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(57) Abréegée/Abstract:

A method, system, and method for developing the system, for producing hydrocarbons from a plurality of hydro-carbon containing
reservolrs Is described. The system includes at least one conventional hydrocarbon reservoir and at least one natural gas hydrate
reservolr. The system also includes a production facllity, including water separation apparatus, which is in fluild communication with
the at least one hydrocarbon reservoir and the at least one natural gas hydrate reservoir. The production facility can separate
hydrocarbons and water concurrently received from the first conventional hydrocarbon and the second natural gas hydrate
reservoirs. The at least one hydrocarbon reservoir and the at least one hydrate reservoir can be concurrently developed. Or else,
the at least one hydrate reservoir can be developed later in time and then fluidly connected to the production facility.
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(57) Abstract: A method, system, and method for developing the system, for producing hydrocarbons from a plurality of hydro-
carbon containing reservoirs 1s described. The system includes at least one conventional hydrocarbon reservoir and at least one
natural gas hydrate reservoir. The system also imncludes a production facility, including water separation apparatus, which 1s in flu-
1d communication with the at least one hydrocarbon reservoir and the at least one natural gas hydrate reservoir. The production fa-
cility can separate hydrocarbons and water concurrently received from the first conventional hydrocarbon and the second natural
gas hydrate reservoirs. The at least one hydrocarbon reservoir and the at least one hydrate reservoir can be concurrently devel-
oped. Or else, the at least one hydrate reservoir can be developed later in time and then tluidly connected to the production facili-

ty.
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METHOD AND SYSTEM FOR JOINTLY PRODUCING AND PROCESSING
HYDROCARBONS FROM NATURAL GAS HYDRATE AND
CONVENTIONAL HYDROCARBON RESERVOIRS

TECHNICAL FIELD

The present invention relates generally to methods and systems for producing and
processing hydrocarbons from subterranean formations, and more particularly, to the

production of natural gas from natural gas hydrate reservoirs.

BACKGROUND

Natural gas 1s a gascous fossil fuel consisting primarily of methane but often
including significant quantitics of ethane, propane, butane, pentane and heavier
hydrocarbons. Natural gas produced from subterrancan formations may also contain
undesirable components such as carbon dioxide, nitrogen, helium and hydrogen
sulfide. The undesirable components are usually removed before the natural gas 1S

used as a fuel.

Natural gas hydrates ((NGH) or clathrate hydrates of natural gases, often simply
called “hydrates”) form when water and certain gas molecules are brought together
under suitable conditions of relatively high pressure and low temperature. Under
these conditions the ‘host’ water molecules will form a cage or lattice structure
capturing a “‘guest” gas molecule 1nside. Large quantities of gas are closely packed
together by this mechanism. For example, a cubic meter of methane hydrate contains
0.8 cubic meters of water and up to 172 cubic meters of methane gas. While the most
common clathrate on carth 1s methane hydrate, other gases also form hydrates
including hydrocarbon gases such as ethane and propane as well as non-hydrocarbon

gases such as CO;, and H,S.

NGH occur naturally and are widely found 1in sediments associated with deep
permafrost in Arctic environments and continental margins at water depths generally

greater than 500 meters (1600 feet) at mid to low latitudes and greater than 150-200
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meters (500-650 feet) at high latitudes. The thickness of the hydrate stability zone
varies with temperature, pressure, composition of the hydrate-forming gas, geologic
conditions and other factors. Worldwide, estimates of the natural gas potential of
methane hydrates approach 700,000 trillion cubic feet - a staggeringly large figure
compared to the 5,500 trillion cubic feet that make up the world’s current proven gas

ICSCIves.

Most of the natural gas hydrate research to date has focused on basic research as well
as detection and characterization of natural gas hydrate deposits which contain
primarily methane hydrates. Developing a safe and cost effective method of

producing natural gas from natural gas hydrate reservoirs remains a significant

technical and economic challenge.

Natural gas hydrate production profile curves are believed to generally follow a
characteristic pattern: gas production 1s mitially low and water production 1s high.
After production starts, typically relatively long periods of time (months to many
years) pass before the water production declines to a relatively low level and gas
production increases to a relatively high level. These relatively high levels of natural

gas production rates are then often sustainable for many years.

This inherent production profile has negative economic impacts from a Net Present
Value perspective. Expensive production facilities have to be built to handle the

processing of fluids from the natural gas hydrate reservorr.

Referring now to the flowchart of FIG. 1, produced fluids from a conventional
hydrocarbon reservoir are transported to a production facility, such as located on an
offshore platform or on land. The produced fluid may be separated by separation
apparatus 11 into predominantly water, o1l and gas phases. The gas 1s treated using
conventional gas treatment apparatus 12 to remove contaminants such as CO, and
H,S. The treated gas then may then be compressed and exported such as by using a
compressor 13. The compressed gas may be introduced into a pipeline or shipped as
compressed natural gas in a tanker. Alternatively, the natural gas may be liquetied

and shipped by tanker or else converted by a gas-to-liquids process into a liquid
20
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product such as by using a Fischer-Tropsch process. The separated crude o1l may be
treated by treatment apparatus 14 such as to remove contaminants such as mercury
and/or other heavy metals. The treated crude o1l may then be stored or exported using
apparatus 15. The separated water may be treated using conventional water treatment
apparatus, such as 1s well known by those skilled 1n the art, so that the water may be
disposed of into a body of water if sufficiently treated or else reinjected into a
subterrancan formation. This list of apparatus employed by a production facility 1s
offered by way of example and certainly 1s not exhaustive of all the apparatus used 1n
a production facility to process produced fluids from a hydrocarbon bearing reservoir.
The term “production facility” refers to any equipment or set of equipment which 1s
used to separate and/or treat produced fluids from a hydrocarbon bearing reservoir

such as those pieces of equipment referred to above.

In the case of NGH, these production facilities have to be purchased, installed and
operated for potentially years before relatively high gas production rates can be
achieved. Unfortunately the time value of money tends to dominate the economic
outcome due to the initial cost of production facilities combined with years of
opceration at a loss while awaiting hydrocarbon production rates to climb above break-
cven levels. Accordingly, many persons skilled in the arts of hydrocarbon and
hydrate extraction currently believe that it 1s not likely to be economically feasible to
develop natural gas hydrate fields. Consequently, there 1s a need for a method and
system for production of natural gas which minimizes this economic challenge 1n

developing and producing natural gas hydrate reservoirs.

As used heremnafter, the term “conventional hydrocarbon reservoir” refers to a
reservolr which contains hydrocarbons 1n a gaseous and/or liquid state as compared to
hydrocarbons trapped as clathrate hydrates. Production profile curves for
conventional hydrocarbon reservoirs offer a different characteristic pattern from that
of production curves associated with natural gas hydrate reservoirs: hydrocarbon
production of conventional hydrocarbon reservoirs 1s mnitially high and water
production 1s low. Later i the production life of the conventional hydrocarbon
reservolr, lesser and lesser quantities of hydrocarbons are produced and more and

more water 1s produced.
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While this means there are time value of money benefits to conventional hydrocarbon
reservolr production, it 1s also clear that hydrocarbon production facilities are not
fully utilized except for early years at the peak of hydrocarbon production and water
production facilities 1n later years as water production reaches the maximum capacity
of the facility. In cases where production from these reservoirs are brought on line
generally concurrently, substantial production facilities need to be built to provide
sufficient processing capabilities at peak hydrocarbon production. Similarly,
substantial water separation and handling facilities must be built to accommodate the
large water production which will occur later 1n the production lives of the reservoirs.
It 1s expensive to add capacity after the initial construction of the production facility
so generally all of the needed hydrocarbon and water processing equipment 1s
installed at the beginning of a project. As a result, water processing facilities are
underutilized early in the production life of these conventional hydrocarbon reservoirs
and hydrocarbon processing facilities are underutilized at later stages of the lives of

conventional hydrocarbon reservoirs.

There 1s a need to minimize the underutilization of production facilities associated
with production from conventional hydrocarbon reservoirs as well as a need to
mintmize the underutilization of production facilities associated with production from

natural gas hydrate reservoirs.

SUMMARY

A method for producing hydrocarbons from a plurality of hydrocarbon containing
reservoirs 18 described. A first mixture of water and hydrocarbons, including at least
one¢ of o1l and natural gas, 1s produced from at least one conventional hydrocarbon
reservolr. This first mixture 18 transported to a production facility which includes
water separation apparatus. A second mixture of water and natural gas 1s produced
from at least one natural gas hydrate reservoir and transported to the production
facility. The first and second mixtures are then processed by the production facility to

at least partially separate water and hydrocarbons. The first and second mixtures may
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be separated 1nto oil, natural gas and water utilizing the production facility. Further

treating and handling of the o1l, natural gas and water may also be performed.

At least one natural gas hydrate reservoir may be disposed beneath a sea floor.
Alternatively, at least one natural gas hydrate reservoir might be disposed on land
beneath permafrost. The production facility may be located offshore such as on a
fixed platform or floating production unit or e¢lse may be located onshore such as on

permafrost.

Also disclosed 1s a hydrocarbon production system. The system comprises on¢ or
more first conventional hydrocarbon reservoirs containing water and hydrocarbons
including at least one¢ of o1l and gas. The system also comprises one or more second
natural gas hydrate reservoirs containing natural gas hydrates. Furthermore, the
system includes a production facility, including water separation apparatus, which 1s
in fluid communication with the first one or more conventional hydrocarbon
reservolr(s) and the one or more second natural gas hydrate reservoir(s). The
production facility can separate hydrocarbons and water concurrently produced and
recerved from the first conventional hydrocarbon and the second natural gas hydrate
reservolrs. The gas hydrate reservoir or reservoirs may be disposed beneath a sea

floor or may be located on shore beneath permafrost.

A method of developing a hydrocarbon production system 1s also described. One or
more¢ conventional hydrocarbon reservoirs containing water and hydrocarbons are
developed. Also, one or more natural gas hydrate reservoirs containing natural gas
hydrates are developed. A production facility, including water separation apparatus,
1s constructed or developed. The conventional hydrocarbon reservoir or reservoirs
and the natural gas hydrate reservoir or reservoirs are fluidly connected to the
production facility. The production facility can then process mixtures of fluids

concurrently produced from both the conventional and natural gas hydrate reservoirs.

The one or more conventional hydrocarbon reservoirs and the production facility can
be first developed. Later, the natural gas hydrate reservoir or reservoirs may be

developed as an add-on. Alternatively, the conventional reservoir or reservoirs, the
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natural gas hydrate reservoir or reservoirs and the production facility may be generally
concurrently constructed. In either case, ideally the production facility may be more fully
utilized over the production life of the reservoirs by processing the concurrent production
from the natural gas hydrate and conventional hydrocarbon reservoirs than production
individually from natural gas hydrate reservoirs or individually from conventional

hydrocarbon reservoirs.

In accordance with an aspect, there is provided a method for producing hydrocarbons from a
plurality of hydrocarbon containing reservoirs, the method comprising: producing a first
mixture of water and hydrocarbons, including at least one of oil and natural gas, from at least
one conventional hydrocarbon reservoir and transporting the first mixture to a production
facility, including water separation apparatus, for processing the first mixture of water and
hydrocarbons; concurrently producing a second mixture of water and natural gas from at least
one natural gas hydrate reservoir and transporting the second mixture to the production
facility for processing the second mixture of water and natural gas; and processing the first
and second mixtures utilizing the production facility to at least partially separate water and

hydrocarbons from the first and second mixtures.

In accordance with another aspect, there is provided a hydrocarbon production system
comprising: a first conventional hydrocarbon reservoir containing water and hydrocarbons
including at least one of oil and natural gas; a second natural gas hydrate reservoir containing
natural gas hydrates; and a production facility, including water separation apparatus, in tluid
communication with the first conventional hydrocarbon reservoir and the second natural gas
hydrate reservoir; wherein the production facility can separate hydrocarbons and water
concurrently produced from the first conventional hydrocarbon and the second natural gas

hydrate reservoirs.

In accordance with another aspect, there is provided a method of developing hydrocarbon
production from hydrocarbon containing reservoirs, the method comprising: developing a
first conventional hydrocarbon reservoir containing water and hydrocarbons including at least
one of oil and natural gas; developing a second natural gas hydrate reservoir containing
natural gas hydrates; constructing a production facility including water separation apparatus;
and fluidly connecting the first conventional hydrocarbon and second hydrate reservoirs with

the production facility; whereby a first mixture of hydrocarbons and water from the first

-6-
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conventional hydrocarbon reservoir and a second mixture of natural gas and water
concurrently produced from the second natural gas hydrate reservoir can be separated into

water and at least one of the gas and o1l by the production facility.

In accordance with another aspect, there 1s provided a method of jointly developing
hydrocarbon production from hydrocarbon containing reservoirs, the method comprising: a)
developing a first conventional hydrocarbon reservoir containing water and hydrocarbons
including at least one of oil and natural gas; b) concurrently developing a second natural gas
hydrate reservoir containing natural gas hydrates; ¢) producing a first mixture of water and
hydrocarbons including at least one of oil and natural gas from the first reservoir and
transporting the first mixture to a production facility; d) concurrently producing a second
mixture of water and natural gas from the second reservoir and transporting the second
mixture to the production facility; e) processing the first and second mixtures utilizing the
production facility to separate the water and produce at least one of natural gas and o1l;
wherein the water cut of the first reservoir increases while the hydrocarbons decrease over

time and the water cut of the second reservoir decreases while the natural gas increases over

time.

It is an object of an aspect of the present invention to provide a method to improve the
economics of natural gas production from conventional and natural gas hydrate reservoirs by
jointly utilizing a production facility which also treats gas and/or oil concurrently produced

from one or more conventional o1l and gas reservotrs.

It is another object of an aspect to provide a system whereby concurrent fluid production of
natural gas hydrate fields and conventional oil and gas fields are processed by the same
production facility. This has the effect of combining the production profiles from the natural
oas hydrate and the conventional gas and/or oil reservoirs thus improving the overall
economics of producing hydrocarbons from the fields as compared to using distinct

production facilities for the respective conventional hydrocarbon fields or reservoirs and the

natural gas hydrate fields or reservorrs.

-6a-
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects of aspects, features and advantages of the present invention will

become better understood with regard to the following description, pending claims and

accompanying drawings where:

FIG. 1 is a flowchart showing how produced fluids from a conventional hydrocarbon

reservoir are separated and then treated by a conventional production facility;

FIG. 2 is a schematic illustration of an offshore hydrocarbon production system including a
production facility which concurrently receives and processes hydrocarbons and water trom

both offshore conventional o1l and gas reservoirs and from one or more natural gas hydrate

reservoirs;

_6b-
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FIG. 3 1s a schematic illustration of an onshore hydrocarbon production system
including a production facility which concurrently receives hydrocarbons and water
from both conventional o1l and gas reservoirs and from one or more natural gas

hydrate reservoirs, wherein the reservoirs are disposed beneath a layer of permafrost;

FIG. 4 1s a schematic of an exemplary production facility including separation
apparatus for separating water and hydrocarbons, 1.¢., natural gas and/or oil, received

from conventional hydrocarbon and hydrate reservoirs, such as are seen in FIGS. 2 or

3;

FIG. 5 1s a sectional view of a natural gas hydrate reservoir producing natural gas and
water to a wellbore utilizing depressurization of the natural gas hydrate reservoir to

disassociate the natural gas hydrates into natural gas and water;

FIGS. 6A-B are graphs of respective production of gas and water from a conventional
hydrocarbon reservoir wherein natural gas production peaks early 1n the life of the
reservolr and then decreases over time while water production generally increases

over time;

FIGS. 7A-B are graphs of respective production of gas and water from a natural gas
hydrate reservoir wherein water production 1s high 1nitially relative to gas production
and then gas production increases relative to water production over the later stages of

the life of the natural gas hydrate reservoir; and

FIGS. 8A-B are graphs of respective production of gas and water jointly produced
from the exemplary conventional hydrocarbon and natural gas hydrate reservoirs

assoclated with the graphs of FIGS. 6A-B and 7A-B; and FIG. 8C 1s a graph showing

the combined hydrocarbon and water production.
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hydrocarbon production system 20. System 20 includes first conventional
hydrocarbon reservoirs 22 and 24 and a second natural gas hydrate reservoir 26
disposed beneath sea water 28 and seafloor 30. Conventional hydrocarbon reservoirs
22 and 24 typically produce a first mixture of water and hydrocarbons such as natural
gas and/or o1l. Natural gas hydrate reservoir 26 produces water and hydrocarbons,
primarily natural gas. Offshore platform 32 supports a production facility 34 which
will be described 1n greater detail below with respect to FIG. 4. Production facility 34
1s used to at least partially separate liquids, water and/or o1l, from natural gas. Ideally,

the water will be separated as well from o1l by production facility 34.

In this particular first exemplary embodiment of hydrocarbon production system 20,
conventional reservoir 22 1s fluidly connected to production facility 34 by way of
production tubing 36. Conventional hydrocarbon reservoir 24 1s fluidly connected by
way of a subsea well 40 and ticback 42 to production facility 34. Natural gas hydrate
reservolr 26 1s shown 1n flutd communication with a subsea well 44 which, in turn, 18
connected to production facility 34 by way of ticback 46. Conventional hydrocarbon
reservolrs 22 and 24 produce first mixtures of water and o1l and/or gas which are
transported to production facility 34 for processing. Concurrently, natural gas hydrate
reservolr 26 primarily produces a second mixture of natural gas and water which 1s
delivered to production facility 34 for separation of natural gas and water, and o1l 1f

there are significant amounts of o1l contained within the second mixture.

Production system 20 1s only an exemplary embodiment. Those skilled in the art will
appreciate that 1t 1s within the scope of the present invention to provide a hydrocarbon
production system that includes only a single conventional hydrocarbon reservoir and
a single natural gas hydrate reservoir producing to a single production facility.
Alternatively, multiple conventional hydrocarbon reservoirs and multiple natural gas

hydrate reservoirs may produce to the same production facility to have their produced

_8
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fluids separated and treated. Also, the conventional hydrocarbon reservoirs may
produce primarily oil, primarily gas or a combination of both, in addition to the water

which 1s virtually always present in most conventional hydrocarbon reservoirs.

FIG. 3 1s a schematic drawing of another exemplary embodiment of a hydrocarbon
production system 120 which, 1n this case, 1s land rather than offshore based.
Production system 120 includes conventional hydrocarbon reservoirs 122 and 124 and
natural gas hydrate reservoirs 126 and 128. Disposed upon a permafrost layer 130 18
an arctic platform 132. A production facility 134, generally similar to production
system 34, 1s located atop arctic platform 132. Production facility 134 1s used to
separate and process natural gas, o1l and water received from conventional
hydrocarbon reservoirs 122 and 124 and natural gas hydrate reservoirs 126 and 128.
Production tubings 136 and 142 fluidly connect conventional hydrocarbon reservoirs
122 and 124 to arctic platform 132 and production facility 134. A first mixture of
water, gas and o1l 1s typically produced from the conventional hydrocarbon reservoirs
122 and 124. Production tubing 144 and 146 arec used to fluidly convey a second
mixture of natural gas and water from natural gas hydrate reservoirs 126 and 128 to
arctic platform 132 and production facility 134. The second mixture may also include

a small portion of oil.

FIG. 4 1s a schematic drawing of platform 32 and production facility 34 which resides
upon platform 32. First mixtures of fluids produced from conventional hydrocarbon
reservolrs 22 and 24 and a second mixture of fluids produced from natural gas hydrate
reservolr 26 are collected together and supplied to production facility 34. Production
facility 34 includes an inlet line 50 which leads to a gas and liquid separator 52
wherein gases, including natural gas, are separated from liquids, such as o1l and water.
The gases are conveyed from gas and liquid separator 52 by way of a gas line 54 to
gas treatment apparatus 56 and compression and export apparatus 58. Liquids from
separator 52 arc conveyed by a liquids line 60 to a water and o1l separator 62 which
separates water and o1l. Gas, o1l and water separation apparatus are well known 1n the

art and will not be turther described here.
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O1l 1s carried away by oil line 64 and separated water by water line 66. The water can
be further treated or processed by water treatment apparatus 68 and then sent to a
body of water and/or reinjection apparatus 70. The o1l can subsequently be further
treated by o1l treatment apparatus 72 and then send to storage or export apparatus 74.
Storage or export apparatus 74 may be tanks (not shown) on platform 32.
Alternatively, the treated o1l may be offloaded to a transport vessel such as an oil
tanker which serves as the storage apparatus. Further, treated o1l may be transported
by pipeline to onshore facilities. Those skilled 1n art will appreciate that rather than
using platform 32 and production facility 34, a floating vessel can be used to support
separation apparatus to separate gas, o1l and water and then a separate platform or
floating vessel used to store the separated fluids. Also, the first and second mixtures
can be alternatively processed by the production facility 34. However, only one
production facility 34 need be built to handle the separation needs of fluids

concurrently produced from the conventional and natural gas hydrate reservoirs.

In a stmilar manner, separation apparatus 134 used 1n conjunction with arctic platform
132 can include a similar gas and liquid separator 52 and water and o1l separator 62.
Or else, separation apparatus 134 can be a single separation apparatus that separates
gas, water and o1l. Or 1f only primarily gas and water is produced from the
conventional hydrocarbon and natural gas hydrate reservoirs, then only a gas and

water separator 1s needed to separate produced fluids as part of the production facility

34.

FIG. 5 shows a schematic of a natural gas hydrate reservoir, such as natural gas
hydrate reservoir 26. Subsea well 44 1s drilled and placed in fluid communication

with reservoir 26.

In this particular embodiment, subsea well 44 may be used 1n conjunction with an
clectrical submersible pump (ESP) 48 to withdraw fluids, and thus lower pressure in
hydrate reservoir 26. At sufficiently low pressures, natural gas hydrates 1n hydrate
reservolr 26 will disassociate into a liquid mixture containing water, natural gas, and

potentially some oil. This mixture 1s transported by well 44 and tieback 46 to
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platform 32 and production facility 34. Another manner for reducing pressure in a

natural gas hydrate reservoir 1s to use gas lift.

As shown 1n FIG. 5, hydrate reservoir 26 18 a natural gas hydrate reservoir having an
overlying overburden layer 76 and underlying permeable or impermeable strata 78
bounding natural gas hydrate reservoir 26. Strata 78 may include water and/or free
gas and/or o1l. When depressurized, hydrates 1n fluid communication with vertical
subsca well 44 disassociate forming a generally vertically oriented hour glass shaped
disassociation front 80 centered about the wellbore and a disassociation zone 82
containing liquids and gases within a porous subterrancan formation. If the wellbore
1s horizontal or inclined at any angle between the vertical and horizontal the shape of
the dissociation front and dissociation zone may be different, but the same general

principals will still apply.

Hydrate reservoir 26 may be a Class I (NGH over free gas), Class II (NGH over
mobile water) or Class III (NGH over an impermeable stratum) or other hydrate
containing reservoir. With respect to disassociating natural gas hydrates to produce
the mixture of natural gas and water, a depressurization method utilizing an electrical
submersible pump (ESP) such as described above with respect to FIG. 5 may be used.
Another example of using an ESP to draw down pressure 1n a hydrate formation for
natural gas production 1s described in U.S. Pat. Application 2007/0,144,738 entitled
Method and System for Development of Hydrocarbon Bearing Formation Including

Depressurization of Gas Hydrates.

Alternatively, other techniques may also be used to convert the natural gas hydrates
into a fluid mixture which can be produced to a well bore and transported to the
production facility. For example, introducing a source of heat to natural gas hydrate
reservolr 26 may be used to induce disassociation of the natural gas hydrates. Warm
water from an aquifer may be mtroduced to the hydrate reservoir such as described 1n
U.S. Pat. No. 7,165,621, Method for Exploitation of Gas Hydrates. Additional heat
may be added such as by combusting fuel and using the combustion products to heat

the hydrates — see U.S. Pat. No. 6,973,968 entitled Method of Natural Gas

Production. Alternatively, heat may be added by electrical resistance such as
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provided for in U.S. Pat. Application No. 2005/0,161,217, entitled Method and System for
Producing Methane Gas from Methane Hydrate Formations. Those skilled in the art will
appreciate that other heating methods may be used to cause disassociation of the hydrates to

allow production into an adjacent well bore.

Another suggested manner for causing disassociation of the hydrates is through the use of
chemicals. For example, U.S. Pat. No. 4,424,866 teaches using adding a hot supersaturated

solution of CaCl, or CaBr; to a hydrate formation.

Yet another method for inducing disassociation of natural gas from the hydrate reservorr is
through the introduction of a chemical which will substitute for the natural gas in the
clathrate hydrate. U.S. Pat. No. 6,733,573, entitled Catalyst Allowing Conversion of Natural
Gas Hydrate and Liquid CO; to CO, Hydrate and Natural Gas provides that carbon dioxide
may be introduced into a hydrate reservoir to replace methane gas as the guest molecule to
form a carbon dioxide hydrate. Similarly, U.S. Pat. No. 7,222,673 describes using carbon
dioxide, nitrous oxide, or a mixture thereof, to replace the methane in the clathrate hydrate.
The above-cited patents and patent applications are examples of ways of inducing

disassociation of hydrates.

Those skilled in the art will appreciate that other methods may also be used to disassociate
the natural gas from natural gas hydrate reservoirs and are within the scope of the present
invention. The mixture of water and natural gas produced from the hydrate formations are
then combined with the mixtures of hydrocarbons and water produced from one or more
conventional hydrocarbon reservoirs to provide a combined production profile of water and
gas, and possibly oil, to the production facility for separation and treatment of the produced
fluids. Benefits of combining the production from both hydrate and conventional

hydrocarbon reservoirs will now be described.

-12-
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11. Production Profiles:

a. Conventional Hydrocarbon (Gas and Oil) Production System

In stmplistic terms, conventional o1l and gas production arises from the physical
emptying of an earth-bound pressure vessel, 1.¢., a conventional hydrocarbon
reservolr. The conventional hydrocarbon reservoir 1s typically a porous rock
formation which is filled with natural gas and/or oil and water. A well 1s completed
or placed 1n fluid communication with the conventional hydrocarbon reservoir
allowing a fluid mixture of the gas, o1l and water to be conveyed by the well and other
conduits to a production facility. The production facilities often include gas, water
and o1l processing apparatus which are utilized to separate and treat the gas, o1l and

water.

The 1mitial production rate of gas and/or o1l 1s often relatively high and peaks quickly,
typically followed by a long and 1rreversible decline. FIG. 6A shows a production
profile 86 depicting this peaking and declining of gas and/or oil production. The gas
and/or o1l separating and treatment apparatus must be designed to have sufficient
capacity to handle the maximum production of gas and/or oi1l. However, the later
underutilization of the capacity of the gas and/or o1l separation and treatment
apparatus 1s indicated by bracket 87. Enhanced o1l recovery methods such as water
flooding may be utilized 1n the late stages of production (secondary and tertiary
methods) 1n an effort to keep the gas and/or o1l production rate above the economic

break-even point for as long as possible.

Conventional hydrocarbon reservoirs may have a water production profile, such as
profile 88 1n FIG. 6B, that 1s imitially very low, but which increases over time. That
18, the water cut in the produced fluids typically increase over time. Aquifers
underlying the buoyant gas and oil slowly move toward the wellbores as the overlying
gas and o1l are removed from the conventional hydrocarbon reservoir. Water flooding

may further enhance the amount of water produced from the conventional
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hydrocarbon reservoir which must be processed. Again, the water separation and
handling apparatus must be designed to have sufficient capacity to treat the maximum
water production. Bracket 89 suggests the underutilization of the water separation
and handling capacity of the production facility during the early portion of the life of

the production from the conventional hydrocarbon reservoirs.

The net consequences of the above production profiles are economically positive from
a Net Present Value perspective. Expensive processing facilities must of course be
built. However, the conventional hydrocarbon reservoir produces gas and/or o1l at
very high rates from the start, paying out the initial capital investment relatively soon
and 1deally leading to quick profitability. The production facilities, particularly
offshore facilities, must however, also be built with substantial water processing
capability that will remain underutilized for potentially decades because 1t 1s often
difficult and expensive to add major facilities later in life to a hydrocarbon production

system.

b. Natural Gas Hydrate Production System

Referring now to FIG. 7B, the water production profile 90 from a natural gas hydrate
reservolr peaks carly. Assuming a depressurization method 18 used to induce hydrate
disassociation, the reservoir pressure must be reduced to move the hydrate reservoir
environment outside the hydrate stability envelope to induce hydrate disassociation
into natural gas and water. This pressure drop 1s achieved in the embodiment
described above with respect to FIG. 5 by the use of an ESP 1n the wellbore, pumping
out water. The amount of water that must be pumped out to drop the pressure of a
hydrate reservoir 1s substantial. Over time, as the reservoir approaches the optimal
low pressure for sustained production, the pumping rate of water can be reduced
dramatically. As indicated by bracket 91, underutilization of the water separation and
treatment capacity of the production facility 1s substantial once a significant portion of
the hydrate reservoir has moved outside the hydrate stability envelope, 1.¢., later 1n the

production life of the hydrate reservoir.

- 14 -
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The gas production profile 92 starts low because the surface area of the dissociation
front 80 1s 1nitially very small (localized to near the wellbore). The production profile
92 grows over time as the surface arca of the dissociation front 80 expands outwardly,
particularly due to the hour-glass shape of the disassociated zone 82 and the
associated top and bottom bounding layers 76 and 78 of FIG. 5. Initially, water
production increases rapidly to a peak. This water production allows for the
disassociation volume 1n a hydrate reservoir to grow over time and pressure 1n the
hydrate reservoir to drop leading to the release of natural gas from the solid hydrates.
Accordingly, the quantity of natural gas produced relative to the amounts of water
produced 18 increased over time. That 1s, the water cut 1n produced fluids 1deally
drops over time. The 1nitial overcapacity of the hydrocarbon separation and handling

apparatus 18 indicated by bracket 93 in FIG. 7A.

C. Combined Natural Gas Hydrate and Conventional Hydrocarbon
Reservoir Production System

FIGS. 8A, 8B and 8C show exemplary gas and water production profiles 94 and 96
wherein the production from one or more conventional hydrocarbon reservoirs 1s
combined with the production from one or more natural gas hydrate reservoirs. In
this case, the combined production of hydrocarbons and water from the overall
production system, such as system 20 or 120 referenced above, results 1n a relatively
more¢ uniform production of water over time than 1s the case when only production
from conventional reservoirs or hydrate reservoirs 1s utilized. Accordingly, the gas,
o1l and water processing facility may be more fully utilized over the life of the
production system than if the production system utilized fluid production from only

conventional hydrocarbon or only hydrate reservoirs.

Note the underutilization of hydrocarbon separation and treatment apparatus as
suggested by bracket 95 1n FIG. 8A, associated with combined hydrate and
conventional hydrocarbon production, 1s less than that suggested bracket 87 in FIG.
6A (conventional hydrocarbon production) or by bracket 93 1n FIG. 7A (hydrate
production). Similarly, underutilization of water separation and treatment apparatus
in FIG. 8B (combined hydrocarbon and hydrate production), as suggested by bracket

97, 1s less than the underutilization indicated by bracket 89 (conventional hydrocarbon
- 15 -
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production) of FIG. 6B or the underutilization provide by bracket 91 of FIG. 7B
(hydrate production). FIG. 8C shows the production of both water and hydrocarbons
due to the combined production of fluids from the conventional hydrocarbon and

hydrate reservoirs.

The consequences of the above production profiles are economically positive from a
Net Present Value perspective. Expensive facilities must of course be built, but they
produce gas and oil at very high rates from the start, paying out the 1nitial investment
and generating relatively quick profits. These facilities (particularly offshore
facilities) must, however, also be built with substantial water processing capacity that
will remain unused for decades because 1t 1s too difficult and expensive to add major
facilities later in life. With the concurrent production and processing of fluids from
the hydrate reservoirs, in addition to those of the conventional reservoirs, the
hydrocarbon and water separation and treating capacity of the hydrocarbon production
systems 20 and 120 1s more uniformly or fully utilized over the life of the project than

if separate production facilitics were employed to process produced fluids.

I1I. Development of Combined Hydrate and Conventional Hydrocarbon
Reservoir Production Systems:

Each of systems 20 and 120 described above include both hydrate and conventional
hydrocarbon reservoirs. The production from these reservoirs 1s concurrently
produced and then processed using the same production facility. This joint
production has the effect of combining the two production profiles from the

conventional hydrocarbon and hydrate reservoirs.

The hydrocarbon production systems may be developed in a number of ways. First, a
system including one or more conventional reservoirs and production facilities may
be developed. Later, one or more nearby hydrate reservoirs may be developed and
production tied 1nto the production facility already 1n place to process the fluid
mixtures produced from the conventional reservoirs. This particular manner of
reservolr or field development provides the advantage of adding on hydrocarbon

production from one¢ or more hydrate reservoirs as a greenfield add-on where
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conventional reservoirs and a production facility have already been completed, 1.¢. a

brownfield development.

Another method for developing the conventional hydrocarbon reservoirs and the
natural gas hydrate reservoirs 1s to generally develop the reservoirs concurrently 1n
time. The necessary wells are drilled and completed at approximately the same time.
The advantage that this development scheme offers 1s that the same size facility can
produce from both types of reservoirs from the start, providing maximum Net Present
Value benefit. The least desirable configuration would be the current state of the art,

1.€., separate facilities for conventional and hydrate fields.

The economic benefits of this combination of jointly producing from conventional
and hydrate reservoirs i a hydrocarbon producing system are based upon at least

some of the following rationale:

1. Only one production facility of a given size need be built, not two.

2. Hydrocarbon processing apparatus can be more fully utilized over the life of
the hydrocarbon producing system as increasing hydrocarbon production from the
hydrate reservoir or reservoirs supplement decreasing hydrocarbon production from

conventional hydrocarbon reservoirs.

3. Water separation and treating apparatus will be more fully utilized over the
life of the hydrocarbon producing system as increasing water production from the
conventional hydrocarbon reservoirs 1s partially oftset by decreasing water production

from the hydrate or hydrate reservoirs.

4. Project risk 1s also dramatically reduced, because there are now two
independent sources of hydrocarbons, 1.¢., conventional hydrocarbon and hydrate

reservoirs, supplying the production facility.

While 1n the foregoing specification this invention has been described in relation to

certain preferred embodiments therecof, and many details have been set forth for
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purpose of illustration, 1t will be apparent to those skilled in the art that the invention
1S susceptible to alteration and that certain other details described herein can vary

considerably without departing from the basic principles of the invention.
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WHAT IS CLAIMED IS:

1. A method for producing hydrocarbons from a plurality of hydrocarbon
containing reservoirs, the method comprising:
producing a first mixture of water and hydrocarbons, including at least
one of o1l and natural gas, from at least one conventional hydrocarbon
reservolr and transporting the first mixture to a production facility,
including water separation apparatus, for processing the first mixture

of water and hydrocarbons;

concurrently producing a second mixture of water and natural gas from

at least one natural gas hydrate reservoir and transporting the second
mixture to the production facility for processing the second mixture of

water and natural gas; and

processing the first and second mixtures utilizing the production

facility to at least partially separate water and hydrocarbons from the

first and second mixtures.

2. The method of claim 1 wherein:

the first and second mixtures are separated into oil, natural gas and water

utilizing the production facility.

3. The method of claim 1 wherein:

at least one gas hydrate reservoir is disposed beneath a sea floor.

4, The method of claim 1 wherein:

at least one gas hydrate reservoir is disposed beneath permatrost.

5. The method of claim 1 wherein:
the second mixture is produced by depressurizing the natural gas hydrate

reservoir to release natural gas and water from the natural gas hydrate

reservolr.

_19-
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The method of claim 1 wherein:
the water cut of the first mixture increases over time while the water cut of the

second mixture decreases over time.

The method of claim 1 wherein:

the rate of water production in the first mixture increases over time while the
rate of water production in the second mixture decreases after reaching a

maximum water production rate.

A hydrocarbon production system comprising:
a first conventional hydrocarbon reservoir containing water and hydrocarbons

including at least one of o1l and natural gas;

a second natural gas hydrate reservoir containing natural gas hydrates; and
a production facility, including water separation apparatus, 1n fluid
communication with the first conventional hydrocarbon reservoir and the

second natural gas hydrate reservorr;

wherein the production facility can separate hydrocarbons and water
concurrently produced from the first conventional hydrocarbon and the second

natural gas hydrate reservoirs.

The hydrocarbon production system of claim 8 wherein:

the first conventional hydrocarbon and the second gas hydrate reservoirs are

disposed beneath a sea tloor.

The hydrocarbon production system of claim 8 wherein:

the first conventional hydrocarbon and the second natural gas hydrate

reservoirs are disposed beneath permafrost.

A method of developing hydrocarbon production from hydrocarbon containing

reservoirs, the method comprising:
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developing a first conventional hydrocarbon reservoir containing water and

hydrocarbons including at least one of oil and natural gas;

developing a second natural gas hydrate reservoir containing natural gas

hydrates;

constructing a production facility including water separation apparatus; and
fluidly connecting the first conventional hydrocarbon and second hydrate

reservoirs with the production facility;

whereby a first mixture of hydrocarbons and water from the first conventional
hydrocarbon reservoir and a second mixture of natural gas and water
concurrently produced from the second natural gas hydrate reservoir can be
separated into water and at least one of the gas and oil by the production

facility.

The method of claim 11 wherein:
the first conventional hydrocarbon reservoir is developed first and the first

mixture of hydrocarbons and water is separated by the production facility for a

period of time into hydrocarbons and water; and

subsequently the second natural gas hydrate reservoir is developed after

developing the first conventional hydrocarbon reservorr.

The method of claim 11 wherein:
the first conventional hydrocarbon and the second natural gas hydrate

reservoirs are generally concurrently developed.
The method of claim 11 wherein:

the water cut of the first mixture produced from the first conventional

hydrocarbon reservoir is generally increased over the production lite of the
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first conventional hydrocarbon reservoir.

15. The method of claim 11 wherein:
the water cut of the second mixture decreases over time relative to the water

cut 1n the first mixture.

16. A method of jointly developing hydrocarbon production from hydrocarbon
containing reservoirs, the method comprising:
a) developing a first conventional hydrocarbon reservoir containing water
and hydrocarbons including at least one of oil and natural gas;
b) concurrently developing a second natural gas hydrate reservoir
containing natural gas hydrates;
C) producing a first mixture of water and hydrocarbons including at least
one of oil and natural gas from the first reservoir and transporting the tirst
mixture to a production facility;
d) concurrently producing a second mixture of water and natural gas from
the second reservoir and transporting the second mixture to the production
facility;
€) processing the first and second mixtures utilizing the production
facility to separate the water and produce at least one of natural gas and otl;
wherein the water cut of the first reservoir increases while the hydrocarbons decrease

over time and the water cut of the second reservoir decreases while the natural gas

increases over fime.

17. The method of claim 16, wherein the separating ot the water and the

producing of the at least one of the natural gas and oil remains consistent with the

concurrent production from the first and second reservoirs.

9.



PCT/US2009/054730

CA 02734808 2011-02-18

WO 2010/027723

¥ l.\ ' ww ey TFR VRS CEE SER NAE Aghy by VY T Ll S ey P ey T BAY AR Bl Kl fofh pegs d. F . A w ww wy WE CEAA KA KA Nt Syt Ay MW Fh Lk Tl S i ey S CRE YW Ca A Al A Apu P PR R e ww wy ww AKX . AL KA CAA YAy ey twtwr Pute LS T .\..t.c.tw.w

AL A A A, Ay s ar\

4
q
q
1
»
|
iy
4

wrwwwwwyyrer o O e S L A T -

Mmm“

T Ty oy o,
R L TR

.\.‘.‘.\.l\.l\.l\.l\l\.ﬂ.“““.‘.‘

A A il

Mg iyl o d AT LM WS RWT Rt RLT RgAGE iy’ “ w L \'\-_ e e W ‘.‘\‘..H'A KT S M YAy M ) m

L

M MA R AR gty S v rwlh YRTT TR AR AR AR Al anh am

llllllllll

IR VA T T T T T Ty, e e e e, T L, T, L, SRR R A A A At w e W R R R R R R R A e

............

3&

gmu@\ﬁ

oy o g gl A A e Ly N

1 m@mc AL 10 \@
sy uononud

AR RRRARRRRA AR

AM’\
&ﬂ\"*
a e
Ew,,.
é
WA )y oy oy sy oy ML L,

WA by Sy ety e e !

- " 2 Y e

-~ \.\-\".wn' PR AR R A A P S ST G AT AR AR Ak Ahs ans wme WALV W W R RR R e

.
P
% T

g “?\MW = . ...m.i.t.t.i.‘!!

TR T T T T,y iy, oo e

AR maaan

X
ok
&5

Ywrrrewwhaanhaaaaan

o 5.\.\.\...\..\.\ Al s dd s g dddd ’ AT o o w T
§ L :
' -Iv.iJ.w.. ) ) .iA‘.WO. m_ A Ao AT TP P s
A
% 5 :
. ¥ 4
i e
. o A
e . .m_w r . B
: ’ | - .
ﬁv .‘ _m .“ m .
ﬁw 2B : / D ke a
. m. smeseddie i
W'AWQ &wm . ﬂ_\w ."Wﬁ. “ .. T ww Yy SAR \.\.\-\.\f\-mm . ' S =

sl 58D
UOS5BI0UI00 WBUHEEI, 3

m
‘l‘\-\-l\l\.a\l\lﬁ"-““‘.‘.‘.‘L

e e -

ol AR

\xxu.h.h.ﬁi-.xx-.xx-x\lg\\‘»

\...\aﬁa\..\i.l‘.!.‘.“!.*..!h. -

O b J.-.v

'-::’S. -

wn
{a
R it

A AT AT WA WA WA Wiy W W R R AR ae sk A R M R A A, Pty P K rR e AR KRR aak abe e W A T A o i o S R

'(,t"\,. iy Py Mg‘?mm v ama amRABRE Cad haw it e W LI YT RN NAS RS WY W Gyt e ww wet ah R R am A

-...\-I...wlﬁ{ l.l..l Fe rn PR RAS AKS &g A by pegey T ._vl‘l.\-l\l \-‘.‘.1.‘.\.‘.‘..7 e AR B KA A St L, A-..‘. e ww ax rr t n{}l A P e A T e T e :.‘.!..\." rpR voa EE Roliyr Syt Aoyt dagbgr g Jrl"a’ .\-\l-.\.\-l.\.l\l .\1\1.‘.‘”’ ‘”‘.v T PR AR A KA. B g . aeeCddt A bl e e ™



PCT/US2009/054730

CA 02734808 2011-02-18

WO 2010/027723

 wwwper na anx - W ANERE Y A

Folnewy lnll\‘..i‘.';\. E ) . .
. B Ry : N B ¥ B e n s n a B et e s £
I L el S . TR AR . Ay P

) .\u\%.\.i.\.\.! . v

L g Y.‘.‘.‘ T w

M |
ac’ ¢

3

ry
x,

i

.o
4

RN I SR AR LRESRRK S

ML L -

[
/
[

b

VAt . a G e W ht-u(-\ S e, g T .m\d e s R, Rt PR > ..;P\s.\l PP - . \.1.. oa, - ..I d .x. o ‘A mFTea . . Aw L .. - o’ T, . - ) : . " .
r A" "ne .w\}- 7Ol g .c\._\ . v ,.s..l.\\ .wt}\ ue .{_ov\. By T g T e e oy o et o T Ry BT Ty *&{{\}“ sﬂ\.....-\nqd\-s..i)_q\-\ }f;\h -ﬁ..#;\\..i.,s e «.\1}\{\((«»-\}1\ =, \:\t g m‘:(\i.-}n{a.‘n}?av\s#.w\}{)ﬁ\\t AT

..ﬁ..\!\.!hﬁn.u.%._).\ urrl%nﬂ,.\. i ...QW, i xﬁcﬁ(\ " 1}‘2\.\1.)-..» \\2- \!”.-co.\.s FJ\<..)..-¢-¥.. .“l..(!\cuv-\?\ wvmy \\r.\t. Ih{ o .t. 7 t.?ﬁ« \!.a\.t.t..luuf..q \.‘1.‘.@#\&\;%&!} A«..\J})\-‘}.\(v\! h&\\f\um ...HW H %‘!;t\thﬁ{r}l\%{ ..1}.1%-\. ..\5.\}..“ t\.\.\.ﬂ{ !.1.1).-(..... g, - . : .3.\.1..1. -.J_\...\ l.!\... e, N}t.})..t o, e }.bn\.t....\!.(.\\\.\\w.lvr.\\\..a.\r.l\..fd\”-h.}.uh\-.lw.\r\h&arn |

AT \-.}:ﬂ{x{sr» -...\(1\..(0.

H... \.\.\“\.\..h\.\.\”{.lul. wrrrirrrrwes
.- R Y L.g v 4 . . e L . y . ) - R .
\\crh).m-\\\..)\c\u\\k‘ Jns.\.\l.. tf\-.! !ﬂaf«\{;»ﬂ}\.ﬂ})ﬂﬂ!.\ GJ.J\...\‘. Jﬂd-\.!ikvs\.\}(»sr}{\ ...ba\r.w S,

"o LT — ™ \.lr...\.!..\.\.\‘\.\nri...m!.li)t-\.‘!‘%{;{..}\{.ﬂ\ﬂlt \?1.-.... (- .\.(!.\.1.!‘.......&..-’.-(. -v\qtn...l\..\{. ....

v. .M. miiah«\(.i\nu..u-cﬂu.‘“ R TR gt T Ay R A P Rkt T g T B R R it e v,

.-.’_-(J}. A a -.\.\.1.)}”\!.1.1.’..-: \nn!.‘. {\m.i > _”m. ey m...\\. 1(:\.."‘.; - I - A M\ R - ' ") ~ ¥ rl‘t’\hiit\yﬁ“)\f%e\n%{ﬂ}kic\.\!h‘\\:ﬂa\‘i\.\)\.\ !\‘.\.EJ.\-&FI...-‘
. |L\. ‘ - . . . i ’ : . 'y - .
e e .

gl / 0

.l\"f

-

e

JBEm

2/6



CA 02734808 2011-02-18

PCT/US2009/054730

WO 2010/027723

L 4
.b(...“..i.! * -
‘.‘- -

Ao g 2 4 4 2SS g4t ddndd il
gt

" . . PR TR R R EE I WE P N . .
\.“‘11\1\.\:% b e aa,. .
,r oW o o ol A A A A A i L VO if{.‘
oot L

'
L ey

BT T ey oy e L

e FTa N o
|sl.._)\.\r..\(1\u.\(! . m* .H\. P
TN e &3 m\ 7

o

1'*._\;\\1

-~ SO AN
i R AR

A A R ER R,y s S S LT L L L R R R A At Ay e T W R R R R R A ey, e L T R R A A et T e R R R T e
A AR R AR R R R AR RS e gty iy L, gt
<}
N,
L
3

“ -

BRRBRABRRRRAR R &b b

- ) .1.:\.\.\.\\.\.1\%.\:\4\1.!\!;\...!.!.\
- b - B’ o " o

S B Bl g o el g RS Ay
o -~ ~wwn, Ty o

VI .

e s, sy Sy Sy

. ‘-‘

K el gy :
: ~ -y - .
. S BByt o ol o ok ol o A ol i o ol ol i " " " " ol S Al TNl o o
Sl R L R S iy g o iy . rwea,

.= . ’
- - . - . . ... . A,
» - - - . - . . - - . . &0 .
L L Tt Ny - . R ¢ - L T L ., . .. . L. . . haf "
...... . . K vt JUICIEEN TN e e ' I e . et e . a = S . A -
. ae ) . . B e e . . . e Y e . o - ’ - A F¥ YWYy
P . . .. . . - o S R AL N I R . . .
a'e v oa [N ’ - ' ’ e " . . ) . . - - * . . .
P : P, . , . N e ' Te A -t L I AL IO B “ : L R - . . s "
’ . . . » e ’ ' ' - ==
- ¥ » RoF S - .-.»n e v r . . L P a2 . re . a’ ’ - - ’ - .
’ . R I ' - r Lo d o ’ ‘m of
- L. o . » ’ N T T = - - . . . . a2
. ¢ - . e - up . ‘. ’ - .
s r = a . v ’ - - ~ . . . -
a : le? LT I S S A D - L s et L, T, oy -
L Ry P ' RS roa a ’ ’ ., L ’ S - v 'a
- PP . a . g 8 +r . v v r - »” L s " - ’ ’ . »
-~ - R - Y v - . P oa v - -t I . * ’ .
£ T - v Ca W E = smw m . ’ . - r s . 4 a -4 LR - . ’ . = v L - “ -
y - " - - . & - - - . » . e . LT T e L L . P . = - ° . _— . T . . -
- s . .- - = . 5 & Vs s - R Y . . -
. - . . .

A LR, P . T i . A S A ) . :
O O o o oo s s s s oo ok o ol ol o ok o oo e ol k- ol AN APAAAIAAPA o R gl A el
. A

"l} . ..v a -.l ‘”‘l‘({u‘.‘l
v .ﬁ(‘t\\\ﬂ\\ﬂ\% i
) bt " P o iy P

e )
W R ok WP

W T T o Ty ‘.\.‘.iu A walin
. . >
- l.}.l.‘._\%c\.\l{ :

Q.‘%‘...L‘.n\. . > 3 - . .
Ad FEFFNE 4 R e o .l...-‘)l.i.!«-l.\.(.!l. : e

. . ¥ o ar

. aded g d & F VP .
v A 0 W B ot fooifour s sttt A A s i o o

. -As - . . - )}\
s A W KKl o o o o o s oA it

s
>,
._r.}.w\\\.\.\...\ﬂA “ﬂ .

w.,..._. mv W m *}\ pevmnnrs | .éf«.-.!(\\\.\\u“. .
mEs ogel B,

-~ i‘. ‘b

ol




CA 02734808 2011-02-18
WO 2010/027723 PCT/US2009/054730

Has 58

“y
’
v’
¥
1
X
2
¢
i
A
’

.
{}‘.“.‘.‘L‘L‘L{\\‘\

E W
%i .-,-'"'X

\ "

. . . “
fh‘u“_ S ‘ ?-p‘-‘-“i\\\),h,h,h,h_xn_gx\\\“\ww?‘mw \
: B et of
2 N )
i \ .
. W, ’ !. .
. E AERARR R R R RN -y .,

r-Ih.h.nhh_j.«.-sxtxxtx\\%" : ‘{ :

B, _
T R,

o3

F
=
€%

:K‘w

'

)
PATrSSSy

AR R

1
A
1
:
\

§ a ) SO

ey /S
..'o‘ \ b ' » t
7 o ' ‘
.i '

»

B / 3 §watar

.

: . :M"“ 'thi\\\\‘\\naﬁtw \.‘.\f’g . . : .
RO . o.%‘ K {x‘ . Y z."ﬁft}“‘““w | - s:’ .:t | 3 {}S : zttt.k.h.h.h.‘«.xx\“
b ,,gv.. > "Mm1\ S SN N N " ' { ' "f. f? = . T E
AN A Y £ S { : e
AT 4 W & A— S
7 R B ey ks {
i N éf .
¥d oy ? ¥
£ t} ~ R

i R
bl y | |
CTrwe R A A T TR YRR AR R AR RRAR R A AR IR D D D T ey e T L L L AR R RWERR R RIS 6wy R A A Ay ;?
' . ; ) w ‘Y.Kxxn\\“\xxxx\w\\

.y L e
53 o R

'
‘t
;
%

-

T R N R R R R g R S e e o ' s ﬁ“\}h‘-‘-‘jﬁ‘y}““ﬂ* P ey ikt SRS S
R MR A i A

..!1"" . al”

wh‘ﬂ““‘fh‘awﬁ‘?“\wh:‘h;‘ \\Mﬁ. ' !
. - . . ; A 2 4. \ : A R A Y AN
N - ',}-" o ] [, & ay". . R N T A T AT SRR, ot A . e . P a* - e - A ~r - _?Aﬁ e A . o :

e

A e e e s g g o i P

(Y 7 PP NN NN NS

. ;/ &l 28
{ \ { " | :’ : .

T i i L L TP A g g o I I A I T I I T T T T, L T L R Ay A A Ay e R B B T T Ty i : W‘)‘\‘l\\\\V.‘.‘.’E’EK‘.‘L&&‘L*““W&‘M“\\\,h_h,h,h_Qq.t\\\\\\gnwmm\\\\\pp;) .

i“"“r‘\\-‘ S S NN N Y ggq,txm\\\\\\\\wwwmi\\ AR RRaR h%%‘z\‘t\\\\\w‘w ' L AR R RR R hb_".\xx@\\W“‘ T T T T oy S L L L Ay PP g g S o oy

L R T A N R A AR AR A TR R o e R W T A R A I o, s ' A A R a4y, g A, At g A T
Ml T S .

A

' \
_— }
:ﬂ:(\h‘ﬁ"’ _ .q"
™

.‘ “"‘“"d.d'd
. A

My
W .*fff;‘g-.r”ll
w oy,

o - XX & ‘_‘.‘?’:‘_’_‘)

A Ol ngi . T : “\;::c““ .
. . U"ﬂ\. y‘_“ . « "-“_“-;ﬁ'.‘.m
LA WY N 3“'\“,.“ \h‘v\_ \

S b e PPN )
g: e, TG N e i
s A “&:_f . . '\n‘ e , ‘
M1\\ e ek A i A A A A e e e e \“‘)Am.f

!
3

W R BB R R RIS R L g g T,

NRRRRR R AR A SR bbb,
.. '

wmmm‘\‘\.‘.‘.‘.‘\t‘i

B |

B e
- -‘hd". W o o ¢ o o o
) AT - P AT T TG &Ml i e g 5555 5 - e

X



PCT/US2009/054730

CA 02734808 2011-02-18

WO 2010/027723

T

a A

§

{

(

|
time

fer}

-
&3

3
3

ton fwe

§

i
3
rate Produ

£
}
14
1 ﬁm& OOOO0  JKRKRRK  ADDDN. DOOK KRR
N‘\“\
¥
<X

Fﬁﬁiﬁ?f:ﬁ. -
Cap
LG

.'JQ.

;
waler
G

:
£
Ly
{

E_

E
,-s
A
%

"

A"
€
1 3 3 3 ‘.‘.!Ktt%“““w*“?“h.h_Nx“‘\“w“‘\\""A_I_Q_Q_“‘Wt\‘
L
{j ? b E
FIO
N $a
My

{- g.bg '5
: . . L Q‘.’."
°gmxxﬁxxx¢oﬁﬁ°*x-

o wonventional |

PN

L

rr'we'n'ae
REQIOOEARKK N
DO

SN A A A A TR G W BT il e e oo A A A ok o rrywe

21
water capacy

KXEQOOO XXX
DODOL

-

L g g A W N a P ¥ o e !%i\\lf\cﬁaﬂ.\

rate

¢
}

e AT -y, -

e

!

W S,

FBOAIDONS)
|
gg

nydrocarbons |

‘&M

-
R

$.0

SHLHY

o
Bat” 4

A

* “:d"; ! '
?"\i
o8
Y Hrad

NVATICAIoHR
faiiy ma
gt

hydrocarb
§
&

'y
h? 3 b

oo rx

ROON 00000 QU000 . RRRAK DN 00000 0000 SRRRN 20l

)
-

ydr

\ 8
4§ 8
iy
WRRN J00P0K <SRRRA ZRRXKA DO DO m&h:«ﬁn DD DOR

(h

. i *a
- L i i.luhm)].\.\l.\lu(r-\n A R AR AR W A o Kl
- : : e . f.t

7

OO WRRKK, KRARK

SRR

L]
L}
-
K
-
-
-
-
. 5 4 !. .
P - 4 I\ P
* a s L “ P
. .« 4 P
- “ 4 4
. . . 4
. - 4 P s
“ 4
-
-
- 4 .
. -
-
W\\\\},h_hhlmtx\\\\ﬂﬁwmﬁi“'In,h:h_h,h_h,&tt\\\\wmm\\'l\'ln,h,h_h_\_xq_g\-\.\q.
4
R " 208
. -
-
“ .
CF
‘-
"
-
- h . )
AN
-
-
. .
L4
4 -
“-
-
-
. e -
-
.
A
. .
L] .
. “-
. -
P .« 8
o« o LI TR Y
LI LI A
T, T T T T T T g g g g g g g W T T T T T Ty, .k oy oy L L e Ty T g g g g S R W I T T T T T T T T, oy, oy, T T T T W, L A g g g T g g g N TR T T T ey

¥ :

— = \.H.WM N gt o o A b I Sl oo i O o oo T

$rins

*
Fot At A" ok o o AT ool flosflosfongfosng o A koA W NlK ’ w

QAR
3

5/6



CA 02734808 2011-02-18
WO 2010/027723 PCT/US2009/054730

¢"v

g
1}

"

snhingd Conventional and Hydrate Production (i yerotarbons)

de

i3

atl

B RO KU D0 G000¢ U0 XOK KRR INKOE DN 0000K KRR NRANNE. 20008 §_
5 ‘ VA
: ‘ . .
\ A .
: : 'E@i. o
{ FJ T AN
q N
' . h )
2 %
k . ‘ . ’
. .
t § £
t N
\ .- _
o 38
b 3 :
. R
. A
! .
N X
. .
. IRIRAIIIIIIIIIIIKIIIIIINNNINND. i?%‘ ?ﬂfhgbtkjﬁﬁg f X
Srocarbon
-, " 1\1;_15-;“%%"1\tx_h_h,h_n_x-gﬁ_xxx\-L\\WI\_l.h.'-;ﬁ_-«_ﬁ.x\t\ ___________

RN RN AN N0 téii‘iig Eahgrvﬁgfii
pne arbon capacity

_,-r

Combinad Convantional and Hydrate Froduction {water

rAR

\ ww«_um%x&m«_nnm KRR AKNKA CADOANT O OOMN RN D00 000 XNl .
' R | | \
Q- B f
g o :
Y ’ e
& ER ot
N < kﬁ&{”
? . TN
A -&# - i
. ¥ \
& ?
R - 50 x K W -~
A Y _ -”.&aoa@r“‘ &
? ' -¢»&',‘.'-‘ ' *,,‘;éxg:axxﬁ“"' o z
e f
@ B
b 4
& q %
X Rt 4
&
L3
\ b
35999ieb¢o&xxu ! >
: 2
L 4
A
N
N
‘ .
ARRR A .*_x-l.\w*‘ﬁ“\\h sl s g, T L L 0 0,30 g g g g gl g P g g g o R T T TR T T T T T Ty sty s o, T T L S L L P g g g oy T T T T T s, 3 GG N

&

S 's&f:.?sty TaxinUm
waler capaaity

\i'
WA

.;@ambim (Zf:»m ndional and Hydrate Production {hydrocarbons and waler)

iﬁ. h
3y %
2 &
o
X .
&% -
E - g
» ” .
X R
e
L -3 A
5 o
. -'b;p.,.. ¢¢-¢~"¢§”—‘.
. " . AxgRANRSD |
< ' I AP X Rl ¥
- f' } &
liwﬁ{ 3 .8 4
ANNNDDODOOLKY : ;‘ : A
}'}Xt {:\F \}{; -.ir}-e’ | . g:.‘-'v\-
: \ N .
| R u-\}
R — AN T :
wxxeses WATAS 5
' 3
1
|
q

e I T T T A At T, 4 4 L L L A A A A A R R T T A B, o 4 L LR A A Ay S e TR A L R Ay Ay Ty T R R

Hme




o~
“, ; 3 e
Mg » S A o
. g
e i gtk g VP o PP e ﬁwﬁwﬁ}iﬁf@‘:“r-pﬁm %mlll-{-;ﬂbv s s s g S SV ST SR S

. - . W 271 s I i e ?fl‘.l‘amp:,
"":w"ﬂ'ﬁvM/"ﬁcf "H‘-JWW&Wﬁw¢’M~-wAfumﬁ~r:r'A‘m?"*W5A‘ . 2 & : : M:f%m‘" -'/’a e ,{A. - ,-)-Q. - ".;wi'r,."”‘ .

Ww . ¥
ST SR L RN SR SR S R N ) LV S S U T S M‘M.,,,-c’f

)'md’s'hdﬂ‘krw/‘b MMAAW.AWAM‘)'WF gt e " wap .2 W‘WFAAW Mc-ﬁ"m-’&wﬁw”/'“:‘ f
JAMWVM ’ -;w""’&ow-t"‘ovm/' Wﬂ’%ﬁwﬂ’wﬁé‘wﬁ‘h.ﬂ“" -’6 V*MA'M.AMMA,MMMW'

et s P a s s P i n gt g .A,.,../Wf-s.,,.,.,»"-f,.,,,.A..,,.-f-..-,mﬂ_m.ﬂmw)%,ﬁmﬂmﬁwmW,A,,,,,,.&,_wﬁ,,;ﬂ/-. &1

/
: A
"
ere
’«(b
iox AT o
% &
f ; ¥ ) 578 %
y s
\., b 7
ﬁﬁﬁﬁ ; ; ] N"dj
M‘NIM + 4 A\'IJ M?”‘m."u )
w" . * oV, !
‘ - % / $ J‘b‘:cm‘» e B o o L X PP
‘ ‘. e ’ ."'a:.*ﬁ- . } Rt
ool 3 4 oy ) ; 1
Lok VWNVWT A Ly 3l tbfgrata o o A a - V] ot T o oW rz »
AL g P P bt at b B P Y S - o - . e X A S E L a s K
% St L LA EDAECW & s e q‘:‘hﬂ:"‘:"." .“"'::M"” 1 bad -"‘:'::a’ddd,-(-ﬂw g .‘J“"’m"‘”mﬂ r”mm’w, t
p o~ e T T g T S N Y
4 &
< ] < i
. SWY T FAARRALAAr Iy . e
,,,,Mm. . P L a s o T wﬁ >, . L
P bt i i iadaiinini R SR PV PPN 2, o el BN it e o eI ST b O A > o . o asa bk o 3 A rrr.*rrr.-f.*rr:rw.:.w‘m [ A iy . R e Ll -re
i 7 & - L VR - -~ e bt gt TRE I ; Sttt . e e g T ) [ '?' )
arare A TEARE -~ Snrtwa.  uy D e e w prpw - A  aatnt ainiakilinbedd o . . SA ALY SRR {1 2 i B
L. y -t - T L o L s m“""‘lﬁ.m-..m b 1'..:..(”.‘- Lt
- vy AT REaS X - . A s, - e hapd P T N . s Pl o i F e - <crwa SN Lnimrrs Ralatuiadulh A :l . VIR S U
3 . NP .y P ! -, SISO 0. P - . [ i S ¢
; S i A -
[, L
8 L o
L -'C
L
L
, ‘IW' ;{}
’
"
K
r

SRR E N T TR
i




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - abstract drawing

