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METHOD AND APPARATUS FOR TRUE RELATIVE
AMPLITUDE CORRECTION OF SEISMIC DATA FOR
NORMAL MOVEOUT STRETCH EFFECTS

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 reflection interference effects due to normal moveout removal (NMOR)
that are present in common midpoint (CMP) or common reflection point traces (CRP)

seismic gathers of traces.

BACKGROUND OF THE INVENTION

Seismic data obtained in field surveys are 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 into the earth from a series of "shot" sources S which are
spaced apart from a common midpoint (CMP). Energy from each of the sources S
strikes a common subsurface reflection point (CRP) and a portion of that energy is
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 common subsurface reflection
point (CRP). These gathers of traces contain recordings of desirable signals that have
been reflected from the common reflection point (CRP) of the subsurface at various
reflection angles 6, and/or refracted from subsurface formations. Further, the recorded
traces also include other unwanted components, i.e. noise, in addition to the desired

signals.

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

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

density. In reflection seismic art, the earth's reflection coefficients are recovered
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below a common known surface location from the recorded seismic amplitude
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

equipment.

A wavelet is a one-dimensional pulse characterized by amplitude, frequency, and
phase. The wavelet originates as a packet of energy from a source S, having a specific
origin in time, and is returned to receivers R as a series of events or reflected wavelets
distributed in time and energy. This distribution is dependent upon velocity and

density in the subsurface and the relative position of the sources S and receivers R.

The field recorded traces of a CMP gather are typically subjected to a number of steps
in a processing sequence to separate the desired signals from noise, to reduce the
effect of time and offset varying wavelets and to align and compare amplitude
responses from common interfaces. An important step in trace alignment is to apply
normal moveout removal NMOR to the data either directly in an NMOR application
or indirectly through a prestack imaging step. Travel times to common subsurface
interfaces for differing shot to group offsets are calculated using the CMP gather
acquisition geometry and estimates of the subsurface propagation velocity of seismic
energy traveling from the shot location to a 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
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 together to form stacked traces; (2) compared to one
another within an amplitude versus offset (AVO) analysis; or (3) inverted for
amplitude attributes from which detailed interface properties are to be deduced from

changes in amplitude response.

FIGS. 2A-C illustrate the effect of wavelets and normal moveout removal (NMOR)
on a single time-offset CMP gather made up of identical, equal amplitude reflections

-2
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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
replaced by a wavelet whose amplitude is proportional to the reflection coefficient.
Offset varying interference effects are shown in the form of offset varying amplitudes
for a common event. FIG. 2C presents the data of FIG. 2B after application of NMOR
demonstrating that moveout has generated offset varying wavelets which result in
offset varying amplitudes for the equal reflection coefficients. Note in FIG. 2C that
there are changes in reflection amplitude and bandwidth which are due to pre-NMOR
wavelet interference as well as to NMOR correction. As a result, amplitudes in traces
from different offsets differ from one another even when the underlying reflection
coefficients are equal. Therefore, these NMOR corrected amplitudes are not

considered to be of "true relative amplitude."

Especially because of ongoing deep water exploration and development efforts, AVO
analysis and inversion are now being applied to CRP trace gathers containing
processed seismic amplitudes that have been reflected from subsurface interfaces at
reflection angles from 0° to 60° or more. As shown by FIG. 3 depicting the amplitude
spectrum of a single event reflected from an interface at angle 6;, application of
NMOR will map the amplitude spectrum and phase spectrum of a seismic wavelet to
frequencies equal to cos 6, times the original pre-NMOR frequency while also
amplifying the amplitude spectrum of the data by a factor of (cos 8, relative to the
zero angle reflected event. Accordingly, for a 60° reflected event, NMOR will shift an
40 Hz amplitude response to 20 Hz while doubling the strength of the amplitude
spectrum. Wavelets have both an amplitude spectrum and a phase spectrum. For the
purposes of this specification, here after the term "spectra" refers to both of the

amplitude spectrum and phase spectrum of a wavelet.

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

directly compare common event amplitude strengths from different offset traces to
-3
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one another. Another complexity is that even after extensive processing, traces in a
CMP gather will typically have embedded wavelets which vary with both time and
offset. These wavelet variations are due to remaining acquisition and propagation
effects and to NMOR stretch effects. Velocity analysis, which is required to align
events between near and far offsets, also becomes problematic when amplitude
responses for a common event vary significantly from near to far offsets. Moreover, at
high frequencies NMOR stretch will reduce the signal-to-noise ratio improvements

normally expected as a result of stacking seismic traces together.

U.S. Patent No. 5,684,754 to Byun et. al teaches a method for removal of NMOR
stretch from CMP gather traces. This method relies on prior knowledge of an
embedded wavelet and the measurement of a NMOR stretch factor from a semblance
analysis of seismic data. This technique does not provide a true relative amplitude
compensation of NMOR induced amplitude effects and is thus is less than desirable

for AVO analysis.

Swan, H.W., 1997, "Removal of Offset-Dependent Tuning in AVO Analysis",
Expanded Abstracts of 67th Annual, Int. SEG Mtg., pp. 175-178, teaches a method
for reduction of NMOR stretch effects from AVO attributes (e.g. AVO intercepts and
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
from seismic traces prior to operations such as stacking or computing AVO attributes.
A method for destretching individual traces is taught in which time and offset varying
filters are used to match the response of stretched, nonzero offset traces to that of a
zero offset (and destretched) trace. Because this method involves making each
nonzero offset trace match a zero offset trace by designing and applying an
equalization filter, the method can alter relative amplitude relationships between
traces when reflectivity strength varies. This method fails to restore trace amplitudes
to the relative values consistent with each traces' reflectivity being convolved with a
pre-NMOR wavelet. To be true amplitude this method must assume that all

-4-
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pre-NMOR traces have the same wavelets as the zero offset pre-NMOR trace. Moreover,
this method also implicitly assumes that the reflectivity of each trace averaged in time has
the same value at all offsets as it does on the zero 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 methods and apparatus which fail to destretch seismic traces so as to recover true
relative amplitudes of seismic reflections between traces of different offsets. More
particularly, these methods fail to compensate for offset varying reflection interference
effects due to normal moveout. The present invention provides a solution to these

shortcomings.

SUMMARY OF THE INVENTION

Seismic traces may be stretched due to direct normal moveout removal (NMOR)
processing or stretched indirectly through a prestack 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 for offset

varying reflection interference effects due to normal moveout.

Accordingly, the present invention provides a method for arriving at true relative
amplitude destretched seismic traces from stretched seismic traces, the method comprising

the steps of:

a acquiring stretched seismic traces;

b. determining stretch factors B 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;
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;

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




2006214552 07 Sep 2011

10

15

20

25

30

C:\NRPonbNDCC\REC\I857831_1.D0C-60912011

-6 -

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

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.

In a preferred embodiment of this method, stretch factors B and also input spectra are
determined for NMOR stretched seismic traces. Estimates are then made of stretched
wavelet spectra from the input spectra. A destretched wavelet spectra is then obtained
which may be either the same wavelet that was embedded in the seismic data traces prior
to NMOR or else by using an externally specified target wavelet. Shaping correction
factors are then determined by taking the ratio of the destretched wavelet spectra to the
stretched wavelet spectra. The shaping correction factors are applied to the input spectra

of the stretched traces to arrive at destretched trace spectra.

True relative amplitude scaling factors are then computed by taking the ratio of a true
relative amplitude property of the destretched wavelet spectra to a corresponding true
relative amplitude property of the stretched wavelet spectra. Examples of true relative
amplitude properties, by way of example and not limitation, might 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. Finally, the true relative amplitude
scaling factors are applied to the destretched trace spectra to arrive at true relative
amplitude destretched seismic traces whereby the true relative amplitude property of the

stretched wavelet spectra is substantially preserved.

The destretched wavelet spectra may be obtained by mapping the stretched wavelet spectra

into the destretched wavelet spectra utilizing the similarity theorem and the stretch factor.
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amplitude is proportional to a respective reflection coefficient, and the CMP gather

after the removal of normal moveout (NMO);

FIG.3isa graph illustrating the effect of stretch on a wavelet amplitude spectrum
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
decomposed into narrow frequency bands, FIG. 4C depicts smoothed envelopes of

narrow frequency bands and FIG. 4D shows a reconstituted spike;

FIGS. 5A-B illustrate an example of destretching applied to a common angle CMP
gather containing normal moveout stretch effects comparing a stretched gather to a

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;

FIG. 7 is a flowchart more specifically showing the steps of FIG. 6 used with
time-offset trace data (top half of the flowchart) and time-angle trace data (lower half
of the flowchart);

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

factors B; and

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

complementary frequency band traces.
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DETAILED DESCRIPTION OF THE INVENTION

I CONVOLUTIONAL MODEL APPLIED TO NORMAL MOVEOUT
STRETCH

An accepted model for processed seismic data amplitudes provides that the
amplitudes represent the convolution of a source excitation wavelet with subsurface
reflection coefficients derived from the changes in elastic properties at subsurface
interfaces. The time domain form of this model provides that processed seismic data
traces, prior to NMOR, can be represented as the convolution of a wavelet with an

earth reflection coefficient function or:
d(t,to;,AL)= J w(T) 1(t-to-Aty -7) dr (1)

where d(t,to;,At;) is a seismic data trace, w(t) is the wavelet and r(t-to-At;) is a sum of

discrete subsurface reflection coefficient delta (impulse) functions given by:
r(t-toj-Aty)= X 1;0(t-to;-At;). )]

In this expression, 1;8(t-tj-At;) is a time domain representation of the jth reflection
coefficient of magnitude rj with a zero offset time of ty; and a pre-NMOR time shift of
At;.

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

Fourier transforms of the wavelet and the carth reflection coefficient function or
D(f) = W(f) er e-Zﬂif(tOj-Atj). (3)

In this expression D(f), W(£) and Zrje 2% are respectively the Fourier transforms
of the pre-NMOR data, d(t,t;,At;), the pre-NMOR wavelet function, w(t), herein after

simply referred to as just a wavelet, and the reflection coefficient function, r(t-to;-At;).
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Key insights for removing the effects of NMOR on stretched traces derive from the
understanding that NMOR has a different effect on the reflection coefficient function
than it has on the wavelets. First, the model supporting application of applying
NMOR to the reflection coefficient function is to align the times of the reflection
coefficients to the zero offset time, ty; without altering their magnitudes ;.
Conceptually, NMOR changes the travel time between the reflection coefficient at the
top and base of a layer to be that of the vertical travel time through the layer. Apply
the shift theorem (R. M. Bracewell, The Fourier Transform and Its Applications,
McGraw-Hill, 1965, p. 104-107), NMOR transforms the reflection coefficient

function as follows:
%, 18(t-toj-At) SNMO=> T 138(t-tg7) D Zrje ™y )

where 1;8( t-toj-At;) is a time domain representation of a reflection coefficient of
magnitude r; at zero offset time ty; before applying an NMOR time shift of Atj, >
indicates the Fourier transform of Z 1;8(t-ty;) 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 P that is related to offset dependent differences in travel time to an
interface. The similarity theorem (R. M. Bracewell, The Fourier Transform and Its
Applications, McGraw-Hill, 1995, p. 101-104) may be used to describe the frequency
domain effect of applying a constant stretch factor  to a pre-NMOR time domain

wavelet w(t) and is illustrated in FIG. 3. The similarity theorem provides that:
w(t) =stretch= w(t/B) > W(B)|B| 4)

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

their magnitudes.
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Finally, because of the differing effects of NMOR on reflectivity and wavelets,
Fourier transforms of typical NMOR corrected seismic traces, Dumo(f), yield spectra

of the form:

Damo(f) = WEB)IB| (e ;) (6)

indicating that the pre-NMOR wavelet's frequency components are scaled by a
frequency dependent sum of earth reflection coefficients as well as being shifted and

scaled by the stretch factor .

In summary, the convolutional model predicts that application of NMOR to CMP or
CRP gather traces will result in frequency dependent changes to both the amplitude
and phase spectra of convolved wavelets but in no changes to the underlying
reflection coefficient amplitudes. Removal of NMOR stretch requires estimating and
then compensating wavelet spectra for the stretch factor p to produce output trace

amplitudes that are scaled in proportion to local subsurface reflection coefficients.

IL CONCEPTS FOR TRUE RELATIVE AMPLITUDE CORRECTION OF
STRETCHED TRACES

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

function) becomes:
WP)|B| Zrje ™ = Destretch = W(f) T 28y )

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

reflection angle 0, and W(£) is a destretched or externally specified target wavelet.

-10-
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The stretched wavelet spectra W(fB)|| can be estimated using trace spectral averaging
techniques. These techniques reduce the effect of the earth's reflection coefficients on
a trace's amplitude spectrum to that of a constant scalar multiplier. Spectral averaging
techniques rely on earth reflection coefficients averaged within a frequency band
taken from a large time gate to be statistically constant or of a known spectral shape.
The averaging techniques include frequency band averaging of a trace's spectra or
Fourier transforming a limited number of lags of a trace's autocorrelation function.
The effect of non-white reflection coefficient spectra on estimated wavelet spectra can
be removed by application of reflectivity whitening filters as described herein.

In a preferred embodiment of this invention, the effect of varying earth reflection
coefficients in a trace's spectra are minimized by averaging amplitude and phase
samples within frequency bands. Ideally, the number of frequency samples that are
averaged is inverse to the maximum expected wavelet duration and also greater than
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, Wp(f), of the form:

Wa() = (r) W(B)IB| @®

where W(f) is the pre-NMOR wavelet spectra 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,
wavelet spectral estimates can be generated by frequency domain averaging of the

Fourier transform samples of small time gates.

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

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

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



10

15

20

25

30

WO 2006/088729 PCT/US2006/004688

In the frequency domain, this constraint would require that:
z W(EBIBI == W(f) (10)
where W(£}) are discrete values of a destretched wavelet's Fourier transform.

If the phase spectrum of the wavelet is assumed to be zero, or if only the amplitude
spectrum of the wavelet is known, true relative amplitude destretching of the data can
alternately be defined as an operation that does not alter the area under the amplitude

spectrum of the wavelet so that:
S(WEB)B| W EBIBD'? = Z(WE W ()" (11)

where W*( ;) and W*( £p) are complex conjugates of W(f}) and W(£p) respectively
and (W"‘(fi)\ﬂ/'(fi))]/2 is an amplitude spectrum sample. For situations where the stretch
factor P or the wavelet varies with time, this true relative amplitude condition should

be met on an instantaneous time basis.

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

Fourier transform samples of small time gates.

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

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

Wi(fist-ty) = Wa(fist-to)R(E)V/REP) (12)
-12-
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where W(f,,i-to;) is the stretched wavelet spectra at time t-to; and frequency f;, R(f}) is
a non-white, vertical time reflectivity spectrum at frequency fiand f is the stretch
factor. Then the destretched (pre-NMO) target wavelet spectra O(f) is defined using

the similarity theorem as:

O(fi) = W(£i/B.t-to))/|B] (13)

where Wi(fi,t-to;) is the reflectivity corrected stretched wavelet spectra (the

post-NMOR wavelet spectra) and {3 the stretch factor.

Alternately, for true relative amplitude destretching (replacement of the post-NMOR
wavelet) with a user specified target wavelet, W(fj), the desired output wavelet is

defined as:

O(fi) = Wa(fi,t-top) R(£) (14)
where R(f)) is a user specified non-white, vertical time reflectivity spectrum at
frequency fi. Second, for each input amplitude value at center frequency f; and time
t-toj, Ain(fi,t-toj), the output amplitude, Aou(fi,t-toj), is given by:

Aout(fi:t"tOJ) = Ain(fi:t'tOj) O(fl)/w s(fint'toj)- (1 5)

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

amplitude and phase components.

-13-
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Finally, at each time t-toj, the sum of the output frequency band data, SAqu(fi,t-tg;), 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 fiin and fax, the stretched spectrum values are summed over over B fmin

£0 B iy in W(fi,t-to;) and over fiin to fimax in O(f}) and applied as follows:
Acu(t-t6) = ZAou(Et-t0)) EWi(Fit-to) W (B tt0)) /(OO (6) (16)
to yield destretched true relative amplitude trace data, Aqu(t-toj)-

III. DETAILED STEPS FOR IMPLEMENTING TRUE RELATIVE
AMPLITUDE CORRECTION OF STRETCHED TRACES

FIG. 6 shows a flowchart of a preferred exemplary "destretch" method for arriving at
true relative amplitude destretched seismic traces from stretched seismic traces.

FIG. 7 expands upon the steps of FIG. 6 with each of the steps being identified with a
corresponding brief descriptor at the top of the flowchart. Two examples of the
destretch method are shown 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
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 to

arrive at true relative amplitude destretched seismic traces.

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

step 110, stretched seismic traces are acquired. Stretch factors P are then determined
in step 120 for each of the stretched seismic traces. An input spectrum for each of the
stretched traces is determined in step 130. Estimates of stretched wavelet spectra are
made from the input spectra in step 140. In step 150, destretched wavelet spectra are
obtained through calculations utilizing the stretch factor f of step 120 or else from a

desired destretched wavelet spectra input by a user.
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Shaping correction factors are determined in step 160 by comparing the destretched
wavelet spectra to the stretched wavelet spectra. The shaping correction factors are
applied in step 170 to the input spectra of the stretched traces to arrive at destretched
trace spectra. True relative amplitude scaling factors are computed in step 180 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.
Finally, the true relative amplitude scaling factors are applied in step 190 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.

Referring now to FIG. 7, the above destretch method may be carried outin a
time-offset domain or in a time-reflection angle domain. The destretch method will

first be described as applied to the time-offset domain.

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
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
any trace ordering can be used. However, the preferred data organization of traces is
to sort ensembles of data into common depth point (CDP), common mid-point (CMP)
or common reflection point (CRP) gathers. Additionally, it is assumed that an
embedded waveform in the traces has a phase spectrum that is constant over the
usable bandwidth (sufficiently strong amplitude) of the data. Auxiliary data required
to calculate stretch factors P are a model of velocity as a function of location and time,
and information detailing the location of a trace with respect to the velocity model and

the distance from source to receiver distance or offset.
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Stretch factors p are then determined in step 120A for each of the respective stretched
seismic traces in step 120A. A stretch factor B is defined as the inverse of the cosine

of the reflection angle 6, for a trace.

FIG. 8 shows a shot source S and a receiver R. A wavelet of energy emanating from
source S will general be refracted as it passes through subsurface formations. An
interface containing a common reflection point (CRP) may be orientated at a geologic
dip angle 84relative to a vertical normal. Straight ray reflection angle o is shown as
the angle between the normal to the interface at the CRP and a ray extending from the
CRP to receiver R. The reflection angle 6, is the angle at which a wavelet will reflect
from a CRP. As shown in FIG. 8, the wavelet will further refract after it is reflected
from the CRP due to changing velocities in the subsurface, prior to be received at

receiver R.

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

interface as:

B = (1-sin’0,)"" (17)
where

sind; = x v; cosOg /(v4> (t” +(xc0s8y)* V) (18)

Va= Vims(1+2€ sin*o(2- sinzoc))” 2 (19)
and

sina = X%/ (x*+Vmsto)?) (20)
for CDP gathers:

sin20; = (X vicos8a ) /(va' (to? +(xcos04) /va')) (18a)

for dip moveout (DMO) gathers:
sin®0; = (x cos04)* / ( (tamo Vol Vi%) + (cos?04 Va2 / Vi )
and for PSTM data:

sin%0; = (x c0s%04)* / ( (tmig” vl viH) + (cos*0qva’/ vi))
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wherein sin 6, is the sin of the reflection angle at the interface, x is shot to group
offset, v; is the subsurface interval velocity at the to, Vrms is the rms velocity of the
overburden, 1, is the zero offset travel time, tamo is the zero offset travel time of DMO
gathers, tmig is the zero offset time of migrated gathers, ¢ is the overburden anisotropy

parameter and 04 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 narrow frequency band traces, as
shown in FIG. 4B. These narrow frequency band traces have the property that their

sum will yield the original input trace.

FIG. 9 shows the design of the frequency band filters required to generate the

frequency band traces.

The number of frequency bands, Ny, is preferably chosen to be the smallest value that

satisfies the following condition:

Ny <Np <N;/10 (21)

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

imply time averaging windows of several hundred milliseconds.

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

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

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

transform of the input trace. The result of this operation forms the filtered Fourier
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the desired narrow frequency band traces of FIG. 4B.

Estimates of stretched wavelet spectra are made in step 140A from the input spectra

of step 130A.

FIGS. 4A-D illustrates the decomposition of the single event of FIG.4A into
frequency bands using an Ny, value that satisfy the above constraints. The frequency
bands are then inverse transformed back to the time traces shown in FIG.4B.
Envelopes or rms time averaging of each of these time traces is used to generate the
time and frequency independent post-NMOR wavelet spectral estimates Wp(fi,t-to;),

for each center frequency f; and time t-ty;. according to Equation (8):

wn(fiat'tO_i) = (l'c)W(fiB,t-to_j)} B‘ (22)

where P is the stretch factor and r. is a local reflectivity scalar.

An estimate of the amplitude of each frequency band trace is computed by taking the
filtered Fourier transformed frequency data that is an intermediate product from

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
envelope (FIG. 4C) which is filtered to reduce the effects of noise. The resulting
collection of trace amplitudes represents an estimate of the pre-corrected wavelet

amplitude spectrum determined on a time by time basis.

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

wavelet spectra of eq. (8) determined in step 140A to cortect for the stretch in the
-18 -
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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 B and the current central
frequency. The interpolated amplitude is, in turn, multiplied by the inverse stretch
factor (B™) and becomes a corrected sample of the destretched output spectrum. The
product of performing this operation is to form a time varying corrected 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
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.

Shaping (or corrected shaping) correction factors are determined in step 162A

using Equations (12-14) by taking the ratio of the destretched wavelet spectra to

the stretched wavelet spectra. A stabilization factor is preferably added to the
denominator (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
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
input spectra of the stretched traces using Equation (15) to arrive at a destretched trace

spectra.

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

mean absolute value of the stretched traces.
-19-
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The true relative amplitude scaling factors and shaping (or corrected shaping) factors
are applied in step 192A to the destretched trace spectra using Equation (16) to arrive
at true relative amplitude destretched seismic traces whereby the true relative
amplitude property of the stretched wavelet spectra is substantially preserved. The
input spectra of step 130A are corrected in step 192A to form a corrected output
spectrum comprising individual frequency band traces. Corresponding samples in
time and central frequency from the output of step 180A, i.e. the correction factors,
and from step 162A, i.e. the shaping (or corrected shaping) factors, are multiplied by
those of step 130A the input data represented as frequency forming corrected
frequency bands. The corrected output spectrum is converted into destretched seismic
traces in step 195A. The corrected individual frequency band traces of step 190A are

summed together to form the destretched output traces.

Finally, at each time t-toj, the sum of the output frequency band data, ZAeu(fi,t-to), 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 i, and fiyay, the stretched spectrum values are summed over Bfmin 0 Bfmax

in Wy(fi,t-to;) and over finin to finax in O(f;) and applied as follows:

 Aoultty) = ZAqulfit-to) Z(Wilfittg) Wi (Bit-10)) /ZOEO'EN'™  (16)
to yield destretched true relative amplitude trace data, Aou(t-toj).
B. Destretch Method Time-Angle Domain
In step 110, stretched seismic traces are acquired. As described above, the stretched
traces may have been processed by normal move out removal (NMOR) or through the

Pre-Stack imaging process.

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

The stretch factor B is defined as the inverse of the cosine of the reflection angle ;.
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Since this reflection angle 6; 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
split into overlapping windows. Each window, in turn, is converted to the frequency
domain by taking its Fourier transform in step 132B and calculating its amplitude

spectrum.

An estimate of the stretched wavelet (amplitude) spectrum is calculated in step 140B.
These estimates are determined by smoothing the input spectra from step 132B by

low pass filtering thus forming the estimate of the stretched wavelet spectrum.

A destretched wavelet spectrum is obtained in step 150B. Preferably, the destretched
wavelet spectrum is calculated as follows. The estimate of the stretched wavelet
spectrum determined in step 140B is now corrected utilizing the Similarity Theorem.
This correction uses the stretch factor (B) determined in step 120B and the estimate of
the stretched wavelet spectrum to correct for the stretch in the data. The amplitude for
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,
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
output spectrum preferably has the characteristic of having high and low frequency
characteristics that extend across the usable data frequencies on the widest offset

traces.

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

determined in step 150B.
-21-
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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
sample of the destretched wavelet spectra to the stretched wavelet spectra is
calculated to arrive at the shaping correction factors. Preferably, a stabilization factor

is added to the denominator to prevent division by zero.

The shaping correction factors (or the adjusted shaping factors) are applied in
step 170B to the input spectra of the stretched traces to arrive at a destretched trace

spectra.

True relative amplitude scaling factors are then computed in step 180B. Ratios of
corresponding true relative amplitude properties of the stretched and destretched
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.

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

individual windows to reconstitute the traces.

FIG. § is an example of destretching a common angle CMP gather. The stretched
input gathers on the left have interference induced apparent residual moveout as well
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Further, the target wavelet spectra can be modified to correct for non-white reflectivity.
The stretch factors are preferably calculated deterministically as functions of variables
such as offset, time, rms velocity, interval velocity, overburden anisotropy and geologic
dip. Examples of gathers of traces for which stretch factors may be calculated include
CDP, DMO or CRP gathers.

The present invention seeks to correct the changes in reflection amplitude and bandwidth
induced due to NMOR processing of traces to 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 underlying reflection coefficients are

equal.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of the present invention will become better understood with
regard to the following description, pending claims and accompanying non-limiting

drawings where:

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

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

FIGS. 2A-C illustrate a CMP gather of interface reflection coefficients (RC series), the

same CMP gather with each reflection coefficient replaced by a wavelet whose
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as angle dependent variations in amplitude irrespective of the fact that each event's

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.

The inventor also includes a program storage device readable by a machine, tangibly

embodying a program of instructions executable by the machine to perform method

steps for arriving at true relative amplitude destretched seismic traces from stretched

seismic traces using the following steps:

o o

ST

acquiring stretched seismic traces;

determining stretch factors B for the stretched seismic traces;

determining input spectra for the stretched seismic traces;

determining estimates of stretched wavelet spectra from the input spectra;
obtaining a destretched wavelet spectra;

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

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

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

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

substantially preserved.

While in the foregoing specification this invention has been described in relation to

certain preferred embodiments thereof, and many details have been set forth for

purposes of illustration, it will be apparent to those skilled in the art that the invention

is susceptible to alteration and that certain other details described herein can vary

considerably without departing from the basic principles of the invention.
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Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", and variations such as "comprises” and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived
from it) or known matter forms part of the common general knowledge in the field of

endeavour to which this specification relates.




WO 2006/088729 PCT/US2006/004688

10

15

20

25

30

WHAT IS CLAIMED IS:

1. A method for arriving at true relative amplitude destretched seismic traces

from stretched seismic traces, the method comprising the steps of:

a. acquiring stretched seismic traces;

b. determining stretch factors B 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;

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;

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

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

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.

2. The method of claim 1 wherein:

the destretched wavelet spectra is obtained by mapping the stretched wavelet
spectra utilizing the similarity theorem with the stretch factor into a

destretched wavelet spectra utilizing the following mathematical formulas:

W) = WaB)BI
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where:
W(f) = destretched wavelet spectra;
Wo(f) = the stretched wavelet spectra

B = the wavelet stretch factor

The method of claim 2 wherein the stretched wavelet spectra are modified to
correct for a non-white reflectivity utilizing the following mathematical

formula:

W) = WaORE/REB)

where:

We(f) = the stretched wavelet spectra corrected for a non-white reflectivity
spectrum,

Wiu(f) = the stretched wavelet spectra;

R(f) = a user specified reflectivity spectrum in normal incidence time; and

B = the wavelet stretch factor.

The method of claim 1 wherein:
the destretched wavelet spectra is obtained from a user specified target

wavelet spectra wherein:

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

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

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

formula:

W) = WqORD
where:

W(f) = destretched wavelet spectra;
-25-
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Wa(f) = auser specified target wavelet spectra; and

R(f) =a user specified reflectivity spectrum in vertical time.

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

time, rms velocity and interval velocity.

7. The method of claim 1 wherein:
the stretch factors B are calculated deterministically as functions of offset,
time, rms velocity, interval velocity and at least one of overburden anisotropy

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

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

accordance with the following mathematical expression:

B = (1-sin®0,)"2= 1/cos O5;

where
Sin29r= (x vicosBq )2 /(Va4 (t02 Hxe Osed)2 /Va2));
Va= Vims(1+28 sin®ou(2- sin’o))'’*;
sin’a = x%/(C+Vmsto)’); and
where

0,1s the reflection angle at the interface;

X is shot to group offset,

viis the subsurface interval velocity at the t,
Vims 18 the rms velocity of overburden;

1o is the zero offset travel time;

¢ is the overburden anisotropy parameter; and

04 is the geologic dip at the interface.
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10.

The method of claim 7 wherein:
the stretched seismic traces are dip moveout (DMO) gathers and B'l is

calculated in accordance with the following mathematical expression:

B =(1-sin0)"%

where
sin0,= (x c0500)* / ( (tamo? Va'l vi%) + (cos”0g 4>/ Vi )
Vo= Vims(1+2€ sinzoc(2- sinzoc))”2 ;
sin’o = x%/ (x2+v,msto)2); and
where

0, is the reflection angle at the interface;

x is shot to group offset,

viis the subsurface interval velocity at the to,

Vrms 18 the rms velocity of overburden;

t4mo 1S the zero offset travel time of DMO gathers;
¢ is the overburden anisotropy parameter; and

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

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

accordance with the following mathematical expression:

B = (1-sin?0,)"%;

where
§in%0, = (x c05°0)* / ( (tmig o' vi2) + (0805 v/ V) )
Va= Vims(11+2€ sin®ou(2- sinfo))?;
sinoc = x*/(x"+Vmsto)’); and
where

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

Vs 15 the rms velocity of overburden;
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11.

12.

228 -

tmig 1S the zero offset time of migrated gathers;

¢ is the overburden anisotropy parameter; and

04 is the geologic dip at the interface.

The method of claim 1 wherein:

the true relative amplitude property, that is preserved in the true relative amplitude

destretched traces, is selected from one of the following zero time value of the

wavelet, the area under the amplitude spectrum of the wavelet, and time average

mean absolute value of the stretched traces.

A program storage device readable by a machine, tangibly embodying a program of

instructions executable by the machine to perform method steps for arriving at true

relative amplitude destretched seismic traces from stretched seismic traces, the

method comprising the steps of:

a
b.

c
d.

o

acquiring stretched seismic traces;

determining stretch factors P for the stretched seismic traces;

determining input spectra for the stretched seismic traces;

determining estimates of stretched wavelet spectra from the input spectra;
obtaining a destretched wavelet spectra;

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

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

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

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

spectra is substantially preserved.
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13.  The method of claim 1, substantially as hereinbefore described.

2006214552 07 Sep 2011




PCT/US2006/004688

WO 2006/088729

L Ol

JuI0d uonosjjeoy uowwon

!

Jied Janieoal
90JN0S }salesu au)
1o} a|bue uonos|jel

9y} smoys g aj0N

AT AT A O AT AT A
mmmmqmmm

Ju10d-pIp uowwio)

sedel] Jo Jayles . dIND, E Jo weibelq oneweyssg

1/11



PCT/US2006/004688

O

¢ .mu“n_

(sw) aum)

e U ::_::_ﬁm Sallllll] R ]|
e %m_MMﬁﬁ&mmmﬁwﬁ Gl
o] L i ||| e e
el febie=— 2 Il et S
o T il i il
o] M%mmm@mmmmm%m Hi S
e LTI [ e R -
o] I =R A
iz i wwﬂ@ .m. { “ Mw.ww "
wealnad el |
] e T

091~

SRR i o
R s o 1
S I it HEE
M i i
oo TR mmw mw E22aal
1 D] w e

WO 2006/088729

| [ 1 1 i

] o S T ] | I-
- fjoon2 hm&.ﬁ, J£EEEL .moaa,.. 4°9939 2% 1%

-7 .:00002° 29591 EEEEL. G000L” 2’9999 £'EEEE E *- 00002 -Z893) - £ECEL 08001 2'9393 CECCE L. -

]
. - T I T e . ST . l3sddoy
ﬁ [EACUISY JNOSAOW [BULION JO Sjoayg _ 1819AB M pa)iWipueq Jo s109y] INCOAOW [BLLION UM Salleg Oy

(sux)yawu

2/11



PCT/US2006/004688

WO 2006/088729

0'0ovi

€ Ol

(zH) Aouanbauq

0ozl 0°001 008 009 iN1)4 002 00
// ,/
\ !
/ \ /
/ \ /
\ /
N \
\/\. 1
01041Q al0le \
ke o B N
\
~\ \
\
AN
\
\
yojeng Jayy /
|7

ei)oads uo yosjai3g Jo 1095

00

0l

gl

0'C

T

wnujoadg epnydwy Jo[aAepm

3/11



PCT/US2006/004688

WO 2006/088729

0822 ~ b2z
o2z~ m..a.uuwﬂ
RNN.I, —orez
__,NNNM .lemwm
o022 ooz
o E_Nl.. — 001z
~ - Btz —os12
driz—] % ~ .ISQ
-0ztz— F—t— —oz12
iz L " i
cnmm” “ M ” m W * “mowoN
osnz-] Ly ooz
I ERSEC SR WA T
e T Lo / i
aboz—] IILI M ...Wr Hu:H.W\M\V\ W_§.~
oosi] — ”W..uv Mnhw.“w ~ oes1
0951 MHM, L..V\M,MJLMV - “82
in] T CETCS s
SQII i W%w—
I A
aseL— N V Zasar
ova1—] ——
an—,lﬂ “.Inmwr
0001— .I‘SE‘
ewh,_...H Wmmhw
~ 0921 wl:.wﬁ
ayidg spueq Aousnbalj mosiey '| spueq Aausnbaly moireu oyidg [ |7

® penisuoosay 0 adojeaus payjoowsg ojul pesodwossp ejeq jnduj [T

{sw) geng

av oid

¥ Ol

dv ol

Vv 'Old

(sw} sy N

uonisodwoosegg Aouanba.

4/11



PCT/US2006/004688

WO 2006/088729

'S $/€°0 1 epnyidwy—

B o8
0953 T :
3 3 = pos -
060 i
E A “ 058
008— o
R A —008
082 <
N w W i) ; i S
08L— % 3 :
E T =002
089 | .
| | M “ms
009’ N ! ! =
& [ g 2 ois
088 - ¢ | z
g = M ﬁ “ * Toss
| L
El 3 a, —008 %
| B
i UL ey
= i g =6 3
L= i (L =L
. 3 —0or
056 =
3 --ose
T oo (« B
E —ooe
sz z
i ! { ) M E
3 N ( — 002
051 ! R
3 S ¢ ! ’ =
0ot— ft {4 W g
3 =01
05 zo
q =03
o I T S =
o 08 . &k - 58
50070 il PR
= e M —S00'8
£500°0— . z .
E E sopga
.m 3000~ z 4
4 —-s000 &
8300°0- z
3 =—5300'0.

[OPOW JUSAS-INWI UO

s)Nsal Yojensep o} ndul sledwon

5/11



WO 2006/088729 PCT/US2006/004688

-------

acquiring stretched seismic traces;
110

!

determining stretch factors B for the stretched seismic traces;
120

2

determining input spectra for the stretched seismic traces;
130

v

determining estimates of stretched wavelet spectra from the input spectra;
140

I

obtaining a destretched wavelet spectra;
150

v

determining shaping correction factors by taking the ratio of the destretched wavelet spectra
to the stretched wavelet spectra;
160

v

applying the shaping correction factors to the input spectra of the stretched traces to arrive at
destretched trace spectra;
170

v

computing true 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
180

|

applying the true relative amplitude scaling factors to the destretched trace spectra to
arrive at true relative amplitude destretched seismic trace whereby the true amplitude
property of the stretched wavelet spectra is substantially preserved.
190

FIG. 6
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