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RESERVOIR PRESSURE TESTING TO DETERMINE HYDRATE COMPOSITION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority benefit under 35 U.S.C. Section 119(e) to U.S.
Provisional Patent Serial No. 61/407,715 filed on October 28, 2010 the entire disclosure of

which is incorporated herein by reference.

FIELD OF THE INVENTION
[0002] The present invention relates to a method and system for identifying one or more

characteristics within a subterranean reservoir of natural gas.

BACKGROUND OF THE INVENTION
[0003] A number of hydrocarbons, especially lower boiling-point light hydrocarbons, in
porous media or natural gas fluids, are known to form hydrates in conjunction with the water
present under a variety of conditions—particularly at a combination of lower temperature and
higher pressure. The hydrates are solid crystalline compounds which co-exist with the
surrounding porous media or natural gas fluids. Any solids in produced fluids are at least a
nuisance for production, handling, and transport of these fluids. It is not uncommon for solid
hydrates to cause plugging and/or blockage of pipelines or transfer lines or other conduits, valves
and/or safety devices and/or other equipment, resulting in shutdown, loss of production, and risk
of explosion or unintended release of hydrocarbons into the environment either on-land or off-
shore. Accordingly, hydrocarbon hydrates have been of substantial interest as well as concern to
many industries, particularly the petroleum and natural gas industries.
[0004] Natural gas hydrates are in a class of compounds known as clathrates, and are also
referred to as inclusion compounds. Clathrates consist of cage structures formed between a host
molecule and a guest molecule. Gas hydrates are generally composed of crystals formed by
water host molecules surrounding the hydrocarbon guest molecules. The smaller or lower-boiling
hydrocarbon molecules, particularly C; (methane) to C4 hydrocarbons and their mixtures, are
often the most problematic in the oil and gas industry because they form in hydrate or clathrate
crystals under a wide range of production conditions. Even certain non-hydrocarbons suéh as

carbon dioxide and hydrogen sulfide are known to form hydrates under the proper conditions.



WO 2012/058089 PCT/US2011/057062

Beyond being a problem for production of hydrocarbons, hydrates are being looked at as a
possible energy source.

[0005] At this time the only know method for determining the composition of a hydrate
found in a subterranean reservoir is to monitor the composition of gases released by the
dissociation of the hydrate. This is accomplished either by sampling a hydrate-bearing core that
was brought to the surface, or by collected gases in the subterranean reservoir. Preservation of
hydrate-bearing cores as they are brought to the surface in coring devices is problematic as the
surrounding temperatures and pressures fall outside the thermodynamic stability zones. While
some hydrate remains in the core there is concern that it does not represent the composition of
the original. The collection of gas samples in a borehole with the intent of bringing the sample to
the surface for analysis is also difficult, especially in obtaining an uncontaminated sample.
Therefore, a need exists for identifying one or more characteristics, including the composition of

the actual hydrate, within the subterranean reservoir.

SUMMARY OF THE INVENTION

[0006] In an embodiment, a method for determining one or more characteristics of a
subterranean reservoir includes: (a) injecting a releasing agent into the subterranean reservoir; (b)
determining an initial pressure within a subterranean reservoir; (c) reducing the pressure within
the subterranean reservoir; and (d) stabilizing the pressure in the subterranean reservoir, wherein
steps (c) — (d) are repeated.

[0007] In another embodiment, a method for determining one or more characteristics of a
subterranean reservoir includes: (a) inserting a formation testing tool into the subterranean
reservoir; (b) allowing the formation testing tool to equilibrate with the subterranean reservoir;
(c) injecting a releasing agent into the subterranean reservoir; (d) determining an initial pressure
reduction within a subterranean reservoir, wherein the initial pressure is greater than a stability
value; (e) reducing the pressure within the subterranean reservoir, wherein the pressure is
incrementally reduced; and (f) stabilizing the pressure in the subterranean reservoir, wherein
steps (e) — (f) are repeated.

[0008] In yet another embodiment, a method for determining one of more characteristics
of a subterranean reservoir, includes: (a) installing a formation testing tool into the subterranean
reservoir; (b) allowing the formation testing tool to equilibrate with the subterranean reservoir;

(c) injecting a releasing agent into the subterranecan reservoir, wherein the releasing agent
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reduces the pressure within the subterranean reservoir; (d) determining an initial pressure
reduction of the subterranean reservoir, wherein the initial pressure is determined by a gas
hydrate stability zone of a pure methane hydrate, wherein the initial pressure is greater than a
stability value; (¢) reducing the pressure within the subterranean reservoir, wherein the pressure
is incrementally reduced; (f) obtaining a series of pressure measurements within the subterranean
reservoir, wherein the series of pressure measurements is indicative of at least one characteristic
of the subterranean reservoir; and (g) stabilizing the pressure within the subterranean reservoir,
wherein steps (e) — (g) are repeated.

[0009] In a further embodiment, a system for determining hydrate composition including:
(a) a subterranean reservoir, wherein the subterranean reservoir is a hydrate bearing subterranean
reservoir; (b) a pressure reduction means for incrementally reducing the pressure within the
subterranean reservoir; (c¢) a formation testing tool, wherein the formation testing tool is installed
within the subterranean reservoir, wherein the formation testing tool is capable of evaluating the
composition of released fluids and gases from the subterranean reservoir, wherein the formation
testing tool is capable of evaluating the composition of liquids and gases within the subterranean
reservoir; (d) a means for introducing a releasing agent into the subterranean reservoir; and (e) a

means for recovering hydrocarbons from the subterranean reservoir.

DETAILED DESCRIPTION OF THE INVENTION
[0010] It is to be appreciated that this invention is not limited in its application to the
details of construction and the arrangement of components set forth in the following description
or illustrated in the drawings. The invention is capable of other embodiments and of being
practiced or of being carried out in various ways, and the invention is not limited to the examples
presented unless specifically recited in the claims. In addition, it is to be appreciated that the

phraseology and terminology used herein is for the purpose of description and should not be

regarded as limiting. The use of the words "including," "comprising," "having," "containing," or
"involving," and variations thereof herein, is meant to encompass the items listed thereafter and
equivalents thereof as well as additional items.

[0011] From an economic standpoint, it may be of primary importance to distinguish gas
hydrate deposits that have productive potential from those that do not. Liberating gas from
hydrate requires temperature increase, pressure reduction, or inhibitor use. To develop less

ambiguous exploration methods, it may be important to understand the mechanisms by which
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gas hydrate deposits are formed. Given appropriate temperature and pressure conditions, gas
availability may be a primary factor controlling the quantity and distribution of hydrate deposits,
and the nature of a deposit may depend on how gas is delivered to the site of hydrate production.
Gas may be provided to the gas hydrate stability zone in one of three ways, namely by local
production of the gas in the gas hydrate stability zone, migration of gas through pore spaces in
the sediment into the gas hydrate stability zone, and migration of gas through faults or fractures
into the gas hydrate stability zone.

[0012] The hydrate P-T stability envelope for a given gas component is a specific range
of pressure and temperature values defining an area on a P-T plot within which the formation of
a stable gas hydrate for the given gas component occurs. The boundary limit of this area on the
P-T plot is typically defined by a distinct curve. As such, the hydrate P-T stability envelope for
the given gas component is established at higher temperatures and pressures than indicated by
the curve. It is noted that when the curves defining the boundary limits of the hydrate P-T
stability envelopes for two or more distinct pure components are plotted on a single multi-
component hydrate stability graph, portions of the various pure component hydrate P-T stability
envelopes may partially overlap or may lie entirely within the hydrate stability envelope of
another component.

[0013] Hydrate production is often dependent on understanding the composition of the
actual hydrate contained in a subterranean reservoir. As used herein, a subterranean reservoir
may include porous rock or sediments associated with the proper pressure and temperature
conditions necessary to form natural gas hydrates.

[0014] In order to determine one or more characteristics of a subterranean reservoir, one
or more wells are drilled into the subterranean reservoir and into a hydrate-bearing formation. In
an embodiment, the subterranean reservoir may be an open hole, i.e., a hole without a casing
string. In another embodiment, the subterranean reservoir may be a cased hole, i.e., a hole
containing a casing string. If a casing string is used, then the casing string should include
windows or perforations opening directly to the hydrate-bearing formation. Furthermore, one or
more characteristics within the subterranean reservoir may be determined at single point or at an
interval. If it is determined that one or more characteristics of the subterranean reservoir should
be determined at a single point, then a probe or the like may need to be attached to the formation

testing tool. On the other hand, if it is determined that one or more characteristics of the
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subterranean formation should be determined at an interval, then the interval in question should
be isolated from the rest of the well bore. In an embodiment, a packer assembly may be utilized
in the well bore to isolate the interval from the rest of the subterranean reservoir. The thickness
of the interval is determined in part by the specifications of a formation testing tool, including
the location of the packers and the volume of fluids the formation testing tool can hold. In an
embodiment, the interval thickness is between about 1 to about 10 meters. However, the interval
can be smaller or larger than the given range based on the specific interval. After the point or
interval is identified, a formation testing tool is inserted into the subterranean reservoir. As used
herein, a formation testing tool may be utilized for gathering subterranean reservoir data and for
controlling changes in the fluid pressures in the well adjacent to the subterranean reservoir. In an
embodiment, the formation testing tool is capable of gathering subterranean reservoir data for
determining one or more characteristics of the subterranean reservoir. In another embodiment,
the formation testing tool is capable of controlling the pressure around the tool, including
drawing down the ambient reservoir pressure to lesser values. In another embodiment, the
formation testing tool is capable of evaluating the composition of released fluids and gases from
the subterranean reservoir.

[0015] Once the formation testing tool is located in the well bore adjacent to the
subterranean formation of interest, the formation testing tool is allowed to equilibrate with the
fluid pressures of the subterranean reservoir. To determine one or more characteristics within a
subterranean reservoir, including the composition of the hydrates within the subterranean
reservoir, the pressure within a subterranean reservoir is incrementally reduced. Induced hydrate
dissociation during an incremental pressure reduction is used to indicate the hydrate stability P-T
boundary for a hydrate of a given composition. When the pressure drops below the stability
value of the hydrate composition, the hydrates dissociate and release gas and free water. The
amount of hydrate dissociation at a given pressure condition indicates the volume occupied in the
pore space by a hydrate of a particular composition. In one embodiment, the testing occurs on a
subterranean reservoir to determine in-place composition of naturally—formed.hydrate. In another
embodiment, the testing can occur following a releasing agent being injected into the formation
reservoir. The releasing agent contacts the  gas hydrate, resulting in the releasing agent
spontaneously (i.e., without the need for added energy) replacing the gas within the hydrate

formation without requiring a significant change in the temperature, pressure, or volume of the
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hydrate. As the hydrate becomes enriched in the releasing agent as it displaces the original gas
molecules in the hydrate structure, the hydrate releasing agent mixture that surrounds the hydrate
in the subterranean formation pore volume becomes more stable based on the thermodynamic
pressure-temperature relationship. As used herein, the releasing agent may be a compound that
forms a more thermodynamically stable hydrate structure than the gas originally contained
within the hydrate structure. The releasing agent is selected from a group consisting of carbon
dioxide, ethane, xenon, hydrogen sulfide, and mixtures thereof. In an embodiment, the releasing
agent is liquid. In another embodiment, the releasing agent is liquid carbon dioxide.

[0016] After an initial period of releasing agent exchange, the pressure of the well can be
reduced and a series of pressure reduction steps can be used to determine the composition of the
stable hydrate. In an embodiment, the pressure is incrementally reduced. In an embodiment, the
pressure is incrementally reduced between about 1 psi to about 20 psi. In another embodiment,
the pressure is incrementally reduced between about 5 psi to about 15 psi. In yet another
embodiment, the pressure is incrementally reduced by about 10 psi. A series of pressure
measurements is obtained, which are indicative of at least one characteristic of the subterranean
reservoir.

[0017] Further enhancements for testing would include measurement of released fluid
(water, gas, liquid) from the dissociated hydrate during the incremental pressure decrease.
Measurements could include but not limited to composition of the gas or liquid released upon
hydrate dissociation including using measurement techniques such as Raman spectroscopy.
[0018] The preferred embodiment of the present invention has been disclosed and
illustrated. However, the invention is intended to be as broad as defined in the claims below.
Those skilled in the art may be able to study the preferred embodiments and identify other ways
to practice the invention that are not exactly as described in the present invention. It is the intent
of the inventors that variations and equivalents of the invention are within the scope of the claims
below and the description, abstract and drawings not to be used to limit the scope of the

invention.
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CLAIMS
1. A method for determining one or more characteristics of a subterranean reservoir
comprising:
a.  injecting a releasing agent into the subterranean reservoir;
b.  determining an initial pressure within a subterranean reservoir;
c. reducing the pressure within the subterranean reservoir; and
d.  stabilizing the pressure in the subterranean reservoir,

wherein steps (c) — (d) are repeated.

2. The method according to claim 1, wherein one or more characteristics of the
subterranean reservoir are determined at a single point within the subterranean

reservoir.

3. The method according to claim 1, wherein one or more characteristics of the
subterranean reservoir are determined at an interval within the subterranean

Teservoir.

4, The method according to claim 1, wherein a formation testing tool determines one

or more characteristics of the subterranean reservoir.

5. The method according to claim 4, wherein the formation testing tool is capable of
gathering subterranean reservoir data for determining one or more characteristics

of the subterranean reservoir.

6. The method according to claim 5, wherein the formation testing tool is capable of
evaluating the composition of released fluids and gases from the subterranean

reservoir.

7. The method according to claim 1, wherein the initial pressure reduction is

determined by utilizing a P-T stability envelope.
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10.

11.

12.

13.

14.

15.

16.

The method according to claim 7, wherein the initial pressure reduction is a gas

hydrate stability zone of a pure methane hydrate.

The method according to claim 7, wherein the initial pressure reduction is greater

than a stability value.

The method according to claim 1, wherein the releasing agent is selected from a
group consisting of group consisting of carbon dioxide, ethane, xenon, hydrogen

sulfide, and mixtures thereof.

The method according to claim 10, wherein the releasing agent is carbon dioxide.
The method according to claim 1, wherein the releasing agent is liquid.

The method according to claim 1, wherein the pressure is incrementally reduced.

The method according to claim 13, wherein the pressure is incrementally reduced

by about 1psi to about 20 psi.

The method according to claim 14, wherein the pressure is incrementally reduced

by about 5 psi to about 15 psi.

A method for determining one or more characteristics of a subterranean reservoir
comprising:

a.  inserting a formation testing tool into the subterranean reservoir;

b. allowing the formation testing tool to equilibrate with the subterranean
reservoir;

c.  injecting a releasing agent into the subterranean reservoir;

d.  determining an initial pressure reduction within a subterranean reservoir,

wherein the initial pressure is greater than a stability value;
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17.

18.

19.

20.

21.

22,

23.

e. reducing the pressure within the subterranean reservoir, wherein the
pressure is incrementally reduced; and
f.  stabilizing the pressure in the subterranean reservoir,

wherein steps (¢) — (f) are repeated.

The method according to claim 16, wherein one or more characteristics of the
subterranean reservoir is determined at a single point within the subterranean

TESErvoir.

The method according to claim 16, wherein one or more characteristics of the
subterranean reservoir is determined at an interval within the subterranean

reservoir.

The method according to claim 16, wherein the formation testing tool is capable
of gathering subterranean reservoir data for determining one or more

characteristics of the subterranean reservoir.

The method according to claim 19, wherein the formation testing tool is capable
of evaluating the composition of released fluids and gases from the subterranean

reservoir.,

The method according to claim 16, wherein the initial pressure reduction is

determined by utilizing a P-T stability envelope.

The method according to claim 21, wherein the initial pressure reduction is a gas

hydrate stability zone of a pure methane hydrate.

The method according to claim 16, wherein the releasing agent is selected from a
group consisting of group consisting of carbon dioxide, ethane, xenon, hydrogen

sulfide, and mixtures thereof.
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24,
25.

26.

27.

28.

29.

The method according to claim 23, wherein the releasing agent is carbon dioxide.
The method according to claim 16, wherein the releasing agent is liquid.

The method according to claim 16, wherein the pressure is incrementally reduced

by about 1psi to about 20 psi.

The method according to claim 16, wherein the pressure is incrementally reduced

by about 5 psi to about 15 psi.

A method for determining one of more characteristics of a subterranean reservoir,
comprising:

a. installing a formation testing tool into the subterranean reservoir;

b. allowing the formation testing tool to equilibrate with the subterranean
reservoir;

c. injecting a releasing agent into the subterranean reservoir, wherein the
releasing agent reduces the pressure within the subterranean reservoir;

d. determining an initial pressure reduction of the subterranean reservoir,
wherein the initial pressure is determined by a gas hydrate stability zone of a pure
methane hydrate, wherein the initial pressure is greater than a stability value;

e. reducing the pressure within the subterranean reservoir, wherein the
pressure is incrementally reduced;

f.  obtaining a series of pressure measurements within the subterranean
reservoir, wherein the series of pressure measurements is indicative of at least one
characteristic of the subterranean reservoif; and

g.  stabilizing the pressure within the subterranean reservoir,

wherein steps (e) — (g) are repeated.
The method according to claim 28, wherein one or more characteristics of the

subterranean reservoir are determined at a single point within the subterranean

reservoir.

10
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30.

31.

32.

33.

34.

35.

36.

37.

38.

The method according to claim 28, wherein one or more characteristics of the
subterranean reservoir are determined at an interval within the subterranean

reservoir.

The method according to claim 28, wherein the formation testing tool is capable
of gathering subterranean reservoir data for determining one or more
characteristics of the subterranean reservoir.

The method according to claim 31, wherein the formation testing tool is capable
of evaluating the composition of released fluids and gases from the subterranean

reservoir.

The method according to claim 28, wherein the initial pressure is determined by

utilizing a P-T stability envelope.

The method according to claim 28, wherein the releasing agent is selected from a
group consisting of group consisting of carbon dioxide, ethane, xenon, hydrogen
sulfide, and mixtures thereof.

The method according to claim 34, wherein the releasing agent is carbon dioxide.

The method according to claim 28, wherein the releasing agent is liquid.

The method according to claim 28, wherein the pressure is incrementally reduced

by about 1psi to about 20 psi.

The method according to claim 37, wherein the pressure is incrementally reduced

by about 5 psi to about 15 psi.

11
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39.

40.

41.

42,

43,

44,

45.

A system for determining hydrate composition comprising:

a. a subterranean reservoir, wherein the subterranean reservoir is a hydrate
bearing subterranean reservoir;

b.  a pressure reduction means for incrementally reducing the pressure within
the subterranean reservoir;

¢. a formation testing tool, wherein the formation testing tool is installed
within the subterranean reservoir, wherein the formation testing tool is capable of
evaluating the composition of released fluids and gases from the subterranean
reservoir, wherein the formation testing tool is capable of evaluating the
composition of liquids and gases within the subterranean reservoir;

d. a means for introducing a releasing agent into the subterranean reservoir;
and

e. ameans for recovering hydrocarbons from the subterranean reservoir.

The system according to claim 39, wherein the hydrate composition is determined

at a single point within the subterranean reservoir.

The system according to claim 39, wherein the hydrate composition is determined

at an interval within the subterranean reservoir.

The system according to claim 39, wherein the formation testing tool determines

the pressure within the subterranean reservoir.

The system according to claim 39, wherein the releasing agent is selected from a
group consisting of group consisting of carbon dioxide, ethane, xenon, hydrogen
sulfide, and mixtures thereof.

The system according to claim 43, wherein the releasing agent is carbon dioxide.

The system according to claim 39, wherein the releasing agent is liquid.

12
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