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(57) Abstract: A method for extracting hydrocarbons from a vessel by displacement.
The method including the displacement of a hydrocarbon source with a material of

10

different density and recovery of the hydrocarbons from the vessel. Additionally, a

method for extracting hydrocarbons from a vessel by gas displacement through chem-
ical introduction. The method including introduction of hydrochloric acid and sodium
bicarbonate into a vessel, production of carbon dioxide from the reaction of the hy-
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drochloric acid and the sodium bicarbonate, displacement of a hydrocarbon source
inside the vessel, and recovery of the hydrocarbon source from the vessel.
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HYDROCARBON RECOVERY TECHNIQUES
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority, pursuant to 35 U.S.C. § 119(e) to U.S.
Patent Application Serial No. 11/684,060 filed March 9, 2007, and U.S.
Patent Application Serial No. 60/781,226, filed on March 10, 2006, which are

herein incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] This disclosure relates generally to a technique for recovering
hydrocarbons from a vessel. More specifically, this disclosure relates to a

method for recovering hydrocarbons from a storage vessel by displacement.
BACKGROUND OF THE DISCLOSURE

[0003]  Oifshore drilling and production platforms used for recovering oil from
subterranean formations disposed beneath ocean water include a number of
structural support legs for supporting a plurality of work areas. Generally,
below the work areas, a plurality of hollow concrete multi-.cell structures may
sit on the seabed floor. The hollow concrete multi-cell structures may be
large, in some cases including over eighty cells, each cell reaching volumes of

thousands of cubic meters.

[0004]  Previously, the hollow concrete multi-cell structures may have been
used to separate hydrocarbons from water, store hydrocarbons, or otherwise
collect a hydrocarbon source. As a function of operation, hydrocarbons may
become trapped mn the hollow concrete multi-cell structures. The
hydrocarbons trapped in the hollow multi-cell structures are often referred to

in the industry as “attic oi1l.”

[0005] At one time abandoned storage vessels could remain partially filled
with residual hydrocarbons. One such source of abandoned hydrocarbons
occurs in storage vessels awaiting decommission. Prior to decommissioning,

the remaining hydrocarbons in the storage vessels must be removed.
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Additionally, to prevent contamination of the ecology around the hollow
multi-cell structures, the decommissioning of storage vessels must occur in an

environmentally clean manner.

[0006] While methods for removing oil from subterranean reservoirs are
known to those skilled in the art, the methods are directed to the removal of
oil from subsurface formations, and do not consider the constraints of
removing oil from storage vessels, for example, above ground or on the
seabed floor. One such method is disclosed by U.S. Patent No. 4,676,314
(“the ‘314 patent’), hereby incorporated by reference herein. The ‘314 patent
describes Injecting air into the top of a subterranean formation that 1s filled
with both oil and water. As the air displaces the water, the water flows out of
the formation, the oil settles towards the bottom of the formation, and a well

is dug to extract the oil which has settled to the bottom of the formation.

[0007] Another method is disclosed in U.S. Patent No. 4,679,627 (“the ‘627
patent™), hereby incorporated by reference herein. The ‘627 patent describes
Injecting gas into a subterranean reservoir, forcing the oil to the bottom of the
formation, and then generating pressure waves to release additional oil
retained by the reservoir. The oil 1s then removed by drilling a well into the

formation, and extracting the displaced oil from the bottom of the formation.

|0008] While the ‘314 patent and the ‘627 patent describe methods of
Injecting gas into a subterranean formation to recover oil trapped therein, the
methods both involve drilling a well into the formation, an option that is not
available when removing oil from a storage vessel on the seabed floor.
Further, the prior disclosures remove the oil through an export location drilled
through the top of a formation. On oil platforms, rather than being located on
the top of the storage vessels, the export location i1s generally located below
the hydrocarbon layer, thereby preventing removal though the simple

pumping described in prior disclosures.
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[0009] Accordingly, there exists a need for a method to extract hydrocarbons
from storage vessels in an efficient, environmentally clean, and profitable

manncr,

SUMMARY OF THE DISCLOSURE

[0010] In one aspect, embodiments disclosed herein relate to a method for
extracting hydrocarbons from a vessel. The method includes displacing a
hydrocarbon source with a material of density different than that of the

hydrocarbon source and recovering the hydrocarbons from the vessel.

[0011] In another aspect, embodiments disclosed herein relate to a method for
extracting hydrocarbons from a vessel by gas displacement through chemical
introduction. The Ir;ethod includes introducing hydrochloric acid and sodium
bicarbonate into a vessel, producing carbon dioxide from the reaction of the
hydrochloric acid and the sodium bicarbonate, displacing a hydrocarbon
source inside the vessel, and recovering the hydrocarbon source from the

vessel.

[0012]  Other aspects and advantages of the invention will be apparent from

the following description and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 1s a block diagram of an embodiment of a method of direct

gas injection in accordance with the present disclosure.

[0014] Figure 2 is a schematic diagram of a hydrocarbon storage vessel in

accordance with an embodiment of the present disclosure.,

[0015] Figure 3 is a schematic diagram of gas injection in accordance with an

embodiment of the present disclosure.

[0016] Figure 4 is a schematic diagram of gas displacement in accordance

with an embodiment of the present disclosure.

[0017] Figure 5 1s a schematic diagram of hydrocarbon extraction in

accordance with an embodiment of the present disclosure.

3
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[0018] Figure 6 is a schematic diagram of gas absorption in accordance with

an embodiment of the present disclosure.

[0019] Figure 7 is a block diagram of an alternate embodiment of a method of

chemical gas production in accordance with the present disclosure.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0020] Generally, embodiments disclosed herein relate to methods for
removing hydrocarbons from vessels. More specifically, embodiments
disclosed herein relate to the removal of hydrocarbons from vessels through
displacement. In certain vessels, a first material (e.g. hydrocarbons) may be
situated such as to prevent conventional extraction. Such a situation may
occur when the first material forms a layer in a vessel that is filled with a
second, more dense material (e.g. water), wherein an export location (e.g. an
export pipe) that would typically be used to pump out the first material is
located below the first material layer. Thus, the first material may not be
efficiently extracted without bringing the first material layer to the same level |

as the export location.

[0021] According to one embodiment of the present disclosure, a first material
may Be layered in a vessel above an export location. To remove the first
material from the vessel, a second material that is less dense than the first
material may be introduced into the vessel. As the second material fills the
vessel, the first material may be displaced such that the first material comes

into contact with the export location. The first material may then be

recovered from the vessel.

[0022] In an alternate embodiment of the present disclosure, a vessel may
contain a first material located below an export location. In such an
embodiment, it may be beneficial to introduce a higher density material to
displace a lower density material, such that the lower density material rises in
the vessel. As the displaced material reaches the level of the export location,

the displaced material may be removed accordingly.
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[0023] In still another embodiment of the present disclosure, a vessel may
contain several materials of differing densities. In such an embodiment, it
may be beneficial to introduce materials of differing densities to facilitate the
recovery of displaced materials therefrom. For example, a vessel may contain
materials of three different densities layered therein. In order to displace one
of the lighter materials, a higher dénsity material may be introduced such that
the lighter material moves upward in the vessel. Upon reaching an export

location, the lighter material may then be recovered.as described above.

[0024]  Generally, Figures 1 through 6 relate to an embodiment of the present
disclosure involving hydrocarbon’ extraction by displacement resulting from
gas Injection. Referring initially to Figure 1, a block diagram of an
embodiment of a method of hydrocarbon recovery 10 in accordance with the
present disclosure is shown. In this embodiment, a gas may be injected 20
into a storage vessel that contains a hydrocarbon source as described above.
The gas may then displace 30 the water and hydrocarbon layer, bringing the
hydrocarbon layer into fluid contact with an export pipe. The hydrocarbons
may then be extracted 40 from the storage vessel. As the hydrocarbons are
extracted 40, water may be reintroduced 50 into the storage vessel. The water
replacement 30 may be provided from a header tank from an external pump,
or by any means known to one of ordinary skill in the art. In certain
embodiments, as hydrocarbon extraction 40 completes, a gas absorption 60
chemical may be introduced into the storage vessel to remove any gas that
remains from gas injection 20. While the described method of hydrocarbon
extraction includes the direct injection of gas, other embodiments employing
other processes of gas displacement may be foreseen, and are within the scope

of the present disclosure.

[0025] Refterring now to Figure 2, a method of recovering hydrocarbons from
an oil platform storage system 100 is shown. Oil platform storage system 100
includes a plurality of hollow concrete multi-cell structures (storage vessels)

110, an export pipe 120, a header tank pipe 125, and a header tank 130. The
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plurality of storage vessels 110 may be fluidly connected to each other by
interconnecting holes (not shown in detail). In certain systems, a single
export pipe 120 may be connected to a plurality of storage vessels 110,
multiple export pipes 120 may connect to groups of storage vessels 110, an
export pipe 120 may be connected to each storage vessel 110, or multiple
export pipes 120 may be connected to an individual storage vessel 110.
Additionally, header tank 130 may be fluidly connected to at least one of

storage vessels 110, and may contain additional water 135, among other
fluids.

[0026] Prior to decommissioning, oil platform storage system 100 may
contain, among other substances, watler 135 and hydrocarbons (e.g. attic o0il)
140. Typically, hydrocarbons 140 have a lower specific gravity than water
135. Thus, the hydrocarbons 140 may separate from the water 135 and form a
‘hydrocarbon layer 143.

[0027] Referring now to Figures 3 and 4 together, the injection of a gas 150
into oil platform storage system 100, in accordance with one embodiment of
the present disclosure, is shown. As illustrated, gas may be injected into
storage vessels 110 through export pipe 120. As export pipe 120 may be
located below hydrocarbon layer 145, the gas 150 will enter o1l platform
storage system 100 at a location below hydrocarbon layer 145. Because the
specific gravity of gas 150 is less than the specific gravity of water 135, the
gas will rise through the oil platform storage system 100 as illustrated by A.
While in one embodiment of the present disclosure the displacement material
1S a gas, 1t should be realized that the material may be any liquid, solid, gas, or

mixture thereof with a density such as to displace the hydrocarbon layer as

desired.

[0028] As gas 150 reaches the top of storage vessels 110, the gas 150 begins
to displace hydrocarbon layer 145. Because the specific gravity of gas 150 is
less than the specific gravity of *hydrocarbons 140, the hydrocarbon layer 145

may be displaced from the top of storage vessel 110, therein forced down in
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storage vessels 110 toward export pipe 120. When gas 150 displaces
hydrocarbon layer 145, some water 135 may be forced out of storage vessels
110 through header tank pipe 125 (illustrated by B).

[0029] Referring now to Figure 5, the recovery of hydrocarbons 140, in
accordance with one embodiment of the present disclosure, 1s shown. As gas
150 displaces hydrocarbon layer 145 in a downward direction, the
hydrocarbons 140 may contact, or otherwise communicate with export pipe
120. When hydrocarbon layer 145 contacts export pipe 120, an external
pump (not separately shown) connected to export pipe 120 may then begin
extracting hydrocarbons 140 from storage vessel 110. Hydrocarbons 140 may

then be transferred to the surface, or to another location, for storage and/or

further processing.

[0030] As hydrocarbons 140 are removed, additional water (illustrated as C)
may be introduced into storage vessel 110 from a header tank 130 through
header tank pipe 12S5. Header tank 130 is typically present in at leé,st one of
the legs of an o1l platform. The header tank 130 may be fluidly connected to
the storage vessels 110, such that water may flow therebetween. While this
embodiment illustrates the reintroduction of water into storage vessels 110,
other embodiments may be foreseen wherein the storage vessels are left

empty, contain residual gas, or contain other substances.

[0031] In certain embodiments, a layer of water 155§ may be present beneath
hydrocarbon layer 14S. As hydrocarbons 140 are extracted from storage
vessel 110, small amounts of water may also be extracted. The mixture of
water 135 and hydrocarbons 140 may then be transferred to an oil/water
separation unit (not shown) located outside of storage vessel 110. In other
embodiments, chemicals may be introduced with gas 150 into storage vessels

110 to prevent the contamination of hydrocarbons 140 by water 135.

[0032] Referring now to Figure 6, injection of a gas absorbing chemical 160,
in accordance with one embodiment of the present disclosure, is shown. As

hydrocarbon extraction completes, the flow direction of the external pump

7
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may be reversed, and gas absorbing chemical 160 may be introduced into
storage vessel 110. Gas absorbing chemical 160 may then absorb gas 150,
thereby allowing replacement water fo fill open areas in storage vessel 110.
While the embodiments above discuss absorption of an injected gas with a gas
absorbing chemical, it should be realized that in other embodiments, the
absorbing chemical may be a gas, liquid, solid, or any mixture thereof that

may absorb the injected displacement material.

[0033] In certain embodiments, gas absorbing chemical 160 may include
potassium hydroxide (KOH), ammonium hydroxide (NH4;OH), and/or
ammonium chloride (NH4CI). The introduction of KOH or NH4OH removes
carbon dioxide (CO,) from storage vessel 110. Further, NH,Cl prevents the
formation of water-insoluble mineral scales (e.g. magnesium hydroxide
(Mg(OH),)), which may result from mixing seawater and KOH. Moreover,
gas absorbing chemical 160 may include methanol (CH;0H). The
introduction of CH;0H to the KOH and NH4Cl or NH4OH solution reduces
the specific gravity of the solution, thereby allowing the solution to more
easily move throughout storage vessels 110. The introduction of CH;OH may
also increase the rate of contact between the solution and the gas, therein
speeding the absorption of the gas 150. The introduction of potassium
hydroxide and ammonium chloride may be one method of removing carbon
dioxide from storage vessel 110, however, embodiments employing other

chemicals, or no chemicals, may be foreseen, and are within the scope of this

disclosure.

[0034] While introduction of a gas absorbing chemical 160 may provide
environmental or other benefits in certain applications (e.g. oil platform or
storage tank decommissioning), it should be realized that embodiments that
do not include use of a gas absorbing chemical 160 are within the scope of
this disclosure. For example, In certain applications, it may be more
economically efficient to leave the gas, whether injected or produced by

chemical reaction, in the storage vessel 110. However, in embodiments that
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\

use a gas absorbing chemical, CO, may be pi*eferable because CO,; may be
easily reabsorbed by aqueous solutions that may contain alkali metal

hydroxide.

[0035] While Figures 1 through 6 1illustrate a method of extracting
hydrocarbons using gas injection, other embodiments may be foreseen
wherein at least one chemical that produces a gas is introduced to storage
vessel 110. Referring now to Figure 7, a block diagram of chemical gas
production in accordance with an embodiment of the present disclosure is

shown.

[0036] In one embodiment, a method of hydrocarbon recovery 700 may
include a chemical solution, including hydrochloric acid (HCI) and sodium
bicarbonate (NaHCO3), being introduced into the storage vessel. As the
chemaical solution of HCI and NaHCO; react in the storage vessel, a gas (CO5)
may be produced 730. The gas may then rise through the storage vessel,
contacting the hydrocarbons, thereby displacing 740 the hydrocarbon layer.
The hydrocarbons may then be extracted 750, and water may then replace 760
the volume left by the hydrocarbons, as described above. As hydrocarbon
recovery 750 completes, a gas absorption 770 chemical/solution may be
introduced 1nto the storage vessel to absorb 780 any gas that remains from gas
production 730. In one embodiment, as previously described, the gas
absorption chemical may include KOH, NH,Cl, NH;OH, and CH;0H. While
the described method of hydrocarbon extraction includes the production of
gas by the reaction of hydrochloric acid and sodium bicarbonate,
embodiments employing other chemicals tha:t produce gases may be foreseen,
and are .within the scope of this disclosure. Further embodiments may
include, for example, a range of metal salts of bicarbonates and carbonates,
minerals and organic acids, surfactant derived foams, low dense mobile gels,
gases (direct or within a deformable bladder), materials such as styrene beads,

and thermally sensitive hydrocarbon particles.
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[0037] While embodiments described above illustrate use of a method in the
recovery of hydrocarbon sources from storage systems (i.e. oil platform
storage vessels), it should be realized that methods involving the recovery of
hydrocarbons from land based vessels may also fall within this scope of the
present disclosure. It should be further understood that while the illustrated
embodiments introduce a gas into a vessel to facilitate hydrocarbon recovery,
introduction of a material of any state (e.g. a liquid, soiid or gas) with a

density differing from that of the material to be displacéd may benefit from

the present disclosure.

[0038] Advantageously, embodiments of,) the aforementioned methods may
increase the rate of hydrocarbon extraction from vessels located on land, in
the water, or connected to oil platforms. Further, because the disclosed
methods may prevent the escape of hydrocarbons into the environment,
certain embodiments may provide a clean process for use during the
decommissioning of oil platforms and/or removal of hydrocarbons from land
based vessels. Finally, because embodiments of the present disclosure may
increase the yield of hydrocarbons during recovery, the operation may pay for

itself, or even generate a profit.

[0039] While the present disclosure has been described with respect to a
limited number of embodiments, those skilled in the art, having benefit of this
disclosure, will appreciate that other embodiments can be devised which do
not depart from the scope of the ;:lisclosure as described herein. Accordingly,

the scope of the present disclosure should be limited only by the attached

claims.
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CLAIMS

What 1s claimed 1s:

1. A method for recovering hydrocarbons from a vessel comprising:

displacing a hydrocarbon source with a material, wherein the material has a
density not equal to the hydrocarbon source; and

recovering the hydrocarbon source from the vessel.
2. The method of claim 1 further comprising injecting the material into the vessel.

3. The method of claim 1 further comprising injecting at least one chemical that

reacts to form a gas into the vessel.

4. The method of claim 3 wherein the at least one chemical that reacts to form a gas

comprises sodium bicarbonate and hydrochloric acid.

5. The method of claim 3 wherein the at icast one chemical that reacts to form the

gas comprises salts and acids that react to generate gas.

6. The method of claim 1 wherein the material is a liquid.

7. The method of claim 1 _wherein the material 1s a solid.

8. The method of claim 1 wherein the vessel is attached to an oil platform.
9. The method of claim 1 wherein the hydrocarbon source 1s oil.

10. The method of claim 1 wherein the material is a gas.

11. The method of claim 1 further comprising:
injecting a material absorbing chemical into the vessel; and

removing the material with the material absorbing chemical.

12. The method of claim 11 wherein the material absorbing chemical comprises at
least one of potassium hydroxide, ammonium chloride, ammonium hydroxide,

methanol, and combinations thereof,

11
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13. The method of claim 1 further comprising separating the hydrocarbons from

water in a separator system.

14. The method of claim 1 wherein the vessel 1s located on land.

15. A method of recovering hydrocarbons from a vessel comprising:
introducing hydrochloric acid and sodium bicarbonate into a vessel;

producing carbon dioxide from the reaction of the hydrochloric acid and the

sodium bicarbonate;
displacing a hydroc¢arbon source inside the vessel; and

recovering the hydrocarbon source from the vessel.

16. The method of claims 15 further comprising injecting potassium hydroxide into

the vessel.

17. The method of claim 15 further comprising injecting ammonium hydroxide into

the vessel.

18. The method of claim 15 further comprising injecting methanol into the vessel.

12
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