative

amplitude prapaeyeithelsiraithedROpaavelet;spelctra is substantially

preserved. 8:531% the geologic dip at the interface.

18.  The method of claim 14 wherein:
15 the stretched seismic traces are CRP gathers and B is calculated in
accordance with the following mathematical expression:

p= (lwsinzﬁ,-)'”z;

where
sin0; = (x co570a) / ( (tmig* V'l vi%) + (c08™0a vi*/ vi%) )
20 Va = Vems(1428 sin’a(2- sin®a))'’;
sin®a = X2 /(x™+Vimsto)); and
where

B, is the reflection angle at the interface;
x is shot to group offset,

25 v is the subsurface interval velocity at the to,
vims 18 the rms velocity of overburden,
tmig 18 the zero offset time of migrated gathers;
¢ is the overburden anisotropy parameter; and
04 is the geologic dip at the interface..

30

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

program of instructions executable by the machine to perform method steps

-30-
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for arriving at true relative amplitude destretched seismic traces from stretched

seismic traces, the method comprising the steps of:

a
b.

e

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
streiched traces to arrive at a destretched trace spectra;

computing true relative amplitude scaling factors by taking the ratio of
a true relative amiplitude 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 spectra is substantially preserved.
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