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DOWNHOLE MEMBRANE SEPARATION SYSTEM 
WITH SWEEP GAS 

FIELD OF THE INVENTION 

[0001] The invention relates to recovery of hydrocarbons 
from a Wellbore, and more particularly, the invention relates 
to technology for separation of contaminants from hydro 
carbons in a Wellbore With a membrane separation system 
using a sWeep gas to enhance separation. 

BACKGROUND OF THE INVENTION AND 
BRIEF DESCRIPTION OF THE RELATED ART 

[0002] Hydrocarbon gases and liquids are recovered from 
underground Wellbores by drilling a Wellbore into a hydro 
carbon gas or liquid formation and WithdraWing the mate 
rials under reservoir pressure or by arti?cial lifting. The 
?uids WithdraWn from the reservoir consist of a combination 
of hydrocarbon liquids and gases, Water, sediments, and 
other contaminants. 

[0003] The current recovery technology involves remov 
ing the hydrocarbon and any contaminants Which are present 
from the Wellbore, and separating the contaminants from the 
hydrocarbon above ground. This above ground separation is 
costly. Disposal of the removed contaminants may also 
present environmental problems. The contaminants Which 
may be produced include carbon dioXide, nitrogen, Water 
vapor, hydrogen sul?de, helium, other trace gases, Water, 
Water soluble organics, normally occurring radioactive 
material, and others. 

[0004] It Would be highly desirable to selectively separate 
the contaminants in the Wellbore for reinj ection, removal, or 
other processing. One Way to achieve doWnhole separation 
of contaminants from hydrocarbons is by the use of mem 
branes. 

[0005] US. Pat. No. 6,015,011 describes a doWnhole 
hydrocarbon separator using membranes. The separator 
includes a permeable ?lter attached to the bottom of a packer 
so that a ?lter outlet end is in ?uid communication With an 
aperture in the packer. The ?lter selectively passes ?uids 
from beneath the packer to above the packer. HoWever, the 
?lter arrangement of US. Pat. No. 6,015,011 is inef?cient in 
separating hydrocarbons from contaminants because of the 
arrangement of the membrane. 

[0006] In addition, International Patent Application No. 
WO 00/58603 describes a doWnhole hydrocarbon separator 
using tubular membranes for separation of hydrocarbons 
from contaminants. HoWever, a gas membrane requires a 
partial pressure driving force across the membrane in order 
to drive the contaminants through the membrane. In this 
separator, a build up of the contaminants Which have passed 
through the membrane Will decrease the partial pressure 
driving force and decrease the efficiency of the separator. 

[0007] Current technology addresses this limitation of 
partial pressure driving force by running under conditions 
that alloW for a signi?cant quantity of product to permeate 
the membrane along With the contaminants. The product lost 
through the membrane serves to dilute the contaminant on 
the permeate side of the membrane and thereby help main 
tain a partial pressure driving force across the membrane. 
HoWever, the product that permeates the membrane is then 
either lost or must be recovered in another manner. For 
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eXample, the product methane that permeates the membrane 
is then recovered by recompressing the permeate and feed 
ing the permeate to a second membrane stage, Where some 
of the lost methane is recovered. This tWo stage approach 
has the draWback that interstage compression of the gas 
stream is required. Gas compressors are expensive in both 
capital and operating eXpense and require signi?cant main 
tenance. Furthermore, gas compression cannot be conve 
niently accomplished doWnhole. Accordingly, it Would be 
desirable to address the partial pressure driving force prob 
lem Without alloWing additional product to pass through the 
membrane. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides an ef?cient solution 
to doWnhole separation of hydrocarbons and contaminants. 
The system includes a membrane for separating hydrocar 
bons and contaminants and ?uid sWeep Which dilutes 
removed contaminants and removes the contaminants from 
the vicinity of the membrane. The sWeep ?uid may be a gas 
With a loW concentration of the removed contaminant or a 
liquid having a component Which binds to or otherWise 
removes the contaminant from the location of the mem 
brane. 

[0009] In accordance With one aspect of the present inven 
tion, a system for separating a hydrocarbon and a contami 
nant in a Wellbore includes a membrane for separating a 
hydrocarbon and a contaminant by passing the contaminant 
through the membrane from an input side to an output side 
of the membrane and a sWeep ?uid delivery system for 
delivering a sWeep ?uid to the output side of the membrane 
to improve a driving force driving the contaminant through 
the membrane. The membrane for separating the hydrocar 
bon and contaminant is con?gured to be positioned in the 
Wellbore. 

[0010] In accordance With another aspect of the present 
invention, a method of separating a hydrocarbon and a 
contaminant in a Wellbore includes the steps of separating a 
hydrocarbon and a contaminant in a Wellbore With a mem 
brane separator, and delivering a sWeep ?uid to an output 
side of the membrane separator to improve a driving force 
driving the contaminant through the membrane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention Will noW be described in greater 
detail With reference to the preferred embodiments illus 
trated in the accompanying draWings, in Which like elements 
bear like reference numerals, and Wherein: 

[0012] FIG. 1 is a schematic side cross sectional vieW of 
a doWnhole apparatus for separating hydrocarbons and con 
taminants having sWeep gas according to a ?rst embodi 
ment; 

[0013] FIG. 2 is a schematic side cross sectional vieW of 
a doWnhole apparatus for separating hydrocarbons and con 
taminants having a sWeep gas according to an alternative 
embodiment; 

[0014] FIG. 3 is a schematic side cross sectional vieW of 
a doWnhole apparatus for separating hydrocarbons and con 
taminants having a sWeep gas according to another embodi 
ment; and 
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[0015] FIG. 4 is a schematic side cross sectional vieW of 
a doWnhole apparatus for separating hydrocarbons and con 
taminants having a sWeep gas according to a further embodi 
ment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0016] DoWnhole membrane separation systems are used 
for separating contaminants from hydrocarbon liquids and 
gases doWnhole. The contaminants Which are removed 
doWnhole may be reinjected into an underground disposal 
formation or removed to the surface for disposal. 

[0017] One con?guration of a doWnhole membrane sepa 
ration system includes a tubular membrane having a ?uid 
inlet end and a ?uid outlet end. BetWeen the ?uid inlet end 
and the ?uid outlet end of the membrane tube the membrane 
material selectively permeates one or more contaminant, 
such as carbon dioxide, through the membrane While pre 
venting the hydrocarbon from passing through the mem 
brane achieving the doWnhole separation. 

[0018] The passage of the contaminants through the mem 
brane is controlled by the difference in partial pressures of 
the contaminants across the membrane. This partial pressure 
difference provides the driving force Which drives the con 
taminants through the membrane. When the partial pressure 
difference becomes small, the removal of contaminates Will 
sloW and eventually stop. 

[0019] The partial pressure driving force is explained by 
the folloWing example. In a hypothetical Well, a product 
stream having a composition of 90% CH4 and 10% CO2 at 
a pressure of 1000 psia and a raffinate pressure held at 500 
psia is delivered to the membrane separator. In this case, the 
partial pressure of the CH4 is 900 psia and the partial 
pressure of the CO2 is 100 psia. As the product stream enters 
the membrane separator, the partial pressure of the CO2 on 
the input or upstream side of the membrane is 100 psi and 
the partial pressure of the CO2 on the output or doWnstream 
side of the membrane is loW, for example 5 psi. This results 
in a 95 psi partial pressure difference across the membrane 
Which provides an adequate driving force for the membrane 
separator. 

[0020] HoWever, as the product stream passes through the 
membrane separator toWards an outlet end of the membrane 
separator, the concentration of the CO2 on the input side of 
the membrane decreases due to CO2 removal and the con 
centration of the CO2 on the output side of the membrane 
increases. This greatly decreases the partial pressure differ 
ence across the membrane reducing the driving force. For 
example, if the membrane is perfectly selective and perme 
ates only CO2 and no methane, the permeate composition on 
the output side of the membrane Will become 50 psia of CO2. 
Therefore, the product gas stream on the input side of the 
membrane can be puri?ed to a limiting concentration of 50 
psia partial pressure of CO2 or 5% CO2. In this example, the 
partial pressure driving force requirement limits the purity of 
the feed gas stream to 5% CO2 or greater. 

[0021] In knoWn above-ground membrane systems, this 
partial pressure limitation is overcome by various process 
con?gurations, including, using higher pressure ratios, or 
using multiple stage membrane systems. Higher pressure 
ratios may require higher energy consumption to compress 
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the feed, to recompress the permeate, or to generate a 
vacuum on the permeate side. Pressure ratio is also limited 
by the operational strength of the membrane materials. 
HoWever, these methods are not feasible for doWnhole 
applications Where pressure boosts or interstage compres 
sion are dif?cult. 

[0022] The present invention provides a doWnhole mem 
brane separation system Which improves the ef?ciency of 
separation by providing a sWeep ?uid to increase the driving 
force across the membrane. The sWeep ?uid diffuses, dilutes, 
reacts, absorbs or otherWise removes the separated contami 
nant from the output side of the membrane separator. Thus, 
the sWeep ?uid reduces the partial pressure of the contami 
nant on the output side of the membrane and increases the 
partial pressure difference across the membrane. 

[0023] FIG. 1 illustrates a membrane separation system 
10 for separating hydrocarbons from contaminants in a 
Wellbore. The system 10 includes an outer perforated tube or 
casing 12 and an inner tube 14 positioned Within the outer 
tube. A tubular membrane 16 forms a part of the inner tube 
14 for separating hydrocarbons and contaminants. A ?rst 
packer 18 and a second packer 20 provide a seal betWeen the 
inner tube 14 and the outer tube 12 isolating a contaminant 
collection Zone 22 from a production Zone 26. As a produced 
stream including a hydrocarbon and one or more contami 
nants passes through the inner tube 14 from the production 
Zone 26 to the surface, one or more contaminants permeates 
out though the membrane 16. The separated contaminants 
permeating out through the membrane 16 are collected in the 
contaminant collection Zone 22. The collected contaminant 
in the contaminant collection Zone 22 passes out of the outer 
tube 12 through perforations 28 into a disposal formation 30. 
Alternatively, the separated contaminants may be pumped or 
otherWise removed to the surface for disposal or further 
processing. The hydrocarbon plus any remaining contami 
nants that Were not removed by the membrane 16 continue 
out an outlet end 34 of the inner tube 14 to the surface or to 
another separation system. 

[0024] The membrane separation system 10 also includes 
a sWeep ?uid delivery system for delivering a sWeep ?uid to 
an output or permeate side of the membrane 16. The sWeep 
?uid is provided from a ?uid source 36, through an optional 
heat exchanger 38, to a pump 40. The pump 40 pumps the 
sWeep ?uid in a liquid state into the Wellbore through a 
delivery tube 42. The sWeep ?uid is ?ashed to a gas by a 
valve 44 located Within the Wellbore. The sWeep gas then 
passes along an exterior or output side of the membrane 16 
to increase the driving force of the membrane by reducing 
the partial pressure of the contaminant at the output side of 
the membrane. 

[0025] The sWeep gas may be disposed of With the con 
taminants through the perforations 28 into the disposal 
formation 30. If necessary, the sWeep gas can be used to 
increase the pressure of the ?uid in the contaminant collec 
tion chamber 22 to a pressure Which is suf?cient to force the 
?uid from the contaminant collection chamber into the 
disposal formation 30. Alternatively, the sWeep gas may be 
removed to the surface, separated from the contaminant, or 
reinjected into the production formation for pressuriZation. 

[0026] Examples of sWeep gases Which may be used to 
improve the operation of a contaminate removal membrane 
such as a carbon dioxide permeable membrane include Water 
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vapor, methanol, nitrogen, air, or noble gases. In addition, 
the sWeep gas may be generated by ?ashing liquids to 
produce the desired gas stream. Preferably, the sWeep gas is 
an inert gas that does not signi?cantly permeate or harm the 
membrane material. The use of methanol as a sWeep gas 
provides the added advantage of preventing hydrate forma 
tion Within the Wellbore Which clogs up the pipes. The sWeep 
gas can contain trace amounts of the contaminant, but should 
have a concentration such that the partial pressure of the 
contaminant in the contaminant collection Zone 22 is less 
than a partial pressure of the contaminant in the production 
Zone 26. Preferably, the delivered sWeep gas contains less 
than 2% of the contaminant, and more preferably, less than 
1%. 

[0027] FIG. 2 illustrates an alternative embodiment of a 
separation system 50 in Which a sWeep gas is recovered to 
the surface With the contaminants and reused. The separation 
system 50 includes inner and outer tubes 12, 14 and a 
membrane 16 as in FIG. 1. The sWeep ?uid is delivered by 
the pump 40 through the delivery tube 42 to the expansion 
valve 44. The expanded sWeep ?uid is delivered uniformly 
around the membrane 16 by a manifold 52. The sWeep gas 
passes along the exterior or output side of the membrane 16, 
removing the contaminant and/or diluting the contaminant 
concentration at the output side of the membrane. A con 
taminant removal pipe 54 is provided Which extends through 
the upper packer 20 to remove the contaminant and sWeep 
gas from the Wellbore. The removed contaminant and sWeep 
gas pass into a regenerator 56 Which separates the contami 
nant for disposal, condenses the sWeep gas, and delivers 
regenerated sWeep ?uid back to the source of sWeep ?uid 36. 

[0028] In the embodiments of FIGS. 1 and 2, the tem 
perature and pressure of the liquid Which is pumped by the 
pump 40 are carefully controlled to achieved the desired 
?ash to liquid phase doWnhole by passing through the 
expansion valve 44. 

[0029] Although the embodiments of FIGS. 1 and 2 have 
been discussed above for use With a gas sWeep, they may 
alternatively employ a liquid sWeep ?uid. The liquid sWeep 
?uid is preferably a liquid in Which CO2 or other contami 
nants dissolve or react. For example, sWeep liquids for 
removal of CO2 include amines such as monoethanolamine, 
diethanolamine, and others. Examples of liquid sWeep ?uids 
preferably include Water or another inexpensive liquid With 
a complexing agent added to remove the carbon dioxide. 
The complexing agent may be any of those agents Which 
Would be knoWn to those skilled in the art, such as the 
complexing agents used in scrubbers. Examples of complex 
ing agents include sodium hydroxide, magnesium hydrox 
ide, other caustic agents, and amine. 

[0030] When a sWeep liquid With a complexing agent is 
used, the expansion valve 44 is omitted and the sWeep liquid 
is pumped into the Wellbore to a location at the output side 
of the membrane 16. The sWeep liquid reacts With, absorbs, 
adsorbs, or otherWise combines With the contaminant, such 
as carbon dioxide, to remove or dilute the contaminate. 

[0031] According to a further embodiment of the inven 
tion, the sWeep ?uid delivery system may be used to pump 
a sWeep ?uid doWnhole in a gaseous state as a sWeep. 

Although gas is more expensive to pump than liquids, air or 
another gas sWeep are advantageously inexpensive and 
useful as a sWeep gas. 
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[0032] FIG. 3 illustrates an alternative embodiment of a 
membrane separation system 70 With a sWeep ?uid delivery 
and regeneration system. The embodiment of FIG. 3 takes 
advantage of the high temperatures deep Within the Wellbore 
to regenerate the sWeep ?uid. The system 70 of FIG. 3 
includes an outer tube or casing 12, an inner tube or casing 
14, and a tubular membrane 16. 

[0033] The sWeep ?uid delivery and regeneration system 
includes a pump 74 for delivering the sWeep ?uid through an 
injection tube 76 to the membrane 16. The sWeep ?uid 
delivered to the membrane 16 is preferably a liquid con 
taining a complexing agent as described above. The liquid 
sWeep ?uid removes the separated contaminant from the 
contaminant collection Zone 22 surrounding the membrane 
16. The sWeep ?uid and contaminant enter a retrieval tube 78 
and pass to a regenerator 82 Where the ?uids are expanded 
under carefully controlled conditions to cause the contami 
nant to ?ash to a gas While the liquid sWeep ?uid remains as 
a liquid. The regenerator 82 separates the contaminate from 
the sWeep ?uid by ?ashing and separating in a knoWn 
manner. The regenerator 82 may be any of the knoWn 
liquid/gas separators. The separated contaminant is deliv 
ered to the surface or to a disposal formation through an 
exhaust tube 84 and the sWeep ?uid is delivered by a tube 86 
back to the pump 74 for reuse. 

[0034] The sWeep ?uid delivery and regeneration system 
of FIG. 3 takes advantage of the high temperature and loW 
pressure present in the Wellbore to separate the sWeep ?uid 
and the contaminant With the regenerator 82. In addition to 
performing sWeep ?uid regeneration doWnhole, as shoWn in 
FIG. 3, or on the surface, as shoWn in FIG. 2, the regen 
eration may be performed on a platform, on a ship, on the sea 
?oor, or Within a body of Water. 

[0035] FIG. 4 illustrates an alternative embodiment of a 
membrane separation system in Which the sWeep ?uid is 
?ashed and a gas component is used as a sWeep gas or a 
liquid component is returned for reuse. Asystem 90 of FIG. 
4 includes an outer tubular casing 12, an inner tubular casing 
14, and a tubular membrane 16. The sWeep gas is generated 
by heating Water in the heat exchanger 38 and pumping the 
Water With the pump 40 doWn to the underground expansion 
valve 44 Where the heated Water is ?ashed resulting in a gas 
stream and a liquid stream the gas and liquid streams are 
separated in a ?ash drum 92 and the liquid component is 
returned to the surface through the tube 94. The sWeep gas 
component of the ?ashed Water is fed by the tube 96 to the 
output side of the membrane. One example of a doWnhole 
membrane separation system With sWeep gas as shoWn in 
FIG. 4, is described beloW. 

EXAMPLE 1 

SWeep Gas Generation 

[0036] 1,000,000 scfm of natural gas containing 10% CO2 
is fed to a membrane system as shoWn in FIG. 4 at 1,000 
psia. A sWeep gas is generated by heating 20 gpm of Water 
at 600 psi to temperature vary near the saturation tempera 
ture of 250° C. The heated sWeep gas is pumped to the 
underground ?ash drum device 92 Where heated Water is 
?ashed isenthalpically to a pressure of 40 psia resulting in a 
gas stream and a liquid stream at a loWer temperature of 
about 131° C. Under these conditions about 25 Weight 
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percent of the feed Water is converted to Water vapor With 
the remaining 75% remaining liquid. The vapor and liquid 
are separated in the ?ash drum 92. The vapor portion is fed 
to the permeate side of the membrane 16 to serve as a sWeep 
gas. 400,000 scfm of sWeep gas at 40 psi is generated. The 
Water is collected and pumped back to the heat exchanger 
38. 

EXAMPLE 2 

Improvement of Separation With SWeep Gas 

[0037] According to one example, a feed gas of 90% 
methane and 10% CO2 is fed to a C02 selective membrane 
at a pressure of 1,000 psia and a How rate of 1,000 scfm, With 
the raf?nate pressure being held at 500 psia. We assume that 
the membrane is perfectly selective and permeates only CO2 
and no methane. A countercurrent sWeep of an inert gas, 
such as nitrogen at 500 psia and a How rate of 400 scfm is 
introduced. CO2 can noW be removed from the product gas 
doWn to a level of 2% CO2 content. This limit is a result of 
the overall mass balance and a limit on the driving force at 
the feed end of the membrane. 

[0038] Clearly, the product purity has improved from 5% 
CO2 Without the sWeep gas to 2% CO2 With the use of the 
sWeep gas. 

[0039] FIGS. 1-4 each illustrate a single tubular mem 
brane 16 for purposes of illustration. HoWever, the mem 
brane separation systems 10, 50, 70, and 90 may include 
multiple membranes arranged in series or parallel. 

[0040] The separation systems of the present invention 
have been illustrated in schematic form for ease of illustra 
tion. HoWever, the separation systems may be incorporated 
in strings Which may include one or more membranes, ?uid 
directing elements, shear-out subs, ?shing neck subs, seal 
assemblies, pack-off assemblies, and any other subs together 
in a con?guration Which is selected depending on the 
properties of a particular Well. The assembled separation 
string may be loWered into a production tubing or may be 
assembled Within a production tubing. The separation string 
is preferably deployable and retrievable With conventional 
deployment and retrieval tools. 

[0041] Although the separation system of the present 
invention has been illustrated for use in a vertical Well it 
should be understood that the invention may be employed in 
horiZontal Wells and other non-vertical Wells. The feed gas 
may be applied in a co-current, cross?oW, or countercurrent 
fashion. The separation systems may be placed in a Wellbore 
or on a subsea completion. 

[0042] Each of the membranes preferentially permeates 
one or more contaminant and excludes hydrocarbons. 
Although membrane materials are imperfect they can be 
used to greatly decrease the amount of contaminants Which 
are brought to the surface and must be separated and 
disposed of by surface separation technology. 

[0043] The membranes may be stacked in different 
arrangements to remove contaminants from the How of 
hydrocarbon in different orders depending on the applica 
tion. The membranes may also be of a variable length 
depending on the particular application. The membranes 
may even be stacked to extend along the entire length of the 
Wellbore for maximum contaminant removal. 
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[0044] The number, type, and con?guration of the mem 
branes may vary depending on the particular Well. The 
membranes may be of any knoWn construction, such as 
holloW ?ber or pleated. Pleated membranes may be used to 
increase surface area and improve performance. The sepa 
ration system may be speci?cally designed for a particular 
Well taking into account the type and amounts of hydrocar 
bon and contaminants present in the Well, and the Well 
con?guration. 
[0045] Some of the contaminants Which may be removed 
by the separation systems according to the present invention 
are gases including carbon dioxide, nitrogen, Water vapor, 
hydrogen sul?de, helium, and other trace gases, and liquids 
including Water, and other liquids. In addition, heavy hydro 
carbons may be separated from hydrocarbon gases. When 
heavy hydrocarbons are separated from hydrocarbon gas, 
the heavy hydrocarbon is de?ned as the contaminant. HoW 
ever, the heavy hydrocarbon is preferably removed from the 
Well for processing and use. The hydrocarbon from Which 
the contaminants are separated according to the present 
invention may be oil, methane, ethane, propane, or others. 

[0046] The membranes according to the present invention 
are selected to be durable, resistant to high temperatures, and 
resistant to exposure to liquids. The materials may be coated 
or otherWise protected to help prevent fouling and improve 
durability. Examples of suitable membrane materials for 
removal of contaminants from a hydrocarbon gas stream 
include cellulose acetate, polysulfones, polyimides, cellu 
lose triacetate (CTA), carbon molecular sieve membranes, 
ceramic and other inorganic membranes, composites com 
prising any of the above membrane materials With another 
polymer, composite polymer and molecular sieve mem 
branes including polymer Zeolite composite membranes, 
polytrimethylsilene (PTMSP), and rubbery polymers. 
[0047] Some examples of polyimides are the asymmetric 
aromatic polyimides in holloW ?ber or ?at sheet form. 
Patents describing these include U.S. Pat. No. 5,234,471 and 
US. Pat. No. 4,690,873. 

[0048] The present invention may be combined With exist 
ing doWnhole technologies for mechanical physical separa 
tion systems, such as cyclones or centrifugal separation 
systems. The invention may also be used for partial removal 
of the contaminants to reduce the burden on surface removal 
facilities With the remaining contaminants removed by con 
ventional surface technologies. Some types of separated 
contaminants such as carbon dioxide can be reinjected into 
the productive horiZon to maintain pressuriZation of the 
reservoir. 

[0049] While the invention has been described in detail 
With reference to the preferred embodiments thereof, it Will 
be apparent to one skilled in the art that various changes and 
modi?cations can be made and equivalents employed, With 
out departing from the present invention. 

What is claimed is: 
1. A system for separating a hydrocarbon and a contami 

nant in a Wellbore, the system comprising: 

a membrane for separating a hydrocarbon and a contami 
nant by passing the contaminant through the membrane 
from an input side to an output side of the membrane, 
the membrane con?gured to be positioned in the Well 
bore; and 
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a sweep ?uid delivery system for delivering a sWeep ?uid 
to the output side of the membrane to improve a driving 
force driving the contaminant through the membrane. 

2. The system of claim 1, Wherein the membrane is a 
tubular membrane. 

3. The system of claim 2, Wherein the tubular membrane 
has the input side at the inside of the tubular membrane and 
the output side at the outside of the tubular membrane. 

4. The system of claim 1, Wherein the sWeep ?uid delivery 
system delivers a liquid into the Wellbore and includes an 
expansion element Which expands the liquid in the Wellbore 
to a gas Which acts as the sWeep ?uid. 

5. The system of claim 4, Wherein the Wherein the 
expansion element is an expansion valve. 

6. The system of claim 1, Wherein the sWeep ?uid delivery 
system delivers a liquid into the Wellbore to serve as the 
sWeep ?uid. 

7. The system of claim 1, further comprising a sWeep ?uid 
regeneration system Which removes contaminant from the 
sWeep ?uid and delivers a regenerated sWeep ?uid back to 
the sWeep ?uid delivery system. 

8. The system of claim 7, Wherein the sWeep ?uid 
regeneration system includes a liquid/gas separator. 

9. A method of separating a hydrocarbon and a contami 
nant in a Wellbore, the method comprising: 

separating a hydrocarbon and a contaminant in a Wellbore 
With a membrane separator; and 

delivering a sWeep ?uid to an output side of the membrane 
separator to improve a driving force driving the con 
taminant through the membrane. 
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10. The method of claim 9, Wherein the sWeep ?uid is 
pumped into the Wellbore as a liquid and expanded to a gas. 

11. The method of claim 10, Wherein the sWeep ?uid is 
Water. 

12. The method of claim 9, Wherein the contaminant is 
carbon dioxide. 

13. The method of claim 9, Wherein the sWeep ?uid is a 
liquid containing a complexing agent pumped into the 
Wellbore as a liquid. 

14. The method of claim 13, Wherein the complexing 
agent is sodium hydroxide, magnesium hydroxide, a caustic 
agent, or amine. 

15. The method of claim 9, Wherein the sWeep ?uid 
includes methanol. 

16. The method of claim 9, Wherein hydrocarbon and 
contaminant are separated by passing a production stream 
containing the hydrocarbon and contaminant through a 
tubular membrane and permeating the contaminate through 
the membrane. 

17. The method of claim 9, Wherein the sWeep gas and 
contaminant are disposed of in an underground disposal 
formation. 

18. The method of claim 9, Wherein the sWeep gas and 
contaminant are removed to the surface. 

19. The method of claim 9, Wherein the sWeep gas and 
contaminant are separated by a sWeep gas regeneration 
system. 

20. The method of claim 19, Wherein the sWeep gas 
regeneration system is positioned doWnhole. 

* * * * * 


