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(57) ABSTRACT

A system for producing oil and/or gas from an underground
formation comprising a first array of wells dispersed above
the formation; a second array of wells dispersed above the
formation; wherein the first array of wells comprises a
mechanism to 1nject a miscible enhanced o1l recovery formu-

lation 1nto the formation while the second array of wells
comprises a mechanmism to produce o1l and/or gas from the
formation for a first time period; a means to convert at least a
portion of the miscible enhanced o1l recovery formulation
within the formation into another compound during a second
time period; and a means to recover at least a portion of the
another compound during a third time period.
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SYSTEMS AND METHODS FOR PRODUCING
OIL AND/OR GAS

FIELD OF THE INVENTION

[0001] The present disclosure relates to systems and meth-
ods for producing o1l and/or gas.

BACKGROUND OF THE INVENTION

[0002] Enhanced Oil Recovery (EOR) may be used to
increase oil recovery in fields worldwide. There are three
main types of EOR, thermal, chemical/polymer and gas injec-
tion, which may be used to increase oil recovery from a
reservolr, beyond what can be achieved by conventional
means—possibly extending the life of a field and boosting the
o1l recovery factor.

[0003] Thermal enhancedrecovery works by adding heatto
the reservoir. The most widely practiced form 1s a steamdrive,
which reduces o1l viscosity so that 1t can flow to the producing,
wells. Chemical flooding increases recovery by reducing the
capillary forces that trap residual oil. Polymer flooding
improves the sweep efliciency of injected water. Miscible
injection works in a similar way to chemical flooding. By
injecting a fluid that 1s miscible with the o1l, trapped residual
o1l can be recovered.

[0004] Retferring to FIG. 1, there 1s 1illustrated prior art
system 100. System 100 includes underground formation
102, underground formation 104, underground formation
106, and underground formation 108. Production facility 110
1s provided at the surface. Well 112 traverses formations 102
and 104, and terminates in formation 106. The portion of
formation 106 1s shown at 114. O1l and gas are produced from
formation 106 through well 112, to production facility 110.
Gas and liquid are separated from each other, gas 1s stored 1n
gas storage 116 and liquid 1s stored in liquid storage 118.
[0005] U.S. Pat. No. 5,826,656 discloses a method for
recovering watertlood residual o1l from a watertlooded o1l-
bearing subterranean formation penetrated from an earth sur-
face by at least one well by 1injecting an o1l miscible solvent
into a watertlood residual oil-bearing lower portion of the
o1l-bearing subterranean formation through a well completed
for injection of the o1l miscible solvent into the lower portion
of the oil-bearing formation; continuing the injection of the
o1l miscible solvent into the lower portion of the oi1l-bearing
formation for a period of time equal to at least one week;
recompleting the well for production of quantities of the o1l
miscible solvent and quantities of watertlood residual o1l
from an upper portion of the oil-bearing formation; and pro-
ducing quantities of the o1l miscible solvent and waterflood
residual o1l from the upper portion of the oil-bearing forma-
tion. The formation may have previously been both water-
flooded and o1l miscible solvent flooded. The solvent may be
injected through a horizontal well and solvent and o1l may be
recovered through a plurality of wells completed to produce
o1l and solvent from the upper portion of the oil-bearing
formation. U.S. Pat. No. 5,826,656 1s herein incorporated by
reference 1n its entirety.

[0006] Co-pending U.S. Patent Application Publication
Number 2006/02547769, published Nov. 16, 2006, and having
attorney docket number TH2616, discloses a system includ-
ing a mechanism for recovering o1l and/or gas from an under-
ground formation, the o1l and/or gas comprising one or more
sulfur compounds; a mechanism for converting at least a
portion of the sulfur compounds from the recovered o1l and/or

May 12, 2011

gas 1nto a carbon disulfide formulation; and a mechanism for
releasing at least a portion of the carbon disulfide formulation
into a formation. U.S. Patent Application Publication Number
2006/0254°769 1s herein incorporated by reference in 1ts
entirety.

[0007] WO International Publication Number 03/0935118
Al discloses methods of remediating carbon disulfide con-
taminated soil by contacting the soil with 1ron.

[0008] WO International Publication Number 03/0935118

Al 1s herein incorporated by reference 1n 1ts entirety.

[0009] There 1s a need 1n the art for improved systems and
methods for enhanced o1l recovery. There 1s a further need 1n
the art for improved systems and methods for enhanced o1l
recovery using a solvent, for example through viscosity
reduction, chemical effects, and miscible flooding. There 1s a
turther need 1n the art for improved systems and methods for
solvent miscible flooding. There 1s a further need in the art for
improved systems and methods for recovering a solvent after
miscible flooding. There 1s a need 1n the art for remediation of
a formation after a miscible solvent flooding operation.

SUMMARY OF THE INVENTION

[0010] In one aspect, the mvention provides a system for
producing o1l and/or gas from an underground formation
comprising a first array of wells dispersed above the forma-
tion; a second array of wells dispersed above the formation;
wherein the first array of wells comprises a mechanism to
inject a miscible enhanced o1l recovery formulation into the
formation while the second array of wells comprises amecha-
nism to produce o1l and/or gas from the formation for a first
time period; a means to convert at least a portion of the
miscible enhanced o1l recovery formulation within the for-
mation into another compound during a second time period;
and a means to recover at least a portion of the another
compound during a third time period.

[0011] In another aspect, the invention provides a method
for producing o1l and/or gas comprising injecting a carbon
disulfide formulation 1nto a formation for a first time period
from a first well; producing o1l and/or gas from the formation
from a second well for the first time period; converting at least
a portion of the carbon disulfide formulation into another
compound 1n situ at a conclusion of the producing o1l and/or
gas from the formation; and recovering at least a portion of the
another compound from the formation.

[0012] In another aspect, the mvention provides a method
for producing o1l and/or gas comprising injecting a miscible
enhanced o1l recovery formulation 1nto a formation for a first
time period from a first well; producing o1l and/or gas from
the formation from a second well for the first time period;
converting at least a portion of the miscible enhanced o1l
recovery formulation 1into another compound within the for-
mation aiter a conclusion of the producing o1l and/or gas from
the formation; and producing at least a portion of the another
compound from the formation.

[0013] Advantages of the invention include one or more of
the following:
[0014] Improved systems and methods for enhanced recov-

ery of hydrocarbons from a formation with a solvent.

[0015] Improved systems and methods for enhanced recov-
ery ol hydrocarbons from a formation with a fluid containing
a miscible solvent.

[0016] Improved compositions and/or techmques for sec-
ondary recovery of hydrocarbons.
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[0017] Improved systems and methods for enhanced oil
recovery.
[0018] Improved systems and methods for enhanced oil

recovery using a miscible solvent.

[0019] Improved systems and methods for enhanced oil
recovery using a compound which may be miscible with o1l in
place.

[0020] Improved systems and methods for recovering a
compound which may be miscible with o1l 1n place.

[0021] Improved systems and methods for remediation of a
formation which has been flooded with a compound which
may be miscible with o1l 1n place

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 illustrates an o1l and/or gas production sys-
tem.

[0023] FIG. 24 illustrates a well pattern.

[0024] FIGS. 26 and 2¢ illustrate the well pattern o FI1G. 2a

during enhanced o1l recovery processes.
[0025] FIGS. 3a-3cillustrate o1l and/or gas production sys-
tems.

DETAILED DESCRIPTION OF THE INVENTION

[0026] FIG. 2a:

[0027] Retferring now to FIG. 24, in some embodiments, an
array of wells 200 1s illustrated. Array 200 includes well
group 202 (denoted by horizontal lines) and well group 204
(denoted by diagonal lines).

[0028] Each well in well group 202 has horizontal distance
230 from the adjacent well 1n well group 202. Each well 1n
well group 202 has vertical distance 232 from the adjacent
well in well group 202.

[0029] Each well in well group 204 has horizontal distance
236 from the adjacent well 1n well group 204. Each well 1n
well group 204 has vertical distance 238 from the adjacent
well in well group 204.

[0030] FEachwell inwell group 202 1s distance 234 from the
adjacent wells 1n well group 204. Each well in well group 204
1s distance 234 from the adjacent wells in well group 202.

[0031] Each well 1n well group 202 may be surrounded by
tour wells 1n well group 204. Each well in well group 204 may
be surrounded by four wells 1in well group 202.

[0032] Horizontal distance 230 1s from about 5 to about
1000 meters, or from about 10 to about 500 meters, or from
about 20 to about 250 meters, or from about 30 to about 200
meters, or from about 50 to about 150 meters, or from about
90 to about 120 meters, or about 100 meters.

[0033] Vertical distance 232 may be from about 5 to about
1000 meters, or from about 10 to about 500 meters, or from
about 20 to about 250 meters, or from about 30 to about 200
meters, or from about 50 to about 150 meters, or from about
90 to about 120 meters, or about 100 meters.

[0034] Horizontal distance 236 may be from about 5 to
about 1000 meters, or from about 10 to about 500 meters, or
from about 20 to about 250 meters, or from about 30 to about
200 meters, or from about 50 to about 150 meters, or from
about 90 to about 120 meters, or about 100 meters.

[0035] Vertical distance 238 may be from about 5 to about
1000 meters, or from about 10 to about 500 meters, or from
about 20 to about 250 meters, or from about 30 to about 200
meters, or from about 50 to about 150 meters, or from about
90 to about 120 meters, or about 100 meters.
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[0036] Distance 234 may be from about 5 to about 1000
meters, or from about 10 to about 500 meters, or from about
20 to about 250 meters, or from about 30 to about 200 meters,
or from about 50 to about 150 meters, or from about 90 to
about 120 meters, or about 100 meters.

[0037] Array of wells 200 may have from about 10 to about
1000 wells, for example from about 5 to about 500 wells 1n
well group 202, and from about 5 to about 500 wells 1n well
group 204.

[0038] Array of wells 200 may be seen as a top view with
well group 202 and well group 204 being vertical wells
spaced on a piece of land. Array of wells 200 may be seen as
a cross-sectional side view with well group 202 and well
group 204 being horizontal wells spaced within a formation.
[0039] The recovery of o1l and/or gas with array of wells
200 from an underground formation may be accomplished by
any known method. Suitable methods include subsea produc-
tion, surface production, primary, secondary, or tertiary pro-
duction. The selection of the method used to recover the o1l
and/or gas from the underground formation 1s not critical.

[0040] FIG. 2b:

[0041] Referring now to FIG. 25, 1n some embodiments,
array of wells 200 1s 1llustrated. Array 200 includes well
group 202 (denoted by horizontal lines) and well group 204
(denoted by diagonal lines).

[0042] In some embodiments, a miscible enhanced o1l
recovery agent may be mnjected into well group 204, and o1l
may be recovered from well group 202. As illustrated, the
miscible enhanced o1l recovery agent has injection profile
208, and o1l recovery profile 206 1s being produced to well
group 202.

[0043] A miscible enhanced o1l recovery agent may be
injected into well group 202, and o1l may be recovered from
well group 204. As 1illustrated, the miscible enhanced o1l
recovery agent has injection profile 206, and o1l recovery
profile 208 1s being produced to well group 204.

[0044] Well group 202 may be used for injecting a miscible
enhanced o1l recovery agent, and well group 204 may be used
for producing o1l and/or gas from the formation for a first time
period; then well group 204 may be used for injecting a
miscible enhanced o1l recovery agent, and well group 202
may be used for producing o1l and/or gas from the formation
for a second time period, where the first and second time
periods comprise a cycle.

[0045] Multiple cycles may be conducted which include
alternating well groups 202 and 204 between injecting a
miscible enhanced o1l recovery agent, and producing o1l and/
or gas ifrom the formation, where one well group may be
injecting and the other may be producing for a first time
period, and then they are switched for a second time period.
[0046] A cyclemay be from about 12 hours to about 1 year,
or from about 3 days to about 6 months, or from about 5 days
to about 3 months. Each cycle may increase in time, for
example each cycle may be from about 3% to about 10%
longer than the previous cycle, for example about 8% longer.

[0047] A miscible enhanced o1l recovery agent or a mixture
including a miscible enhanced o1l recovery agent may be
injected at the beginning of a cycle, and an 1mmiscible
enhanced o1l recovery agent or a mixture including an immis-
cible enhanced o1l recovery agent may be 1njected at the end
of the cycle. The beginning of a cycle may be the first 10% to
about 80% of a cycle, or the first 20% to about 60% of a cycle,
the first 25% to about 40% of a cycle, and the end may be the
remainder of the cycle.
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10048] FIG. 2c:

[0049] Referring now to FIG. 2¢, 1n some embodiments,
array of wells 200 1s 1llustrated. Array 200 includes well
group 202 (denoted by horizontal lines) and well group 204
(denoted by diagonal lines).

[0050] A miscible enhanced o1l recovery agent may be
injected into well group 204, and o1l may be recovered from
well group 202. As illustrated, the maiscible enhanced o1l
recovery agent has injection profile 208 with overlap 210 with
o1l recovery profile 206, which 1s being produced to well
group 202.

[0051] A miscible enhanced oil recovery agent may be
injected into well group 202, and o1l may be recovered from
well group 204. As illustrated, the maiscible enhanced o1l
recovery agent has injection profile 206 with overlap 210 with
o1l recovery profile 208, which 1s being produced to well
group 204.

[0052] In order to recover miscible enhanced o1l recovery
agent from 1njection profile 206 back to well group 202, a
remediation agent may be 1njected into well group 204, after
the o1l recovery from well group 204 has been completed.
Suitable remediation agents are discussed below.

[0053] In order to clean the formation after a miscible o1l
tflood, the miscible enhanced o1l recovery agent may be con-
verted 1n situ within 1injection profile 206 into another com-
pound, and then the other compound may be recovered. Suit-
able methods for the conversion of the miscible enhanced o1l
recovery agent are discussed below.

[0054] FIGS. 3a and 3b:

[0055] Referring now to FIGS. 3a and 35, in some embodi-
ments of the imvention, system 300 i1s illustrated. System 300
includes underground formation 302, underground formation
304, underground formation 306, and underground formation
308. Facility 310 may be provided at the surface. Well 312
traverses formations 302 and 304, and has openings 1n for-
mation 306. Portions 314 of formation 306 may be optionally
fractured and/or perforated. During primary production, oil
and gas from formation 306 may be produced into portions
314, into well 312, and travels up to facility 310. Facility 310
then separates gas, which may be sent to gas processing 316,
and liquid, which may be sent to liquid storage 318. Facility
310 also includes miscible enhanced o1l recovery formulation
storage 330. As shown in FIG. 3a, miscible enhanced o1l
recovery formulation may be pumped down well 312 that 1s
shown by the down arrow and pumped into formation 306.
Miscible enhanced o1l recovery formulation may be left to
soak 1n formation for a period of time from about 1 hour to
about 15 days, for example from about 5 to about 50 hours.

[0056] Adter the soaking period, as shown 1n FIG. 35, mis-
cible enhanced o1l recovery formulation and o1l and/or gas
may be then produced back up well 312 to facility 310.
Facility 310 may be adapted to separate and/or recycle mis-
cible enhanced o1l recovery formulation, for example by boil-
ing the formulation, condensing 1t or filtering or reacting it,
then re-injecting the formulation mto well 312, for example
by repeating the soaking cycle shown in FIGS. 3a and 35 from
about 2 to about 5 times.

[0057] Insomeembodiments, miscible enhanced o1l recov-
ery formulation may be pumped 1into formation 306 below the

fracture pressure of the formation, for example from about
40% to about 90% of the fracture pressure.

[0058] Well 312, as shown 1n FIG. 34, injecting nto for-
mation 306 may be representative of a well in well group 202,
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and well 312 as shown 1n FIG. 36 producing from formation
306 may be representative of a well 1n well group 204.

[0059] Well 312, as shown 1n FIG. 3¢, 1njecting into for-
mation 306 may be representative of a well 1n well group 204,
and well 312 as shown 1n FIG. 36 producing from formation
306 may be representative of a well 1n well group 202.

[0060] In order to recover miscible enhanced o1l recovery
agent from formation 306 back to well 312, a remediation
agent may be injected into another adjacent well (not shown),
alter the o1l recovery from formation 306 has been completed.
Suitable remediation agents are discussed below.

[0061] In order to clean the formation after a miscible o1l
tflood, the miscible enhanced o1l recovery agent may be con-
verted 1n situ within formation 306 into another compound,
and then the other compound recovered from well 312. Suit-
able methods for the conversion of the miscible enhanced o1l
recovery agent are discussed below.

10062] FIG. 3c:

[0063] Referring now to FIG. 3¢, in some embodiments of
the invention, system 400 1s illustrated. System 400 includes
underground formation 402, formation 404, formation 406,
and formation 408. Production facility 410 may be provided
at the surface. Well 412 traverses formation 402 and 404 has
openings at formation 406. Portions of formation 414 may be
optionally fractured and/or perforated. As o1l and gas 1s pro-
duced from formation 406 it enters portions 414, and travels
up well 412 to production facility 410. Gas and liquid may be
separated, and gas may be sent to gas storage 416, and liquid
may be sent to liquid storage 418. Production facility 410 may
be able to produce and/or store miscible enhanced o1l recov-
ery formulation, which may be produced and stored 1n pro-
duction/storage 430. Hydrogen sulfide and/or other sulfur
containing compounds from well 412 may be sent to miscible
enhanced o1l recovery formulation production/storage 430.
Miscible enhanced o1l recovery formulation may be pumped
down well 432, to portions 434 of formation 406. Miscible
enhanced o1l recovery formulation traverses formation 406 to
aid 1n the production of o1l and gas, and then the miscible
enhanced o1l recovery formulation, o1l and/or gas may all be
produced to well 412, to production facility 410. Miscible
enhanced o1l recovery formulation may then be recycled, for
example by boiling the formulation, condensing it or filtering
or reacting 1t, then re-injecting the formulation into well 432.

[0064] In some embodiments, a quantity of miscible
enhanced o1l recovery formulation or miscible enhanced o1l
recovery formulation mixed with other components may be
injected mto well 432, followed by another component to
force miscible enhanced o1l recovery formulation or miscible
enhanced o1l recovery formulation mixed with other compo-
nents across formation 406, for example air; water 1n gas or
liquid form; water mixed with one or more salts, polymers,
and/or surfactants; carbon dioxide; other gases; other liquids;
and/or mixtures thereof.

[0065] Insomeembodiments, well 412 which 1s producing
o1l and/or gas may be representative of a well 1n well group
202, and well 432 which 1s being used to 1nject miscible
enhanced o1l recovery formulation may be representative of a
well in well group 204.

[0066] Insomeembodiments, well 412 which 1s producing
o1l and/or gas may be representative of a well 1n well group
204, and well 432 which 1s being used to 1nject miscible
enhanced o1l recovery formulation may be representative of a
well 1n well group 202.
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[0067] In order to recover miscible enhanced o1l recovery
agent from formation 406 back to well 432, a remediation
agent may be injected into well 412, after the o1l recovery
from formation 406 and well 412 has been completed. Suit-
able remediation agents are discussed below.

[0068] In order to clean the formation after a miscible o1l
flood, the miscible enhanced o1l recovery agent may be con-
verted 1n situ within formation 406 into another compound,
and then the other compound recovered from the formation
406. Suitable methods for the conversion of the miscible
enhanced o1l recovery agent are discussed below.

10069]

[0070] Suitable remediation agents include water in liquid
or vapor form, foams, aqueous surfactant solutions, aqueous
polymer solutions, carbon dioxide, natural gas, and/or other
hydrocarbons, and mixtures thereof.

[0071] In one embodiment, suitable remediation agents
include aqueous surfactant solutions. Suitable aqueous sur-
factant solutions are disclosed 1n U.S. Pat. No. 3,943,160;
U.S. Pat. No. 3,946,812; U.S. Pat. No. 4,077,471, U.S. Pat.
No. 4,216,079; U.S. Pat. No. 5,318,709; U.S. Pat. No. 5,723,
423; U.S. Pat. No. 6,022,834; U.S. Pat. No. 6,269,881; and by
Wellington, et al. mn “Low Surfactant Concentration
Enhanced Watertlooding,” Society of Petroleum Engineers,
1993; all of which are incorporated by reference herein.

[0072] As discussed above, a remediation agent may be
introduced into the formation after the completion of the
miscible solvent tlooding process 1n order to produce as much
of the miscible solvent as possible.

[0073]

[0074] Insomeembodiments, any miscible solvent remain-
ing within the formation after the completion of the enhanced
o1l recovery operation, and after an optional remediation
agent tlooding operation, may be converted 1n situ (within the
formation) 1nto a different compound.

[0075]

[0076] In one example, the miscible solvent may include a
carbon disulfide formulation. The carbon disulfide may be
hydrolyzed within the formation into hydrogen sulfide, for
example by the addition of oxygen, water, steam, peroxides,
and/or heat. Optionally, one or more catalysts such as alumina
and/or titania, for example 1n a solution, as a powder, or as a
suspension in water or other fluids may be introduced 1nto the
formation 1n order to catalyze the reaction from carbon dis-
ulfide to hydrogen sulfide.

[0077] The carbon disulfide can be converted to hydrogen
sulfide by any reaction or mechanism. The selection of the
reaction or mechanism 1s not critical. One suitable mecha-
nism by which the carbon disulfide 1s hydrolyzed to hydrogen
sulfide 1s a known reaction, which has the formula:

Remediation Agents:

In Situ Conversion

Hydrogen Sulfide Formation:

CS,+2H,0—2H,S+CO,

[0078] The hydrogen sulfide may then be recovered from
one or more wells. In order to recover the hydrogen sulfide
from the formation, water, air, carbon dioxide, or one or more
other liquids or gases or remediation agents may be 1njected
into the formation to aid in the recovery of the hydrogen
sulfide from a well.

10079]

[0080] Inoneexample, the miscible solvent may include an
alcohol and/or hydrocarbon such as natural gas, propane,
butane, and/or pentane. The miscible solvent may be burned

(Formula 1)

Oxidation Reactions:
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in place within the formation into primarily water and carbon
dioxide, for example by the addition of oxygen, steam, per-
oxides, and/or heat.

[0081] In another example, the maiscible solvent may
include a carbon disulfide formulation. The carbon disulfide
may be combusted or oxidized within the formation into
sulfur dioxide, for example by the addition of oxygen, per-
oxides, and/or heat.

[0082] The carbon disulfide can be oxidized by any reac-
tion or mechanism. The selection of the reaction or mecha-
nism 1s not critical. One suitable mechanism by which the
carbon disulfide 1s oxidized to sulfur dioxide 1s a known
reaction, which has the formula:

CS,+30,—280,+CO,

[0083] The sulfur dioxide may then be recovered from one
or more wells. In order to recover the sulfur dioxide from the
formation, water, air, carbon dioxide, or one or more other
liquids or gases or remediation agents may be injected into the
formation to aid 1n the recovery of the sultfur dioxide from a
well.

(Formula 2)

Alternative Embodiments

[0084] Insome embodiments, o1l and/or gas may be recov-
ered from a formation 1nto a well, and flow through the well
and tlowline to a facility. In some embodiments, enhanced o1l
recovery, with the use of an agent for example steam, water, a
surfactant, a polymer flood, and/or a miscible agent such as a
carbon disulfide formulation or carbon dioxide, may be used
to increase the tlow of o1l and/or gas from the formation.
[0085] In some embodiments, o1l and/or gas recovered
from a formation may include a sulfur compound. The sulfur
compound may include hydrogen sulfide, mercaptans, sul-
fides and disulfides other than hydrogen disulfide, or hetero-
cyclic sulfur compounds for example thiophenes, ben-
zothiophenes, or substituted and condensed ring
dibenzothiophenes, or mixtures thereof.

[0086] In some embodiments, a sulfur compound from the
formation may be converted into a carbon disulfide formula-
tion. The conversion of at least a portion of the sulfur com-
pound mto a carbon disulfide formulation may be accom-
plished by any known method. Suitable methods may include
oxidation reaction of the sulfur compound to sulifur and/or
sulfur dioxides, and by reaction of sultur and/or sultfur diox-
ide with carbon and/or a carbon containing compound to form
the carbon disulfide formulation. The selection of the method
used to convert at least a portion of the sulfur compound 1nto
a carbon disulfide formulation 1s not critical.

[0087] Insomeembodiments, asuitable miscible enhanced
o1l recovery agent may be a carbon disulfide formulation. The
carbon disulfide formulation may include carbon disulfide
and/or carbon disulfide dervatives for example, thiocarbon-
ates, xanthates and mixtures thereof; and optionally one or
more of the following: hydrogen sulfide, sultur, carbon diox-
ide, hydrocarbons, and mixtures thereof.

[0088] Insome embodiments, a suitable method of produc-
ing a carbon disulfide formulation 1s disclosed 1n copending
U.S. patent application having Ser. No. 11/409,436, filed on
Apr. 19, 2006, having attorney docket number TH2616. U.S.
patent application having Ser. No. 11/409,436 1s herein incor-
porated by reference 1n 1ts entirety.

[0089] In some embodiments, suitable miscible enhanced
o1l recovery agents include carbon disulfide, hydrogen sul-
fide, carbon dioxide, octane, pentane, LPG, C2-C6 aliphatic
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hydrocarbons, nitrogen, diesel, mineral spirits, naptha sol-
vent, asphalt solvent, kerosene, acetone, xylene, trichloroet-
hane, or mixtures of two or more of the preceding, or other
miscible enhanced o1l recovery agents as are known 1n the art.
In some embodiments, suitable miscible enhanced o1l recov-
ery agents are first contact miscible or multiple contact mis-
cible with o1l 1n the formation.

[0090] In some embodiments, suitable 1mmiscible
enhanced o1l recovery agents include water 1n gas or liquid
form, air, mixtures of two or more of the preceding, or other
immiscible enhanced o1l recovery agents as are known 1n the
art. In some embodiments, suitable immiscible enhanced o1l
recovery agents are not first contact miscible or multiple
contact miscible with o1l in the formation.

[0091] In some embodiments, immiscible and/or miscible
enhanced o1l recovery agents injected into the formation may
be recovered from the produced o1l and/or gas and re-1njected
into the formation.

[0092] In some embodiments, o1l as present 1n the forma-
tion prior to the injection of any enhanced o1l recovery agents
has a viscosity of at least about 100 centipoise, or at least
about 500 centipoise, or at least about 1000 centipoise, or at
least about 2000 centipoise, or at least about S000 centipoise,
or at least about 10,000 centipoise. In some embodiments, o1l
as present 1n the formation prior to the injection of any
enhanced o1l recovery agents has a viscosity of up to about
5,000,000 centipoise, or up to about 2,000,000 centipoise, or
up to about 1,000,000 centipoise, or up to about 500,000
centipoise.

[0093] Releasing at least a portion of the miscible enhanced
o1l recovery agent and/or other liquids and/or gases may be
accomplished by any known method. One suitable method 1s
injecting the miscible enhanced o1l recovery formulation into
a single conduit in a single well, allowing carbon disulfide
formulation to soak, and then pumping out at least a portion of
the carbon disulfide formulation with gas and/or liquids.
Another suitable method 1s 1njecting the miscible enhanced
o1l recovery formulation 1nto a first well, and pumping out at
least a portion of the miscible enhanced o1l recovery formu-
lation with gas and/or liquids through a second well. The
selection of the method used to mject at least a portion of the
miscible enhanced o1l recovery formulation and/or other 11g-
uids and/or gases 1s not critical.

[0094] In some embodiments, the miscible enhanced o1l
recovery formulation and/or other liquids and/or gases may
be pumped 1nto a formation at a pressure up to the fracture
pressure of the formation.

[0095] In some embodiments, the miscible enhanced oil
recovery formulation may be mixed in with o1l and/or gas in
a formation to form a mixture which may be recovered from
a well. In some embodiments, a quantity of the miscible
enhanced o1l recovery formulation may be injected nto a
well, followed by another component to force carbon the
formulation across the formation. For example air, water 1n
liquid or vapor form, carbon dioxide, other gases, other lig-
uids, and/or mixtures thereol may be used to force the mis-
cible enhanced o1l recovery formulation across the formation.

[0096] In some embodiments, the miscible enhanced oil
recovery formulation may be heated prior to being mjected
into the formation to lower the viscosity of fluids in the
formation, for example heavy oils, paraifins, asphaltenes, etc.

[0097] In some embodiments, the miscible enhanced o1l
recovery formulation may be heated and/or boiled while
within the formation, with the use of a heated fluid or a heater,
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to lower the viscosity of fluids 1n the formation. In some
embodiments, heated water and/or steam may be used to heat
and/or vaporize the miscible enhanced o1l recovery formula-
tion in the formation.

[0098] In some embodiments, the miscible enhanced o1l
recovery formulation may be heated and/or boiled while
within the formation, with the use of a heater. One suitable
heater 1s disclosed 1 copending U.S. patent application hav-
ing Ser. No. 10/693,816, filed on Oct. 24, 2003, and having
attorney docket number TH2557. U.S. patent application
having Ser. No. 10/693,816 1s herein incorporated by refer-
ence 1n its entirety.

[0099] Insome embodiments, o1l and/or gas produced may
be transported to a refinery and/or a treatment facility. The o1l
and/or gas may be processed to produced to produce com-
mercial products such as transportation fuels such as gasoline
and diesel, heating fuel, lubricants, chemicals, and/or poly-
mers. Processing may include distilling and/or fractionally
distilling the o1l and/or gas to produce one or more distillate
fractions. In some embodiments, the o1l and/or gas, and/or the
one or more distillate fractions may be subjected to a process
of one or more of the following: catalytic cracking, hydroc-
racking, hydrotreating, coking, thermal cracking, distilling,
reforming, polymerization, isomerization, alkylation, blend-
ing, and dewaxing.

[lustrative Embodiments

[0100] In one embodiment of the invention, there 1s dis-
closed a system for producing o1l and/or gas from an under-
ground formation comprising a first array of wells dispersed
above the formation; a second array of wells dispersed above
the formation; wherein the first array of wells comprises a
mechanism to 1nject a miscible enhanced o1l recovery formu-
lation 1nto the formation while the second array of wells
comprises a mechanmism to produce o1l and/or gas from the
formation for a first time period; a means to convert at least a
portion of the miscible enhanced o1l recovery formulation
within the formation into another compound during a second
time period; and a means to recover at least a portion of the
another compound during a third time period. In some
embodiments, a well in the first array of wells 1s at a distance
of 10 meters to 1 kilometer from one or more adjacent wells
in the second array of wells. In some embodiments, the under-
ground formation i1s beneath a body of water. In some
embodiments, the system also includes a mechanism for
injecting an immiscible enhanced o1l recovery formulation
into the formation, after the miscible enhanced o1l recovery
formulation has been released into the formation. In some
embodiments, the system also includes a miscible enhanced
o1l recovery formulation selected from the group consisting
ol a carbon disulfide formulation, hydrogen sulfide, carbon
dioxide, octane, pentane, LPG, C2-C6 aliphatic hydrocar-
bons, nitrogen, diesel, mineral spirits, naptha solvent, asphalt
solvent, kerosene, acetone, xylene, trichloroethane, and mix-
tures thereol. In some embodiments, the system also includes
an 1mmiscible enhanced o1l recovery formulation selected
from the group consisting of water 1n gas or liquid form, atr,
and mixtures thereof. In some embodiments, the first array of
wells comprises from 5 to 500 wells, and the second array of
wells comprises from S to 500 wells. In some embodiments,
the system also includes a miscible enhanced o1l recovery
formulation comprising a carbon disulfide formulation. In
some embodiments, the system also includes a mechanism
for producing a carbon disulfide formulation. In some
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embodiments, the underground formation comprises an oil
having a viscosity from 100 to 5,000,000 centipoise. In some
embodiments, the first array of wells comprises a miscible
enhanced o1l recovery formulation profile 1n the formation,
and the second array of wells comprises an o1l recovery
profile 1n the formation, the system further comprising an
overlap between the miscible enhanced o1l recovery formu-
lation profile and the o1l recovery profile. In some embodi-
ments, the miscible enhanced o1l recovery formulation com-
prises carbon disulfide. In some embodiments, the another
compound comprises hydrogen sulfide. In some embodi-
ments, the means to recover at least a portion of the another
compound comprises a well to collect the another compound
and convey the another compound from within the formation
to a position above the formation. In some embodiments, the
means to recover at least a portion of the another compound
comprises a well to inject aremediation agent into the forma-
tion to displace the another compound from within the for-
mation towards one or more other wells.

[0101] In one embodiment of the invention, there 1s dis-
closed a method for producing o1l and/or gas comprising
injecting a carbon disulfide formulation 1nto a formation for a
first time period from a first well; producing o1l and/or gas
from the formation from a second well for the first time
period; converting at least a portion of the carbon disulfide
formulation mto another compound 1n situ at a conclusion of
the producing o1l and/or gas from the formation; and recov-
ering at least a portion of the another compound from the
formation. In some embodiments, the method also includes
recovering carbon disulfide formulation from the o1l and/or
gas, 1I present, and then injecting at least a portion of the
recovered carbon disulfide formulation into the formation. In
some embodiments, injecting the carbon disulfide formula-
tion comprises injecting at least a portion of the carbon dis-
ulfide formulation 1nto the formation 1n a mixture with one or
more of hydrocarbons; sulfur compounds other than carbon
disulfide; carbon dioxide; carbon monoxide; or mixtures
thereof. In some embodiments, the method also includes fur-
ther comprising heating the carbon disulfide formulation
prior to 1njecting the carbon disulfide formulation into the
formation, or while within the formation. In some embodi-
ments, the carbon disulfide formulation 1s 1njected at a pres-
sure from 0 to 37,000 kilopascals above the 1nitial reservoir
pressure, measured prior to when carbon disulfide 1mjection
begins. In some embodiments, the underground formation
comprises a permeability from 0.0001 to 15 Darcies, for
example a permeability from 0.001 to 1 Darcy. In some
embodiments, any oil, as present 1n the underground forma-
tion prior to the injecting the carbon disulfide formulation,
has a sulfur content from 0.5% to 5%, for example from 1%
to 3%. In some embodiments, the method also includes con-
verting at least a portion of the recovered o1l and/or gas ito a
maternal selected from the group consisting of transportation
fuels such as gasoline and diesel, heating fuel, lubricants,
chemicals, and/or polymers. In some embodiments, the
method also includes 1injecting a remediation agent into the
formation for a second time period from the second well; and
producing the another compound from the formation from the
first well for the second time period. In some embodiments,
the remediation agent comprises a material selected from the
group consisting of water, water and a surfactant, carbon
dioxide, atr, and natural gas. In some embodiments, the reme-
diation agent comprises water and a polymer dissolved in the
water. In some embodiments, converting at least a portion of
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the carbon disulfide formulation into another compound com-
prises 1njecting at least one of steam, water, and peroxide mnto
the formation.

[0102] In one embodiment of the invention, there 1s dis-
closed a method for producing o1l and/or gas comprising
injecting a miscible enhanced o1l recovery formulation into a
formation for a first time period from a first well; producing
o1l and/or gas from the formation from a second well for the
first time period; converting at least a portion of the miscible
enhanced o1l recovery formulation mnto another compound
within the formation after a conclusion of the producing o1l
and/or gas from the formation; and producing at least a por-
tion of the another compound from the formation. In some
embodiments, the method also 1includes 1mjecting an 1mmis-
cible enhanced o1l recovery formulation into the formation
for a time period after the first time period from the first well,
to push the miscible enhanced o1l recovery formulation
through the formation. In some embodiments, the produced
o1l and/or gas comprises a sulfur compound, Turther compris-
ing converting at least a portion of the sulfur compound into
a miscible enhanced o1l recovery formulation. In some
embodiments, the miscible enhanced o1l recovery formula-
tion comprises a carbon disulfide formulation. In some
embodiments, the another compound comprises hydrogen
sulfide. In some embodiments, the method also includes heat-
ing the miscible enhanced o1l recovery formulation. In some
embodiments, the method also includes injecting a remedia-
tion agent into the formation for a second time period from the
second well; and producing the another compound from the
formation from the first well for the second time period. In
some embodiments, the remediation agent comprises at least
one of water and carbon dioxide.

[0103] Those of skill in the art will appreciate that many
modifications and variations are possible 1n terms of the dis-
closed embodiments of the invention, configurations, mate-
rials and methods without departing from their spirit and
scope. Accordingly, the scope of the claims appended here-
alter and their functional equivalents should not be limited by
particular embodiments described and illustrated herein, as
these are merely exemplary 1n nature.

1. A system for producing o1l and/or gas from an under-
ground formation comprising:

a first array of wells dispersed above the formation; and

a second array of wells dispersed above the formation;

wherein the first array of wells comprises a mechanism to
inject a miscible enhanced o1l recovery formulation into
the formation while the second array of wells comprises
a mechanism to produce o1l and/or gas from the forma-
tion for a first time period;

a means to convert at least a portion of the miscible
enhanced o1l recovery formulation within the formation
into another compound during a second time period; and

a means to recover at least a portion of the another com-
pound during a third time period.

2. The system of claim 1, wherein a well 1n the first array of
wells 1s at a distance of 10 meters to 1 kilometer from one or

more adjacent wells 1n the second array of wells.

3. The system of claim 1, wherein the underground forma-
tion 1s beneath a body of water.

4. The system of claim 1, further comprising a mechanism
for mnjecting an 1immiscible enhanced o1l recovery formula-
tion 1nto the formation, after the miscible enhanced o1l recov-

ery formulation has been released into the formation.
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5. The system of claim 1 further comprising a miscible
enhanced o1l recovery formulation selected from the group
consisting of a carbon disulfide formulation, hydrogen sul-
fide, carbon dioxide, octane, pentane, LPG, C2-C6 aliphatic
hydrocarbons, nitrogen, diesel, mineral spirits, naptha sol-
vent, asphalt solvent, kerosene, acetone, xylene, trichloroet-
hane, and mixtures thereof.

6. The system of claim 1, further comprising an immiscible
enhanced o1l recovery formulation selected from the group
consisting of water 1n gas or liquid form, air, and mixtures
thereof.

7. The system of claim 1, wherein the first array of wells
comprises from 5 to 500 wells, and the second array of wells
comprises from 5 to 500 wells.

8. The system of claim 1, further comprising a miscible
enhanced o1l recovery formulation comprising a carbon dis-
ulfide formulation.

9. The system of claim 1, further comprising a mechanism
for producing a carbon disulfide formulation.

10. The system of claim 1, wherein the underground for-
mation comprises an o1l having a viscosity from 100 to 5,000,
000 centipoise.

11. The system of claim 1, wherein the first array of wells
comprises a miscible enhanced o1l recovery formulation pro-
file 1n the formation, and the second array of wells comprises
an o1l recovery profile in the formation, the system further
comprising an overlap between the miscible enhanced o1l
recovery formulation profile and the o1l recovery profile.

12. The system of claim 1, wherein the miscible enhanced
o1l recovery formulation comprises carbon disulfide.

13. The system of claim 1, wherein the another compound
comprises hydrogen sulfide.

14. The system of claim 1, wherein the means to recover at
least a portion of the another compound comprises a well to
collect the another compound and convey the another com-
pound from within the formation to a position above the
formation.

15. The system of claim 1, wherein the means to recover at
least a portion of the another compound comprises a well to
inject a remediation agent into the formation to displace the
another compound from within the formation towards one or
more other wells.

16. A method for producing o1l and/or gas comprising;:

injecting a carbon disulfide formulation into a formation
for a first time period from a first well;

producing o1l and/or gas from the formation from a second
well for the first time period;

converting at least a portion of the carbon disulfide formu-
lation 1nto another compound in situ at a conclusion of
the producing o1l and/or gas from the formation; and

recovering at least a portion of the another compound from
the formation.

17. The method of claim 16, further comprising recovering
carbon disulfide formulation from the o1l and/or gas, 1f
present, and then 1njecting at least a portion of the recovered
carbon disulfide formulation into the formation.

18. The method of claim 16, wherein 1njecting the carbon
disulfide formulation comprises 1njecting at least a portion of
the carbon disulfide formulation into the formation in a mix-
ture with one or more of hydrocarbons; sulfur compounds
other than carbon disulfide; carbon dioxide; carbon monox-
1de; or mixtures thereof.
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19. The methods of claim 16, further comprising heating
the carbon disulfide formulation prior to injecting the carbon
disulfide formulation into the formation, or while within the
formation.

20. The method of claim 16, wherein the carbon disulfide
formulation 1s injected at a pressure from 0 to 37,000 kilo-
pascals above the nitial reservoir pressure, measured prior to
when carbon disulfide 1njection begins.

21. The method of claim 16, wherein the underground
formation comprises a permeability from 0.0001 to 15 Dar-
cies, for example a permeability from 0.001 to 1 Darcy.

22. The method of claim 16, wherein any o1l, as present 1n
the underground formation prior to the injecting the carbon
disulfide formulation, has a sulfur content from 0.5% to 5%,
for example from 1% to 3%.

23. The method of claim 16, further comprising converting,
at least a portion of the recovered o1l and/or gas into a material
selected from the group consisting of transportation fuels
such as gasoline and diesel, heating fuel, lubricants, chemi-
cals, and/or polymers.

24. The method of claim 16, further comprising:

injecting a remediation agent into the formation for a sec-

ond time period from the second well; and

producing the another compound from the formation from

the first well for the second time period.

25. The method of claim 24, wherein the remediation agent
comprises a material selected from the group consisting of
water, water and a surfactant, carbon dioxide, air, and natural
gas.

26. The method of claim 24, wherein the remediation agent
comprises water and a polymer dissolved in the water.

277. The method of claim 16, wherein converting at least a
portion of the carbon disulfide formulation into another com-
pound comprises 1njecting at least one of steam, water, and
peroxide into the formation.

28. A method for producing o1l and/or gas comprising:

injecting a miscible enhanced o1l recovery formulation into

a formation for a first time period from a first well;
producing o1l and/or gas from the formation from a second
well for the first time period;

converting at least a portion of the miscible enhanced o1l

recovery formulation into another compound within the
formation after a conclusion of the producing o1l and/or
gas from the formation; and

producing at least a portion of the another compound from

the formation.

29. The method of claim 28, further comprising:

injecting an immiscible enhanced o1l recovery formulation

into the formation for a time period after the first time
period from the first well, to push the miscible enhanced
o1l recovery formulation through the formation.

30. The method of claim 28, wherein the produced oil
and/or gas comprises a sulfur compound, further comprising
converting at least a portion of the sulfur compound mto a
miscible enhanced o1l recovery formulation.

31. The method of claim 28, wherein the miscible
enhanced o1l recovery formulation comprises a carbon disul-
fide formulation.

32. The method of claim 28, wherein the another com-
pound comprises hydrogen sulfide.

33. The method of claim 28, further comprising heating the
miscible enhanced o1l recovery formulation.

34. The method of claim 28, further comprising:

injecting a remediation agent into the formation for a sec-

ond time period from the second well; and

producing the another compound from the formation from

the first well for the second time period.

35. The method of claim 34, wherein the remediation agent

comprises at least one of water and carbon dioxide.
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