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geothermal heat zone below the reservoir and extending upwardly therefrom into the reservoir. The containers comprise (a) a
bottom portion (400) In the geothermal heat zone below the reservolir; (b) a top portion (300) within the reservoir; and (c¢) being
partially filled with a liquid (200) that evaporates in the bottom portion forming a vapor and transferring heat via convective flow of

the vapor to the top portion, the heat being dissipated at the top portion into the surrounding reservoir as the vapor condenses
back into liquid and flows downward to the bottom portion. The reservoir can be a clathrate reservoir.
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(57) Abstract: A method and system for mitiating hydrocarbon production from a reservoir (100) are provided. This method and
'mosyphons. The system and method utilize one or more sealed, elongated, hollow tubular containers supported in
'mal heat zone below the reservoir and extending upwardly therefrom into the reservoir. The containers comprise
'mal heat zone below the reservoir; (b) a top portion (300) within the reservoir; and (¢) being
partially filled with a liquid (200) that evaporates in the bottom portion forming a vapor and transterring heat via convective tlow of
the vapor to the top portion, the heat being dissipated at the top portion into the surrounding reservoir as the vapor condenses back
into liquid and tflows downward to the bottom portion. The reservoir can be a clathrate reservoir.
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INITIATING PRODUCTION OF CLATHRATES BY USE OF THERMOSYPHONS

Priority Claim

This application claims priority to U.S. Provisional Application No. 61/682,569, filed
August 13, 2012, entitled “Hydrocarbon Production Using Passive Thermodynamic Heat
Transfer Devices™, the contents of which are incorporated herein by reference 1n their

entirety. This application 1s related to co-pending Application Serial No. :

filed August 13, 2013, entitled “Enhancing Production of Clathrates by Use of

Thermosyphons”, which 1s herein incorporated by reference 1n 1ts entirety.

Field of the Invention

The present application relates to a method and system for initiating hydrocarbon
production using passive thermodynamic heat transfer devices. In particular, the present
application relates to a method and system for initiating production of hydrocarbon reservoirs

by use of thermosyphons, including reservoirs of clathrates of natural gas.

Background of the Invention

It proponents of Hubbert peak theory are correct, world o1l production will at some
point peak, 1f 1t has not done so already. Regardless, world energy consumption continues to
ris¢ at a rate that outpaces new o1l discoveries. As a result, alternative sources of energy must
be developed, as well as new technologies for maximizing the production and efficient
consumption of oil.

In maximizing the production of o1l, deepwater and permafrost drilling are being
developed because they allow for production of o1l and gas 1n reservoirs that have previously
been 1naccessible. Deepwater drilling 1s the process of o1l and gas exploration and
production in depths of more than 500 feet. Permafrost drilling 1s the process of o1l and gas
exploration and production in areas where seasonal temperatures are cold enough for
permafrost to exist. Both had been economically infeasible for many years, but with rising
o1l prices, more companies are now routinely investing in these areas.

In addition to conventional o1l and gas development, attractive alternative sources of
energy may be developed. One potentially very large alternative source of energy 1s marine
and permafrost natural gas sequestered in materials called clathrates. A clathrate 1s a
chemical compound 1n which molecules of one material (the “host”) form a solid lattice that

encloses molecules of one or more other materials (the “guest(s)”). Clathrates are also called
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inclusion compounds and important features of clathrates are that not all the lattice cells are
required to be filled (1.e. they are non-stoichiometric) and the guest molecule(s) are not
chemically bound to the host lattice.

Naturally-occurring clathrates of natural gas form when water ‘host’ molecules and
certain low molecular weight hydrocarbon gas ‘guest’ molecules are brought together under
suitable conditions of relatively high pressure and relatively low temperature. Under these
conditions the “host” water molecules will form a cage or lattice structure capturing one or
more¢ hydrocarbon “guest” gas molecules mside. 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
oas at standard temperature and pressure conditions.

Methane 18 the most common guest molecule 1n naturally-occurring clathrates of
natural gas. Many other low molecular weight gases also form hydrates, including
hydrocarbon gases such as ethane and propane and non-hydrocarbon gases such as CO2 and
H2S.

Natural gas hydrates form naturally and are widely found at about 200 meters depth
below the surface in permafrost areas, potentially within and below the permafrost layer.
Natural gas hydrates also are found 1n sediments along continental margins at water depths
ogenerally greater than 500 meters (1600 feet) at mid to low latitudes and greater than 150-200
meters (500-650 feet) at high latitudes. The thickness of the hydrate stability zone varies with
temperature, pressure, composition and availability of the hydrate-forming gas, underlying
ogcologic conditions, water depth, salinity, and other factors.

Estimates of the amount of methane sequestered globally 1n natural gas hydrates have
varied widely. The earliest estimates ranged between 100,000 and 100,000,000 trillion cubic
feet (TCF). Since the start of dedicated drilling 1n the mid-1990s researchers learned that the
percentage of natural gas hydrates within the pore spaces of marine sediments (referred to as
natural gas hydrate saturation) were often far lower than the theoretical maximum saturation.
This led to downward revisions of the amount of methane sequestered globally in natural gas
hydrates to 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 arcas). Even the lowest estimate represents an enormous potential new energy
resource, equal to more than 4,000 times the amount of natural gas consumed 1n the US 1n or

18 times the entire world’s proven gas resources.
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Recognizing that only a fraction of the globally sequestered methane 1s likely to be
concentrated enough and accessible enough to be produced, and acknowledging that to date
there has never been a long-term production test of natural gas hydrates, 1t 1s still clear that
natural gas hydrates have the potential to become a very large new energy source for the
world.

To produce gas from natural gas hydrates the natural gas hydrates must first be
converted back (“dissociated”) into water (either liquid or ice) and producible free gas

molecules by one or any combination of four methods:

e Addition of heat until the natural gas hydrate 1s outside the phase stability

envelope

e Reduction of pressure (depressurization) until the natural gas hydrate 1s

outside the phase stability envelope

e Addition of a hydrate inhibitor such as a salt, methanol, etc. to shift the
phase stability envelope to the point where the natural gas hydrate 1s outside

the phase stability envelope

e Molecular substitution, where one type of guest molecule 1s substituted for

another

Although only a few natural gas hydrate production tests have taken place, all of very
limited duration, significant work with reservoir simulators and laboratory experiments have
led those experienced in the art to generally believe that depressurization would the most
economical form of natural gas hydrate production.

It 1s also a widely held belief that natural gas hydrate reservoirs could be produced
using largely conventional and production technologies.

Regardless of the production method, natural gas hydrate dissociation 1s an
endothermic process, meaning 1t 18 a process that 1s limited by how much thermal energy 1s
available 1n the vicinity. As the endothermic dissociation process proceeds and draws
thermal energy from adjacent sediments, 1t causes them to cool. A natural consequence of
dissociation of cold natural gas hydrates 1s the potential freezing of adjacent portions of the
reservoir. Freezing of adjacent portions of the reservoir would effectively plug the well
because of the very long time spans required for the frozen reservoir to naturally thaw.

Addition of localized heat to thaw the frozen reservoir would also be a possible solution, but
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so much heat would need to be applied the economic impact would make this method
prohibitive.

Natural gas hydrate reservoirs that are at pressures and/or temperatures well inside the
hydrate phase stability zone (1.¢. reservoirs that are very cold and/or under very high
pressure) will require significant drops in pressure and/or addition of heat to initiate
dissociation and will likely have limited ambient thermal energy in the surrounding sediments
above and below the natural gas hydrates to support economic rates of gas production. The
most desirable natural gas hydrate reservoirs are therefore those that warm and at or near the
phase stability envelope. Unfortunately, 1t 1s a matter of geologic chance whether a given
natural gas reservoir would meet such desirable characteristics.

Most of the natural gas hydrate research to date has focused on basic research, as well
as detection and characterization of hydrate reservoirs. Extraction methods that are
commercially viable and environmentally acceptable are still at an early developmental stage.

Theretfore, technologies must be further developed betore these additional sources of

hydrocarbons become commercially-viable sources of energy.

Summary of the Invention

As described herein, a method and system for initiating hydrocarbon production are
provided.

In one embodiment, a system for initiating production of one or more reservoirs 1s
provided. The system comprises one or more sealed, elongated, hollow tubular containers
supported 1n earth 1 a geothermal heat zone below the reservoir and extending upwardly
therefrom 1nto the reservoir. The containers comprise (a) a bottom portion in the geothermal
heat zone below the reservoir; (b) a top portion within the reservoir; and (¢) being partially
filled with a liquid that evaporates in the bottom portion forming a vapor and transferring
heat via convective flow of the vapor to the top portion, the heat being dissipated at the top
portion into the surrounding reservoir as the vapor condenses back into liquid and flows
downward to the bottom portion. In one embodiment the reservoir 1s a natural gas hydrate
reServoilr.

In another embodiment, a method for initiating production of a reservoir 1s provided.
The method comprises a) locating a reservoir and b) inserting one or more sealed, elongated,
hollow tubular containers in earth 1n a geothermal heat zone below the reservoir and
extending upwardly therefrom into the reservoir. The containers comprise (1) a bottom

portion 1n the geothermal heat zone below the reservoir; (11) a top portion within the
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reservoir; and (111) being partially filled with a liquid that evaporates in the bottom portion
forming a vapor. The method further comprises ¢) transferring heat from the geothermal heat
zone below the reservorr to within the reservoir by convective flow of the vapor to the top
portion, the heat being dissipated at the top portion into the surrounding reservoir as the vapor
condenses back mnto liquid and flows downward to the bottom portion; and d) raising the
temperature of the reservoir. In one embodiment the reservoir 1s a natural gas hydrate
reServoilr.

In another embodiment, a method for initiating production of natural gas hydrates 1s
provided. The method comprises a) locating a natural gas hydrate reservoir at a temperature
and pressure such that the natural gas hydrates are stable and b) inserting one or more sealed,
elongated, hollow tubular containers in earth in a geothermal heat zone below the natural gas
hydrate reservoir and extending upwardly therefrom into the natural gas hydrate reservorr.
The containers comprise (1) a bottom portion in the geothermal heat zone below the natural
oas hydrate reservoir; (11) a top portion within the natural gas hydrate reservoir; and (111)
being partially filled with a liquid that evaporates in the bottom portion forming a vapor. The
method further comprises ¢) transterring heat from the geothermal heat zone below the
natural gas hydrate reservoir to within the natural gas hydrate reservoir by convective flow of
the vapor to the top portion, the heat being dissipated at the top portion into the surrounding
reservolr as the vapor condenses back into liquid and flows downward to the bottom portion;
and d) raising the temperature of the natural gas hydrate reservoir moving the reservoir

closer to but not over a phase boundary to dissociation.

Brief Description of the Drawings

Figure 1 illustrates four embodiments (A, B, C and D) of the containers utilized 1n the
systems for initiating production of a hydrocarbon reservoir as described herein.

Figure 2 illustrates a system for initiating production of a natural gas hydrate reservoir

located below the sea floor.

Detailed Description of the Invention
The present application provides a method and a system for 1nitiating production of
one or more reservolrs. This method and system utilize thermosyphons. The reservoir can be

a natural gas hydrate reservorr.
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Definitions

In accordance with this detailed description, the following abbreviations and
definitions apply. It must be noted that as used herein, the singular forms “a”, “an”, and
“the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to a “liquid” includes one and a plurality of such.

Unless otherwise stated, the following terms used in the specification and claims have
the meanings given below:

“Container” 1s one or more sealed, elongated hollow tube(s).

“NHG” 18 natural gas hydrates or clathrate hydrates of natural gas.
These hydrates form when water and the gas molecules are brought together
under suitable conditions of relatively high pressure and low temperature.

“Reservolr’” 1s a hydrocarbon reservoir and as used herein includes
natural gas hydrate reservoirs, heavy oil reservoirs and tar sands reservoirs.

“GeoThermal Heat Zone” or GTHZ means a location 1n the earth
deeper and thus hotter than the reservoir. The deeper locations are hotter due
to geothermal gradients.

“Liquids” as used herein are fluids with a suitable boiling point
at suitable pressures to enable boiling at and/or below the GTHZ temperature.
Liquids include, for example, propane, butane, pentane, hexane, heptane,
octane, dimethyl ether, methyl acetate, fluorobenzene, 2-heptene, carbon
dioxide, ammonia and mixtures thercof. Liquids include any fluid of suitable
boiling point in combination with the pressure relative to the GTHZ to be
boiled forming vapor within the GTHZ and condensing back into liquid at the
temperature and pressure of the reservorr.

“Phase boundary™ relate to changes 1n the organization of matter, such
as a change from liquid to vapor/gas or solid to liquid. When a substance
undergoes a phase transition (changes from one state of matter to another), 1t
usually either takes up or releases energy. Phase diagrams are common ways
to represent the various phases of a substance and the conditions under which
cach phase exists.

“Remote” means a location that 1s at least 100, more preferably 500
miles, oftshore.

“Subsea” means at a depth beneath the surface of the water.
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“Optional” or “optionally” means that the subsequently described

event or circumstance may, but need not, occur, and that the description

includes mstances where the event or circumstance occurs and instances in

which 1t does not.

The present application relates to developing reservoirs that are traditionally difficult
to develop for economic and/or technological reasons. These reservoirs mclude natural gas
hydrate reservoirs, heavy o1l reservoirs, and tar sands reservoirs. To access the heavy oil
reservolrs and tar sands reservoirs, 1t 18 necessary to promote a phase transition from solid to
liquid or a viscosity change from high viscosity to lower viscosity, to pump the desired
hydrocarbon product. To access the natural gas trapped in the hydrates, 1t 1s necessary to
move the natural gas hydrates closer to but not across a phase boundary to dissociation and
then 1n a controlled manner promote dissociation to obtain the desired natural gas product.

The present system and method addresses heating these reservoirs 1in an economically
viable and environmentally desirable way. The present system and methods 1nitiate
production.

The system and method of the present application initiates production of these one or
more reservolrs. The system and method utilize one or more sealed, elongated, hollow
tubular containers supported in the earth 1n a geothermal heat zone below the reservoir and
extending upwardly therefrom 1nto the reservoir. The geothermal heat zone 18 a location 1n
the earth deeper and thus hotter than the reservoir. The geothermal heat zone may be 40 to
150°C. In some embodiments, the geothermal heat zone may be 40°C. In other
embodiments, the geothermal heat zone may be 60°C or 100°C. The temperature of the
geothermal heat zone will depend on the location and depth. The temperature can be
determined by conventional methods by one of ordinary skill in the art.

The containers comprise a bottom portion 1n the geothermal heat zone below the
reservolr and a top portion within the reservoir. The containers are of an appropriate length
and 1nserted into the earth so that they are at the desired location within the earth. They are
inserted so that the bottom portion 1s at a depth within the geothermal heat zone at an
appropriate temperature higher than the reservoir and the top portion 1s within the reservoir to
be developed. Geothermal gradients result in the increased temperature with increased depth
and can be determined by one of ordinary skill in the art.

The containers utilize passive heat exchange based on natural temperature
differentials 1n the earth. The containers do not require a pump or any moving parts.

Accordingly, the system 1s simple, low cost, and robust.



10

15

20

25

30

CA 02881152 2015-02-03
WO 2014/028522 PCT/US2013/054776

The containers are partially filled with a liquid. The containers partially filled with
the liquid are sealed. The liquid 1s selected based on the sealed pressure inside the container
and the geothermal temperature at the bottom of the container. The liquid 1s selected so that
at the temperature and pressure of the bottom portion of the container, the liquid boils
forming a vapor and at the temperature and pressure of the top portion of the container within
the reservoir, the liquid condenses back to a liquid. Knowing the temperature of the
geothermal heat zone and the reservoir and determining an appropriate sealing pressure for
the container, one of ordinary skill in the art can readily select a liquid. The liquids are
utilized having suitable boiling points at suitable pressures to enable boiling at and/or below
the temperature of the geothermal heat zone and enable condensation at/or below the
temperature of the reservoir. The liquid can be selected from the group consisting of
propane, butane, pentane, hexane, heptane, octane, dimethyl ether, methyl acetate,
fluorobenzene, 2-heptene, carbon dioxide, ammonia and mixtures thereof.

One of ordinary skill in the art can calculate the depth to msert the containers to
achieve heat transfer from the geothermal heat zone below the reservoir to within the
reservoir using the properties of the liquid and the sealing pressure. One of ordinary skill in
the art can also determine the number of containers needed and how densely to arrange the
containers based on the desired heating.

The liquid evaporates 1n the bottom portion of the container forming a vapor and
transferring heat via convective flow of the vapor to the top portion, the heat being dissipated
at the top portion 1nto the surrounding reservoir as the vapor condenses back into liquid and
flows downward to the bottom portion. This cycle 1s repeated indefinitely transferring heat
from the geothermal heat zone to the reservorr.

Conveniently, the container can be made of and inserted 1nto appropriate locations
using common drilling equipment and tools, drilling equipment and tools that would be
necessary to develop a hydrocarbon reservoir. The container can be one or more joints of
new or used drilling pipe filled with the liquid and sealed under pressure, one or more joints
of new or used drilling casing filled with the liquid and sealed under pressure, or one or more
lengths of pipe filled with liquid and sealed under pressure. The pipe can be made of any
appropriate material, including for example metallic or polymeric. The container can be
sealed with removable packers or removable seals.

The container can be placed in cased drill holes or in open drill holes. The drilled
hole can be sealed between the surface and top of the system with drilling mud or concrete.

If the containers are placed 1n cased drilling holes, at a later date production wells can be
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installed into the same cased wells, when 1t 1s appropriate to begin production of
hydrocarbons from the reservorr.

These containers are fail safe 1n that any breach of the outer container will stmply
release the liquid and disperse 1t in the localized sediments. The containers will then cease to
function and will become a deeply buried stub of pipe. By appropriate choice of burial depth,
pressure, and filling liquid, these containers will not overheat the reservorr.

The container forms a vertical closed-loop circuit for circulation of the liquid and
vapor enabling passive heat exchange from the geothermal heat zone to within the reservorr.
As such, the container heats the reservoir producing the desired result within the reservorr.
For instance, for heavy o1l or tar sands reservoirs, the container heats the reservoir reducing
the viscosity of the hydrocarbon product. For natural gas hydrate reservoirs, the container
heats the reservoir moving the hydrates closer to but not across a phase boundary to
dissociation. Then 1n a controlled manner and at an appropriate time, dissociation can be
promoted as part of a method of enhancing production of natural gas from the hydrates.

The container can be treated on an inner and/or an outer surface with protective
materials. These protective materials can protect the integrity container from the
environment in which 1t 1s buried. These protective materials can also protect the inner
surface of the container from the liquid. These protective materials can also be insulating and
assist 1in providing the appropriate environment for the heat exchange using the liquid. As
such, the protective materials can be anti-corrosive, insulating, and the like.

The container can include one or more internally or externally insulated portions
above the bottom portion and below the top portion to maximize the transmission of heat
from the geothermal heat zone to the reservoir. Insulation can consist of various means, such
as double-walled pipe, optionally with foam or vacuum 1n between the pipe walls.
Applications of foam insulation of various compositions can also be applied. The insulated
portions can be continuous or iterrupted along the length of the container and may consist of
a single layer or multilayer insulations and any combinations thereof.

The containers can be inserted into the ground to extend from the geothermal heat
zone to the reservoir at any angle between horizontal to vertical or any combination of angles
along the length of the container. The containers can contain curved sections so that the
angle 1s not consistent over the entire length of the container. In certain embodiments, the
containers are iserted at angles between 45° and vertical. The angle needs to allow the
liquid to vaporize and condense and transfer heat from the geothermal heat zone to the

reservoir.
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The container can include additional components to enhance the thermal transter
properties and/or efficiencies between the bottom and top portions and between the system
and surrounding earth. For example, the container can include internal batfles or plates to
assist 1in vaporization and condensation of the liquid. The container can also include external
fins or plates. In particular, 1t may be desirable to locate these external fins or plates at the
top and/or bottom portions to enhance and extend the thermal transfer between the system
and surrounding earth by increasing the exposed surface arca. These additional components
can be installed to 1 the containers either before 1t 1s inserted or after 1t 18 inserted.

The contamers can be inserted into the ground such that the containers intersect more
than one reservoir. As such, the container has an upper portion within an additional reservorr.
This upper portion 1s distinct from the top portion and the additional reservoir 18 distinct from
the reservoir 1in which the top portion 1s situated. In this instance, the container can include
insulation 1n the areas of the container between reservoirs and 1n areas above the bottom
portion 1n the geothermal heat zone.

Four embodiments (A, B, C, and D) of the containers utilized in the systems for
initiating production of a hydrocarbon reservoir comprising containers are illustrated in
Figure 1. Container A illustrates the container comprising a bottom portion (400) 1n a
geothermal heat zone below the reservoir (100) and a top portion (300) within the reservoir
(100). The container 1s partially filled with a liquid (200) that evaporates 1n the bottom
portion of the container forming a vapor and transferring heat via convective tlow of the
vapor to the top portion of the container. The heat 1s dissipated at the top portion of the
container 1nto the surrounding reservoir, heating the reservoir and raising the temperature of
the reservorir as the vapor condenses back into liquid within the container and flows
downward to the bottom portion.

Container B 1llustrates a container with internal baffles or plates (500) to assist in
vaporization and condensation of the liquid (200). The internal baftles or plates (500) are
located between the bottom portion (400) 1in the geothermal heat zone below the reservoir
(100) and the top portion (300) within the reservoir (100).

Container C 1llustrates a container with an insulated portion (600) above the bottom
portion 400) and below the top portion (300) to maximize the transmission of heat from the
geothermal heat zone to the reservorr.

Container D 1llustrates a container inserted into the ground such that the container
intersects two reservoirs (100 and 110). The two reservoirs (100 and 110) are distinct. The

container includes a bottom portion (400) 1n a geothermal heat zone below the reservoirs (100

10
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and 110), a top portion (300) within the reservoir (100) and an intermediate portion with
reservolr (110). The container 1s partially filled with a liquid (200) that evaporates in the
bottom portion of the container forming a vapor. The container includes insulation (620) 1n
the arcas of the container between reservoirs (100 and 110) and insulation (610) 1n the area
above the bottom portion (400) 1in the geothermal heat zone.

These 1llustrations are not intended to be limiting. The container may include other
components, such as external fins or plates at the bottom portion (400) and/or the top portion
(300) that would maximize the transmission of heat from the geothermal heat zone to the
reServoilr.

The system comprising these one or more containers 1s utilized in methods for
initiating production of a reservoir. The methods comprise a) locating a reservoir; b)
inserting the one or more sealed, elongated, hollow tubular containers into the earth 1n a
oeothermal heat zone below the reservoir and extending upwardly therefrom into the
reservolr; ¢) transferring heat from the geothermal heat zone below the reservoir to within the
reservoir; and d) raising the temperature of the reservoir. The containers comprise a bottom
portion 1n the geothermal heat zone below the reservoir and a top portion within the reservorr.
The containers are partially filled with a liquid that evaporates 1n the bottom portion forming
a vapor. Heat 18 transferred by convective flow of the vapor to the top portion of the
container, the heat being dissipated at the top portion into the surrounding reservoir as the
vapor condenses back into liquid and flows downward to the bottom portion of the container.
The heat dissipating into the surrounding reservoir raises the temperature of the reservorr.

As described herein, the reservoir can be a natural gas hydrate reservoir, a heavy oil
reservolr, or a tar sands reservoir. In one embodiment the reservoir 18 a natural gas hydrate
reservolr. Production initiation may or may not extend into phase transition or significant
viscosity reduction for the reservoir depending on design parameters, actual subsurface
conditions, time 1n the ground for the containers, and the like.

The reservoir can be located by conventional methods. Tar sand reservoirs are
commonly found in Canada and Venezuela. Natural gas hydrates are common constituents of
deepwater marine and permafrost environments. One of ordinary skill 1in the art can 1dentify
an appropriate reservoir of size and location for development.

In certain embodiments of the methods of the present invention, the reservoir can be a
natural gas hydrate reservoir and the temperature of the reservoir can be raised moving the
reservoir closer to, but not over, the phase boundary to dissociation. When appropriate, a

method of enhancing production can further include decreasing the pressure of the natural gas
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hydrate reservoir and/or increasing the temperature beyond the NGH phase stability boundary
initiating dissociation, producing natural gas, and collecting the natural gas produced from
the hydrates. A cubic meter of natural gas hydrate contains 0.8 cubic meters of water and up
to 170 cubic meters of natural gas.

The deepwater clathrate and permafrost reservoirs are relatively shallow depths below
the sea tloor and land surface, respectively; therefore, drilling and placing large numbers of
the containers for initiating production of the reservoir will be relatively inexpensive. In the
method of mitiating production, large expanses of the containers can be placed and allowed
to operate automatically for a period of time until the natural gas hydrate reservoir 1s at
optimal conditions for production. This period of time can range from days to months to
years. When ready to begin production of the reservoir, cased holes can be used for
installation of the production wells. During production, the remaining containers will
continue to add heat to the reservoir preventing secondary hydrates from forming and
blocking flow to the production wells. In addition, tranches of the containers can be removed
when production 1s initiated 1n the area those containers were located and these containers
can be relocated to the next production development area.

In other embodiments of the methods of initiating production, the reservoir can be a
heavy o1l reservoir and the temperature of the reservoir can be raised such that the viscosity
of the heavy o1l 1s deceased. The viscosity of the heavy o1l can be decreased to a point at
which the heavy o1l will flow freely. Production mitiation may extend into significant
viscosity reduction or this may occur in production. At an appropriate time, a method of
enhancing production can include flowing the heated heavy o1l to a wellbore and collecting
the heavy oil.

In other embodiments of the methods of initiating production, the reservoir can be a
tar sands reservoir and the temperature of the reservoir can be raised so that the hydrocarbons
in the reservoir will eventually change from solid to liquid. The temperature can continue to
be raised to a point at which the hydrocarbons in the reservoir change from solid to liquid.
Production 1nitiation may extend into phase transition or the point of phase transition may
occur 1n production. The method of enhancing production can include flowing the liquefied
tar sands hydrocarbons to a wellbore and collecting the liquefied tar sands product.

Based on the geothermal gradient and the anticipated sealing pressure, a liquid 1s
selected having a suitable boiling points at suitable pressures to enable boiling at and/or
below the temperature of the geothermal heat zone and enable condensation at/or below the

temperature of the reservorr.
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The sealed elongated, hollow tubular containers are inserted into the earth 1in a
ocothermal heat zone below the reservoir and extending upwardly therefrom into the
reservolr. One of ordinary skill in the art can calculate the depth to insert the containers to
achieve heat transfer from the geothermal heat zone below the reservoir to within the
reservoir using the properties of the liquid and the sealing pressure.

The liquid evaporates in the bottom portion of the container forming a vapor and
transferring heat via convective tflow of the vapor to the top portion, the heat being dissipated
at the top portion 1nto the surrounding reservoir as the vapor condenses back into liquid and
flows downward to the bottom portion. This cycle 1s repeated indefinitely transferring heat
from the geothermal heat zone to the reservorr.

The transfer of heat from deeper 1n the earth to the reservoir raises the temperature of
the reservorr. Raising the temperature of the reservoir causes changes in the hydrocarbon
reservolr within the reservoir, dependent upon the reservoir selected. As described above,
when the reservoir 18 a heavy o1l reservoir, the temperature 1s raised decreasing viscosity of
the o1l. When the reservoir 1s a tar sands reservoir, the temperature 1s raised eventually
causing a phase change from solid to liquid for the hydrocarbon product. When the reservoir
1s a natural gas hydrate reservoir, the temperature 18 raised moving the reservoir closer to but
not over the phase boundary to dissociation. In the present methods, raising the temperature
and 1nitially changing the characteristics of the hydrocarbon reservoir reduces the eventual
production costs associated with developing the reservoir and obtaining a product.

The 1nitial initiation of production, which achieves heating of the reservorr, 18
considered as incorporated into the overall production of the hydrocarbon reservorr.

Figure 2 1llustrates a system for initiating production of a natural gas hydrate reservoir
(100) located below the sea floor. The system of Figure 2 includes two containers (A and B).
Figure 2 1llustrates the surface of the ocean (10) and the seafloor (20) and the containers (A
and B) are inserted 1nto the seafloor.

Container A 18 placed 1n a drill hole sealed between the surface (20) and the top of the
system (40) with drilling mud or concrete (30). Container A includes a top portion (300)
within the reservoir (100) and a bottom portion (400) 1n a geothermal heat zone below the
reservoir (100). The container 1s partially filled with a liquid (200) that evaporates in the
bottom portion of the container forming a vapor and transferring heat via convective flow of
the vapor to the top portion of the container. The heat 18 dissipated at the top portion of the

container 1nto the surrounding reservoir, heating the reservoir and raising the temperature of
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the reservoir as the vapor condenses back into liquid within the container and flows
downward to the bottom portion.

Container B 1s placed 1n a cased drilling hole sealed with a re-entry mechanism (50)
so that at a later date production wells can be installed 1nto the same cased well, when 1t 18
appropriate to begin production of hydrocarbons from the reservoir. Container B 1s sealed
with removable packers or a removable seal (60). Container B also includes a top portion
(300) within the reservoir (100) and a bottom portion (400) 1n a geothermal heat zone below
the reservoir (100). The container 1s partially filled with a liquid (200) that evaporates in the
bottom portion of the container forming a vapor and transferring heat via convective flow of
the vapor to the top portion of the container with the heat being dissipated into the
surrounding reservoir (100).

While the invention has been described 1n detail and with reference to specific
embodiments thereof, 1t will be apparent to one skilled 1n the art that various changes and

modifications can be made without departing from the spirit and scope thereof.
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What is claimed is:

1. A system for initiating production of one or more reservoirs comprising one or more
sealed, elongated, hollow tubular containers supported 1n earth 1n a geothermal heat zone
below the reservoir and extending upwardly at any angle including and between vertical to
horizontal or any combination of such angles along the length of the container therefrom 1nto
the reservoir, the containers comprising:
a) a bottom portion 1n the geothermal heat zone below the reservoir;
b) a top portion within the reservoir; and
C) being partially filled with a liquid that evaporates in the bottom portion
forming a vapor and transferring heat via convective flow of the vapor to the top
portion, the heat being dissipated at the top portion into the surrounding reservoir as
the vapor condenses back into liquid and flows downward to the bottom portion,
wherein the container forms a vertical closed-loop circuit for circulation of the liquid
and vapor enabling passive heat exchange from the geothermal heat zone to within the

reservolr.

2. The system of claim 1, wherein the liquid 1s selected from the group consisting of
propane, butane, pentane, hexane, heptane, octane, dimethyl ether, methyl acetate,

fluorobenzene, 2-heptene, carbon dioxide, ammonia and mixtures thereof.

3. The system of claim 1, wherein the container 1s selected from the group consisting of
one or more joints of new or used drill pipe filled with the liquid and sealed under pressure,
one or more joints of new or used drilling casing filled with the liquid and sealed under

pressure, and one or more lengths of pipe filled with liquid and sealed under pressure.
4. The system of claim 3, wherein the container 1s treated on an inner surface and/or an
outer surface with protective materials, and wherein the protective materials are anti-

corrosive or msulating.

3. The system of claim 3, wherein the container 1s placed 1n cased drill holes or 1n open

drill holes, and wherein the drill hole 1s sealed with drilling mud or concrete.
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0. The system of claim 3, wherein the container 1s placed in cased drill holes or 1n open

drill holes, and wherein the container 1s sealed with removable packers or removable seals.

7. The system of claim 1, wherein the container further comprises one or more internally

and/or externally insulated portions above the bottom portion and below the top portion.

3. The system of claim 1, wherein the container further comprises an upper portion
within one or more additional reservoirs, wherein the container comprises msulation 1n areas

of the container between the reservoirs

9. The system of claim 1, wherein the container further comprises internal batfles or
plates.
10. The system of claim 1, wherein the container further comprises external fins or plates

at the top portion and/or bottom portion.

11.  The system of claim 1, wherein the reservoir 1s a natural gas hydrate reservorr.
12. A method for initiating production of a reservoir comprising:
a) locating a reservotr;
b) inserting one or more sealed, elongated, hollow tubular containers 1n earth 1n a

ocothermal heat zone below the reservoir and extending upwardly therefrom into the
reservoir, the containers comprising: (1) a bottom portion in the geothermal heat zone
below the reservoir; (11) a top portion within the reservoir; and (i11) being partially
filled with a liquid that evaporates 1n the bottom portion forming a vapor, wherein the
container forms a vertical closed-loop circuit for circulating the liquid and vapor
enabling passive heat exchange from the geothermal heat zone to within the
reservolir.;

C) transferring heat from the geothermal heat zone below the reservoir to within
the reservoir by convective flow of the vapor to the top portion, the heat being
dissipated at the top portion into the surrounding reservoir as the vapor condenses
back into liquid and flows downward to the bottom portion; and

d) raising the temperature of the reservorr.
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13.

The method of claim 12, wherein the reservoir 1s a natural gas hydrate reservoir and

the temperature of the reservoir 1s raised moving the reservoir closer to but not over a phase

boundary to dissociation.

14.

The method of claim 12, further comprising selecting the liquid based on the

geothermal heat zone and the sealing pressure and calculating the depth to insert the

containers to achieve heat transfer from the geothermal heat zone below the reservoir to

within the reservoir by convective flow using the liquid and at the sealing pressure.

135.

A method of mitiating production of natural gas hydrates comprising:

a) locating a natural gas hydrate reservoir at a temperature and pressure such that
the natural gas hydrates are stable;

b) inserting one or more sealed, elongated, hollow tubular containers in earth in a
geothermal heat zone below the natural gas hydrate reservoir and extending upwardly
therefrom 1nto the natural gas hydrate reservoir, the containers comprising: (1) a
bottom portion 1n the geothermal heat zone below the natural gas hydrate reservoir;
(11) a top portion within the natural gas hydrate reservoir; and (111) being partially
filled with a liquid that evaporates in the bottom portion forming a vapor;

C) transferring heat from the geothermal heat zone below the natural gas hydrate
reservolr to within the natural gas hydrate reservoir by convective flow of the vapor
to the top portion, the heat being dissipated at the top portion into the surrounding
reservolr as the vapor condenses back mnto liquid and tlows downward to the bottom
portion; and

d) raising the temperature of the natural gas hydrate reservoir moving the

reservoir closer to but not over a phase boundary to dissociation.
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