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PROCESSING SEISMIC DATA USING INTERFEROMETRY TECHNIQUES
BACKGROUND

Field of the Invention

[0001] Implementations of various technologies described herein generally relate
to seismic data processing.

Description of the Related Art

[0002] The following descriptions and examples are not admitted to be prior art
by virtue of their inclusion within this section.

[0003] In a typical seismic survey, a plurality of seismic sources, such as
explosives, vibrators, airguns or the like, may be sequentially activated at or near the
surface of the earth to generate energy which may propagate into and through the
earth. The seismic waves may be reflected back by geological formations within the
earth. The resultant seismic wavefield may be sampled by a piurality of seismic
sensors, such as geophones, hydrophones and the like. Each sensor may be
configured to acquire seismic data at the sensor's location, normally in the form of a
seismogram representing the value of some characteristic of the seismic wavefield
against time. A seismogram may also be commonly known as a seismic trace. The
acquired seismograms may be transmitted wirelessly or over electrical or optical
cables to a recorder system. The recorder system may then store, analyze, and/or
transmit the seismograms. This data may be used to detect the possible presence
of hydrocarbons, changes in the subsurface and the like.

[0004] Seismograms may contain unwanted signals, or noise, as well as the
desired seismic reflection signals. Unwanted signals may interfere with the
interpretation of the seismic signals and degrade the quality of the subsurface
images obtained by processing the recorded seismograms. It may therefore be
desirable to suppress or attenuate the unwanted signal that may be present in the
recorded seismograms during processing. Various techniques have been
developed to process seismograms in an effort to amplify the seismic reflection
signals and attenuate the unwanted signals, such as semblance spectrum velocity
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analysis, normal moveout (NMO) correction, NMO stacking and the like. Other
common techniques used to process seismograms include tools to manipulate travel
times in seismograms. Deconvolution, also referred to as spectral division, may be
one such tool. After deconvolution, the seismic data may be recorded according to

travel time difference rather than travel time.

[0005] In the field of interferometry, seismograms may be converted into seismic
interferograms by deconvolving two seismograms that have been transformed from
the time domain into the frequency domain. This process combines the two
seismograms into one seismic interferogram that contains the difference between
the two seismograms, cancelling out all that may be in common between the
seismograms such as unwanted signals.

[0006] Typical techniques applied during seismic data processing may not
adequately amplify the reflection signal and attenuate the unwanted signal.
Accordingly, improved methods for processing seismic data may be desirable.
Using interferometry techniques combined with typical seismic data processing
techniques may improve various methods for processing seismic data.

SUMMARY

[0007] Described herein are implementations of various technologies for a
method for processing seismic data. In one implementation, the method includes
converting a common midpoint (CMP) gather of seismograms into one or more
interferogram common midpoint (ICMP) gathers, generating a semblance spectrum
for each ICMP gather, stacking the semblance spectrum from each ICMP gather to
generate a combined semblance spectrum and deriving a normal moveout (NMO)
velocity profile from the combined semblance spectrum.

[0008] Inanother implementation, the method includes deriving a normal
moveout (NMO) velocity profile, converting a common midpoint (CMP) gather of
seismograms into one or more interferogram common midpoint (ICMP) gathers,
correcting the ICMP gathers using the NMO velocity profile and stacking the NMO
corrected ICMP gathers.
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[0009] Described herein are also implementations of various technologies for a
computer system. In one implementation, the system includes a processor and a
memory comprising program instructions executable by the processor to: prepare
one or more seismograms into a common midpoint (CMP) gather, convert the CMP
gather into one or more interferogram common midpoint (ICMP) gathers, generate a
semblance spectrum for each ICMP gather, stack a semblance spectra from the one
or more ICMP gathers to generate a combined semblance spectrum, derive a
normal moveout (NMO) velocity profile from the combined semblance spectrum and
generate NMO stacks of seismic data using the NMO velocity profile.

[0010] The claimed subject matter is not limited to implementations that solve
any or all of the noted disadvantages. Further, the summary section is provided to
introduce a selection of concepts in a simplified form that are further described
below in the detailed description section. The summary section is not intended to
identify key features or essential features of the claimed subject matter, nor is it
intended to be used to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Implementations of various technologies will hereafter be described with
reference to the accompanying drawings. It should be understood, however, that
the accompanying drawings illustrate only the various implementations described
herein and are not meant to limit the scope of various technologies described herein.

[0012] Figure 1 illustrates a flow diagram of a method to improve the signal-to-
noise ratio in NMO stacked seismic data using interferometry in accordance with
implementations of various technologies described herein.

[0013] Figures 2A-D illustrate semblance spectrum velocity analysis using
seismograms and seismic interferograms in accordance with implementations of

various technologies described herein.
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[0014] Figure 3 illustrates a flow diagram of a method to generate a semblance
spectrum using seismic interferograms in accordance with implementations of

various technologies described herein.

[0015] Figures 4A-D illustrate NMO correction and stacking using seismograms
and seismic interferograms in accordance with implementations of various

technologies described herein.

[0016] Figure 5 illustrates a flow diagram of a method to generate NMO stacks
using seismic interferograms in accordance with implementations of various

technologies described herein.

[0017] Figure 6 illustrates a computer network, into which implementations of
various technologies described herein may be implemented.

DETAILED DESCRIPTION

[0018] In general, one or more implementations of various technologies
described herein are directed to a method for processing seismic data using seismic
interferometry techniques, which are based on traveltime differences. The
seismograms may first be sorted into a common midpoint (CMP) gather, which then
may be converted to a plurality of interferogram common midpoint (ICMP) gathers.
After the conversion, a semblance spectrum may be computed for the ICMP
gathers. The semblance spectrum may then be used to derive a normal moveout
(NMO) velocity profile, which may then be used to generate NMO stacks using
either CMP gathers or ICMP gathers. In one implementation, after the conversion of
CMP gathers to ICMP gathers, NMO stacks may be generated from the ICMP
gathers without first computing the semblance spectrum in the seismic interferogram
domain. Various implementations of the method are described in more detail in the

following paragraphs.

[0019] Figure 1 illustrates a flow diagram of a method 100 to improve the signal-
to-noise ratio in NMO stacked seismic data using interferometry in accordance with
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implementations of various technologies described herein. It should be understood
that the operations illustrated in the flow diagram of Figure 1 are not necessarily
limited to being performed by method 100. Additionally, it should be understood that
while the operational flow diagram indicates a particular order of execution of the
operations, in other implementations, the operations might be executed in a different
order.

[0020] At step 110, a common midpoint (CMP) gather may be prepared using
seismograms from any type of seismic survey, such as land or marine. A CMP is a
point on the earth’s surface that is equidistant from one or more source and sensor
pairs. The CMP on the earth’s surface may be directly above a seismic reflection
event below the earth’s surface. In a typical seismic survey, there may be a plurality
of CMPs. During processing, the survey seismograms may be sorted such that
seismograms having the same CMP are grouped together. A group of seismograms
sharing a CMP is known as a CMP gather. Figure 2A illustrates a CMP gather
where each vertical entry represents a seismogram with an amplitude value at a
given time and offset from the CMP. Although various implementations are
described herein with reference to a CMP gather, it should be understood that in
some implementations, the seismograms may be grouped into other types of
gathers, such as common source, common receiver or common offset gathers.

[0021] At step 120, one or more of the seismograms in the CMP gather may be
selected as reference seismograms. In one implementation, all seismograms in a
CMP gather may be selected as reference seismograms. At step 130, each
seismogram in the CMP gather may be converted from the time domain to the
frequency domain using Fourier transforms.

[0022] At step 140, each seismogram of the CMP gather may be deconvolved by
each reference seismogram. For example, each seismogram of the CMP gather
may be deconvolved by a first reference seismogram. Each deconvolution may
generate a seismic interferogram. Hence, for one reference seismogram, as many
seismic interferograms may be generated as seismograms in the original CMP
gather. All seismic interferograms generated by one reference seismogram may be

referred to as an interferogram CMP (ICMP) gather. Next, each seismogram of the
5
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original CMP gather may be deconvolved by a second reference seismogram to
generate another ICMP gather. Thus, the deconvolution process may yield as many
ICMP gathers as selected reference seismograms and as many seismic
interferograms in each ICMP gather as seismograms in the original CMP gather.

[0023] The mathematical computation performed by deconvolution may cause all
common convolution components between each seismogram and the reference
seismogram to be eliminated. If the seismograms were collected in close time and
proximity, as in a CMP gather, it may be assumed that many unwanted signals may
be common components, such as the source wavelet, common near-surface effects
on both the source and receiver side, common absorption wavelet, and the like. For
example, each seismogram in the frequency domain may be represented by the
following equation:

x()=w(f) r(f) Equation 1.

In Equation 1, w(f) represents the unwanted signals and r(f) represents the
reflection signal. The reference seismogram may be represented by the following

equation:
X (F)=w(f) 1y () Equation 2.

In Equation 2, w(f) represents the unwanted signals and r.(f) represents the
reflection signal of the reference seismogram. The seismogram represented by
Equation 1 may be deconvolved with the reference seismogram of Equation 2 to
form the following equation:

x(f) _w(f) n(f)

= Equation 3.
X () w(f) 1, (f)

Because the common unwanted signals w(f) cancel out of Equation 3, common
unwanted signals w(f) may be eliminated via the deconvolution process. Thus,
converting seismograms to seismic interferograms may eliminate common
unwanted signal and improve the signal-to-noise ratio in the seismic data. It should

be noted that the deconvolution process may also be referred to as spectral division.
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It should also be noted that the deconvolution process may be replaced by a
correlation process. In one implementation, the seismic interferograms may be

created in a time variant manner, for example using sliding time windows.

[0024] At step 150, an inverse Fourier transform may be applied to each seismic
interferogram to convert them from the frequency domain back into the time domain.
The resulting traveltime information in a seismic interferogram may be a relative
traveltime in the form of the difference of the traveltimes of the seismogram and the
reference seismogram that were deconvolved to produce it. The traveltime may be
relative to the reference seismogram used to calculate the ICMP gather. For
example, if an event exists at traveltime t, in a seismogram and at traveltime t. in
the reference seismogram, the seismic interferogram may have the event at the
traveltime difference represented in Equation 4 below.

T=1,-1, Equation 4

Thus, the traveltime information of the original data may still be encoded in the
seismic interferograms such that moveout information may still be available in the
seismic interferograms. Figure 2B illustrates an ICMP gather where each vertical
entry represents a seismic interferogram with an amplitude value at a given relative
time and offset from the CMP. The ICMP gather illustrated in Figure 2B shows the
data from the CMP gather illustrated in Figure 2A in the seismic interferogram
domain.

[0025] At step 160, a semblance spectrum may be generated for each ICMP
gather produced in step 140. A semblance spectrum may be a method of velocity
analysis used to obtain the moveout velocity of events. The conventional use of
semblance spectra for velocity analysis may be modified to be applied to seismic
interferograms instead of seismograms, as described in Figure 3 below. The result
may be an improved semblance spectra technique with better unwanted signal

suppression.

[0026] Figure 3 illustrates a flow diagram of a method 300 to generate a
semblance spectrum using seismic interferograms in accordance with
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implementations of various technologies described herein. It should be understood
that the operations illustrated in the flow diagram of Figure 3 are not necessarily
limited to being performed by method 300. Additionally, it should be understood that
while the operational flow diagram indicates a particular order of execution of the
operations, in other implementations, the operations might be executed in a different

order.

[0027] At step 310, a zero offset traveltime may be selected. Each ICMP gather
may have a minimum and maximum zero offset value. Any zero offset traveltime
within the minimum and maximum range may be selected. At step 320, an NMO
velocity may be selected. Each ICMP gather may have a minimum and maximum
NMO velocity. Any NMO velocity within the minimum and maximum range may be

selected.

[0028] At step 330, a semblance value may be computed along the traveltime
difference curve defined by the selected zero offset traveltime and NMO velocity. In
conventional semblance value calculations using seismograms may use the
following equation:

h2
t(h) = |t +—
v Equation 5

In Equation 5, t, represents the zero offset traveltime, v represents the NMO velocity
and h represents the offset from the CMP. Because traveltime in seismic
interferograms may be represented as the traveltime difference of Equation 4,
Equation 5 may be modified for use in the seismic interferogram domain as shown

below.

2 hz 2 hrzef
t(h)y=t(h)—1(h,, ) = [ty +— =4[ty +—
v 14 Equation 6

Because the zero offset traveltime to and the NMO velocity v have been selected

and the offset h and reference offset h. define the seismic interferogram and are

therefore known, Equation 5 may be calculated to obtain a semblance value.

8
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[0029] At step 340, the semblance value from step 330 may be mapped into the
semblance spectrum. The semblance spectrum may be a matrix with the zero offset
traveltime along one axis and the NMO velocity on the other axis. Semblance
values of substantially one may be recorded as events, while semblance values of
substantially zero may be recorded as non-events. Figure 2C illustrates a typical
semblance spectrum calculated from the data in Figure 2A. In Figure 2C,
semblance values of substantially one may be recorded as black, while semblance
values of substantially zero may be depicted by white. Dot patterns with increasing
density represent values approaching one.

[0030] At step 350, steps 310-340 may be repeated for every combination of zero
offset traveltime and NMO velocity for the ICMP gather. Figure 2D illustrates the
semblance spectrum that may be computed from the ICMP gather of Figure 2B.
Figures 2A and 2B illustrate the same seismic data in the seismogram and seismic
interferogram domains respectively. Consequently, Figures 2C and 2D also
represent the same seismic data. In the conventional semblance spectrum of Figure
2C, a first event 210 at 0.6 seconds may be obscured by unwanted signals in the
seismogram. However, in the semblance spectrum of Figure 2D calculated from
seismic interferograms, the unwanted signal may be substantially suppressed,
increasing the signal-to-noise ratio and isolating the first event 210 at 0.6 seconds.

[0031] Returning to the flow diagram of Figure 1, in one implementation, the
semblance spectra generated in steps 110-160 may be used in any conventional
manner, such as NMO corrections before stacking, dip moveout corrections and the
like.

[0032] Referring now to step 170, one or more semblance spectra produced in
step 160 may be stacked to produce a combined semblance spectrum. Stacking
may be accomplished by summing the corresponding semblance values and
dividing the sum by the number of values summed. In one implementation, the

resulting combined semblance spectrum may be used in any conventional manner,
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such as the various methods described in the above paragraph with reference to the

combined semblance spectrum.

[0033] At step 180, an NMO velocity profile may be derived by interpreting the
combined semblance spectrum of step 170 by conventional methods. An NMO
velocity profile may be used to prescribe corrections necessary to align events
before seismic data may be stacked. As described above, seismdgrams in a CMP
gather have the same CMP and the same reflection event below the earth’s surface.
A reflection typically arrives first at the receiver nearest the source. The offset
between the source and other receivers induces a delay in the arrival time of a
reflection event. Therefore, a reflection event may be recorded in a plurality of
seismograms with delays in reflection arrival times. The effect of the separation
between receiver and source on the arrival time of a reflection event may be referred
to as normal moveout. The NMO velocity may define the moveout curvature. The
NMO velocity profile may then be utilized for any conventional processing methods.

[0034] In one implementation, referring to step 190A, the NMO velocity profile of
step 180 may be used to perform NMO stacking of the original seismograms of the
CMP gather of step 110. The NMO velocity profile may be used to correct the
seismograms of the CMP gather. The seismograms of the CMP gather may then be
stacked to produce an approximation to the non-acquirable zero offset seismogram.
The CMP gather may be corrected separately for each seismic event such that a
single CMP gather may produce many NMO corrected stacks. For example, Figure
4A illustrates an NMO corrected CMP gather where each vertical entry represents a
seismogram with an amplitude value at a given time and offset from the CMP.
Figure 4B illustrates a stack of NMO corrected seismograms corrected for an event
at 0.7 seconds. Note that while the event at 0.7 seconds may be amplified, it may
still contain unwanted signals as well as reflection signal. A second event at 1.5
seconds was not the focus of the correction, yet may appear in Figure 4B as

unwanted signal.

[0035] In another implementation, referring to step 190B, the NMO velocity profile
of step 180 may be used to generate NMO stacks using the seismic interferograms

of step 150. Figure 5 illustrates a flow diagram of a method 500 to generate NMO
10
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stacks using seismic interferograms in accordance with implementations of various
technologies described herein. It should be understood that the operations
illustrated in the flow diagram of Figure 5 are not necessarily limited to being
performed by method 500. Additionally, it should be understood that while the
operational flow diagram indicates a particular order of execution of the operations,
in other implementations, the operations might be executed in a different order.

[0036] At step 510, one or more ICMP gathers may be NMO corrected using an
NMO velocity profile. Once they are NMO corrected, the ICMP gathers may be
referred to as pseudo CMP gathers because they may be made up of a plurality of
pseudo seismograms. Pseudo seismograms may refer to seismic data presented
as a seismogram, with amplitude measured against time, but derived from seismic
interferograms. Pseudo seismograms may be produced from seismic
interferograms and an NMO velocity profile using the following equation:

b B ), iy

= |tj+——~_ [t; +
vt V0 v,

Equation 7.

In Equation 7, v(t) represents the NMO velocity, t, represents the zero offset
traveltime, and h and h. are known offsets identifying the seismic interferogram.
Using Equation 7, a pseudo seismogram with two-way traveltime may be generated.
Figure 4C illustrates an NMO corrected pseudo CMP gather of pseudo seismograms
corrected for the event occurring at 0.7 seconds, where each vertical entry
represents a pseudo seismogram with an amplitude value at a given time and offset.
Figure 4C represents the pseudo CMP gather of the CMP data used in Figure 4A.

[0037] At step 520, each NMO corrected pseudo CMP gather may be stacked to
generate the equivalent of a normal-moveout stack of the original seismograms.
Figure 4D illustrates a stack of an NMO corrected pseudo CMP gather. Figure 4D
represents the NMO stack of a pseudo CMP gather of the same data used with
reference to Figure 4B. Note that unwanted signal may be better attenuated by
NMO stacking of pseudo CMP gathers (as illustrated in Figure 4D) than by
conventional NMO stacking of CMP gathers (as illustrated in Figure 4B). Each

ICMP gather may generate a pseudo CMP gather that may be stacked. Such stack
11
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of pseudo CMP gather may be further stacked to produce the equivalent of a
conventional CMP stack from the same data.

[0038] In one implementation, method 500 may be used to generate NMO stacks
from seismic interferograms without first computing a semblance spectrum from
seismic interferograms. In this implementation, following step 150, as an alternative
to proceeding to step 160, step 190B may be performed using an NMO velocity
profile derived by any method such as computing a semblance spectrum in the

seismogram domain.

[0039] Returning to the flow diagram of Figure 1, in one implementation, the
NMO stacks produced from ICMP gathers in step 190B may be used in any
conventional manner, such as improving signal to noise ratio, improving the seismic
image and the like. As mentioned above, the NMO stacks produced from the ICMP
gathers may be further stacked to produce the equivalent of a conventional CMP
stack.

[0040] Figure 6 illustrates a computer network 600, into which implementations of
various technologies described herein may be implemented. The computer network
600 may include a system computer 630, which may be implemented as any
conventional personal computer or server. However, those skilled in the art will
appreciate that implementations of various technologies described herein may be
practiced in other computer system configurations, including hypertext transfer
protocol (HTTP) servers, hand-held devices, multiprocessor systems,
microprocessor-based or programmable consumer electronics, network PCs,
minicomputers, mainframe computers, and the like.

[0041] The system computer 630 may be in communication with disk storage
devices 629, 631, and 633, which may be external hard disk storage devices. It is
contemplated that disk storage devices 629, 631, and 633 are conventional hard
disk drives, and as such, will be implemented by way of a local area network or by
remote access. Of course, while disk storage devices 629, 631, and 633 are
illustrated as separate devices, a single disk storage device may be used to store

any and all of the program instructions, measurement data, and results as desired.

12
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[0042] In one implementation, seismic data from the receivers may be stored in
disk storage device 631. The system computer 630 may retrieve the appropriate
data from the disk storage device 631 to process seismic data according to program
instructions that correspond to implementations of various technologies described
herein. The program instructions may be written in a computer programming
language, such as C++, Java and the like. The program instructions may be stored
in a computer-readable medium, such as program disk storage device 633. Such
computer-readable media may include computer storage media and communication
media. Computer storage media may include volatile and non-volatile, and
removable and non-removable media implemented in any method or technology for
storage of information, such as computer-readable instructions, data structures,
program modules or other data. Computer storage media may further include RAM,
ROM, erasable programmable read-only memory (EPROM), electrically erasable
programmable read-only memory (EEPROM), flash memory or other solid state
memory technology, CD-ROM, digital versatile disks (DVD), or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the desired information
and which can be accessed by the computing system 100. Communication media
may embody computer readable instructions, data structures, program modules or
other data in a modulated data signal, such as a carrier wave or other transport
mechanism and may include any information delivery media. The term "modulated
data signal" may mean a signal that has one or more of its characteristics set or
changed in such a manner as to encode information in the signal. By way of
example, and not limitation, communication media may include wired media such as
a wired network or direct-wired connection, and wireless media such as acoustic,
RF, infrared and other wireless media. Combinations of the any of the above may
also be included within the scope of computer readable media.

[0043] In one implementation, the system computer 630 may present output
primarily onto graphics display 627, or alternatively via printer 628. The system
computer 630 may store the results of the methods described above on disk storage
629, for later use and further analysis. The keyboard 626 and the pointing device

13
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(e.g., a mouse, trackball, or the like) 625 may be provided with the system computer
630 to enable interactive operation.

[0044] The system computer 630 may be located at a data center remote from
the survey region. The system computer 630 may be in communication with the
receivers (either directly or via a recording unit, not shown), to receive signals
indicative of the reflected seismic energy. These signals, after conventional
formatting and other initial processing, may be stored by the system computer 630
as digital data in the disk storage 631 for subsequent retrieval and processing in the
manner described above. While Figure 6 illustrates the disk storage 631 as directly
connected to the system computer 630, it is also contemplated that the disk storage
device 631 may be accessible through a local area network or by remote access.
Furthermore, while disk storage devices 629, 631 are illustrated as separate devices
for storing input seismic data and analysis results, the disk storage devices 629, 631
may be implemented within a single disk drive (either together with or separately
from program disk storage device 633), or in any other conventional manner as will
be fully understood by one of skill in the art having reference to this specification.

[0045] While the foregoing is directed to implementations of various technologies
described herein, other and further implementations may be devised without
departing from the basic scope thereof, which may be determined by the claims that
follow. Although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject
matter defined in the appended claims is not necessarily limited to the specific
features or acts described above. Rather, the specific features and acts described
above are disclosed as example forms of implementing the claims.

14
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What Is Claimed Is:
1. A method for processing seismic data, comprising:

converting a common midpoint (CMP) gather of seismograms into one or
more interferogram common midpoint (ICMP) gathers;

generating a semblance spectrum for each ICMP gather;

stacking the semblance spectrum from each ICMP gather to generate a
combined semblance spectrum; and
deriving a normal moveout (NMO) velocity profile from the combined

semblance spectrum.

2. The method of claim 1, further comprising generating NMO stacks of seismic
data using the NMO velocity profile.

3. The method of claim 2, wherein generating the NMO stacks comprises:
correcting one or more seismograms of the CMP gather using the NMO
velocity profile; and
stacking the corrected seismograms to generate an approximation of a zero

offset seismogram.

4. The method of claim 3, wherein generating the NMO stacks comprises
correcting the CMP gather for each seismic event.

5. The method of claim 2, wherein the NMO stacks are generated from the CMP
gather.

6. The method of claim 2, wherein the NMO stacks are generated from the
ICMP gathers.

7. The method of claim 2, wherein generating the NMO stacks comprises:
correcting the ICMP gathers using the NMO velocity profile; and

stacking the NMO corrected ICMP gathers.

15
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8. The method of claim 1, wherein converting the CMP gather into the ICMP
gathers comprises:
selecting one or more seismograms as reference seismograms; and
deconvolving each seismogram in the CMP gather with each reference
seismogram.

9. The method of claim 1, wherein converting the CMP gather into the ICMP
gathers comprises:

selecting one or more seismograms as reference seismograms;

applying a Fourier transform to each seismogram;

deconvolving each seismogram in the CMP gather with each reference
seismogram to generate the ICMP gathers; and

applying an inverse Fourier transform to each seismic interferogram in each
ICMP gather.

10.  The method of claim 1, wherein generating the semblance spectrum for each
ICMP gather comprises:

selecting a zero offset traveltime corresponding to an ICMP gather;

selecting an NMO velocity corresponding to the ICMP gather;

computing a semblance value along a traveltime difference curve defined by
the selected zero offset traveltime and the selected NMO velocity; and

mapping the semblance value onto a semblance spectrum for the ICMP
gather.

11. A method for processing seismic data, comprising:

deriving a normal moveout (NMO) velocity profile;

converting a common midpoint (CMP) gather of seismograms into one or
more interferogram common midpoint (ICMP) gathers;

correcting the ICMP gathers using the NMO velocity profile; and

stacking the NMO corrected ICMP gathers.

16
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12. The method of claim 11, wherein the NMO velocity profile is derived by

computing a semblance spectrum in a seismogram domain.

13. The method of claim 11, wherein the NMO velocity profile is derived by

computing a semblance spectrum in a seismic interferogram domain.

14,  The method of claim 11, wherein converting the CMP gather into the ICMP
gathers comprises:
selecting one or more seismograms as reference seismograms; and
deconvolving each seismogram in the CMP gather with each reference

seismogram.

15.  The method of claim 11, wherein converting the CMP gather into the ICMP
gathers comprises:

selecting one or more seismograms as reference seismograms;

applying a Fourier transform to each seismogram;

deconvolving each seismogram in the CMP gather with each reference
seismogram to generate the ICMP gathers; and

applying an inverse Fourier transform to each seismic interferogram.

16. A computer system, comprising:
a processor; and
a memory comprising program instructions executable by the processor to

perform the method in any one of claims 1-15.

17



WO 2008/070595 PCT/US2007/086208

Flg 1 (Start)

110—— Prepare CMP gather from seismic survey data.
120— Select one or more reference seismograms.

130— Apply Fourier transforms to convert all

140— Produce an interferogram CMP gather for each

150— Apply inverse Fourier transforms to convert all

160—] Generating a semblance spectrum for each
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seismograms in the CMP gather from the time
domain to the frequency domain.
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selected reference trace by deconvolution.
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Stack plurality of semblance spectra produced in Step
160 to produce a combined semblance spectrum.

Y

180—

Derive an NMO velocity profile by interpreting the
combined velocity semblance spectrum of Step 170.
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Fig. 3
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Select an NMO velocity.
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330—

Compute a semblance value along the
travel time difference curve defined by the
zero offset travel time and NMO velocity
selected in Steps 310 & 320

Y

40—

Map the semblance value into the
velocity semblance spectrum.

Y

350——

Repeat Steps 310-340 for every
combination of zero offset travel time and
NMO velocity in the ICMP gather.

Y
End

Fig. 5
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