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METHOD AND APPARATUS FOR ANALYZING DATA IN TIME-LAPSE GEOPHYSICAL SURVEYS

[0001] This Patent Cooperation Treaty patent application claims benefit under 35 U.S.C.
§ 119(e) to U.S. provisional application No. 61/466,595, entitled "Method and apparatus for
analyzing data in subsequent geophysical surveys" filed on March 23, 2011, which is

incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] This disclosure relates generally to geophysical exploration systems, and more

particularly to data acquisition and analysis in subsequent geophysical surveys.

BACKGROUND

[0003] Petrochemical products such as oil and gas, are ubiquitous in society and can be
found in everything from gasoline to children’s toys. Because of this, the demand for oil and gas
remains high. In order to meet this high demand, it is important to locate oil and gas reserves in
the Earth. Scientists and engineers conduct “surveys” utilizing, among other things, seismic and
other wave exploration techniques to find oil and gas reservoirs within the Earth. These seismic
exploration techniques often include controlling the emission of seismic energy into the Earth
with a seismic source of energy (e.g., dynamite, air guns, vibrators, etc.), and monitoring the
Earth’s response to the seismic source with a receiver (e.g., a geophone, a hydrophone, etc.).
By observing the reflected seismic signals detected by the receiver during the survey, the
geophysical data pertaining to reflected signals may be acquired and these signals may indicate

the composition of the Earth proximate the survey location.

[0004] As portions of the oil and gas are removed from the reservoir, a follow-up, or monitor
survey may be taken near the same location as the original, baseline survey. Often-times, the
data that the monitor survey provides is called 4D data, because it provides a fourth dimension
to the data being collected—time. For example, this 4D survey may allow scientists and
engineers to see how much oil or gas has been removed from the reservoir, how much oil or
gas remains in the reservoir, and/or how the oil or gas has moved within the reservoir since the
baseline survey. In cases where the sources and receivers for the baseline survey are installed
on land or on the surface of the ocean floor and not removed between surveys, the monitor
survey may involve firing the sources and recording the reflected seismic signals at the
receivers. In other cases, such as where the surveys are conducted using streamers towed
behind a vessel, or using transient sources and receivers on land, some system of quality

control may be established to facilitate coordinating data sets between the two surveys.
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survey correlates to the baseline survey. There are several different forms of repeatability. For
example, positional or geometric repeatability is a measure of how positionally or geometrically
close a monitor survey’s data is to a baseline survey’s data. Even if the geometric repeatability
of a monitor survey is good (for example, where sources and receivers are installed permanently
on land or on the ocean floor), other factors may decrease the repeatability, and therefore the
reliability, of the data obtained in the monitor survey. A few aspects of a survey that may be of
concern in terms of repeatability include: source position, receiver position, the common mid-
point (CMP) position between the source and the receiver, offset or radial distance between the
source and the receiver, azimuth, and components and combinations of these. In order to
accurately determine the amount of oil or gas removed from a reservoir, scientists and
engineers may need to know how closely the monitor survey correlates to one or more aspects

of the baseline survey.

SUMMARY

[0006] One method for processing geophysical data includes matching a first set of data from
a monitor survey with a second set of data from a baseline survey. It also includes generating an
attribute value for each datum in the first set, storing each attribute value with each of the datum,

and processing the first set of data based on the stored attribute values.

[0007] Another method of processing geophysical data includes correlating a first set of data
from a first survey with a second set of data from a second survey. It also includes generating
an attribute value for each datum in the first set, associating each generated attribute value with
the datum from the first set of data, and processing the first set of data based on the attribute

values.

[0008] A tangible storage medium may store a plurality of instructions, including instructions
that correlate a first set of data from a first survey with a second set of data from a second
survey, instructions that generate an attribute value for each datum in the first set, instructions
that associate each generated attribute value with the datum from the first set of data from which
the attribute value was generated, and instructions that process the first set of data based on the

attribute values.

[0009] Another tangible storage medium may store a filtered set of CMPs, wherein the filtered
set of CMPs is filtered from a first set of CMPs, and the filtering is based on a set of attribute

values.
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[0010] Figure 1A illustrates a top view of a vessel towing a seismic source and a plurality of

seismic receivers positioned on streamers towed behind the vessel.
[0011] Figure 1B illustrates a side view of the vessel of Figure 1A.

[0012] Figures 2A through 2D illustrate a system and method of using one or more attribute

value(s) as criteria for binning or filtering coverage.
[0013] Figure 3 is an unfiltered spatial coverage plot.
[0014] Figure 4 illustrates a spatial coverage plot filtered according to one embodiment.

[0015] Figures 5A through 5C illustrate spatial coverage plots that may be generated by

interactively filtering coverage using one or more attribute value(s) as criteria.
[0016] Figure 6 illustrates a spatial attribute plot filtered according to another embodiment.

[0017] Figure 7 illustrates an embodiment of a computer system capable of storing and/or
processing navigation and seismic data, such as to produce images according to the operations
in Figs. 2A through 2D.

DETAILED DESCRIPTION

[0018] Petrochemical products such as oil and gas, are ubiquitous in society and can be
found in everything from gasoline to children’s toys. Because of this, the demand for oil and gas
remains high. In order to meet this high demand, it is important to locate oil and gas reserves in
the Earth. Scientists and engineers conduct “surveys” utilizing, among other things, seismic and
other wave exploration techniques to find oil and gas reservoirs within the Earth. These seismic
exploration techniques often include controlling the emission of seismic energy into the Earth
with a seismic source of energy (e.g., dynamite, air guns, vibrators, etc.), and monitoring the
Earth’s response to the seismic source with a receiver (e.g., a geophone, a hydrophone, etc.).
By observing the reflected seismic signals detected by the receiver during the survey, the
geophysical data pertaining to reflected signals may be acquired and these signals may indicate

the composition of the Earth proximate the survey location.

[0019] As portions of the oil and gas are removed from the reservoir, a follow-up, or monitor
survey may be taken near the same location as the original, baseline survey. Often-times, the
data that the monitor survey provides is called 4D data, because it provides a fourth dimension
to the data being collected—time. For example, this 4D survey may allow scientists and

engineers to see how much oil or gas has been removed from the reservoir, how much oil or
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baseline survey. In cases where the sources and receivers for the baseline survey are installed
on land or on the surface of the ocean floor and not removed between surveys, the monitor
survey may involve firing the sources and recording the reflected seismic signals at the
receivers. In other cases, such as where the surveys are conducted using streamers towed
behind a vessel, or using transient sources and receivers on land, some system of quality

control may be established to facilitate coordinating data sets between the two surveys.

[0020] “Repeatability” is a term used to refer to the measure of how closely the monitor
survey correlates to the baseline survey. There are several different forms of repeatability. For
example, positional or geometric repeatability is a measure of how positionally or geometrically
close a monitor survey’s data is to a baseline survey’s data. Even if the geometric repeatability
of a monitor survey is good (for example, where sources and receivers are installed permanently
on land or on the ocean floor), other factors may decrease the repeatability, and therefore the
reliability, of the data obtained in the monitor survey. A few aspects of a survey that may be of
concern in terms of repeatability include: source position, receiver position, the common mid-
point (CMP) position between the source and the receiver, offset or radial distance between the
source and the receiver, azimuth, and components and combinations of these. In order to
accurately determine the amount of oil or gas removed from a reservoir, scientists and
engineers may need to know how closely the monitor survey correlates to one or more aspects
of the baseline survey. Accordingly, systems and methods are disclosed that provide scientists
and engineers the ability to analyze monitor survey geophysical data and monitor survey

coverage that have been filtered based on one or more repeatability attributes.

[0021] Figure 1A shows a top view of a vessel 101 towing a source 102 and several receivers
103 on streamers behind thé vessel 101. Figure 1B shows a side-view of the vessel 101 shown
in Figure 1A with the source 102 and receivers 103 being towed behind the vessel 101 just
beneath the surface of the water. For the sake of discussion, the embodiment depicted in
Figures 1A and 1B illustrates the source and receiver being towed by the same vessel, however,
other possible combinations are possible. For example, in other embodiments, either the
source and/or receivers may be towed by separate vessels or may be implemented in land-
based acquisition systems. In still other embodiments, the source and/or receivers may be
stationary while the other is towed behind the vessel. In yet other embodiments, the receivers
103 may be positioned deeper in the water, for example, by using streamer steering devices,
such as the DigiFIN® brand steering device available from ION Geophysical, Inc. In other
embodiments, multiple sources may be used. Also, any type of source(s) or receiver(s) may be

used, including for example, 1-, 2-, or 3-dimensional sources or receivers.
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which may reflect off various portions of the Earth 104 and may be received back at the
receivers 103 (as shown by the propagating seismic waves in Figure 1B). The signal received
and processed at the receivers 103 may provide data that is useful in determining the
composition of various portions of the Earth 104 proximate the location where the signal was
reflected, which may include an oil and/or gas reservoir 105. If the amount of oil and/or gas in
the reservoir 105 is depleted over time, then subsequent surveys conducted in substantially the
same location as the first survey may indicate various properties of this depletion such as:
decreasing pore pressures, migration of oil/water and/or gas/water contacts, drop in impedance,
and so forth.

[0023] Figures 2A through 2D illustrate operations 200 that may utilize a predetermined
metric or attribute as a criteria for binning coverage. Although any metric, or even multiple
metrics, may be used as a filter to bin coverage, for the sake of discussion, the following
disclosure iliustrates the operations 200 in the context of using a repeatability metric as a filter.
For example, some embodiments of operations 200 may include binning a CMP if a repeatability
attribute for that CMP falls within a specified range. Also, the operations 200 may analyze data
from the full offset range (i.e. data from every offset step, with an offset step being one or more
receiver intervals) or data from a subset of the full offset range (such as only one offset step

from within each offset zone, or only one offset zone within the full offset range).

[0024] Operations 200 will now be discussed in conjunction with the survey operations
illustrated in Figures 1A and 1B. In Figure 2A, Operation 205 illustrates the sub-operations
206-210 associated with conducting a baseline survey. In general, during the baseline survey, a
seismic source may fire shots or bursts of seismic energy into the Earth 104 in sub-operation
206. This energy reflects back and is received and measured as a signal at a receiver at a
specific offset at sub-operation 207, with the offset being, in some embodiments, the radial
range from the source to a specific receiver or group of receivers. In some embodiments, there
may be several receivers at each offset and/or multiple offsets as indicated by boxes 106 and
108 in Figure 1A, in which each box contains several receivers and each box is located at a

different offset.

[0025] For each source 102 — receiver 103 pair, operation 205 may include sub-operations
208 and 209 that include calculating and storing CMPs at each offset step. This is illustrated in
Figure 1A with box 106 indicating a first offset where each of the receivers in the box 106 has a
different CMP vis-a-vis the source 102. Sub-operation 209 may also store related context
information with each CMP, including, for example acquisition and/or seismic attributes such as
source ID, receiver ID, source position, receiver position, time, water depth, vessel speed,

offset, azimuth, and so forth. Likewise, each of the receivers 103 in box 108 (which are at a
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some embodiments also include sub-operation 210 where a grid of rectangles referred to as
“bins” may be defined. Note that although the bins are illustrated in operation 205 as the final
sub-operation, they may be defined at any point in the baseline survey. The width of a bin may
be substantially the same as the spacing between CMP lines and the height of a bin may be
substantially the same as the spacing between CMPs on a single CMP line. This is illustrated
in Figure 1A with a bin 110 indicated by a dashed box. Of course, bins of other dimensions
also may be defined with different heights or widths, depending on the resolution required.

[0026] After the baseline survey is complete, a visual representation of the baseline survey
may be generated after “binning” each CMP by associating data from each source receiver pair
with the bin where its CMP is located (this operation is not shown in Figs. 2A through 2D). A
visual representation may be a spatial coverage plot (similar to the plot shown Fig. 3) or any
other representation that conveys coverage information, such as charts, lists, graphs, and so
forth. Within each bin, there may be CMPs for different receiver offset steps. If a bin has at
least one CMP from each offset step, it may be referred to as “full fold.” In other words, full fold
coverage is achieved by obtaining a complete distribution of source to receiver offset steps over
the entire offset range. Each bin may include, for example a count of how many CMPs are
present at each offset step, or how “full” the fold is. Each bin may additionally or alternatively
include a percentage of how full the fold is. In some cases, there may be more than one CMP
per offset step, referred to as “duplicates,” and these duplicates may be included or excluded

during binning.

[0027] After a predetermined amount of time has elapsed, a monitor survey may be
conducted, as shown in operation 215. In some embodiments, the amount of time that elapses
between the baseline and monitor surveys is one or more years. The monitor survey in
operation 215, along with its sub-operations 216-219, may be similar to the baseline survey:
seismic shots may be fired in sub-operation 216, seismic energy may be reflected off the Earth
and be received at one or more receiver(s) in sub-operation 217, the signal may be recorded, a
CMP calculated for each source receiver pair in sub-operation 218, and the CMP for each offset
may be stored in sub-operation 219. Then, similar to the binning and generating a visual
representation of coverage described above, the baseline survey CMPs may be binned and a
visual representation of the coverage of the monitor survey may be generated (this operation is
not shown in Figs. 2A through 2D). Each bin may include, for example, a count of how many
CMPs are present at each offset, or any other useful information. Figure 3 illustrates an
unfiltered coverage plot for the monitor survey that may result from the sub-operations of
operatio'n 215. Referring to Figure 3, the x and y axes of Figure 3 represent a bin grid, as

defined in operation 205. The shading in of each rectangular region represents how “full” that
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are 61% or more full. The shading scale can be configured to be any type of shading, including
different colors and so forth. Likewise, the thresholds in the key and plot can be set to any
percentage range; they may also be set to display the actual fold value rather than a

percentage, or any other useful information.

[0028] Returning to Figure 2A, instead of generating an unfiltered coverage plot (like that
shown in Figure 3), flow may proceed to operation 225 where data from the monitor survey may
be matched to data from the baseline survey and one or more metrics may be generated. The
sup-operations of operation 225 may include first, for each CMP of each shot fired in the monitor
survey, determining a CMP from the baseline survey that is the “closest match” in sub-operation
226. In some embodiments, this match may be based upon the closest geometric match. One
example of geometric closeness may be measured by the geometric repeatability value Dsrc +
Drx. Dsrc is the difference in source positions between the baseline survey CMP and the
monitor survey CMP at the time of firing the seismic source respectively. Likewise, Drx is the
difference in the receiver positions between the baseline survey CMP and the monitor survey
CMP at the time of firing the seismic source. In some embodiments, the positions of the source
and/or receiver may be with reference to a navigation system aboard the vessel 101, such as by
using a Global Positioning System (GPS). Dsrc + Drx represents the sum of these two
differences. Evaluating Dsrc + Drx values in order to determine the closest CMP match may
ensure that the same azimuth of data is obtained so as to be referencing substantially the same
area of the subsurface, which may allow, for example, the characteristics of the reservoir 105 to

be consistently characterized over time.

[0029] In the embodiments that utilize the repeatability metric Dsrc + Drx value to find a
closest CMP match, all non-unigue CMP hits from both monitor and baseline survey data may
be analyzed to find a minimal Dsrc + Drx value for each bin. Some embodiments may perform
this analysis at a single offset step while other embodiments may perform this analysis on
multiple offset steps of interest. Furthermore, this analysis may involve exchanging the source
and receiver positions in an effort to obtain different Dsrc + Drx values; this exchanging process

is termed “reciprocity.”

[0030] After each CMP in the monitor survey has been matched to a CMP in the baseline
survey, the matched pairs of CMPs may be compared again in sub-operation 227 in order to
generate an attribute value in sub-operation 228, and those attribute values may be stored with
the CMP hits of the monitor survey in sub-operation 229. The attribute value may be called a
repeatability metric, or a repeatability attribute, if it represents a comparison between a baseline
survey CMP and a monitor survey CMP; repeatability referring to how well the monitor survey

‘repeated’ the baseline survey. Accordingly, each CMP in the monitor survey may be

-
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survey.

[0031] Next, as shown in Figure 2B, flow may proceed from operation 225 (via 230) to
operation 235 where the CMP hits of the monitor survey from operation 215, the associated
attribute values determined in operation 225, and a user specified attribute parameter range or
ranges (received in operation 234) all may be used to selectively bin the monitor survey data. In
this manner, the monitor survey may be filtered such that only those CMPs whose attribute
value is within the specified parameter range remain in the binned monitor survey data. Figure
4 illustrates a sample filtered coverage visual representation with the filter being Dsrc + Drx less
than or equal to 50 meters. Referring to Figure 4 in conjunction with Figure 3, the x and y axes
of Figure 4 are the same as Figure 3, and represent the same area of the bin grid. Again, the
shading of each rectangular region represents how “full” that particular bin is, with any CMPs
whose Dsrc + Drx is greater than 50 meters being excluded. Hence, several bins that are 61%

or more full in Figure 3 are significantly less full in Figure 4 after the filter has been applied.

[0032] It should be appreciated that that Figures 3 and 4 only show coverage for the far-mid
source receiver offsets, however, the operations 200 may be used to create a coverage plot (or
attribute plot) over any desired offset range. Also, as mentioned above, instead of just one user
specified attribute parameter range, several different attributes may be combined, allowing the
creation of several different filters or one compound filter. For example, a user may only want
CMP hits with Dsrc + Drx being less than 50 meters and only hits that are from a certain receiver
or streamer, or only hits from a certain offset or offset range. Alternatively, a user may desire to

create a filtered plot that only shows bins that have a certain percentage (e.g., 90%) of CMP hits

‘with Dsrc + Drx less than 50 meters. Any of several different attribute value ranges may be

used alone or in combination with one or more other attribute values filtering the data during
binning. Furthermore, any range of attribute values may be used, including by selecting only

data above a certain range, below a certain range, or within an upper and lower bound.

[0033] Referring now to Figure 2C, flow may alternatively proceed from operation 225 (via
230) to operation 240. In operation 240, rather than generating a static, filtered 3D coverage of
the monitor survey that can be viewed by a user (as is done in operation 235), the hybrid binning
of operation 240 prepares data such that a user may later interactively filter coverage, or
interactively create other visual representations based on data obtained during the monitor
survey. In hybrid binning, each matched CMP from the monitor survey may be binned together
with its attribute value (as opposed to operation 235, where only CMPs falling within a user input
range are binned without their attribute value). The matched CMP hit may be binned with its
attribute value by appending the attribute value to the file or files containing the information for

each binned CMP. The output of operation 240 may allow a user to either interactively filter

]
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250, because, as mentioned, the attribute values upon which filtering will be done are stored
with the binned CMPs for every source receiver pair in the monitor survey. Note that operation
240 may proceed generally from any survey and attribute generation, and is not limited to

repeatability attributes.

[0034] As described above, following hybrid binning in operation 240, flow may proceed to
operation 245. Here, a user may interactively input a desired attribute parameter range (for
example, a maximum Dsrc + Drx value) and filter the 3D binned coverage by only including
those CMPs whose attribute values are within the input parameter range. A user may be able to
interactively change the parameters, received in operation 244, and thereby specify how the
data is combined. In other words, a user may be able to change the filtering criteria. So, for
example, a user may initially specify that Dsrc + Drx be less than 50 meters, and view the
binned 3D coverage that has been filtered based on that specification. Immediately following
that, the user may be able to change the input to Dsrc + Drx being less than 25 meters. Without
re-binning, the system 200 may be able to filter the coverage and visually display the binned 3D
coverage filtered with the new input. Note that, as discussed above in connection with operation
235, a coverage plot may be created over any desired offset range (such as, for example, Dsrc
+ Drx being less than 50 meters but greater than 25 meters) and also, two or more user
specified attributes may be combined, which may allow the creation of several different filters

and/or one compound filter.

[0035] Figures 5A through 5C illustrate one possible set of images that may be output from
operation 245. Specifically, Figure 5A shows an unfiltered coverage plot, Figure 5B shows a
coverage plot filtered with Dsrc + Drx less than 50 meters, and Figure 5C shows a coverage plot
filtered with Dsrc + Drx less than 25 meters. Note that Figure 5 shows coverage plots for the far-
mid offset range. Also note that, as mentioned above, many other filters may be applied, such

as, for example a filter of Dsrc + Drcx being less than 50 meters but greater than 25 meters.

[0036] Also, instead of proceeding to operation 245 following operation 240, flow may
proceed to operation 250. There, a user can interactively input a desired offset range (received
in operation 249), and view, instead of coverage, an attribute plot showing only attribute values
from CMPs within the specified offset range. A user may be able to specify that the plot show
the minimum attribute value for each bin, the mean attribute value for each bin, the maximum
attribute value for each bin, and so forth. If multiple attribute values were binned with the CMPs,
a user may also be able to specify which attribute value to show for each bin. Figure 6
illustrates an attribute plot showing the minimum value of Dsrc + Drx within each of the bins for
the 1800-2000m offset range. This plot is generally similar to the plots illustrated in Figures 3, 4,
and 5A through 5C, except instead of showing coverage (in percentage points), the plot in
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specified in meters.

[0037] Referring now to Figure 2D, flow may alternately proceed from operation 225 (via 230)
to operation 255, attribute binning. Here, attribute data may be binned for monitor survey CMPs
at a few offset steps (typically 3 or 4). The output of this operation is a plot showing, for each
bin, the value associated with that bin representing how “good” the repeatability was for one of

the selected offset steps.

[0038] While the above discussion has specifically mentioned the use of repeatability
attributes such as Dsrc + Drx for filtering, numerous CMP-based or shot-based attributes may
be used for filtering including repeatability attributes, acquisition attributes, seismic attributes,
and so forth. Repeatability attributes may include geometric values such as Dsrc (difference in
source positions for the baseline and monitor surveys, which has radial, inline, and crossline
components), Drx (difference in receiver positions for the baseline and monitor surveys, which
also has radial, inline, and crossline components), Dcmp (difference in CMP positions for the
baseline and monitor surveys), Doffset (difference in the radial offset from source to receiver for
the baseline and monitor surveys), Dazimuth (difference in azimuth, the bearing from source to
receiver), Dsrc + Drx (the combined difference of the source and receiver positions for the
baseline and monitor surveys), Dcdp (the difference in the CDP positions for the baseline and
monitor surveys, which has radial, inline, and crossline components), and so forth. Repeatability
attributes also may include seismic values, such as static and dRMS (the difference in Root
Mean Square amplitude between the monitor and baseline surveys) values, and so forth. Other
attributes that may be used for filtering coverage include seismic attributes (such as RMS, signal
to noise ratio, and so forth) and acquisition attributes (such as water depth, streamer or receiver
depth, feather, streamer separation, vessel speed, offset, azimuth, source ID, receiver ID,
streamer ID, time, and so forth). If, for example, receiver ID is used as a filter, it may be
possible to view the effect on coverage of removing one or more receivers interactively (such as
while the survey is being conducted, or after the survey is complete while reviewing the data).
Any of these attributes may be used alone or in combination with one another, in either filtered
binning or hybrid binning, as described above. The operations 200 described above may be

implemented using various combinations of hardware and/or software.

[0039] Figure 7 illustrates an embodiment of the computer system 735 capable of storing
and/or processing navigation and seismic data, such as to produce images according to the
operations 200. In some embodiments, the computer system 735 may be a personal computer
and/or a handheld electronic device aboard the vessel 101 (shown in Figures 1A and 1B). In
other embodiments, the computer system 735 may be an implementation of enterprise level

computers, such as one or more blade-type servers within an enterprise in a land-based
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via a system bus 748. The keyboard 740 and the mouse 741, in one example, may introduce
user input to the computer system 735 and communicate that user input to a processor 743.
Other suitable input devices may be used in addition to, or in place of, the mouse 741 and the
keyboard 740. An input/output unit 749 (1/0) coupled to the system bus 748 represents such I/O
elements as a printer, audio/video (A/V) I/O, etc.

[0040] Computer 735 also may include a video memory 744, a main memory 745 and a mass
storage 742, all coupled to the system bus 748 along with the keyboard 740, the mouse 741 and
the processor 743. The mass storage 742 may include both fixed and removable media, such
as magnetic, optical or magnetic optical storage systems and any other available mass storage
technology. The bus 748 may contain, for example, address lines for addressing the video

memory 744 or the main memory 745.

[0041] The system bus 748 also may include a data bus for transferring data between and
among the components, such as the processor 743, the main memory 745, the video memory
744 and the mass storage 742. The video memory 744 may be a dual-ported video random
access memory. One port of the video memory 744, in one example, is coupled to a video
amplifier 746, which is used to drive a monitor 747. The monitor 747 may be any type of
monitor suitable for displaying graphic images, such as a cathode ray tube monitor (CRT), flat

panel, or liquid crystal display (LCD) monitor or any other suitable data presentation device.

[0042] The computer system includes a processor 743, which may be any suitable
microprocessor or microcomputer. The computer system 735 also may include a
communication interface 750 coupled to the bus 748. The communication interface 750
provides a two-way data communication coupling via a network link. For example, the
communication interface 750 may be a satellite link, a local area network (LAN) card, a cable
modem, and/or wireless interface. In any such implementation, the communication interface
750 sends and receives electrical, electromagnetic or optical signals that carry digital data

streams representing various types of information.

[0043] Code received by the computer system 735 may be executed by the processor 743 as
the code is received, and/or stored in the mass storage 742, or other non-volatile storage for
later execution. In this manner, the computer system 735 may obtain program code in a variety
of forms. Program code may be embodied in any form of computer program product such as a
medium configured to store or transport computer readable code or data, or in which computer
readable code or data may be embedded. Examples of computer program products include
CD-ROM discs, ROM cards, floppy disks, magnetic tapes, computer hard drives, servers on a

network, and solid state memory devices. Regardiess of the actual implementation of the
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filtering using repeatability and other metrics.
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CLAIMS:

What is claimed is:
1. A method of processing geophysical data, the method comprising the acts of:

matching a first set of data from a monitor survey with a second set of data from a
baseline survey;

generating an attribute value for each datum in the first set;
storing each attribute value with each of said datum; and
processing the first set of data based on the stored attribute values.

2. The method of claim 1, wherein the acts of matching and generating occur at
substantially the same time.

3. The method of claim 1, wherein the act of processing comprises:

filtering the first set of data by removing data whose associated attribute fies outside a
range of attribute values.

4, The method of claim 1, wherein the act of processing comprises:

filtering the first set of data by including data whose associated attribute lies within a
range of attribute values.

5. The method of claim 4, further comprising:

binning, such that each datum within the filtered first set of data is associated with at
least one of a plurality of bins.

6. The method of claim 5, wherein each of the plurality of bins corresponds to a predefined
boundary within a spatial grid.

7. The method of claim 5, wherein the acts of filtering and binning happen at substantially
the same time.

8. The method of claim 5, further comprising the act of generating a visual representation
of the binned data.

9. The method of claim 1, wherein the monitor survey occurs after the baseline survey.

10. The method of claim 9, wherein the geophysical data represents petrochemical deposits
in the Earth.

11.  The method of claim 1, wherein the attribute value is a repeatability metric.

12. The method of claim 11, wherein the repeatability metric is Dsrc + Drx.

13
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13. The method of claim 11, wherein the repeatability metric is selected from the group
consisting of Dsrc, Drx, Dcmp, Doffset, Dazimuth, Dcdp, and dRMS.

14, The method of claim 1, wherein the attribute value is a seismic attribute.
15. The method of claim 1, wherein the attribute value is an acquisition attribute.

16. The method of claim 15, wherein the acquisition attribute is a receiver number within an
array of receivers.

17. The method of claim 1, where the first and second sets of data comprise common mid-
point positions (CMPs).

18. The method of claim 17, wherein the first and second sets of data also comprise context
information for each CMP.

19. The method of claim 18, wherein the context information comprises a source position, a
receiver position, a receiver ID, a time, and an offset.

20. The method of claim 1, wherein the difference between the first and second sets of data
represents a depletion in petrochemical content over a period of time.

21. A method of processing geophysical data, the method comprising the acts of:

correlating a first set of data from a first survey with a second set of data from a second
survey;

generating an attribute value for each datum in the first set;

associating each generated attribute value with the datum from the first set of data from
which the attribute value was generated; and

processing the first set of data based on the attribute values.

22, The method of claim 21, wherein the acts of correlating and generating occur at
substantially the same time.

23. The method of claim 21, wherein the act of generating comprises:

computing the difference between the datum in the first set with a correlated datum from
the second set.

24.  The method of claim 21, wherein the act of associating comprises:
storing said attribute value with said datum from the first set of data.
25. The method of claim 21, wherein the act of processing comprises:

filtering the first set of data by including data whose associated attribute lies within a
range of attribute values.

26. The method of claim 21, wherein the act of processing comprises: |
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filtering out data from the first set whose associated attribute value lies outside a range
of attribute values.

27. The method of claim 26, wherein the act of filtering comprises:

binning, such that each datum within the filtered first set of data is associated with at
least one of a plurality of bins.

28. The method of claim 27, wherein each of the plurality of bins corresponds to a
predefined boundary within a spatial grid.

29. The method of claim 27, further comprising the act of generating a visual representation
of the binned data.

30. The method of claim 29, wherein the visual representation is a coverage plot.

31. The method of claim 21, wherein the first survey is a monitor survey, and the second
survey is a baseline survey.

32. The method of claim 31, wherein the monitor survey occurs after the baseline survey.

33. The method of claim 21, wherein the first and second sets of data represent
petrochemical deposits in the Earth.

34. The method of claim 21, wherein the attribute value is a repeatability metric.

35. The method of claim 21, wherein the attribute value is a seismic attribute.

36. The method of claim 21, wherein the attribute value is an acquisition attribute.
37. The method of claim 21, where the first and second sets of data comprise CMPs.

38. The method of claim 37, wherein the first and second sets of data further cdmprise
context information for all CMPs.

39. The method of claim 21, wherein the difference between the first and second sets of
data represents a depletion in petrochemical content over a period of time.

40. A tangible storage medium for storing a plurality of instructions, the instructions
comprising:

correlating a first set of data from a first survey with a second set of data from a second
survey;

generating an attribute value for each datum in the first set;

associating each generated attribute value with the datum from the first set of data from
which the attribute value was generated; and

processing the first set of data based on the attribute values.
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41. The tangible storage medium of claim 40, wherein the associating instruction comprises:
storing said attribute value with said datum from the first set of data.
42. The tangible storage medium of claim 40, wherein the processing instruction comprises:

filtering out data from the first set whose associated attribute value lies outside a range
of attribute values.

43. The tangible storage medium of claim 42, wherein the filtering instruction comprises:

binning, such that each datum within the filtered first set of data is associated with at
least one of a plurality of bins.

44. The tangible storage medium of claim 43, wherein each of the plurality of bins
corresponds to a predefined boundary within a spatial grid.

45, The tangible storage medium of claim 43, further comprising generating a visual
representation of the binned data.

46. The tangible storage medium of claim 45, wherein the visual representation is a
coverage plot.

47. The tangible storage medium of claim 40, wherein the first survey is a monitor survey
and the second survey is a baseline survey.

48. The tangible storage medium of claim 47, wherein the monitor survey occurs after the
baseline survey.

49. The tangible storage medium of claim 40, wherein the first and second sets of data
represent petrochemical deposits in the Earth.

50. The tangible storage medium of claim 40, wherein the attribute value is a repeatability
metric.

51. The tangible storage medium of claim 50, wherein the repeatability metric is Dsrc + Drx.

52. The tangible storage medium of claim 50, wherein the repeatability metric is selected
from the group consisting of Dsrc, Drx, Dcmp, Doffset, Dazimuth, Dcdp, and dRMS.

53. The tangible storage medium of claim 40, wherein the attribute value is a seismic
attribute.

54. The tangible storage medium of claim 40, wherein the attribute value is an acquisition
attribute.

55. The tangible storage medium of claim 40, where the first and second sets of data
comprise CMPs.

56. The tangible storage medium of claim 55, wherein the first and second sets of data
further comprise context information for all CMPs.
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57. The tangible storage medium of claim 40, wherein the difference between the first and
second sets of data represents a depletion in petrochemical content over a period of time.

58. A tangible storage medium for storing data, comprising:
a filtered set of CMPs;

wherein the filtered set of CMPs is filtered from a first set of CMPs, said filtering based on a set
of attribute values.

59. The tangible storage medium of claim 58, wherein each CMP is associated with at least
one of a plurality of bins.

60. The tangible storage medium of claim 59, wherein each of the plurality of bins
corresponds to a predefined boundary within a spatial grid.

61. The tangible storage medium of claim 58, wherein the attribute values are the difference
between the first set of CMPs and a correlated second set of CMPs.

62. The tangible storage medium of claim 61, wherein the difference between the first set of
CMPs and the second set of CMPs represents a depletion in petrochemical content over a
period of time.

63. The tangible storage medium of claim 58, wherein the first set of CMPs further comprise
context information for each CMP in the first set of CMPs.

64. The tangible storage medium of claim 63, wherein said attribute values are derived from
context information of the first set of CMPs.

65. The tangible storage medium of claim 64, wherein the attribute value is a repeatability
metric.

66. The tangible storage medium of claim 58, further comprising data representing coverage
of the filtered set of CMPs.

67. The tangible storage medium of claim 58, wherein the first set of CMPs is obtained
during a monitor survey.
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