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METHODS AND SYSTEMS FOR
QUANTIFYING A CLATHRATE DEPOSIT

TECHNICAL FIELD

[0001] The present disclosure relates to quantifying clath-
rate deposits.

BACKGROUND

[0002] Identifying the presence of hydrocarbons, such as
oil and natural gas, relies on using subsurface data to detect
hydrocarbon systems. In order to extract hydrocarbon accu-
mulations associated with such a system, Earth scientists
typically decide where to place and drill wells (injectors and
producers), how to ensure consistent fluid flow into a well,
and how to reduce risks.

[0003] One set of deposits encountered during the drilling
process are a group of compounds known as clathrates,
which are frozen gas accumulations typically existing in the
shallow subsurface. Clathrate deposits were conventionally
considered a drilling hazard, but are now also being thought
of as a potential seal and resource.

[0004] Current estimates of methane sequestered globally
in clathrates is between 100,000 and 5,000,000 TCF with the
most frequently quoted estimate of 700,000 TCF (a number
which excludes any hydrates located in Antarctic or alpine
permafrost areas). Even the lowest estimate represents an
enormous potential new energy resource, equal to more than
4,000 times the amount of natural gas consumed in the US
or 18 times the entire world’s proven gas resources.
[0005] Clathrates are substances in which a lattice struc-
ture made up of one molecular component (host molecules)
traps or encases another molecular component (guest mol-
ecules); they resemble crystal-like structures. Clathrates can
be found in relatively low temperature and relatively high
pressure environments in deep-water (ocean) and permafrost
(terrestrial) areas within the clathrate stability zone. Large
quantities of hydrocarbon gas are closely packed together by
this mechanism. For example, a cubic meter of natural gas
hydrate contains approximately 0.8 cubic meters of water
and generally 164 cubic meters of natural gas at standard
(surface) temperature and pressure conditions.

[0006] The thickness of the clathrate stability zone varies
with temperature, pressure, composition, and availability of
the hydrate-forming gas, underlying geologic conditions,
water depth, salinity, and other factors. The clathrate stabil-
ity zone is an interval with a top and base. Within the zone,
if hydrocarbons are present, they generally occur in a frozen
state. Below the clathrate stability zone, increased pressure
and temperature force hydrocarbons into a gaseous state.
The top of the zone is regularly defined as the sea floor
(transition from ocean water to sediment).

[0007] The current state of the art for identifying clathrate
deposits from seismic data relies on using a bottom simu-
lating reflector (BSR) as a proxy for the base of the clathrate
stability zone (FIG. 1A). The BSR is thought to delineate an
abrupt phase change (e.g., solid to gas) from frozen gas
(clathrates) above to free gas below it. One disadvantage of
using the BSR to delineate the base of the clathrate stability
zone is that the BSR is often present where no clathrate
deposits exist, and vice versa (FIG. 1B).

[0008] Furthermore, the current state of the art for quan-
tifying clathrate deposits relies on either modeling an esti-
mated clathrate volume and saturation, or on taking direct
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measurements via drilling at least one well. Both techniques
are regularly performed in one dimension (1D), and there-
fore do not account for the three dimensional (3D) volume
of the clathrate deposits themselves.

[0009] As such, an improved manner of quantifying clath-
rate deposits is needed.

SUMMARY

[0010] Various embodiments of quantifying a clathrate
deposit in a subsurface from seismic data are provided. In
one embodiment, a method of quantifying a clathrate deposit
in a subsurface from seismic data includes using a comput-
ing system in: determining a maximum and a minimum
value of a pull-up, where the pull-up is from a digital image
that includes the pull-up; estimating a sound-wave speed of
a clathrate deposit causing the pull-up and a sound-wave
speed of a background deposit, where the clathrate deposit
and the background deposit are different; calculating a gross
clathrate thickness using the maximum value of the pull-up,
the minimum value of the pull-up, the sound-wave speed of
the clathrate deposit, and the sound-wave speed of the
background deposit; using the sound-wave speed of the
clathrate deposit to establish a relationship with clathrate
concentration value; and determining a net clathrate thick-
ness using a product of the gross clathrate thickness and the
clathrate concentration value.

[0011] In one embodiment, a system of quantifying a
clathrate deposit in a subsurface from seismic data includes
a processor and a memory communicatively connected to
the processor, the memory storing computer-executable
instructions which, when executed, cause the processor to
perform: determining a maximum and a minimum value of
a pull-up, where the pull-up is from a digital image that
includes the pull-up; estimating a sound-wave speed of a
clathrate deposit causing the pull-up and a sound-wave
speed of a background deposit, where the clathrate deposit
and the background deposit are different; calculating a gross
clathrate thickness using the maximum value of the pull-up,
the minimum value of the pull-up, the sound-wave speed of
the clathrate deposit, and the sound-wave speed of the
background deposit; using the sound-wave speed of the
clathrate deposit to establish a relationship with clathrate
concentration value; and determining a net clathrate thick-
ness using a product of the gross clathrate thickness and the
clathrate concentration value.

[0012] In one embodiment, a computer-readable medium
includes computer-executable instructions stored thereon
which, when executed by a computing system, cause the
computing system to perform a method of quantifying a
clathrate deposit in a subsurface from seismic data, the
method comprising: determining a maximum and a mini-
mum value of a pull-up, where the pull-up is from a digital
image that includes the pull-up; estimating a sound-wave
speed of a clathrate deposit causing the pull-up and a
sound-wave speed of a background deposit, where the
clathrate deposit and the background deposit are different;
calculating a gross clathrate thickness using the maximum
value of the pull-up, the minimum value of the pull-up, the
sound-wave speed of the clathrate deposit, and the sound-
wave speed of the background deposit; using the sound-
wave speed of the clathrate deposit to establish a relation-
ship with clathrate concentration value; and determining a
net clathrate thickness using a product of the gross clathrate
thickness and the clathrate concentration value.
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[0013] In one embodiment, a method of producing hydro-
carbons includes obtaining a net clathrate thickness for a
clathrate deposit, and where the net clathrate thickness is
produced by steps including: determining a maximum and a
minimum value of a pull-up, where the pull-up is from a
digital image that includes the pull-up; estimating a sound-
wave speed of the clathrate deposit causing the pull-up and
a sound-wave speed of a background deposit, wherein the
clathrate deposit and the background deposit are different;
calculating a gross clathrate thickness using the maximum
value of the pull-up, the minimum value of the pull-up, the
sound-wave speed of the clathrate deposit, and the sound-
wave speed of the background deposit; using the sound-
wave speed of the clathrate deposit to establish a relation-
ship with clathrate concentration value; and determining a
net clathrate thickness using a product of the gross clathrate
thickness and the clathrate concentration value, where the
net clathrate thickness is indicative of a quantity of clath-
rates in the clathrate deposit. Furthermore, the method
includes making a decision regarding a wellbore location
based on the quantity of the clathrate deposit, drilling a
wellbore at the wellbore location, and producing the hydro-
carbons via the wellbore.

BRIEF DESCRIPTION OF THE FIGURES

[0014] Other features described herein will be more read-
ily apparent to those skilled in the art when reading the
following detailed description in connection with the accom-
panying drawings, wherein:

[0015] FIG. 1A illustrates a diagram of an example where
a BSR is indicative of clathrate presence. FIG. 1B illustrates
a diagram of an example where the BSR is not indicative of
clathrate presence.

[0016] FIG. 2 illustrates one embodiment of a computing
system for identifying and quantifying clathrate deposits.
[0017] FIG. 3 is a flowchart illustrating one embodiment
of'a method of identifying a clathrate deposit in a subsurface
from seismic data.

[0018] FIG. 4 is a digital image illustrating one example of
seismic data in cross section, with the seafloor identified.
[0019] FIG. 5is a digital image illustrating one example of
a land surface or sea floor digital image. More specifically,
FIG. 5 illustrates a 3D view of the sea floor digital image (in
two way travel time—TWTT) and the seismic data in cross
section of FIG. 4.

[0020] FIGS. 6A, 6B, and 6C illustrate one embodiment of
a technique for determining a clathrate stability zone. More
specifically, FIG. 6A illustrates the portion of the technique
for establishing temperatures. F1G. 6B illustrates the portion
of the technique for superimposing a gas stability curve.
FIG. 6C illustrates the portion of the technique for delin-
eating the clathrate stability zone.

[0021] FIG. 7 is a schematic representation of one
example of a clathrate stability zone that may be determined.
[0022] FIG. 8 is digital image illustrating one example of
a laterally extensive subsurface image (in 3D) displayed in
TWTT.

[0023] FIG. 9 is the same digital image as FIG. 8, but
converted to depth.

[0024] FIG. 10A is an image of one example of the
clathrate-filled sands in the shallow subsurface with the
associated underlying pull-up. The gray line delineates the
base of the pull-up. FIG. 10B illustrates one example of a
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methodology for isolating the pull-up in cross section, which
is calculated by using a filter on the laterally extensive
subsurface digital image.

[0025] FIG. 11 is a digital image illustrating one example
of a pull-up digital image.

[0026] FIG. 12A illustrates a seismic cross section
(TWTT) with one example of a pull-up digital image (2D).
FIGS. 12B, 12C, 12D, 12E, 12F, and 12G illustrate addi-
tional examples of seismic cross sections with pull-ups, with
arrows pointing to clathrate-filled sands illustrated in circles
in the shallow subsurface.

[0027] FIG. 13A illustrates the clathrate-filled sands of
FIG. 13B and the associated pull-up of FIG. 13C. FIG. 13B
illustrates a 3D view of a digital image that is one example
of a coarse-grained sediment digital image based on ampli-
tude and impedance. FIG. 13C illustrates a 3D view of a
digital image that is one example of a pull-up digital image.
[0028] FIG. 14A is a digital image of one example of a
combined digital image generated by superimposing the
coarse-grained sediment digital image of FIG. 13B and the
pull-up digital image of FIG. 13C. FIG. 14B illustrates a real
example of a coarse-grained sediment digital image, a real
example of a pull-up digital image, and a real example of a
combined digital image with an overlap region.

[0029] FIG. 15A illustrates an example of a pull-up in
TWTT. FIG. 15B illustrates the pull-up, converted to depth,
and with effect of the seafloor removed. Thus, FIG. 15A to
FIG. 15B illustrate a time-to-depth conversion.

[0030] FIG. 16A illustrates example clathrate deposits and
the location of two example wells; well A is located in
non-clathrate sediments, whereas well B intersects clathrate-
filled sediments. FIG. 16B illustrates the linear increase in
sound-wave speed of well A (non-clathrate sediments),
while FIG. 16C illustrates the nonlinear increase in sound-
wave speed of well B (clathrates sediments). Thus, FIGS.
16A, 16B, and 16C illustrate a summary of the properties of
clathrate deposits with respect to sound-wave speed.
[0031] FIG. 17A illustrates a location of clathrate-filled
sediments (e.g., sands). FIG. 17B illustrates a seismic
response of the clathrate-filled sediments of FIG. 17A,
namely, an increase amplitude and impedance.

[0032] FIG. 18 is a flowchart illustrating one embodiment
of' a method of producing hydrocarbons.

[0033] FIG. 19 is a flowchart illustrating one embodiment
of'a method of quantifying a clathrate deposit in a subsurface
from seismic data.

[0034] FIG. 20A is a modified version of the combined
digital image of FIG. 14A. FIG. 20B illustrates one example
of quantifying gross clathrate thickness using sound-wave
speed of clathrates and background deposit based on FIG.
20A.

[0035] FIG. 21A illustrates an example of using a corre-
lation to establish clathrate saturation from sound-wave
speed. FIG. 21B illustrates an example of using the values
of FIG. 21A to determine net clathrate thickness. Thus,
FIGS. 21A and 21B illustrate an example of calculating net
clathrate thickness.

[0036] FIG. 22 is a flowchart illustrating one embodiment
of' a method of producing hydrocarbons.

[0037] The figures, embodiments, and examples provided
herein are not necessarily drawn to scale, and instead, the
emphasis has been placed upon clearly illustrating the
principles of the present disclosure. Moreover, in the figures,
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like reference numerals designate corresponding parts
throughout the several views.

DETAILED DESCRIPTION

Terminology

[0038] The following terms will be used throughout the
specification and will have the following meanings unless
otherwise indicated:

[0039] “Amplitude” refers to the strength of a reflection on
seismic data.
[0040] “Background sound-wave speed” refers to the

speed of a sound wave as it travels through non-clathrate-
bearing rocks or non-clathrate-bearing sediments.

[0041] “Base clathrate stability zone (BCSZ)” refers to the
lowest position where gas occurs in a frozen state (clath-
rates).

[0042] “Bottom simulating reflector (BSR)” refers to a

reflection mimicking the sea floor, found at the base of
clathrate stability zone and indicating a change from frozen
(above) to free gas (below).

[0043] “Clathrate” refers to substances in which a lattice
structure made up of one molecular component (host mol-
ecules) traps or encases another molecular component (guest
molecules); they resemble crystal-like structures. An
example of a clathrate is methane, carbon dioxide, or other
gaseous hydrate.

[0044] “Clathrate deposit” refers to practically any deposit
that contains or is likely to contain clathrates. “Clathrate-
filled sands” are one example of a clathrate deposit. “Clath-
rate-filled sands” refer to sand or other coarse-grained
sediment or rocks found in the subsurface in association
with clathrates. Clathrates fill the pore spaces of the sand
deposits.

[0045] “Clathrate sound-wave speed” refers to the speed
of'a sound wave as it travels through clathrate-filled sands or
clathrate-filled sediments.

[0046] “Clathrate stability zone” refers to a region of the
subsurface where frozen gas deposits naturally exist. The
thickness of the zone varies with temperature, pressure,
composition, and availability of the clathrate-forming gas,
underlying geologic conditions, water depth, salinity, and
other factors.

[0047] “Coarse-grained sand digital image” refers to an
image created from seismic data showing a change in
amplitude, impedance, or other seismic attribute, indicating
the presence of clathrate-filled sands.

[0048] “Combined digital image” refers to an image cre-
ated by overlapping a coarse-grained sand digital image and
a pull-up digital image. For example, the coarse-grained
sand digital image may be superimposed over the pull-up
digital image.

[0049] “Concentration” refers to a constituent substance
divided by the total volume.

[0050] “Deep subsurface” occurs far from the land surface
or sea floor. For example, the deep subsurface may be up to
10 km below the land surface or sea floor.

[0051] “Density (Rho)” refers to mass per unit volume.
Density is usually measured in gm/cm’.

[0052] “Direct values” refer to values obtained by direct
measurement.
[0053] “Filter” refers to a technique used to isolate an

artifact, such as a pull-up.
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[0054] “Gamma ray (GR)” refers to a log of natural
radioactivity in sediments or rocks. Gamma rays are usually
measured in API units. Sand regularly has lower gamma ray
values when compared to shale.

[0055] “Gas” refers to hydrocarbons or other compounds
existing in a gaseous state, meaning neither liquid nor solid.
For example, gas may include, but is not limited to, water
vapor, methane, pentane, or carbon dioxide.

[0056] “Gas stability curve” refers to a curve showing the
stability of gas with increasing depth and temperature. When
calculating the clathrate stability zone, if the gas stability
curve is located to the right of the geothermal gradient,
deposits are stable in a frozen state; if the gas stability curve
is located to the left of the geothermal gradient, deposits are
stable in a gaseous state.

[0057] “Geothermal gradient” refers to the increase in
temperature with increasing subsurface depth.

[0058] “Gross clathrate thickness” refers to a measure-
ment over a larger interval.

[0059] “Impedance” refers to the product density and
sound-wave speed through a medium.

[0060] “Laterally extensive subsurface digital image”
refers to an image created by mapping a subsurface reflec-
tion displaying areal continuity.

[0061] “Land surface or sea floor digital image” refers to
an image of the land surface or sea floor generated from the
seismic data.

[0062] “Map” refers to a graphical representation showing
a subset of the Earth, which identifies features (e.g., sand-
prone deposits, faults, folds, etc.).

[0063] “Maximum” refers to a local highest value.
[0064] “Minimum” refers to a local lowest value.
[0065] “Modeled values” refer to values estimated via a

set of physics- or mathematics-derived equations.

[0066] “Net clathrate thickness” refers to measurement
over a smaller interval, which is a subset of the gross
clathrate thickness.

[0067] “Pore space” refers to void spaces in a material.
[0068] “Porosity” refers to the percentage of void space of
a given material.

[0069] “Pressure gradient” refers to the change in pressure

with increasing depth.

[0070] “Pull-up” refers to an artifact caused by an increase
in sound-wave speed, resulting in an apparent structural
high.

[0071] “Pull-up digital image” refers to an image gener-
ated by using a filter on a laterally extensive subsurface
digital image, to generate a pull-up digital image.

[0072] “Reflector” refers to the physical interface that
separates two geologic units with different physical proper-
ties.

[0073] “Reflection” refers to a graphical representation of
the change in subsurface properties caused by a physical
interface known as a reflector.

[0074] “Resistivity (R)” refers to the ability of a material
to resist electrical conduction. Resistivity is usually mea-
sured in ohm-meters.

[0075] “Sand” refers to relatively coarse-grained sedi-
ment.
[0076] “Seismic attribute” refers to an extracted value

derived from seismic data that can be used to enhance
information that appears more subtle on a traditional seismic
digital image. Examples of seismic attributes include coher-
ence, spectral decomposition, sweetness, attenuation, and
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curvature, which are available from the following third
parties: Paradigm Limited, Schlumberger Limited, Land-
mark business line from Halliburton Company, Compagnie
Générale de Géophysique-Veritas, dGB Earth Sciences B.V.,
Foster Findlay Associates Limited, etc.

[0077] “Seismic data” refers to 2D or 3D digital image(s)
of the subsurface obtained by sending sound waves through
the Earth via at least one source and recording their arrival
with at least one receiver. “Post-stack seismic data” refers to
processed digital images ready for seismic interpretation.
[0078] “Shallow subsurface” occurs near the land surface
or sea floor. For example, the shallow subsurface may be up
to 1 km below the land surface or sea floor.

[0079] “Sound-wave speed (Sp)” refers to the speed of a
sound wave as it travels through a medium.

[0080] “Temperature gradient” refers to the change in
temperature with depth.

[0081] “Two way travel time (TWTT)” refers to the time
it takes for a seismic wave to travel from the source(s), to the
reflector, and back to the receiver(s).

[0082] “Wellbore” refers to a single hole for use in hydro-
carbon recovery. For example, a wellbore may be a cylin-
drical hole drilled into the subsurface used to explore for
accumulations of hydrocarbons. The wellbore can be used
for injection, production, or both. The wellbore may include
casing, liner, tubing, heating elements, any combinations
thereof, etc. The wellbore may include an openhole portion
or uncased portion. The wellbore is surrounded by the
formation, rocks, sands, sediments, etc. The wellbore may
have vertical, inclined, horizontal, or combination trajecto-
ries. The wellbore may include any completion hardware
that is not discussed separately. The term wellbore is not
limited to any structure and configuration described herein.
The term wellbore may be used synonymously with the
terms borehole or well.

[0083] “Well data” refers to practically any well data that
may be obtained. For example, the well data may include,
but is not limited to, density (Rho), resistivity (R), gamma
ray (GR), sound-wave speed (Sp), or any combination
thereof. Well data may include direct measurements by one
or more sensors in a wellbore, which measure gamma ray,
electrical, acoustic, electromagnetic, nuclear magnetic reso-
nance, pressure, and/or other properties of the subsurface.
Well data may include practically any data that is downhole
(e.g., well logs, cores, data from sensors, etc.).

[0084] As used in this specification and the following
claims, the terms “comprise” (as well as forms, derivatives,
or variations thereof, such as “comprising” and “com-
prises”) and “include” (as well as forms, derivatives, or
variations thereof, such as “including” and “includes™) are
inclusive (i.e., open-ended) and do not exclude additional
elements or steps. For example, the terms “comprises”
and/or “comprising,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. Accordingly, these terms are intended to not only
cover the recited element(s) or step(s), but may also include
other elements or steps not expressly recited. Furthermore,
as used herein, the use of the terms “a” or “an” when used
in conjunction with an element may mean “one,” but it is
also consistent with the meaning of “one or more,” “at least
one,” and “one or more than one.” Therefore, an element
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preceded by “a” or “an” does not, without more constraints,
preclude the existence of additional identical elements.

[0085] The use of the term “about” applies to all numeric
values, whether or not explicitly indicated. This term gen-
erally refers to a range of numbers that one of ordinary skill
in the art would consider as a reasonable amount of devia-
tion to the recited numeric values (i.e., having the equivalent
function or result). For example, this term can be construed
as including a deviation of +10 percent of the given numeric
value provided such a deviation does not alter the end
function or result of the value. Therefore, a value of about
1% can be construed to be a range from 0.9% to 1.1%.

[0086] It is understood that when combinations, subsets,
groups, etc. of elements are disclosed (e.g., combinations of
components in a composition, or combinations of steps in a
method), that while specific reference of each of the various
individual and collective combinations and permutations of
these elements may not be explicitly disclosed, each is
specifically contemplated and described herein. By way of
example, if a composition is described herein as including a
component of type A, a component of type B, a component
of type C, or any combination thereof, it is understood that
this phrase describes all of the various individual and
collective combinations and permutations of these compo-
nents. For example, in some embodiments, the composition
described by this phrase could include only a component of
type A. In some embodiments, the composition described by
this phrase could include only a component of type B. In
some embodiments, the composition described by this
phrase could include only a component of type C. In some
embodiments, the composition described by this phrase
could include a component of type A and a component of
type B. In some embodiments, the composition described by
this phrase could include a component of type A and a
component of type C. In some embodiments, the composi-
tion described by this phrase could include a component of
type B and a component of type C. In some embodiments,
the composition described by this phrase could include a
component of type A, a component of type B, and a
component of type C. In some embodiments, the composi-
tion described by this phrase could include two or more
components of type A (e.g., Al and A2). In some embodi-
ments, the composition described by this phrase could
include two or more components of type B (e.g., B1 and B2).
In some embodiments, the composition described by this
phrase could include two or more components of type C
(e.g., C1 and C2). In some embodiments, the composition
described by this phrase could include two or more of a first
component (e.g., two or more components of type A (Al and
A2)), optionally one or more of a second component (e.g.,
optionally one or more components of type B), and option-
ally one or more of a third component (e.g., optionally one
or more components of type C). In some embodiments, the
composition described by this phrase could include two or
more of a first component (e.g., two or more components of
type B (B1 and B2)), optionally one or more of a second
component (e.g., optionally one or more components of type
A), and optionally one or more of a third component (e.g.,
optionally one or more components of type C). In some
embodiments, the composition described by this phrase
could include two or more of a first component (e.g., two or
more components of type C (C1 and C2)), optionally one or
more of a second component (e.g., optionally one or more
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components of type A), and optionally one or more of a third
component (e.g., optionally one or more components of type
B).

[0087] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meanings as com-
monly understood by one of skill in the art to which the
disclosed invention belongs.

[0088]

[0089] Turning to FIG. 2, this figure illustrates an embodi-
ment of a computing system for identifying a clathrate
deposit and quantifying a clathrate deposit. In general, the
computing system 200 includes a processor 202 communi-
catively connected to a memory 204 via a data bus 206. The
processor 202 can be any of a variety of types of program-
mable circuits capable of executing computer-readable
instructions to perform various tasks, such as mathematical
and communication tasks. The computing system 200 may
be a computer, a wireless device, a wired device, a plurality
of networked devices, etc.

[0090] The memory 204 can include any of a variety of
memory devices, such as using various types of computer-
readable or computer storage media. A computer storage
medium or computer-readable medium may be any medium
that can contain or store the program for use by or in
connection with the instruction execution system, apparatus,
or device. By way of example, computer storage media may
include dynamic random access memory (DRAM) or vari-
ants thereof, solid state memory, read-only memory (ROM),
electrically-erasable programmable ROM, optical discs
(e.g., CD-ROMs, DVDs, etc.), magnetic disks (e.g., hard
disks, floppy disks, etc.), magnetic tapes, and other types of
devices and/or articles of manufacture that store data. Com-
puter storage media generally includes at least one or more
tangible media or devices. Computer storage media can, in
some embodiments, include embodiments including entirely
non-transitory components. In the embodiment shown, the
memory stores a clathrate application 212, discussed in
further detail below.

[0091] The computing system 200 can also include a
communication interface 208 configured to receive data
such as at least a portion of seismic data 224, at least a
portion of well data 226, or both. Other data may be received
via the communication interface 208. The communication
interface 208 may also be configured to transmit images
(e.g., transmit a combined digital image or other digital
image generated herein that identifies a clathrate deposit,
etc.), transmit data (e.g., transmit net clathrate thickness as
generated herein that quantifies a clathrate deposit, etc.), or
other functionality.

[0092] Additionally, a display 210 can be used for pre-
senting a user interface associated with the clathrate appli-
cation 212. In various embodiments, the computing system
200 can include additional components, such as peripheral
1/0 devices, for example, to allow a user to interact with the
user interface associated with the clathrate application 212.
For example, the display 210 and the peripheral /O devices
may allow a user to provide user input, view and edit
settings, manipulate digital images such as the digital
images generated herein, verify presence of an identified
clathrate deposit (e.g., verify in cross section, map view, or
any combination thereof) (e.g., verify using well data), or
other functionality. In some embodiments, the user may
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even provide at least a portion of the seismic data 224, at
least a portion of the well data 226, or both via the user
interface.

[0093] In various embodiments, the computing system
200 may allow for interaction with at least one other
software item, at least one other hardware item, or both (i)
to determine seismic attributes such as coherence, spectral
decomposition, sweetness, attenuation, and curvature, which
are available from the following third parties: Paradigm
Limited, Schlumberger Limited, Landmark business line
from Halliburton Company, Compagnie Générale de Géo-
physique-Veritas, dGB Earth Sciences B.V., Foster Findlay
Associates Limited, etc., (ii) to carry out one or more claim
elements, or (iii) other functionality.

[0094] In various embodiments, the clathrate application
212 includes a clathrate deposit identification component
214 and a clathrate deposit quantification component 216.
The clathrate deposit detection component 214 uses the
seismic data 224 to generate a variety of digital images,
including a combined digital image, and a clathrate deposit
may be identified in the combined digital image. The clath-
rate deposit quantification component 216 uses the seismic
data 224 to calculate a gross clathrate thickness and a net
clathrate thickness to quantify a clathrate deposit (e.g., the
clathrate deposit identified from the combined digital
image). In some embodiments, the component 214 may
present at least one user interface to the user in order for the
user to provide user input. Similarly, the component 216
may present at least one user interface to the user in order for
the user to provide user input. In some embodiments, the
components 214-216 may be a single component, or alter-
natively, the components 214-216 may be more than two
components. Furthermore, in some embodiments, the clath-
rate application 212 may interact with software, hardware,
or both from a third party, such as interact with at least one
application from a third party. In short, those of ordinary
skill in the art will appreciate that various modifications may
be made and the scope of the claims is not limited to the
discussion herein. For example, those of ordinary skill in the
art will appreciate that the inventive principles may be
implemented using automated steps only or using a combi-
nation of automated steps and manual steps.

Clathrate Deposit Identification Using Seismic Data—

[0095] Provided herein are embodiments of a method, a
system, and a program product for identifying a clathrate
deposit in a subsurface from seismic data. In one embodi-
ment, the method includes using a computing system in:
generating a land surface or sea floor digital image from
post-stack seismic data; determining a clathrate stability
zone from the land surface or sea floor digital image;
generating a laterally extensive subsurface digital image
from the seismic data that is within or below the clathrate
stability zone; filtering the laterally extensive subsurface
digital image to generate a pull-up digital image; generating
a coarse-grained sediment digital image from the seismic
data within the clathrate stability zone; spatially superim-
posing the coarse-grained sediment digital image and the
pull-up digital image to generate a combined digital image;
and determining an overlap region from the combined
digital image where the pull-up digital image and the
coarse-grained sediment digital image overlap. The overlap
region is indicative of a clathrate deposit.
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[0096] Provided herein are embodiments of a method of
producing hydrocarbons. In one embodiment, the method
includes obtaining post stack seismic data; obtaining an
overlap region from a combined digital image, where the
overlap region is indicative of a clathrate deposit, and where
the combined digital image is produced by steps comprising:
generating a land surface or seafloor digital image from the
post-stack seismic image; determining a clathrate stability
zone from the land surface of sea floor digital image;
generating a laterally extensive subsurface digital image
from the seismic data that is within or below the clathrate
stability zone; filtering the laterally extensive subsurface
digital image to generate a pull-up digital image; generating
a coarse-grained sediment digital image from the seismic
data within the clathrate stability zone; spatially superim-
posing the coarse-grained sediment digital image and the
pull-up digital image to generate a combined digital image;
and determining the overlap region from the combined
digital image where the pull-up digital image and the
coarse-grained sediment digital image overlap; and making
a decision regarding a wellbore location based on the
identified clathrate deposit, drilling a wellbore at the well-
bore location, and producing the hydrocarbons via the
wellbore.

[0097] Advantageously, those of ordinary skill in the art
will appreciate that the embodiments provided herein may
identify clathrate deposits more accurately from seismic data
because the embodiments do not rely on BSR(s). As illus-
trated in example 100 in FIG. 1A, for decades, identification
of clathrate deposits has solely relied on using BSR(s), such
as BSR 110, to predict the presence of a clathrate deposit,
such as clathrate-filled sands 105. Yet, as illustrated in
similar example 115 in FIG. 1B, BSR(s) have been found
without the presumed presence of a clathrate deposit, such
as clathrate-filled sands 120. For example, the Opal A-CT
transition produces a BSR, such as BSR 125, because of a
change and increase in reflectivity (change in crystalline
structure), not because of the presence of the clathrate-filled
sands 120. Additionally, where the clathrate-filled sands 120
are thought to exist without the presence of a BSR, their
presence is predicted using water depth, temperature, and
pressure changes in both seawater and in the subsurface, and
is based on gas and water geochemistry, but not based on a
seismic data-driven approach. Thus, the seismic data-driven
approach provided herein sharply departs from the conven-
tion of using BSR(s) to identify the presence of a clathrate
deposit and areal extent.

[0098] Indeed, those of ordinary skill in the art will
appreciate that in a real operating environment, deciphering
the presence and extent of clathrate-filled sands can be very
complex. FIGS. 1A-1B are provided to facilitate understand-
ing of clathrate-filled sands. FIG. 1A illustrates the clathrate
stability zone delineated by the sea floor (top) and BSR
(base), which is coincident with the base clathrate stability
zone, and the presence of clathrate-filled sands. While FIG.
1B illustrates a clathrate system where the BSR is not
indicative of clathrates and clathrate accumulations are not
marked by the presence of a BSR. The inventive concepts
provided herein disclose embodiments to identify clathrate
deposits, such as clathrate-filled sands, without using a BSR.
If desired, a BSR may be used as one methodology to verify
a clathrate deposit that is identified with the embodiments
herein, but no BSR is necessary. FIG. 1B serves as the
starting point of the running example used herein.
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[0099] Advantageously, those of ordinary skill in the art
may appreciate that the embodiments provided herein rely
on a seismic data-driven approach to identify the clathrate
deposit. The seismic data-driven approach does not require
any prior geophysical knowledge of the subsurface, for
example, the following are not required: well data, core
samples, tomographic information, velocity measurements,
velocity models, smoothed velocity models, or anomalous
velocity models. The seismic data-driven approach also does
not require any geologic knowledge of the subsurface, for
example, the following are not required: digital images of
subsurface sand and shale deposits, digital images of the
configuration and geometry of the subsurface, or knowledge
about porosity or permeability trends. Moreover, the seismic
data-driven approach makes no assumption of the subsur-
face and can be utilized in practically any area (e.g., onshore,
offshore—shallow water or deep water, etc.), with few to no
wellbores or associated downhole data (e.g., well logs,
cores, sensors, etc.). If desired, well data, etc. may be used
as one methodology to verify a clathrate deposit identified
with the embodiments herein, but no well, etc. is necessary.
As such, quantitative methods, such as inversions or simu-
lations, are unnecessary to detect a clathrate deposit, based
on the technique provided herein.

[0100] Advantageously, the embodiments provided herein
use digital image processing to generate a combined digital
image from a coarse-grained sediment digital image and a
pull-up digital image. The overlap region in the combined
digital image is indicative of clathrate presence. As such,
those of ordinary skill in the art may appreciate that the
embodiments provide an innovation in computer technol-
ogy, namely digital image processing, which reflects both an
improvement in the functioning of a computing system, such
as computer, and an improvement in another technology,
such as hydrocarbon exploration and production technology.

[0101] Advantageously, those of ordinary skill in the art
will appreciate that decisions may be made regarding well-
bore location and wellbore quantity based on the identified
clathrate deposit. The identified clathrate deposit can be used
as a hydrocarbon top seal, or avoided depending on the
desired outcome. If the desired outcome is to produce the
identified clathrate deposit, those of ordinary skill in the art
will appreciate that decisions about where to drill one or
more wellbores can be made based on the identified clathrate
deposit. Furthermore, if the desired outcome is to produce
the identified clathrate deposit, those of ordinary skill in the
art will appreciate that decisions about how many wellbores
to drill can be made based on the identified clathrate deposit.
If the desired outcome is to avoid the identified clathrate
deposit, those of ordinary skill in the art will appreciate that
the location of the identified clathrate deposit can be used to
make decisions about where not to drill wellbores or where
to drill wellbores so as to avoid the identified clathrate
deposit. Furthermore, if the desired outcome is to avoid the
identified clathrate deposit, those of ordinary skill in the art
will appreciate that decisions about how many wellbores to
drill can be made to avoid the identified clathrate deposit.

[0102] Additionally, those of ordinary skill in the art will
appreciate that decisions about which completions, compo-
nents, fluids, etc. to select for the one or more wellbores to
be drilled, including the configuration of the one or more
wellbores (e.g., vertical, horizontal, etc.), can also be made
based on the identified clathrate deposit. For example,
casing, tubing, packers, heaters, sand screens, gravel packs,
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items for fines migration, etc. may be selected based on the
identified clathrate deposit. Moreover, methodologies to
produce the identified clathrate deposit may also be selected
based on the identified clathrate deposit. Some methodolo-
gies and devices that may be used to produce the identified
clathrate deposit, such as a hydrate deposit, are provided in
the following patents and patent applications assigned to
Chevron U.S.A. Inc.: US Patent App. No. 2015/0090455,
U.S. Pat. No. 7,812,203, US Patent App. No. 2008/0102000,
U.S. Pat. No. 7,964,150, U.S. Pat. No. 8,201,626, and U.S.
Pat. No. 7,537,058, all of which are incorporated herein by
reference in their entirety and for all purposes.

[0103] Advantageously, those of ordinary skill in the art
will appreciate that other decisions may also be made based
on the identified clathrate deposit. Moreover, embodiments
for quantifying a clathrate deposit, such as the clathrate
deposit identified with the techniques provided herein, are
also provided herein. The determined quantity of the iden-
tified clathrate deposit may also be considered in making
decisions based on the identified clathrate deposits. For
example, an identified clathrate deposit with a larger quan-
tity of clathrates may lead to the selection of a higher
number of wellbore locations and drilling a higher number
of wellbores as compared to an identified clathrate deposit
with a smaller quantity of clathrates. In short, those of
ordinary skill in the art will appreciate that the options are
many and making proper decisions based on the identified
clathrate deposit should improve the likelihood of safe and
reliable operations.

[0104] Turning to FIG. 3, this figure illustrates one
embodiment of a method of identifying a clathrate deposit in
a subsurface using seismic data, referred to as a method 300.
The method 300 may be executed by the computing system
200 of FIG. 2. For ease of understanding, a running example
will be referenced throughout the discussion of the method
300. The running example assumes that a user is interested
in a particular subsurface portion of the Earth and wants to
know if the subsurface portion of interest contains a clath-
rate deposit. At the end of the running example, the clathrate
deposit in the form of the clathrate-filled sands 120 is
identified and it is likely present in the subsurface portion of
interest.

[0105] For ease of understanding, the clathrate deposit in
the form of clathrate-filled sands 120 may be illustrated
throughout the running example, but no knowledge of the
clathrate deposit (e.g., the clathrate-filled sands 120) is
necessary at the onset, as the method 300 is seismic data-
driven and makes no assumptions. Those of ordinary skill in
the art will appreciate that the clathrate deposit (e.g., the
clathrate-filled sands 120) is identified via the method 300
without any well data and without any drilled wellbores. If
the desired outcome is to produce the clathrate deposit (e.g.,
the clathrate-filled sands 120) that is identified, those of
ordinary skill in the art will also appreciate that one or more
wellbores will have to be drilled in order to truly confirm the
presence of the clathrate deposit (e.g., the clathrate-filled
sands 120) that is identified and produce the clathrate
deposit (e.g., the clathrate-filled sands 120).

[0106] At 305, the method 300 includes receiving seismic
data. An example of the seismic data that is received may be
the seismic data 224 illustrated in FIG. 2. The seismic data
224 may be generated by sending sound waves through the
Earth via at least one source (e.g., airgun, vibroseis, etc.) and
recording the arrival of the sound waves with at least one
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receiver (e.g., hydrophone, geophone, etc.). Moreover, the
seismic data 224 may be post-stack seismic data, which is
seismic data that is processed (e.g., noise has been
removed), migrated, stacked, and is ready for interpretation.
The post-stack seismic data 224 may be at least one 2D
digital image of the subsurface. The post-stack seismic data
224 may be at least one 3D digital image of the subsurface.
The post-stack seismic data 224 may be at least one 2D
digital image of the subsurface and at least one 3D digital
image of the subsurface. A user may provide the coordinates
in latitude and longitude or otherwise select the subsurface
of interest using the computing system 200, and the com-
puting system 200 may receive the seismic data 224 corre-
sponding to that subsurface of interest from a database, a
networked computing system, one or more vendors special-
izing in generating seismic data, etc.

[0107] One example of the seismic data that may be
received is illustrated as digital image 400 in FIG. 4. The
digital image 400 is illustrated in cross-section, but it is not
limited to cross-section. For example, a digital image may
be oriented perpendicular to cross-section, as in a map view,
such as in a response to user input.

[0108] At 310, the method 300 includes generating a land
surface or sea floor digital image from the seismic data. If
detecting a clathrate deposit onshore is of interest, then the
digital image that is generated includes the land surface and
potentially a portion of the subsurface below the land
surface. If detecting a clathrate deposit offshore is of interest,
then the digital image that is generated includes the sea floor
and potentially a portion of the subsurface below the sea
floor. The computing system 200 may automatically gener-
ate the land surface or sea floor digital image from the
seismic data by mapping a continuous reflection with seis-
mic interpretation software, such as Epos (Paradigm), Petrel
(Schlumberger), or Geoprobe (Landmark). For example, the
user provides input to the computing system 200 indicating
the location of the reflection, as well as the amplitude of the
reflection. After the reflection is selected, the software
automatically selects subsequent reflections along the same
interface, to within a user-defined threshold. One example of
a land surface or sea floor digital image that may be
generated from the seismic data is illustrated as digital
image 500 in FIG. 5.

[0109] At 315, the method 300 includes determining the
clathrate stability zone from the land surface or sea floor
digital image. The clathrate stability zone refers to a natu-
rally occurring subsurface region of frozen gas, such as
frozen clathrates, having a top and a base. The base of the
clathrate stability zone (BCSZ) represents the lowest posi-
tion where gas occurs in a frozen state; below this point, gas
occurs in a free state. The top of the clathrate stability zone
may be the land surface or the sea floor.

[0110] In some embodiments, determining the clathrate
stability zone relies on a three part technique of establishing
temperatures, superimposing a gas stability curve, and delin-
eating the clathrate stability zone, as illustrated in FIGS. 6A,
6B, and 6C, respectively. For example, FIG. 6 A marks the
change in temperature at the sea floor from the overlying
seawater to the underlying subsurface. The temperature of
the subsurface increases with increasing depth, and is termed
the geothermal gradient. FIG. 6B illustrates FIG. 6 A with a
gas stability curve superimposed. The crossover marks the
transition from frozen gas (above) to free gas (below). FIG.
6C defines the clathrate stability zone by using the region of
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frozen gas as a guide. The top of the clathrate stability zone
is marked by the sea floor, whereas the base is delineated by
the crossover of the gas stability curve and geothermal
gradient.

[0111] More specifically, as illustrated in chart 600 in FIG.
6A, determining the clathrate stability zone relies on using
the sea floor depth 605, the known or estimated value of
seawater temperature 610, and the known or estimated value
of the geothermal gradient 615. Once those values are
plotted, a gas stability curve 620 is superimposed over the
chart 600 and the crossover 625 is noted. The crossover 625
represents the point where the gas stability curve 620
intersects the geothermal gradient 615: locations above this
point highlight regions where frozen gas exists in a stable
form 630, whereas locations below this point delineate
regions where free gas exists in a stable form 635. In the
region of frozen gas 630, the gas stability curve 620 is
located to the right of the geothermal gradient curve 615; in
the region of free gas 635, the gas stability curve 620 is
located to the left of the geothermal gradient curve 615. The
clathrate stability zone 640, as illustrated in FIG. 6C, is
delineated by the thickness of the region of frozen gas 630,
and is regularly defined by the sea floor (top) 605, and the
crossover 625 of the gas stability curve 620 with the
geothermal gradient curve (base) 615.

[0112] FIG. 7 is a schematic representation of one
example of a clathrate stability zone 705 that may be
determined. The example 700 includes the clathrate stability
zone 705 that may be determined using the sea floor 710.
FIG. 7 also illustrates the clathrate-filled sands 120 with an
underlying pull-up. The pull-up is controlled by the increase
in sound-wave speed through the clathrate filled-sands 120,
which causes a decrease in two-way travel time (TWTT)
underneath the deposit.

[0113] At 320, the method 300 includes generating a
laterally extensive subsurface digital image from the seismic
data that is within or below the clathrate stability zone (e.g.,
within or below the clathrate stability curve). One example
of a laterally extensive subsurface digital image, in TWTT,
that may be generated from the seismic data is illustrated as
digital image 800 in FIG. 8. The laterally extensive subsur-
face digital image 800 includes a portion of the subsurface
that is within the determined clathrate stability zone 705, a
portion of the subsurface 820 below the determined clathrate
stability zone 705, or both. The laterally extensive subsur-
face digital image 800 may be generated in time. The
computing system 200 may automatically generate the lat-
erally extensive subsurface digital image 800 from the
digital image 400 of seismic data in FIG. 4 by mapping a
continuous reflection with seismic interpretation software,
such as Epos (Paradigm), Petrel (Schlumberger), or Geo-
probe (Landmark). For example, the user provides input to
the computing system 200 such as indicating the location of
the reflection, as well as the amplitude of the reflection. After
a reflection is selected, the software automatically selects
subsequent reflections along the same interface, to within a
user-defined threshold.

[0114] One example of a laterally extensive subsurface
digital image, in depth, that may be generated is illustrated
as digital image 900 in FIG. 9. The digital image 900 is
illustrated in cross-section, but it is not limited to cross-
section. The digital image 900 may include a portion of the
subsurface within the determined clathrate stability zone
705, a portion of the subsurface 920 below the clathrate
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stability zone 705, or both. The laterally extensive subsur-
face digital image 900 in cross section includes a potential
pull-up 1020, 1030, and 1040 seen in multiple parallel layers
of FIG. 10A, such as layers 1025, 1035, and 1045, respec-
tively, in the portion of the subsurface located below the
determined clathrate stability zone 705. Another example of
a laterally extensive subsurface digital image with pull-up is
digital image 1000 in FIG. 10A.

[0115] At 325, the method 300 includes filtering the lat-
erally extensive subsurface digital image to generate a
pull-up digital image. FIGS. 10A and 10B illustrate a
methodology for isolating the pull-up. As indicated above,
FIG. 10A illustrates clathrate-filled sands in the shallow
subsurface with the associated underlying pull-up. The gray
line delineates the base of the pull-up. FIG. 10B illustrates
the isolation of the pull-up in cross section, which is
calculated by filtering the laterally extensive subsurface
digital image. Filtering the laterally extensive subsurface
digital image 900 in FIG. 9 to generate the pull-up digital
image 1100 in FIG. 11 includes using a filter 1050 as
illustrated in FIG. 10B. The filter 1050 may be a spatial filter,
a temporal filter, or any combination thereof. In some
embodiments, the filter 1050 may be a Gaussian Regional/
Residual Filter. In some embodiments, the filter may be a
Lowpass Filter. In some embodiments, the filter may be a
Highpass Filter. In some embodiments, the filter may be a
Bandpass Filter. In some embodiments, the filter may be a
Directional Cosine Filter. In some embodiments, the filter
may be any combination thereof, such as both the Residual
Filter and the Directional Cosine Filter. More information
about filters that may be utilized can be found in the
following publications: GEOSOFT INC., “montaj Geophys-
ics How-To Guide”, Jan. 16, 2013, pages 1-14 and GEO-
SOFT INC., “Applying Filters with montaj”, Jan. 16, 2013,
pages 1-13, both which are incorporated herein by reference
in their entirety and for all purposes. One conceptual
example of using the filter 1050 on the laterally extensive
subsurface digital image 900 to isolate pull-up 1055 (such as
the pull-up 1020, 1030, 1040 in FIG. 10A) is illustrated in
FIG. 10B. The computing system 200 may automatically
filter the laterally extensive subsurface digital image to
generate the pull-up image by conducting a Fourier Decom-
position on the laterally extensive subsurface digital image.

[0116] Another example of a pull-up digital image is
illustrated as digital image 1205 in FIG. 12A. The digital
image 1205 relies on a seismic section 1210 illustrated in
FIG. 12A, where clathrate-filled sands 1220 are responsible
for the pull-up. Other examples of pull-up are illustrated on
seismic sections 1225, 1230, 1235, 1240, 1245, and 1250 are
illustrated on FIGS. 12B, 12C, 12D, 12E, 12F, and 12G,
where clathrate-filled sands 1260, 1265, 1270, 1275, 1280,
1285 and 1290 are responsible for the underlying pull-up.
The circles identify clathrate-filled sands and the arrows
indicate pull-ups.

[0117] At 330, the method 300 includes generating a
coarse-grained sediment digital image from the seismic data
within the clathrate stability zone. Digital image 1310 in
FIG. 13B is one example of a coarse-grained sediment
digital image. The coarse-grained sediment digital image
1310 may include coarse-grained sediment such as sand, silt,
gravel, or any combination thereof. The coarse-grained
sediment digital image 1310 may include other coarse-
grained sediments. Generating the coarse-grained sediment
digital image 1310 may include using amplitude, imped-
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ance, a seismic attribute, reflectivity, or any combination
thereof as illustrated at 1320. At 1320, reflectivity and
impedance may be determined by the values of reflections
on reflectivity and impedance data, respectively. A seismic
attribute may be an extracted value derived from seismic
data that can be used to enhance information that appears
more subtle on a traditional seismic digital image. Examples
of a seismic attribute include coherence, spectral decompo-
sition, sweetness, attenuation, curvature, or any combination
thereof. Other seismic attributes may also be used. Seismic
attributes are available from the following vendors: Para-
digm Limited, Schlumberger Limited, Landmark business
line from Halliburton Company, Compagnie Générale de
Géophysique-Veritas, dGB Earth Sciences B.V., Foster
Findlay Associates Limited, etc. Seismic attributes may also
be available from other vendors or third parties. The com-
puting system 200 may automatically generate the coarse-
grained sediment digital image 1310 from the seismic data
of the digital image 400 by identifying a desired value of
amplitude on reflectivity and impedance data. In addition to
the desired value of amplitude, the computing system 200
may automatically generate the coarse-grained sediment
digital image 1310 using a seismic attribute defined by a
desired value. The digital image 1310 is related to amplitude
changes in reflectivity and impedance at 1320.

[0118] FIG. 13C provides a digital image 1330, which is
another example of a pull-up digital image 1330 that may be
generated by filtering (e.g., with the filter 1050 of FIG. 10B)
the laterally extensive subsurface digital image 900 of FIG.
9. The pull-up digital image 1330 is illustrated in a 3D view,
but it is not limited to a 3D view. FIG. 13C illustrates the
pull-up 1340 of the digital image 900 minus the filter 1050,
which results in the pull-up digital image 1330. FIG. 13A
illustrates the digital images 1310 and 1330 in context.

[0119] At 335, the method 300 includes spatially super-
imposing the coarse-grained sediment digital image and the
pull-up digital image to generate a combined digital image.
For example, digital image 1400 in FIG. 14A is one example
of a combined digital image. The combined digital image
1400 is generated by superimposing the coarse-grained
sediment digital image 1310 and the pull-up digital image
1330. In some embodiments, the pull-up digital image 1330
may be spatially superimposed over the coarse-grained
sediment digital image 1310. In some embodiments, only
the pull-up digital image 1330 may be used. The computing
system 200 may automatically spatially superimpose
(matching geospatial references) the coarse-grained sedi-
ment digital image 1310 and the pull-up digital image 1330
to create the combined digital image 1400. The combined
digital image 1400 is used to detect clathrate presence:
higher values of pull-up in the pull-up digital image 1330
and in amplitude/impedance in the coarse-grained sediment
digital image 1310 indicate a higher clathrate concentration
1410.

[0120] At 340, the method 300 to determine an overlap
region from the combined digital image where the pull-up
digital image and coarse-grained sediment digital image
overlap, wherein the overlap region is indicative of a clath-
rate deposit. Moreover, one region of overlap may have a
higher clathrate concentration when compared to another
region of overlap. In some embodiments, multiple overlap
regions (regions of overlap) may be determined in the
combined digital image. As indicated herein, higher values
of both pull-up in the pull-up digital image and reflectivity/
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impedance in the coarse-grained sediment digital image
indicate higher clathrate concentrations. The computing
system 200 may automatically determine a region of overlap
in the combined digital image by using thresholds indicative
of clathrate deposits.

[0121] One real example of a coarse-grained sediment
digital image 1420, a pull-up digital image 1430, and a
combined digital image 1440 are illustrated in FIG. 14B. In
this example, the images are created from both 3D and 2D
data, and illustrate the coarse-grained sediment digital image
1420 having a ribbon-like deposit. The deposit creates a
pull-up, seen on the pull-up digital image 1430. When the
two images are overlapped, the combined digital image
1440 illustrates a clathrate deposit with the highest clathrate
concentration found at the overlap regions 1450 and 1460.
[0122] Optionally, the method 300 includes converting the
laterally extensive subsurface digital image from TWTT to
depth as illustrated at 345. For example, the laterally exten-
sive subsurface digital image 1510 of FIG. 15A may be
converted from TWTT by the computing system 200 via a
velocity model, which will result in removing the seatloor
from the laterally extensive subsurface digital image 1520 of
FIG. 15B (at 360 of the method 300). The method 300 may
also include converting the seismic data 400 (at 350 of the
method 300), the laterally extensive subsurface digital
image 800 (at 345 of the method 300), the pull-up digital
image 1100 (at 355 of the method 300), or any combination
thereof, into depth. Similarly, the method 300 may also
include removing a land surface or seafloor artifact from the
seismic data (at 365 of the method 300), the laterally
extensive subsurface digital image (at 370 of the method
300), the pull-up digital image (at 360 of the method 300),
or any combination thereof.

[0123] Optionally, one example of verifying the identified
clathrate deposit (e.g., clathrate-filled sediments or sands)
exist in the overlap region (i.e., the identified clathrate
deposit) is by using data from a wellbore. A hypothetical
wellbore A 1610 and a wellbore B 1620 are illustrated in
FIG. 16A to facilitate the discussion both background
sound-wave speed 1630 and clathrate sound-wave speed
1640. If a hypothetical wellbore A 1610 is drilled through
non-clathrate sediment and a hypothetical wellbore B 1620
is drilled through clathrate sediments, as illustrated in FIG.
16A, the background sound-wave speed 1630 through the
non-clathrate sediments increases in a linear fashion as
illustrated in FIG. 16B. Yet, the clathrate sound-wave speed
1640 increases in a nonlinear manner as illustrated in FIG.
16C.

[0124] One example of the response of clathrate-filled
sands is shown in FIG. 17A and FIG. 17B, where the seismic
response of the clathrate-filled sands 120 is associated with
wellbore B 1620 and an increase in reflectivity 1710 and an
increase in impedance 1720. Thus, an increase in reflectivity
1710 and an increase in impedance 1720 indicates clathrate-
filled sands 120 and can be used to generate a coarse-grained
sediment digital image 1310, such as example coarse-
grained sediment digital image 1420 in FIG. 14B. The
digital image 1420 is illustrated in map view, but it is not
limited to map view. Also, the coarse-grained sediment
digital image 1420 does not need to include any wellbores.
[0125] Turning to FIG. 18, this figure illustrates one
embodiment of a method of producing hydrocarbons,
referred to as a method 1800. At 1805, the method 1800
includes obtaining post stack seismic data. For example, a
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user may obtain the post stack seismic data from a vendor or
otherwise cause the seismic data to be obtained. The post
stack seismic data may be sent, for example, to the com-
puting system 200 as the seismic data 224.

[0126] At 1810, the method 1800 includes obtaining an
overlap region from a combined digital image, where the
overlap region is indicative of a clathrate deposit, and where
the combined digital image is produced by steps including:
generating a land surface or seafloor digital image from the
post-stack seismic image; determining a clathrate stability
zone from the land surface of sea floor digital image;
generating a laterally extensive subsurface digital image
from the seismic data that is within or below the clathrate
stability zone; filtering the laterally extensive subsurface
digital image to generate a pull-up digital image; generating
a coarse-grained sediment digital image from the seismic
data within the clathrate stability zone; spatially superim-
posing the coarse-grained sediment digital image and the
pull-up digital image to generate a combined digital image;
and determining the overlap region from the combined
digital image where the pull-up digital image and the
coarse-grained sediment digital image overlap. For example,
these items are discussed hereinabove.

[0127] At 1815, the method 1800 includes making a
decision regarding a wellbore location based on the identi-
fied clathrate deposit, drilling a wellbore at the wellbore
location, and producing the hydrocarbons via the wellbore.
Making the decision regarding the wellbore location based
on the identified clathrate deposit may include the latitude,
longitude, depth, etc. of the wellbore, for example, based on
the configuration of the wellbore (e.g., U-shaped, vertical,
deviated, etc.). In some embodiments, decisions regarding a
plurality of wellbores locations may be made and a plurality
of wellbores may be drilled at the plurality of wellbore
locations.

[0128] In some embodiments, the decision regarding the
wellbore location may be based on producing the hydrocar-
bons from the identified clathrate deposit. If the desired
outcome is to produce hydrocarbons from the identified
clathrate deposit, then the user may decide on the location of
at least one wellbore in order to produce the hydrocarbons
from the identified clathrate deposit. Those of ordinary skill
in the art will appreciate that practically any technique for
producing hydrocarbons from a clathrate deposit may be
used.

[0129] In some embodiments, the decision regarding the
wellbore location may be based on producing the hydrocar-
bons from the identified clathrate deposit and another
deposit. In some embodiments, the desired outcome may
include producing hydrocarbons from both the identified
clathrate deposit and the other deposit. The identified clath-
rate deposit may be at a shallower depth than the other
deposit (e.g., hydrocarbon deposit having oil), in other
words, the other deposit may be deeper than the identified
clathrate deposit. Hydrocarbons may be produced from both
the identified clathrate deposit and the other deposit as
discussed in the following patent application assigned to
Chevron U.S.A. Inc.: US Patent App. No. 2015/0090455,
which is incorporated herein by reference in its entirety and
for all purposes.

[0130] As described in US Patent App. No. 2015/0090455,
a first hydrocarbon wellbore may be drilled and operated to
extract hydrocarbons from a hydrocarbon reservoir. The
temperature of the hydrocarbons in the hydrocarbon reser-
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voir may be naturally greater than the temperature of a
clathrate deposit in the form of a natural gas hydrate
reservoir. A pump operates to draw the hydrocarbons from
the hydrocarbon reservoir and through the hydrocarbon
wellbore. The hydrocarbon wellbore is connected to another
well, such as through a conduit, and the extracted hydro-
carbon is then supplied through the conduit into the other
wellbore. While flowing through the other well, heat is
transferred from the hydrocarbons into the natural gas
hydrate reservoir, forming a heated portion. The hydrocar-
bons exit in the other well. After the heating, the other
wellbore may be disconnected from the hydrocarbon well by
removing the conduit. The other wellbore is then perforated
with apertures and the apertures permit the natural gas
hydrate to be drawn into the other wellbore. Another pump
operates to draw the natural gas hydrate water out of the
natural gas hydrate reservoir into the other wellbore through
the apertures. The natural gas hydrate water exits in the other
wellbore. As such, two wellbores may be drilled at two
wellbore locations to allow for production of hydrocarbons
from both the clathrate deposit (in the form of a natural gas
hydrate reservoir in this example) and another deposit (in the
form of a hydrocarbon reservoir in this example). Those of
ordinary skill in the art will appreciate that practically any
technique for producing hydrocarbons from a clathrate
deposit and the other deposit may be used.

[0131] In some embodiments, the decision regarding the
wellbore location may be based on producing the hydrocar-
bons from another deposit, where the other deposit and the
identified clathrate deposit are different. If the desired out-
come is to produce hydrocarbons from another deposit
having hydrocarbons, and avoid the identified clathrate
deposit, then the user may decide on the location of at least
one wellbore in order to produce the hydrocarbons from the
other deposit. A wellbore location(s) for an injection well-
bore(s) and a wellbore location(s) for a production wellbore
(s) may be decided upon and drilled in order to produce
hydrocarbons from the other deposit. To produce the hydro-
carbons from the other deposit, those of ordinary skill in the
art may use waterflooding, enhanced oil recovery (EOR),
any combination thereof, etc. Examples of EOR operations
or EOR applications include, for example, miscible gas
injection (which includes, for example, carbon dioxide
flooding), chemical injection (sometimes referred to as
chemical enhanced oil recovery (CEOR), and which
includes, for example, polymer flooding, alkaline flooding,
surfactant flooding, conformance control operations, as well
as combinations thereof (such as alkaline-polymer flooding
or alkaline-surfactant-polymer flooding), microbial injec-
tion, and thermal recovery (which includes, for example,
cyclic steam, steam flooding, and fire flooding). In some
embodiments, the EOR operation can include a polymer (P)
flooding operation, an alkaline-polymer (AP) flooding
operation, a surfactant-polymer (SP) flooding operation, an
alkaline-surfactant-polymer (ASP) flooding operation, a
conformance control operation, or any combination thereof.
Those of ordinary skill in the art will appreciate that prac-
tically any technique for producing hydrocarbons from the
other deposit may be used.

[0132] In addition to making at least one decision regard-
ing a wellbore location, in some embodiments, at least one
decision regarding the following may also be made: quantity
of wellbores, configuration of the wellbore(s) to be drilled,
selection of completion equipment, selection of fluids, etc.
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[0133] After production of the hydrocarbons begins, with
the hydrocarbons as hydrates only, non-hydrate hydrocar-
bons only, or both hydrates and non-hydrate hydrocarbons,
those of ordinary skill in the art will appreciate that various
other techniques may be used. For example, four dimen-
sional (4D) may be used after production begins, as well as
any other appropriate technique.

[0134] In some embodiments, the method 1800 may also
include verifying presence of the identified clathrate deposit
in cross section, map view, or any combination thereof.
Furthermore, the method 1800 may also include verifying
presence of the identified clathrate deposit using well data.
The method 1800 may also include other modifications.

[0135] Clathrate Deposit Quantification Using Seismic
Data—
[0136] Provided herein are embodiments of a method, a

system, and a program product for quantifying a clathrate
deposit in a subsurface from seismic data. In one embodi-
ment, the method includes determining a maximum and a
minimum value of a pull-up, wherein the pull-up is from a
digital image that includes the pull-up; estimating a sound-
wave speed of a clathrate deposit causing the pull-up and a
sound-wave speed of a background deposit, wherein the
clathrate deposit and the background deposit are different;
calculating a gross clathrate thickness using the maximum
value of the pull-up, the minimum value of the pull-up, the
sound-wave speed of the clathrate deposit, and the sound-
wave speed of the background deposit; using the sound-
wave speed of the clathrate deposit to establish a relation-
ship with clathrate concentration value; and determining a
net clathrate thickness using a product of the gross clathrate
thickness and the clathrate concentration value.

[0137] Advantageously, those of ordinary skill in the art
may appreciate that the embodiments provided herein rely
on a seismic data-driven approach to quantify the clathrate
deposit. The seismic data-driven approach does not require
any prior geophysical knowledge of the subsurface, for
example, the following are not required: well data, core
samples, tomographic information, velocity measurements,
velocity models, smoothed velocity models, or anomalous
velocity models. The seismic data-driven approach also does
not require any geologic knowledge of the subsurface, for
example, the following are not required: digital images of
subsurface sand and shale deposits, digital images of the
configuration and geometry of the subsurface, or knowledge
about porosity or permeability trends. Moreover, the seismic
data-driven approach makes no assumption of the subsur-
face and can be utilized in practically any area (e.g., onshore,
offshore—shallow water or deep water, etc.), with few to no
wellbores or associated well data. If desired, well data, etc.
may be used as one methodology to verify a clathrate deposit
quantification that is determined with the embodiments
herein, but no well data, etc. is necessary. As such, quanti-
tative methods, such as inversions or simulations, are unnec-
essary to quantify a clathrate deposit, based on the technique
provided herein.

[0138] Advantageously, those of ordinary skill in the art
will appreciate that decisions may be made regarding well-
bore location and wellbore quantity based on the quantifi-
cation of the clathrate deposit. If the desired outcome is to
produce the quantified clathrate deposit, those of ordinary
skill in the art will appreciate that decisions about where to
drill one or more wellbores can be made based on the
quantity of the clathrate deposit. If the desired outcome is to
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produce the quantified clathrate deposit, those of ordinary
skill in the art will appreciate that decisions about how many
wellbores to drill can be made based on the quantity of the
clathrate deposit. For example, a clathrate deposit with a
larger quantity of clathrates may lead to the selection of a
higher number of wellbore locations and drilling a higher
number of wellbores as compared to a clathrate deposit with
a smaller quantity of clathrates. If the desired outcome is to
avoid the quantified clathrate deposit, those of ordinary skill
in the art will appreciate that the quantity of that clathrate
deposit can be used to make decisions about where not to
drill wellbores or where to drill wellbores so as to avoid the
quantity of the clathrate deposit. Furthermore, if the desired
outcome is to avoid the clathrate deposit, those of ordinary
skill in the art will appreciate that decisions about how many
wellbores to drill can be made to avoid the quantity of the
clathrate deposit.

[0139] Additionally, those of ordinary skill in the art will
appreciate that decisions about which completions, compo-
nents, fluids, etc. to select for the one or more wellbores to
be drilled, including the configuration of the one or more
wellbores (e.g., vertical, horizontal, etc.), can also be made
based on the quantity of the clathrate deposit. For example,
casing, tubing, packers, heaters, sand screens, gravel packs,
items for fines migration, etc. may be selected based on the
quantity of the clathrate deposit. Moreover, methodologies
to produce the clathrate deposit may also be selected based
on the quantity of the clathrate deposit. Some methodologies
and devices that may be used to produce the clathrate
deposit, such as a hydrate deposit, are provided in the
following patents and patent applications assigned to Chev-
ron U.S.A. Inc.: US Patent App. No. 2015/0090455, U.S.
Pat. No. 7,812,203, US Patent App. No. 2008/0102000, U.S.
Pat. No. 7,964,150, U.S. Pat. No. 8,201,626, and U.S. Pat.
No. 7,537,058, all of which are incorporated herein by
reference in their entirety and for all purposes.

[0140] Advantageously, those of ordinary skill in the art
will appreciate that other decisions may also be made based
on the quantity of the clathrate deposit. For example, deci-
sions may be made regarding prioritization of hydrocarbon
production drilling projects, resource management, etc. to
focus efforts on producing clathrate deposits that have
higher quantities of clathrates. In short, those of ordinary
skill in the art will appreciate that the options are many and
making proper decisions based on the quantity of the clath-
rate deposit should improve the likelihood of safe and
reliable operations.

[0141] Furthermore, the quantity of a clathrate deposit
(e.g., a clathrate deposit identified by the methodologies
described herein) may be used to make decisions about
producing hydrocarbons from the clathrate deposit only,
from the clathrate deposit and another deposit, or from the
other deposit only as discussed hereinabove.

[0142] Turning to FIG. 19, this figure illustrates one
embodiment of a method of quantitying a clathrate deposit
in a subsurface using seismic data, referred to as a method
1900. The method 1900 may be executed by the computing
system 200 of FIG. 2. Those of ordinary skill in the art will
appreciate that the clathrate deposit (e.g., the clathrate filled
sands 120) identified by the method 300 in FIG. 3 may be
quantified via the method 1900 without any well data and
without any drilled wellbores. Indeed, the method 1900 is
seismic data-driven and makes no assumptions. If the
desired outcome is to produce the clathrate deposit (e.g., the
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clathrate filled sands 120), those of ordinary skill in the art
will also appreciate that one or more wellbores will have to
be drilled in order to truly confirm the quantity of the
clathrate deposit (e.g., the clathrate filled sands 120) and
produce the clathrate deposit (e.g., the clathrate filled sands
120). However, those of ordinary skill in the art will also
appreciate that the method 1900 may be executed indepen-
dently and without execution of the method 300 of FIG. 3.
Thus, a clathrate deposit may be identified and quantified
with the techniques provided herein in some embodiments,
or a clathrate deposit may be only identified with the
techniques provided herein in some embodiments, or a
clathrate deposit may be only quantified with the techniques
provided herein in some embodiments.

[0143] At 1905, the method 1900 includes determining a
maximum and a minimum value of a pull-up, wherein the
pull-up is from a digital image that includes the pull-up. An
example of the digital image that includes the pull-up may
be a combined digital image, such as the combined digital
image 2010 that is illustrated in FIG. 20A (from FIG. 14A).
The FIG. 20A uses an example of a 10 m and 100 m thick
pull-up, and is the basis for the running quantification
example in FIGS. 20A, 20B, FIG. 21A, and FIG. 21B.
Alternatively, the combined digital image from FIG. 14B
may be used. Those of ordinary skill in the art will appre-
ciate that practically any combined digital image generated
by spatially superimposing a coarse-grained sediment digital
image and a pull-up digital image may be used.

[0144] Alternatively, the digital image that includes the
pull-up may be a pull-up digital image (e.g., the pull-up
digital image 1330 of FIG. 13C or FIG. 14B). Those of
ordinary skill in the art will appreciate that practically any
pull-up digital image that is generated by filtering a laterally
extensive subsurface digital image may be used.

[0145] In some embodiments, the digital image with the
pull-up may be generated with techniques disclosed herein
or not generated with the techniques disclosed herein. Fur-
thermore, in some embodiments, the digital image with the
pull-up may have been previously determined and it may
simply be received at 1905. The computing system 200 may
automatically determine a range of values for the pull-up of
the combined digital image 2010 of FIG. 20A, including the
minimum value of the pull-up and the maximum value of the
pull-up. In the running quantification example starting at
FIG. 20A, the minimum value is 10 m for the pull-up and the
maximum value is 100 m for the pull-up.

[0146] At 1910, the method 1900 includes estimating a
sound-wave speed of a clathrate deposit causing the pull-up
and a sound-wave speed of a background deposit, wherein
the clathrate deposit and the background deposit are differ-
ent. The sound-wave speed may be determined via modeled
values of the corresponding deposits, or from measured
values if a wellbore has been drilled. For example, for
modeled values, the sound-wave speed may be estimated by
inferring the concentration relative to the speed of pure
clathrates (3.3-3.8 km/s). For example, for direct values, the
sound-wave speed could be based on borehole measure-
ments, such as sonic or sound-wave speed. The computing
system 200 may estimate the sound-wave speeds, and in
some embodiments, a user may confirm the accuracy of the
sound-wave speed estimates generated by the computing
system 200 before proceeding to the next step. In the
running quantification example, as illustrated at FIG. 20B,
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the sound-wave speed of the clathrate deposit is 2 while the
sound-wave speed of the background deposit is 1.

[0147] At 1915, the method 1900 includes calculating a
gross clathrate thickness using the maximum value of the
pull-up, the minimum value of the pull-up, the sound-wave
speed of the clathrate deposit, and the sound-wave speed of
the background deposit. FIG. 20B illustrates a formula to
calculate gross clathrate thickness and is listed as follows:
T =Pu/[(S/S,)-1], where T, is the gross clathrate thick-
ness (m or ft); Pu is the pull-up (m or ft); S, is clathrate
sound-wave speed (m/s or ft/s); and S, is background
sound-wave speed (m/s or ft/s). Sound-wave speed is regu-
larly measured in m/s or ft/s, but is not limited to m/s or ft/s.
The gross clathrate thickness may be calculated as a range
to account for variability. The gross clathrate thickness may
be a single value in some embodiments (e.g., if a wellbore
was drilled and the sound-wave speed of the clathrate
deposit is known with high certainty), or a single average
value in some embodiments, or even a range of values in
some embodiments. The computing system 200 may auto-
matically generate the gross clathrate thickness using this
formula. In the running quantification example, the gross
clathrate thickness has a range of about 11 m and about 110
m

[0148] At 1920, the method 1900 includes using the
sound-wave speed of the clathrate deposit to establish a
relationship with clathrate concentration to generate a clath-
rate concentration value. FIG. 21A illustrates a linear rela-
tionship of clathrate sound-wave speed versus concentration
2100, but the relationship is not limited to a linear relation-
ship. For example, an exponential relationship, a power law
relationship, or any other nonlinear relationship may be used
in some embodiments. In some embodiments, some assump-
tions may be made regarding relative clathrate concentra-
tion, as one sound wave speed can have two concentrations
(e.g., concentrations y and z as illustrated in FIG. 21A). The
clathrate concentration value may be a single value in some
embodiments, or a single average value between y and z in
some embodiments, or even a range of values of y and z in
some embodiments. Nonetheless, the clathrate concentration
value should be determined for use in calculating the net
clathrate thickness. In some embodiments, numbers closer to
the z value may be more appropriate due to clathrate growth
habitat. The more accurate the sound-wave speed of the
clathrate deposit and the knowledge of the growth of clath-
rates in that habitat (e.g., if a wellbore is drilled), the more
accurate the clathrate concentration value. More information
may be found in Dai, et al., “Detection and estimation of gas
hydrates using rock physics and seismic inversion:
Examples from the northern deepwater Gulf of Mexico”,
The Leading Edge, pp. 60-66 (January 2004), which is
incorporated herein by reference in its entirety. In the
running quantification example, the clathrate concentration
value of y is 0.15 and the clathrate concentration value of z
is 0.85. Thus, in this running quantification example, the
clathrate concentration value has a range of about 0.15 and
about 0.85.

[0149] At 1925, the method 1900 includes determining a
net clathrate thickness using a product of the gross clathrate
thickness and the clathrate concentration value. FIG. 21B
illustrates a formula to calculate net clathrate thickness and
is listed as follows: T, =T *C, where T, is the net clathrate
thickness; T, is the gross clathrate thickness; and C is the
clathrate concentration value. The net clathrate thickness
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indicates the quantity of clathrates in the clathrate deposit, or
at least a more accurate estimate of the quantity of clathrates
in the deposit, which can be confirmed by drilling a wellbore
and producing the clathrate deposit. The net clathrate thick-
ness may be calculated as a range to account for variability.
The net clathrate thickness may be a single value in some
embodiments (e.g., if a wellbore was drilled and the sound-
wave speed of the clathrate deposit is known with high
certainty), or a single average value in some embodiments,
or even a range of values in some embodiments. The
computing system 200 may automatically generate the net
clathrate thickness using this formula. In the running quan-
tification example, the net clathrate thickness has a range of
about 1.65 m and about 93.5 m.

[0150] Turning to FIG. 22, this figure illustrates one
embodiment of a method of producing hydrocarbons,
referred to as a method 2200. At 2205, the method 2200
includes obtaining post stack seismic data. For example, a
user may obtain the post stack seismic data from a vendor or
otherwise cause the seismic data to be obtained. The post
stack seismic data may be sent, for example, to the com-
puting system 200 as the seismic data 224.

[0151] At 2210, the method 2200 includes obtaining a net
clathrate thickness for a clathrate deposit, and wherein the
net clathrate thickness is produced by steps including:
determining a maximum and a minimum value of a pull-up,
wherein the pull-up is from a digital image that includes the
pull-up; estimating a sound-wave speed of the clathrate
deposit causing the pull-up and a sound-wave speed of a
background deposit, wherein the clathrate deposit and the
background deposit are different; calculating a gross clath-
rate thickness using the maximum value of the pull-up, the
minimum value of the pull-up, the sound-wave speed of the
clathrate deposit, and the sound-wave speed of the back-
ground deposit; using the sound-wave speed of the clathrate
deposit to establish a relationship with clathrate concentra-
tion value; and determining a net clathrate thickness using a
product of the gross clathrate thickness and the clathrate
concentration value. The net clathrate thickness is indicative
of a quantity of clathrates in the clathrate deposit. For
example, these items are discussed hereinabove. For
example, the digital image that includes the pull-up may be
based on the seismic data.

[0152] At 2215, the method 2200 includes making a
decision regarding a wellbore location based on the quantity
of the clathrate deposit, drilling a wellbore at the wellbore
location, and producing the hydrocarbons via the wellbore.
In some embodiments, decisions regarding a plurality of
wellbores locations may be made and a plurality of well-
bores may be drilled at the plurality of wellbore locations. In
some embodiments, the decision regarding the wellbore
location is based on producing the hydrocarbons from the
quantified clathrate deposit. In some embodiments, the deci-
sion regarding the wellbore location is based on producing
the hydrocarbons from another deposit (e.g., another hydro-
carbon deposit), and wherein the other deposit (e.g., another
hydrocarbon deposit) and the quantified clathrate deposit are
different. The “other deposit” can be the background deposit
or practically any other deposit. In some embodiments, the
decision regarding the wellbore location is based on pro-
ducing the hydrocarbons from both the quantified clathrate
deposit and the other deposit (e.g., another hydrocarbon
deposit), wherein the other deposit and the quantified clath-
rate deposit are different. The quantity of the clathrate
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deposit may be verified, for example, by drilling one or more
wellbores, from well data, etc. In addition to wellbore
location, many decisions can be made based on the quantity
of the clathrate deposit, such as, (a) prioritization decisions
so as to pursue deposits with higher quantities earlier that
deposits with smaller quantities, (b) decisions about which
completions, components, fluids, etc. to select for one or
more wellbores to be drilled, including the configuration of
the one or more wellbores (e.g., vertical, horizontal, etc.),
based on the quantity of the quantified clathrate deposit, etc.

[0153] Embodiments of the present disclosure can be
implemented as a computer process (method), process
(method), a computing system, or as an article of manufac-
ture, such as a computer program product or computer
readable media. The term computer readable media as used
herein may include computer storage media. Computer
storage media may include volatile and nonvolatile, remov-
able and non-removable media implemented in any method
or technology for storage of information, such as computer
readable instructions, data structures, or program modules.
Computer storage media may include RAM, ROM, electri-
cally erasable read-only memory (EEPROM), flash memory
or other 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 article of manufacture which
can be used to store information and which can be accessed
by the computing system 200, above. Computer storage
media does not include a carrier wave or other propagated or
modulated data signal. In some embodiments, the computer
storage media includes at least some tangible features; in
many embodiments, the computer storage media includes
entirely non-transitory components.

[0154] The description and illustration of one or more
embodiments provided in this application are not intended to
limit or restrict the scope of the invention as claimed in any
way. The embodiments, examples, and details provided in
this disclosure are considered sufficient to convey posses-
sion and enable others to make and use the best mode of
claimed invention. The claimed invention should not be
construed as being limited to any embodiment, example, or
detail provided in this application. Regardless whether
shown and described in combination or separately, the
various features (both structural and methodological) are
intended to be selectively included or omitted to produce an
embodiment with a particular set of features. Having been
provided with the description and illustration of the present
application, one skilled in the art may envision variations,
modifications, and alternate embodiments falling within the
spirit of the broader aspects of the claimed invention and the
general inventive concept embodied in this application that
do not depart from the broader scope. For instance, such
other examples are intended to be within the scope of the
claims if they have structural or methodological elements
that do not differ from the literal language of the claims, or
if they include equivalent structural or methodological ele-
ments with insubstantial differences from the literal lan-
guages of the claims, etc. All citations referred herein are
expressly incorporated herein by reference. For example,
U.S. Non-Provisional patent application Ser. No.
(Chevron Docket No. T-10434) with the title “METHODS
AND SYSTEMS FOR IDENTIFYING A CLATHRATE
DEPOSIT” and filed on the same date as U.S. Non-Provi-
sional patent application Ser. No. (Chevron Docket
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No. T-10435) with the title “METHODS AND SYSTEMS
FOR QUANTIFYING A CLATHRATE DEPOSIT” are both
incorporated herein by reference in their entirety.

1. A method of quantifying a clathrate deposit in a
subsurface from seismic data, the method comprising using
a computing system in:

determining a maximum and a minimum value of a

pull-up, wherein the pull-up is from a digital image that
includes the pull-up;

estimating a sound-wave speed of a clathrate deposit

causing the pull-up and a sound-wave speed of a
background deposit, wherein the clathrate deposit and
the background deposit are different;

calculating a gross clathrate thickness using the maximum

value of the pull-up, the minimum value of the pull-up,
the sound-wave speed of the clathrate deposit, and the
sound-wave speed of the background deposit;

using the sound-wave speed of the clathrate deposit to

establish a relationship with clathrate concentration
value; and

determining a net clathrate thickness using a product of

the gross clathrate thickness and the clathrate concen-
tration value.

2. The method of claim 1, wherein the sound-wave speed
of the background deposit, the sound-wave speed of the
clathrate deposit, or both vary in three dimensions.

3. The method of claim 1, wherein estimating the gross
clathrate thickness includes using a formula, wherein the
formula is: T_,=Pw/[(S./S,)-1], where T _,=the gross clath-
rate thickness (m or ft), Pu=the pull-up (m or ft), S_=the
sound-wave speed of the clathrate deposit, S,=the sound-
wave speed of the background deposit.

4. The method of claim 1, wherein estimating the net
clathrate thickness includes using a formula, wherein the
formula is: T, =T_ *C, where T_, =the net clathrate thick-
ness (m or ft), T ,=the gross clathrate thickness (m or ft),
and C=the clathrate concentration value.

5. The method of claim 1, wherein the digital image that
includes the pull-up is a combined digital image, wherein the
combined digital image is generated by spatially superim-
posing a coarse-grained sediment digital image and a pull-up
digital image.

6. The method of claim 1, wherein the digital image that
includes the pull-up is a pull-up digital image, wherein the
pull-up digital image is generated by filtering a laterally
extensive subsurface digital image.

7. A system of quantifying a clathrate deposit in a sub-
surface from seismic data, the system comprising:

a processor; and

a memory communicatively connected to the processor,

the memory storing computer-executable instructions

which, when executed, cause the processor to perform:

determining a maximum and a minimum value of a
pull-up, wherein the pull-up is from a digital image
that includes the pull-up;

estimating a sound-wave speed of a clathrate deposit
causing the pull-up and a sound-wave speed of a
background deposit, wherein the clathrate deposit
and the background deposit are different;

calculating a gross clathrate thickness using the maxi-
mum value of the pull-up, the minimum value of the
pull-up, the sound-wave speed of the clathrate
deposit, and the sound-wave speed of the back-
ground deposit;
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using the sound-wave speed of the clathrate deposit to
establish a relationship with clathrate concentration
value; and

determining a net clathrate thickness using a product of
the gross clathrate thickness and the clathrate con-
centration value.

8. The system of claim 7, wherein the sound-wave speed
of the background deposit, the sound-wave speed of the
clathrate deposit, or both vary in three dimensions.

9. The system of claim 7, wherein estimating the gross
clathrate thickness includes using a formula, wherein the
formula is: T =Pu/[(8./S,)-1], where T _=the gross clath-
rate thickness (m or ft), Pu=the pull-up (m or ft), S _=the
sound-wave speed of the clathrate deposit, S,=the sound-
wave speed of the background deposit.

10. The system of claim 7, wherein estimating the net
clathrate thickness includes using a formula, wherein the
formula is: T, =T *C, where T,,=the net clathrate thick-
ness (m or ft), T ,=the gross clathrate thickness (m or ft),
and C=the clathrate concentration value.

11. The system of claim 7, wherein the digital image that
includes the pull-up is a combined digital image, wherein the
combined digital image is generated by spatially superim-
posing a coarse-grained sediment digital image and a pull-up
digital image.

12. The system of claim 7, wherein the digital image that
includes the pull-up is a pull-up digital image, wherein the
pull-up digital image is generated by filtering a laterally
extensive subsurface digital image.

13. A computer-readable medium having computer-ex-
ecutable instructions stored thereon which, when executed
by a computing system, cause the computing system to
perform a method of quantifying a clathrate deposit in a
subsurface from seismic data, the method comprising:

determining a maximum and a minimum value of a

pull-up, wherein the pull-up is from a digital image that
includes the pull-up;

estimating a sound-wave speed of a clathrate deposit

causing the pull-up and a sound-wave speed of a
background deposit, wherein the clathrate deposit and
the background deposit are different;

calculating a gross clathrate thickness using the maximum

value of the pull-up, the minimum value of the pull-up,
the sound-wave speed of the clathrate deposit, and the
sound-wave speed of the background deposit;

using the sound-wave speed of the clathrate deposit to

establish a relationship with clathrate concentration
value; and

determining a net clathrate thickness using a product of

the gross clathrate thickness and the clathrate concen-
tration value.

14. The medium of claim 13, wherein the sound-wave
speed of the background deposit, the sound-wave speed of
the clathrate deposit, or both vary in three dimensions.

15. The medium of claim 13, wherein estimating the gross
clathrate thickness includes using a formula, wherein the
formula is: T _,=Pw/[(S./S,)-1], where T _,=the gross clath-
rate thickness (m or ft), Pu=the pull-up (m or ft), S _=the
sound-wave speed of the clathrate deposit, S,=the sound-
wave speed of the background deposit.

16. The medium of claim 13, wherein estimating the net
clathrate thickness includes using a formula, wherein the
formula is: T, =T *C, where T,,=the net clathrate thick-
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ness (m or ft), T ,=the gross clathrate thickness (m or ft),
and C=the clathrate concentration value.

17. The medium of claim 13, wherein the digital image
that includes the pull-up is a combined digital image,
wherein the combined digital image is generated by spatially
superimposing a coarse-grained sediment digital image and
a pull-up digital image.

18. The medium of claim 13, wherein the digital image
that includes the pull-up is a pull-up digital image, wherein
the pull-up digital image is generated by filtering a laterally
extensive subsurface digital image.

19. A method of producing hydrocarbons, the method
comprising:

obtaining a net clathrate thickness for a clathrate deposit,

and wherein the net clathrate thickness is produced by

steps including:

determining a maximum and a minimum value of a
pull-up, wherein the pull-up is from a digital image
that includes the pull-up;

estimating a sound-wave speed of the clathrate deposit
causing the pull-up and a sound-wave speed of a
background deposit, wherein the clathrate deposit
and the background deposit are different;

calculating a gross clathrate thickness using the maxi-
mum value of the pull-up, the minimum value of the
pull-up, the sound-wave speed of the clathrate
deposit, and the sound-wave speed of the back-
ground deposit;
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using the sound-wave speed of the clathrate deposit to
establish a relationship with clathrate concentration
value; and

determining a net clathrate thickness using a product of
the gross clathrate thickness and the clathrate con-
centration value, wherein the net clathrate thickness
is indicative of a quantity of clathrates in the clath-
rate deposit; and

making a decision regarding a wellbore location based on
the quantity of the clathrate deposit, drilling a wellbore
at the wellbore location, and producing the hydrocar-
bons via the wellbore.

20. The method of claim 19, wherein the decision regard-
ing the wellbore location is based on producing the hydro-
carbons from the quantified clathrate deposit.

21. The method of claim 19, wherein the decision regard-
ing the wellbore location is based on producing the hydro-
carbons from another deposit, and wherein the other deposit
and the quantified clathrate deposit are different.

22. The method of claim 19, wherein the decision regard-
ing the wellbore location is based on producing the hydro-
carbons from both the quantified clathrate deposit and the
other deposit, wherein the other deposit and the quantified
clathrate deposit are different.
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