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(57) L invention porte sur un systeme de reécuperation
d’hydrocarbures liquides a partir d’hydrates au fond de
’oc€éan comportant: un navire, un sous-systeme de
positionnement du navire le maintenant a I’emplacement
désiré au-dessus de la formation d’hydrates, un sous-
systeme de récuperation des hydrates reli€ au navire et
transfeérant lesdits hydrates du fond vers le navire et
separant les gaz des hydrates ainsi récupéeres, un sous-
systeme relie au sous-systeme de récupération des
hydrates et convertissant les gaz en liquides, et un sous-
systeme de stockage et d’¢vacuation. L.’ énergie en exces
provenant du sous-systeme de conversion du gaz est
utilisée ailleurs dans le systeme. L’ invention porte
¢galement sur un procede associe de recupération des
hydrates du fond de 1"ocean.
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(57) A system for recovering liquid hydrocarbons from
hydrates on an ocean {floor includes a vessel, a
positioning subsystem coupled to the vessel for holding
the vessel 1n a desired location over a hydrate formation,
a hydrate recovery subsystem coupled to the vessel for
delivering hydrates from an ocean floor to the vessel and
separating gas from hydrates removed from an ocean
floor, a gas conversion subsystem coupled to the hydrate
recovery subsystem for converting gas to liquids, and a
storage and removal subsystem. Excess energy from the
gas conversion subsystem 1s used elsewhere in the
system. A method of recovering hydrates from an ocean
floor 1s also provided.
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(87) Abstract

A system for recovering liquid hydrocarbons from hydrates on an ocean floor includes a vessel, a positioning subsystem coupled to
the vessel for holding the vessel in a desired location over a hydrate formation, a hydrate recovery subsystem coupled to the vessel for
delivering hydrates from an ocean floor to the vessel and separating gas from hydrates removed from an ocean floor, a gas conversion
subsystem coupled to the hydrate recovery subsystem for converting gas to liquids, and a storage and removal subsystem. Excess energy
from the gas conversion subsystem is used elsewhere in the system. A method of recovering hydrates from an ocean floor is also provided.
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SYSTEM AND METHOD FOR HYDRATE RECOVERY

TECHNICAL FIELD OF THE INVENTION
—_—— e oo MC ST JNVONILUN

The present invention relates to the production of

hydrocarbons, and more particularly to a system and method
for hydrate recovery.

BACKGROUND OF THE INVENTION
— e s o0t SHNVENLLUN

to as clathrates or clathrate compounds. Many of these
complexes are known involving a wide variety of organic
compounds. They are typically characterized by a
phenomenon in which two or more components are associated
without ordinary chemical union through complete enclosure
of one set of molecules in a suitable structure formed by
the other. A gas 'hydrate may thus be regarded as a solid
solution in which the hydrocarbon solute is held in the
lattice of the solvent water.
Methane and other hydrocarbons are known to react with
liquid water or ice to form solid compounds that contain
- both water and individual or mixed hydrocarbons, which are
a form of hyg\rocarbon hydrates. These gas hydrates vary in
composition depending upon the conditions, but two
compositions that may form are as follows:
CH,5.75H,0 and C,Hg17H,0
It has been predicted that enormous amounts of methane
hydrates are located on the ocean floor at certaln sites.
See, e.g., Richard Monastersky "The Mother Load of Natural
Gas,” 150 Science News 298 (1996). If the methane hydrates
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under the ocean could be efficiently and effectively
removed in the form of gas, a tremendous source of fuel
would be available to mankind. Efforts made to develop

methods and apparatuses for the removal of such hydrates
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have had shortcomings and appear to have rendered hydrate

removal impractical or uneconomical.

SUMMARY OF THE INVENTION

In a¢cordance with the present invention, a system and

method for hydrate recover are provided that substantially
eliminate or reduce disadvantages and problems assoclated
with previous techniques and systems attempting hydrate
recovery. According to an aspect of the present invention,
a system for recovering gas from hydrates on an ocean floor
includes a vessel, a positioning subsystem coupled to the
vessel for holding the vessel in a desired location over a
hydrate formation, a hydrate recovery subsystem ¢oupled to
the vessel for delivering hydrates from an ocean floor to
the vessel and separating gas from hydrates removed from an
ocean floor, a gas conversion subsystem coupled to the
hydrate recovery subsystem for converting gas to ligquids,
and a storage and removal subsystem.

In accordance with another aspect of the present
invention, a hydrate-recovery subsystem includes a mailn
conduit and a collector for receiving hydrates from the
ocean floor. According to other aspects of the present
invention a hydrate-recovery subsystem may 1nclude a gas
injection conduit for setting up a self-sustaining gas flow
from the hydrates, an internal liquid delivery conduit for
causing liquid to be delivered onto the hydrates, a
collector formed of conductive portions for creating an
electrically current therebetween across the hydrates, a

collector with a plurality of heating elements, and/or a
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collector with an agitator unit for stirring up the
hydrates.

recovering liquid hydrocarbons from hydrates on an ocean
floor includes a synthesis gas unit for producing a
synthesis gas, a synthesis unit coupled to the synthesis
gas unit for converting the synthesis gas to 1liquid
hydrocarbons, and a turbine coupled to the synthesis unit
and synthesis gas unit, the turbine for compressing air
provided to the synthesis gas unit and developing energy to
power the gas-conversion subsystem and at least a portion
of a hydrate-recovery subsystem.

According to another aspect of the present invention,
a method is provided that includes the steps of positioning
a vessel over a hydrate formation on the ocean floor,
delivering hydrates into a conduit wherein the hydrates
decompose to include a gas, delivering the gas to a
syhthesis gas conversion system, using the synthesis gas
conversion system to convert the gas to liguid

hydrocarbons; and using energy from the synthesis gas

the conduit.

A technical advantage of the present invention is that
€Xcess power from a conversion process may be used to
efficiently recover hydrates from an ocean floor.
According to another technical advantage of the present
invention, power-enhanced recovery techniques allow for

quick removal of hydrates.

BRIEF DESCRIPTION OF THE DRAWINGS
—— —ooeno oty Yt 2hbh DRAWINGS
A more complete understanding of the invention and its

advantages will be apparent from the detailed description
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taken in conjunction with the accompanying drawings in
which:
FIGURE 1 is a side elevation view schematically
presenting one embodiment of the present invention;
5 FIGURE 2 is a side elevation view schematically
showing another embodiment of the present invention;
FIGURE 3 is a side elevation view of a portion of an
embodiment of an aspect of the present invention;
FIGURE 4 is a side elevation view in cross-section of

10 a collector according to an aspect of the present
invention;

FIGURE 5 is a side elevation view in cross-section of
a collector according to an aspect of the present
invention;

15 FIGURE 6 is a side elevation view in cross-section of
a collector according to an aspect of the present
invention;

FIGURE 7 is a schematic diagram of one embodiment of
a gas conversion subsystem; and
20 FIGURE 8 is a schematic diagram of another embodiment

of a gas conversion subsystem.

DETAILED DESCRIPTION OF THE INVENTION
The preferred embodiments of the present invention and
25 its advantages are best understood by referring to FIGURES
1-8 of the drawings, like numerals being used for like and
corresponding parts of the various drawlngs.
A. INTRODUCTION
Referring to FIGURES 1-8, the present invention may be
30 used to recover gas-containing hydrates, which may hold
methane gas. The hydrates may be recovered from the floor
of a large body of water, such as an ocean floor, and will
be referred throughout this application as an ocean floor.

The system 10 and 12 includes a ship or vessel 14 and 16,
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a positioning subsystem 18 and 20, a hydrate recovery
subsystem 22, 23, 24, 25, 27, and 29, a gas conversion
subsystem 32 and 34, and a storage and removal subsystem 42
and 44. These components and the methodology for
recovering hydrates are described below along with
additional aspects of the present invention.

B. VESSEL AND POSITIONING SUBSYSTEM

Any number of platforms may be used to allow the
system 10 and 12 to be positioned over a portion of the
ocean floor for the recovery of hydrates, but preferably
elther a ship or vessel with self-positioning Capability or
a vessel or ship with a mooring system is used. Referring
to FIGURE 1, vessel or ship 50 is shown on an ocean surface
52. The ship or vessel 50 may be a dynamic self-
positioning vessel having a stern thruster 54, a bow
thruster 56, a side-bow thruster 58 and a side-stern
thruster 60 mounted within horizontal tunnels penetrating
the hull 62 from side-to-side. The thrusters 58 and 60
provide controllable lateral thrust at the stern and bow of
vessel 50 in order to control the headlng and 51de -to-side
motion of vessel 50 without having to relv on forward
motion of vessel 50 to provide lateral action of the ship's
rudder 64. The thrusters 54, 56, 58, and 60 can be powered
by controlled power takeoffs from the main propulsion
engine or by an independent thruster propulsion engines
(not shown) within the hull 62 that 1s powered by the
exXcess energy of a gas conversion subsystem.

Vessel 50 may have a control center or cabin 66
providing manual or automated control of thrusters 54, 56,
58 and 60. The automated control of thrusters 54, 56, 58
and 60 may be coupled with a global positioning system
(GPS) system having a GPS equipment 68 for receiving
satellite-based positioning information. Subsystem 18 will
then use the thrusters 54, 56, 58 and 60 to maintain a




10

15

20

25

30

CA 02285196 1999-09-30

WO 98/44078 PCT/US98/06510

desired position relative to the ocean floor or bottom 7/0.
Thus, once a hydrate deposit or formation 72 is located,
the boundaries of the formation may be preset 1nto the GPS
equipment such that a pre-defined pattern may be traced out
by vessel 50 over the hydrate formation 72 while hydrate
recovery subsystem 22 collects hydrates from the ocean
floor 70.

Alternatively, the GPS equipment 68 may be used to
hold vessel 50 in a stationary position until an operator
has determined that a new position should be assumed Dby
vessel 50. Thus, positioning subsystem 18 may include GPS
equipment 68 and thrusters 54, 56, 58 and 60 as well as
manual controls and ruddér 64. Positioning subsystem 18
may hold vessel 50 in a desired position with respect to
the ocean floor 70 while hydrate recovery subsystem 22 1s
used to collect hydrates from hydrate deposit or formation
72. Vessel 50 may have other features and systems.

Referring now to FIGURE 2, ship or vessel 16 1s shown
on an ocean surface 80. The vessel 16 may be a semi-
permanently moored converted tanker or a special purpose
vessel known as a floating storage and off-loading (FSO)
vessel or a floating production storage and off-loading
(FPSO) vessel. These vessels are designed to remaln on
station permanently, unless oncoming severe storm or 1ice

flow conditions threaten damage to or loss of the vessel.

Vessel 16 is used with the positioning subsystem 20
which may be a buoy loading system. Such systems use,
instead of a floating or semi-submersible production
platform, a submerged or subsurface buoy 82 which forms a
connection point for one or more flexible risers or
conduits from the ocean floor 84. Buoy 82 is designed to
stand in an equilibrium position in the water and to be

able to rise and be attached to a complimentary turret
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subsystem 86 in vessel 16. Usually the buoy 82 is anchored
to the bottom of the ocean 84 with a plurality of anchoring
Or catenary chains 88 such that the buoy 82 is positioned
in a stable equilibrium position at the desired water depth
and along the vertical axis. Catenary anchor lines 88 are
attached on one end to buoy 82 and the other end may be

connected to stake piles 92, or otherwise held relatively
secured on ocean floor 84.

Buoy 82 1is dimensioned such that it has sufficient
buoyancy to carry the weight and the loading from anchor

chains 88 as well as ~the weight of any risers while

called the stowage position in the water. Buoy 82 will be
given sufficient buoyancy such that it may be raised into
contact with vessel 16 positioned above buoy 82 with the
help of winches and wire systems or it can be brought up
under its own buoyant force. Vessel 16 may have a loading
system, described as a downwardly opening tunnel or shaft
30, which has a rotatable turret subsystem 86 for receiving
buoy 82 and attaching to it. Buoy 82 and turret 86 allow
for the wind and weather to rotate vessel 16 with respect
to buoy 82, i.e. to weathervane. Any number of other
mooring systems may be used as positioning subsystem 20 in
connection with the system 12. Another example of a vessel
mooring system is shown in United States Patent 4,604,961
entitled Vessel Mooring System, which 1is incorporated
herein by reference for all purposes.

Positioning subsystem 20 with catenary anchor lines
88, stake piles 92, buoy 82, and turret 86 hold vessel 16
in a relative position with respect to ocean floor 84 while
hydrate recovery system 24 is used Lo collect hydrates from
a hydrate deposit or formation 94. Vessel 16 may be used

to hold the processing subsystem 28 as well as all or
portions of the storage and removal subsystem 44.
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C. HYDRATE RECOVERY SUBSYSTEM

in general, hydrates may be removed from the ocean
surface by several techniques. One technique includes
reducing the pressure immediately above the surface of the
hydrates to a value at which decomposition of the hydrates
occurs at the ambient temperature at the surface of the
hydrates. Hydrates may also be removed by warming the
hydrates to a temperature at which the hydrates decompose
at the pressure at the surface of the hydrates. Hydrates
may also be removed by introducing catalyzers onto the
surface to induce hydrate decomposition. Catalyzers are
merely freezing point depressants such as methanol or
ammonia. A combination of these techniques may be utilized
also. All of these and other similar techniques might be
used as an aspect of a hydrate recovery subsystem and, 1in
many instances, may use excess energy from the gas
conversion subsystem.

Referring again to FIGURE 1, hydrate recovery
subsystem 22 may include a collector 96, which 1s a tent or

device that is placed against a hydrate formation such as

formation 72. Collector 96 is used 1initially to remove

hydrates 72 from ocean floor 70. Collector 96 1is fluidly
connected to a conduit 98 running between collector 96 and
vessel 50. Attached to conduit 98 proximate collector 96
may be a safety control wvalve 100. On an 1intermediate
portion of conduit 98 may be a dump valve 102. Safety
control valve 100 may be controlled from vessel 50 to
restrict the flow of fluid and hydrates from collector 96
into conduit 98 or to completely shut off the flow 1in
conduit 98 which may be necessary since system 22 may be
self powered to a large extent as will be described further
below. Dump valve 102 may be provided to remove any mud or
sediment or other particles lifted from the ocean floor 70

from conduit 98 during shutdown of delivery by subsystem
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22. Dump valve 102 may be, for example, a valve analogous
to that shown in United States Patent No. 4,328,835,
entitled Automatic Dump Valve, which is incorporated herein
by reference for all purposes.

There are numerous techniques that may be used as an
aspect of the present invention to remove hydrates 72 from
ocean floor 70 to vessel 50 where the gas from the hydrates
may be converted to a liquid for transport to shore. With
the embodiment of FIGURE l, a lower pressure than ambient
pressure on the ocean floor 70 is created in collector 96

causing mud and sediment that may hold hydrates 72 to the

conduit 98 towards ocean surface 52, the hydrates are
converted to gas and water as the gas escapes from the
lattice. Any of a number of a liquid-gas separators 104
may be used in the embodiment shown. Separator 104 may be,
for example, centrifuge separator.

Once the gas is removed from the product delivered
through conduit 98 to vessel 50, the liquid portion may be
discharged through discharge outlet 106 of vessel 50. To
start the flow of hydrates and fluid from ocean floor 70
into collector 96, a gas injection line 108 may be used
along with a controllable gas lift valve 110. To start the
flow in conduit 98, valve 100 and valve 102 remain open
while gas such as methane or air may be injected from line
108 through valve 110 into condult 98 causing a low

lift valve 110 causing flow to begin in cdnduit 98. Gas
1lift valve 110 may then continue to Supply gas as necessary

to maintain the desired pressure differential in that
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portion of conduit 98. Because hydrates recovered from
ocean floor 70 through collector 96 will release the gas
locked within them, gas bubbles will form 1in conduit 98
causing its own pressure 1lift such that the continuous
injection of gas through line 108 will typically not be
required unless a faster or stronger negative pressure 1s
desired in collector 96. Because the flow in condult 98
may be self-sustaining, the need to control the flow rate
and to be able to terminate the flow in conduit 98 1is
handled by valve 100, and as previously noted, dump valve
102 may be used to help remove solid particles from line
98. Numerous dump valves 102 may be supplied to conduit 98
if desired.

Referring to FIGURE 2, hydrate recovery system 24 1s
shown with a collector 112, conduit 114, safety control
valve 116, gas injection line 118, and gas lift valve 120.
Also, dump valve 115 may be placed in conduit 114 for the
removal of solids from conduit 114 during shutdown. As to
these features, they function analogous to corresponding
elements shown in FIGURE 1, but system 24 also includes an
inlet 122, and an intermediate liquid outlet 124. Inlet
122 and outlet 124 may be selectively open and closed by
valves not explicitly shown. System 24 may be operated
identically to that of FIGURE 1, but alternatively, inlet
122 may allow brine or seawater into a center pipe located
in conduit 114 that fluidly connects inlet 122 down to a
lower portion of collector 112 such that when conduilt 114
is supplied with a negative pressure through initiation by
gas injection line 118 of wvalve 120, liquid is pulled 1nto
inlet 122 and further delivered to ocean floor 84. This
facilitates removal of hydrates 94. Outlet 124 may be used
to remove some or all of the brine or water traveling
through conduit 114. Alternatively, all of the ligquids may
be removed with a gas-liquid separator 126 on ship 16.
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Referring to FIGURE 3, another hydrate recovery

subsystem 23 is shown. Subsystem 23 has a collector 130

and conduit 132. Conduit 132 is used to carry hydrates

from a hydrate formation 134 on ocean floor 136 to a gas-

5 liquid separator 138. A safety control wvalve 140 may be
attached to conduit 132 to control the flow rate
therethrough or to completely close it off as selectively
operated from a vessel. A dump valve 142 may also be
included in conduit 132 to provide for the removal of

10 solids from conduit 132 during shutdown (intentional or
unintentional) of the flow in conduit 132. Because of the

pressures and flow created in conduit 132 once hydrates 134

15 blowout preventer 144.

An internal 1liquid delivery conduit 146 may be run
through a portion of conduit 132. Internal liquid delivery
condult 146 may deliver ocean water or brine from an
intermediate portion on conduit 132 down into collector

20 130. The portion of internal liquid delivery conduit 146
within collector 130 may include a number of perforations
148 which help facilitate agitation of hydrates 134 so that
the lower pressure in collector 130 as well as the liquid
transport provided by fluid delivered from conduit 146 may
25 help deliver the hydrates 134 into conduit 132.

To cause liquid to flow in conduit 146, a pump 150 may
be provided between inlet 152 and internal liquid delivery
conduit 146. Pump 150 may be powered with power line 154
using excess enerqgy from a gas conversion subsystem 31. In

30 operation, pump 150 may only be needed to start the flow of
hydrates 134 into conduit 132, and because the release of
gas from hydrates 134, it may be self-propelling or self

powered. Pump 150 may continue to operate, however, to
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further enhance the speed of removal of hydrates 134 from
ocean floor 136.

The liquids and gasses delivered through conduit 132
are provided to a gas-—liquid separator 138. Gas-liquid
separator 138 may discharge the liquid portions through a
discharge outlet 156. The gas separated with separator 138
may be delivered to conduit 158, which may include a number
of filters such as filter 160 if desired or may deliver
directly to a gas conversion subsystem 31 or to a gas
storage 161 where it may be delivered through yet another
conduit 162 regulated with a valve 164 to gas conversion
subsystem 31. As described further below, gas cohversion
subsystem 31 will converi: the gas to liquid hydrocarbons
which may be delivered through one or more conduits 166 to
a storage and removal subsystem.

Referring to FIGURE 4, another hydrate recovery
subsystem 25 is shown. Subsystem 25 may be used with any
number of the features shown in the previous hydrate
recovery systems as a primary means of causing hydrates 170
on ocean floor 172 to flow into collector 174 or as a
secondary system to help supplement the rate of delivery
into conduit 176. Subsystem 25 may include a first
electrode 178 and a second electrode 180. Electrode 178
may form one-half of collector 174, e.g., if collector 174
is circular it may be formed as almost 180 degrees of
collector 174. Flectrode 180 may similarly be formed
opposite electrode 178 with a small insulation material
provided between electrode 178 and electrode 180.
Conductive line 182 may be used to supply electrical power
to electrode 178 with the second portion of a flow path
being created by electrode 180 and conductive line 184.
With this arrangement, a current may be generated 1n
hydrate 170 flowing from electrode 178 through hydrate 170

to electrode 180 as shown generally by reference numeral
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entitled Method of Producing O0Oil from a Subterranean
Formation, which is incorporated by reference herein for
all purposes.

Referring now to FIGURE 5, another hydrate recovery
subsystem 27 is shown. As a primary means for causing
hydrates 190 on ocean floor 192 to enter collector 194 and
into conduit 196, subsystem 27 may include a mechanical
agitator or auger 198 that is rotated or driven by a motor
200. Motor 200 may be electrical with power being supplied
by line 202 or may be a fluid driven motor with fluid being
supplied by line 202. ‘

Referring now to FIGURE 6, another hydrate recovery
subsystem 29 is shown. As with FIGURES 4 and 5, subsystem
29 shows additional apparatuses and methodologies for
causing hydrates 204 on ocean floor 206 to enter into
collector 208 and on into conduit 210 that may be the
primary means of hydrate removal or may supplement hydrate
recovery systems previously presented. System 29 includes
an electrical resistive heating element or plurality of
resistive heating elements 212 that may be cause to bear

upon hydrate formation 204 to supply heat thereto.
Reslistive heating element 212 is energized by power line

214. The increasing temperature of hydrates 204 will cause
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D. GAS CONVERSION SUBSYSTEM
The gas conversion subsystem converts the gas
recovered from the hydrates into heavier hydrocarbons oOr
liquids that may be more readily transported, such as by a
transport tanker, while also producing excess power to
facilitate hydrate recovery by a hydrate recovery
subsystem. In this regard, a synthetic production of
- hydrocarbons using the Fischer-Tropsch is the preferred
methodology for the gas conversion. Reference is made to
United States Patents 4,883,170, entitled Process and
Apparatus for the Production of Heavier Hydrocarbons from
Gaseous Light Hydrocarbons, and U.S. Patent 4,973,453,
entitled Apparatus for the Production of Heavier
Hydrocarbons from Gaseous Light Hydrocarbons, both of
which are herein incorporated by reference for all
purposes. These two patents set out the background and
technology that may be used as an aspect of the conversion
subsystem. Additional aspects of the present invention for
embodying the synthesis process for such a conversion are
now presented. It is understood by one skilled in the art
that various valves, heat exchangers, and separators may be
included as part of the gas conversion subsystem. It 1is
desirable to use a gas conversion subsystem with a small
footprint to make ship mounting of the subsystem
convenlient.
Referring now to FIGURE 7, advantages may be obtained
for a subsystem 32 by combining a synthesis gas unit 302
with a synthesis unit 304 and a gas turbine 306. The
synthesis gas unit produces synthesis gas that is delivered
to the synthesis unit where the synthesis gas is converted
to a liquid or solid hydrocarbon form (hereafter "liquid
hydrocarbons™). System 32 uses gas turbine 306 to provide

power for the conversion process at a minimum, but 1is
preferably designed to provide at least some additional
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power, which may be used to POwer or assist a hydrate
recovery subsystem. |

Gas turbine 306 has a compressor section 308 and an
eéxpansion turbine section 310. The power generated by the

to provide electrical or mechanical power thereto.
Compressor section 308 has inlet Or conduit 316, where in
the embodiment shown Compressor 308 receives air.
Compressor section 308 also has an outlet or conduit 318
for releasing compressed air. Expansion turbine 310 has
inlet or conduit 320 and outlet Or conduit 322. OQutlet 318
of compressor section 308 provides compressed air to
synthesis gas unit 302 through conduit 360.

Synthesis gas unit 302 may take a number of
configurations, but in the specific embodiment shown,
includes syngas reactor 324, which as shown here may be an
autothermal reforming reactor. A stream of gaseous light

hydrocarbons, e.g., a natural gas stream, is delivered to

where gas from the hydrate recovery subsystem is delivered:
for example, conduit 162 of FIGURE 3 may be directly
coupled to inlet 325 of FIGURE 7. The synthesis gas unit

Syngas reactor 324. Heat exchanger 326 delivers its output
to inlet 330 of Separator 332. Separator 332 removes
moisture which is delivered to outlet 334. It may be

desirable in some instances to introduce the water in
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conduit 334 as steam to expansion turbine 310. Synthesis
gas exits separator 332 through outlet or conduit 336. The
synthesis gas exiting through outlet 336 is delivered to
synthesis unit 304.

Synthesis unit 304 may be used to synthesize a number
of materials, but in the specific example here 1s used to
synthesize heavier hydrocarbons. Synthesis unit 304
includes Fischer-Tropsch (F-T) reactor 338, which contains
an appropriate catalyst, e.g., an iron or cobalt based
catalyst. The output of Fischer-Tropsch reactor 338 1is
delivered to outlet 340 from which it travels to heat
exchanger 342 and on to separator 344.

The product entering separator 344 is first delivered
to inlet 346. Separator 344 distributes the heavier
hydrocarbons separated therein to storage tank or contailner
348 through outlet or conduit 350. Storage tank or
container 348 is part of a storage and removal subsystem,
which may, for example, be located directly on the vessel
holding the gas conversion subsystem 32 or may be on a
tanker ship attached thereto, as will be described further
below. Conduit 350 may include additional components such
as a conventional fractionation unit. Water withdrawn from
separator 344 is delivered to outlet or condulit 352. It
may be desirable in some instances to deliver the water in
conduit 352 as steam into expansion turbine 310. The
residue gas from separator 344 exits through outlet or
condult 354.

System 32 includes a combustor 356 associated with the
turbine. Combustor 356 receives air from compression
section 308 delivered through conduit 358 which is fluidly

connected to conduit 360 connecting outlet 318 with syngas

'reactor 324. Also, residue gas delivered by separator 344

into conduit 354 is connected to combustor 356. Residue

gas within conduit 354 is delivered to conduit 358 and then
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to combustor 356 as fuel. Additional processing of the
residue gas may take place before delivery to combustor
356. Intermediate conduit 360 and the connection of
conduit 354 with conduit 358 may be a valve (not explicitly
shown) for dropping the pressure delivered from compressor
section 308 to combustor 356 in order to match the pressure
in conduit 354 as necessary. The output of combustor 356
is delivered to expansion turbine 310. In some
embodiments, combustor 356 may be incorporated as part of
gas turbine 306 itself, and in other embodiments, the
Syngas reactor 324 and combustor 356 may be combined to
form a combination ATR and combustor.

Referring to FIGUﬁE 8, another gas conversion
subsystem 34 is shown. The system 34 1is analogous inmoét
respect to subsystem 32. Analogous or correspondlng parts
are shown with reference numerals having the same last two
digits to show their correspondence with that of FIGURE 7.
The modifications in FIGURE 8 are described below.

The preferred operating pressure of the front-end
process described in connection with FIGURES 7-8 1s in the
range of 50 psig to 500 psig. The more preferred operating
pressure 1is 100 psig toc 400 psig. This relatively low
operating pressure has the benefit of being in the range of
most gas turbines so additional compression is minimized.
Also, the operating of the syngas production unit 302
(FIGURE 7) at relatively low pressure has the benefit of
improved efficiency of the reforming reactions resulting in
higher conversion of carbonaceous feeds like natural gas
into carbon monoxide instead of carbon dioxide.
Additionally, wundesirable reactions that lead to the
formation of carbon are less likely to occur at lower
pressures.

In some instances, it may be desirable to increase the

process pressure of subsystem 32 if the pressure drop is
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too great to recover sufficient energy to drive the
compressor section 308 or 1f the catalyst used 1n the
Fischer-Tropsch reactor 338 requires higher operating
pressure. In either case, if higher pressure is required,
the synthesis gas produced 1in syngas unit 302 may be
further compressed by compressor 464, as shown in FIGURE 8.

In this configuration (FIGURE 8), the syngas unit 402
is operated at a relatively low pressure for the reasons
provided above (greater efficiency of reactor 324 and less
probability of forming solid carbons) while the Fischer-
Tropsch reactor 438 1s operated at an elevated pressure.
This configuration of subsystem 34 has the advantage of
recovering more power for turbine 406, but most of this
power will probably be required to drive the syngas booster
compressors 464. This configuration also has the advantage
of operating the Fischer-Tropsch reactors 438 at an
elevated pressure which depending on the catalyst employed,
improves the efficilency of that reaction. Numerous
modifications or adjustments may be made to subsystems 32
and 34, but a key aspect of the present invention 1s that
excess energy from subsystems 32 and 34 are directed to
power and assist hydrate recovery subsystems 22, 23, 24,
25, 27 and 289.
D. STORAGE AND REMOVAL SUBSYSTEM

Storage and removal subsystems 42 and 44 may take a
number of embodiments, but are designed to hold gas, if
desirable, prior to processing by gas conversion subsystems
31, 32 and 34, and to hold liquid hydrocarbons while
waiting for transport to shore and for making removal from
storage convenient. Referring to FIGURE 1, storage and
removal subsystem 42 is shown as being an aspect of vessel
50. In this embodiment, vessel 50 may contain large
storage tanks for holding the liquid hydrocarbons delivered

by gas conversion subsystem 26. Additionally, as shown 1n
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FIGURE 3, storage and removal subsystem 42 may include a
gas storage tank 161 for collecting gas recovered from the
hydrates prior to processing with a gas conversion
subsystem, such as gas conversion subsystem 31. A tanker
vessel may link to vessel 50 for off-loading of 1liquid
hydrocarbons from storage in subsystem 42,

Referring now to FIGURE 2, storage and removal
subsystem 44 is shown, including a storage facility 43 for
holding liquid hydrocarbons produced by a gas conversion
subsystem 28. System 44 may also include a gas storage
facility such as gas storage 161 of FIGURE 3.

Systems 10 and 12 may also allow for gas conversion
subsystems to be located on a separate vessel, such as
vessel or ship 17 of FIGURE 2, which is shown with a gas
conversion subsystem 34 and a storage tank 45 for storing
liquid hydrocarbons as part of a storage and removal
subsystem. Alternatively, vessel 17 may just be a storage
tanker linked by linking means 47 for delivery of liquid

hydrocarbons from conversion subsystem 28 directly or from
an intermediate storage 43.

E. CONCLUSION

Although the present invention and its advantages have
been described in detail, it should be understood that
various changes, substitutions, and alterations can be made

therein without departing from the spirit and scope of the
invention as defined by the appended claims.

e
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- WHAT IS CLAIMED IS:

1. A system for recovering liquid hydrocaerns from
gas trom hydrates of a hydrate formation on an ocean floor,
the system comprising:

a vessel;

formation;

a hydrate-recovery subsystem coupled to the vessel for

delivering gas from the hydrates on an ocean floor to the

recovery subsystem for receiving gas from the hydrate
recovery subsystem and converting the gas to liquid
hydrocarbons;

a8 storage and removal subsystem coupled to the gas-
conversion subsystem for holding 1liquid hydrocarbons
produced by the gas-conversion subsystem; and

wherein excess power generated by the gas-conversion

subsystem is supplied to the hydrate-recovery subsystem.

2. The system of Claim 1, wherein the hydrate-
récovery subsystem comprises:

a maln conduit having a first end and a second end,
the second end fluidly coupled to the gas-conversion

subsystem; and

a collector coupled to the first end of the conduit

for receiving hydrates from the ocean floor.
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3. The system of Claim 2, wherein the hydrate-
recovery subsystem further comprises a gas injection line
coupled to the main conduit and a gas 1lift valve, wherein
the gas injection line and gas lift valve are operable to

start a self-sustaining flow of water and gas within the

main conduit.

4 . The system of Claim 2, wherein the hydrate-
recovery subsystem further comprises an internal liquid
delivery conduit disposed within the main conduit and
having a first end and a second end, the first end of the
internal liquid delivery conduit coupled to the hydrate-
recovery subsystem proximate the first end of the main
conduit, a pump coupled to the second end of the internal

liquid delivery conduit for forcing water therethrough.

5. The system of Claim 4, wherein the first end of
the internal 1liquid delivery conduit is formed with a

plurality of perforations.

6. The system of Claim 2, wherein the collector of
the hydrate-recovery subsystem further comprises:

a first electrically conductive section;

a second electrically conductive section:

an 1nsulation material disposed between the first
conductive section and second conductive section: and

an electrical lead coupled to the gas conversion
subsystem for receiving energy therefrom to cause an
electrical current to flow between the first conductive

section and second conductive section.
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7. The system of Claim 2, wherein the hydrate-
recovery subsystem further comprises an agitator coupled to
the hydrate-recovery subsystem proximate the collector for

agitating the hydrates on the ocean floor.

8. The system of Claim 2, wherein the hydrate-
recovery subsystem further comprises:

a plurality of heating elements coupled to the
collector; and

an electrical lead coupled to the plurality of heating
elements and the gas conversion subsystem for receiving
electrical energy therefrom to heat the plurality of

heating elements.

9. The system of Claim 2, wherein the gas conversion
subsystem comprises:

a synthesis gas unit for producing a synthesis gas;

a synthesis unit coupled to the synthesis gas unit for
recelving and converting the synthesis gas to 1liquid
hydrocarbons; and

a turbine coupled to the synthesis unit and synthesis
gas unit, the turbine for compressing air provided to the
synthesis gas unit and developing energy to power the gas-
conversion subsystem and at least a portion of the hydrate-

recovery subsystem.
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10. The system of Claim 2, wherein the gas conversion
subsystem comprises:

a synthesis gas unit for producing a synthesis gas;

a Flscher-Tropsch synthesis unit coupled to the
synthesis gas unit for receiving the synthesis gas and
converting the synthesis gas to liquid hydrocarbons;

a turbine coupled to the synthesis unit and synthesis
gas unit, the turbine for compressing air provided to the
synthesls gas unit and developing energy to power the gas-
conversion subsystem and at least a portion of the hydrate-
recovery subsystem; and

wherein the turbine comprises a combustor, and wherein
a portion of a residue gas from the Fischer-Tropsch
synthesis unit is delivered to the combustor for use as a

fuel therein.

ll. The system of Claim 2, wherein the gas conversion
subsystem comprises:

a synthesis gas unit for producing a synthesis gas;

a Fischer-Tropsch synthesis unit coupled to the

a turbine having a combustor, the turbine coupled to
the Fischer-Tropsch synthesis unit and synthesis gas unit;

wherein the combustor and synthesis unit are fluidly

'coupled as an integral unit for producing synthesis gas and

for providing energy from combustion to an expansion
portion of the turbine; and

a conduit coupled to the Fischer-Tropsch synthesis
unit and the combustor, the conduit for delivery a portion

of a residue gas from the Fischer-Tropsch Synthesis unit to

the combustor for use therein as fuel.
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12. A method for recovering liquid hydrocarbons from
hydrates on an ocean floor, the method comprising:

positioning a vessel over a hydrate formation on the
ocean floor;

delivering hydrates 1into a conduit wherein _ the
hydrates decompose to include a gas:;

delivering the gas to a synthesis gas conversion
system;

using the synthesis gas conversion system to convert
the gas to liquid hydrocarbons; and

using energy from the synthesis gas conversion system

in the step of delivering hydrates into the conduit.

13. The process of Claim 12 wherein the step of

delivering hydrates into a conduit comprises establishing
a gas lift 1in the condulit to pull the hydrates off the

ocean floor.

14, The process of Claim 12 wherein the step of using
the synthesis gas conversion system to convert the gas to
liquid hydrocarbons comprises the steps of:

preparing a synthesis gas 1in a synthesis gas unit;

delivering the synthesis gas to a synthesis unit; and

converting the synthesis gas to liquid hydrocarbons.
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15. The process of Claim 14 wherein the step of
preparing synthesis gas comprises providing the gas from
the hydrates and compressed air to an autothermal reformer;

and

wherein the step of converting the synthesis gas to
liquid hydrocarbons comprises delivering the synthesis gas

to a Fischer-Tropsch reactor to produce liquid

hydrocarbons.
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l16. A system for recovering gas from hydrates of a
hydrate formation on an ocean floor, the system comprising:

an ocean-golng vessel;

a positioning subsystem coupled to the vessel for

5 holding the vessel in a desired location over the hydrate
formation;

a hydrate-recovery subsystem coupled to the vessel for
delivering gas frqm the hydrates on the ocean floor to the
vessel, wherein the hydrate-recovery subsystem comprises a

10 main condult having a first end and a second end, the
second end of the main conduit fluidly coupled to the gas-
conversion subsystem, and a collector coupled to the first
end of the main conduit for receiving hydrates from the
ocean floor;

15 a gas—-conversion subsystem secured to the vessel, the
gas—-converslion subsystem coupled to the hydrate-recovery
subsystem for receiving gas from the hydrate-recovery
subsystem and converting the gas to liquid hydrocarbons,
wherein the gas-conversion subsystem comprises: a

20 - synthesis gas unit for producing a synthesis gas, a
Fischer-Tropsch synthesis unit coupled to the synthesis gas
unit for receiving the synthesis gas and converting the
synthesis gas to liquid hydrocarbdns, and a turbine coupled
to the synthesis unit and synthesis gas unit, the turbine

25 for compressing air provided to the synthesis gas unit and
developing energy to power the gas-conversion subsystem and
at least a portion of the hydrate-recovery subsystem;

a storage and removal subsystem coupled to the gas-
conversion subsystem for holding 1liquid hydrocarbons

30 produced by the gas-conversion subsystem; and

wherein excess power generated by the gas-conversion
subsystem is supplied to the hydrate-recovery subsystem to

at least partially power the hydrate-recovery subsystem.
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17. The system of Claim 16, wherein the turbine
comprises a combustor, and wherein a portion of a residue
gas from the Fischer-Tropsch synthesis unit is delivered to

the combustor for use as fuel therein.

18. The system of Claim 16, wherein the turbine
comprises a combustor and wherein the turbine is coupled to
the Fischer-Tropsch synthesis unit and synthesis gas unit,
and wherein the combustor and synthesis unit are fluidly
coupled as an integral unit for producing synthesis gas and
for providing energy from combustion to an expansion
portion of the turbine; and

‘ further comprising a conduit coupled to the Fischer-
Tropsch synthesis unit and the combustor, the conduit for
dellvering a portion of a residue gas from the Fischer-

Tropsch Synthesis unit to the combustor for use therein as
fuel.

19. The system of Claim 16, wherein the gas
conversion subsystem 1is coupled to the positioning
subsystem so that excess energy from the gas conversion
subsystem provides a portion of any energy required by the

positioning subsystem.
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