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METHODS AND APPARATUSES FOR TREATING RAW NATURAL GAS
COMPRISING A MEMBRANE UNIT AND A DISTILLATION

CLAIM OF PRIORITY
[0001] This application claims priority to U.S. Provisional Patent Application
No. 62/521,654, filed on June 19, 2017, and U.S. Utility Patent Application No.
16/007,585, filed on June 13, 2018, the entire contents of which are incorporated by

reference herein.

TECHNICAL FIELD
[0002] The present disclosure relates to systems and methods for treating raw
natural gas and, more particularly, treating raw natural gas to, for example, separate acid

gases, helium, or both.

BACKGROUND
[0003] Natural gas production can often include sour, or acid, gas, which may
difficult to treat with existing technologies such as an amine sweetening unit. For
instance, for raw natural gas feeds that include a particularly high acid gas content,
amine may degrade quickly and generate heat stable salts. Such salts are corrosive and
also may cause foaming. Furthermore, raw natural gas feeds that include such high acid
gas contents may require more energy for solvent circulation and regeneration (for

example, reboiling).

SUMMARY
[0004] In a general implementation, a method of treating a natural gas feed

stream includes receiving a natural gas feed stream that includes one or more acid gases,
one or more hydrocarbon fluids, and one or more non-hydrocarbon fluids; circulating
the natural gas feed stream to a membrane module; separating, with the membrane
module, at least a portion of the one or more acid gases into a permeate stream and at
least a portion of the one or more hydrocarbon fluids into a reject stream; circulating the
permeate stream to a distillation unit; and separating, in the distillation unit, the one or
more acid gases from the one or more non-hydrocarbon fluids.

[0005] An aspect combinable with the general implementation further includes
circulating the permeate stream through a compressor fluidly positioned between the
membrane module and the distillation unit; and circulating the reject stream to an amine

unit.
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[0006] Another aspect combinable with any one of the previous aspects further
includes separating the one or more hydrocarbon fluids in the reject stream from another
portion of the one or more acid gases in the amine unit; and circulating the one or more
hydrocarbon fluids to a sales gas pipeline, and circulating the other portion of the one or
more acid gases to a sulfur recovery unit (SRU).

[0007] In another aspect combinable with any one of the previous aspects, the
membrane module includes an acid gas selective membrane that includes at least one of
a poly-imide (PI) membrane, a cellulose acetate (CA) membrane, or an amorphous
perfluoropolymer membrane.

[0008] In another aspect combinable with any one of the previous aspects, the
distillation unit includes a bottom output that outputs the portion of the one or more acid
gases and an overhead output that outputs the one or more non-hydrocarbon fluids.
[0009] Another aspect combinable with any one of the previous aspects further
includes circulating the one or more non-hydrocarbon fluids to a power generation unit,
and circulating the portion of the one or more acid gases to the SRU; and circulating the
one or more non-hydrocarbon fluids to a second membrane module fluidly coupled
between the overhead output and the amine unit.

[0010] In another aspect combinable with any one of the previous aspects, the
second membrane module includes another acid gas selective membrane that includes
at least one of a PI membrane, a CA membrane, or an amorphous perfluoropolymer
membrane.

[0011] Another aspect combinable with any one of the previous aspects further
includes separating, with the second membrane module, another portion of the one or
more acid gases entrained in the one or more non-hydrocarbon fluids; circulating the
separated portion of the one or more acid gases to the SRU, and circulating the one or
more non-hydrocarbon fluids to at least one of the amine unit or the power generation
unit; and circulating the separated one or more non-hydrocarbon fluids to a third
membrane module.

[0012] In another aspect combinable with any one of the previous aspects, the
third membrane module includes a helium selective membrane that includes a PI helium
selective membrane.

[0013] Another aspect combinable with any one of the previous aspects further

includes separating a helium fluid from the one or more non-hydrocarbon fluids with
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the third membrane module; and recovering the separated helium fluid in a helium
recovery unit that is fluidly coupled to the third membrane module.

[0014] In another aspect combinable with any one of the previous aspects, the
distillation unit includes a hydrogen sulfide (H2S) distillation unit.

[0015] Another aspect combinable with any one of the previous aspects further
includes separating, in the H»S distillation unit, a stream of Hz2S from the one or more
acid gases; and circulating the stream of H2S to the SRU, and circulating an H2S-lean
stream of the one or more acid gases to another distillation unit.

[0016] In another aspect combinable with any one of the previous aspects, the
other distillation unit includes a carbon dioxide (CO2) distillation unit.

[0017] Another aspect combinable with any one of the previous aspects further
includes separating, in the other distillation unit, a stream of CO2 from the H2S-lean
stream; circulating the stream of CO: away from the other distillation unit, and
circulating a COz-lean stream from the other distillation unit to a second membrane
module; separating, in the second membrane module, at least a portion of a helium fluid
from the CO2-lean stream; circulating the portion of the helium fluid to a third membrane
module, and circulating a helium-lean stream from the second membrane module; and
separating another portion of the helium fluid, in the third membrane module.

[0018] In another aspect combinable with any one of the previous aspects, the
one or more acid gases includes at least one of H2S or COa.

[0019] In another general implementation, a natural gas processing system
includes a first membrane module positioned to receive a natural gas feed stream that
includes one or more acid gases, one or more hydrocarbon fluids, and one or more non-
hydrocarbon fluids, the first membrane module configured to separate at least a portion
of the one or more acid gases into a permeate stream and at least a portion of the one or
more hydrocarbon fluids into a reject stream; a distillation unit in fluid communication
with the first membrane; and a control system configured to perform operations. The
operations include circulating the natural gas feed stream to the first membrane module;
circulating the permeate stream separated by the first membrane module to the
distillation unit; and operating the distillation unit to separate, in the distillation unit, the
one or more acid gases from the one or more non-hydrocarbon fluids.

[0020] In an aspect combinable with the general implementation, the control

system is configured to perform operations further including circulating the permeate
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stream through a compressor fluidly positioned between the membrane module and the
distillation unit; and circulating the reject stream to an amine unit.

[0021] In another aspect combinable with any one of the previous aspects, the
control system is configured to perform operations further including separating the one
or more hydrocarbon fluids in the reject stream from another portion of the one or more
acid gases in the amine unit; circulating the one or more hydrocarbon fluids to a sales
gas pipeline; and circulating the other portion of the one or more acid gases to a sulfur
recovery unit (SRU).

[0022] In another aspect combinable with any one of the previous aspects, the
first membrane module includes an acid gas selective membrane that includes at least
one of a poly-imide (PI) membrane, a cellulose acetate (CA) membrane, or an
amorphous perfluoropolymer membrane.

[0023] In another aspect combinable with any one of the previous aspects, the
distillation unit includes a bottom output and an overhead output.

[0024] In another aspect combinable with any one of the previous aspects, the
control system is configured to perform operations further including circulating the
portion of the one or more acid gases from the bottom output; circulating the one or
more non-hydrocarbon fluids from the overhead output; circulating the one or more non-
hydrocarbon fluids to a power generation unit; circulating the portion of the one or more
acid gases to the SRU; and circulating the one or more non-hydrocarbon fluids to a
second membrane module fluidly coupled between the overhead output and the amine
unit.

[0025] In another aspect combinable with any one of the previous aspects, the
second membrane module includes another acid gas selective membrane that includes
at least one of a PI membrane, a CA membrane, or an amorphous perfluoropolymer
membrane.

[0026] In another aspect combinable with any one of the previous aspects, the
control system is configured to perform operations further including operating the
second membrane module to separate another portion of the one or more acid gases
entrained in the one or more non-hydrocarbon fluids; circulating the separated portion
of the one or more acid gases to the SRU; circulating the one or more non-hydrocarbon
fluids to at least one of the amine unit or the power generation unit; and circulating the

separated one or more non-hydrocarbon fluids to a third membrane module.
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[0027] In another aspect combinable with any one of the previous aspects, the
third membrane module includes a helium selective membrane that includes a PI helium
selective membrane.

[0028] In another aspect combinable with any one of the previous aspects, the
control system is configured to perform operations further including operating the third
membrane module to separate a helium fluid from the one or more non-hydrocarbon
fluids with the third membrane module; and recovering the separated helium fluid in a
helium recovery unit that is fluidly coupled to the third membrane module.

[0029] In another aspect combinable with any one of the previous aspects, the
distillation unit includes a hydrogen sulfide (H2S) distillation unit.

[0030] In another aspect combinable with any one of the previous aspects, the
control system is configured to perform operations further including operating the H2S
distillation unit to separate a stream of H2S from the one or more acid gases; and
circulating the stream of HzS to the SRU; and circulating an H2S-lean stream of the one
or more acid gases to another distillation unit.

[0031] In another aspect combinable with any one of the previous aspects, the
other distillation unit includes a carbon dioxide (CO2) distillation unit.

[0032] In another aspect combinable with any one of the previous aspects, the
control system is configured to perform operations further including operating the other
distillation unit to separate a stream of CO:z from the HzS-lean stream; circulating the
stream of CO2 away from the other distillation unit; circulating a COz-lean stream from
the other distillation unit to the second membrane module; operating a second membrane
module to separate at least a portion of a helium fluid from the CO:z-lean stream;
circulating the portion of the helium fluid to a third membrane module; circulating a
helium-lean stream from the second membrane module; and operating the third
membrane module to separate another portion of the helium fluid.

[0033] In another aspect combinable with any one of the previous aspects, the
one or more acid gases includes at least one of H2S or COa.

[0034] Implementations according to the present disclosure may include one or
more of the following features. For example, implementations according to the present
disclosure may facilitate the separation of acid gases (for example, hydrogen sulfide
(H2S) and carbon dioxide (CQO2)) from a raw natural gas feed stream while minimizing

slippage of heavy hydrocarbons (HHC), a loss of methane, and energy use. As another
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example, implementations according to the present disclosure may minimize the HHC
content of a feed of a reaction furnace of a sulfur recovery unit (SRU). Also,
implementations according to the present disclosure may upgrade sour gas through a
utilization of membranes of different selectivity, which can be advantageously utilized
upstream of one or more distillation units to concentrate the acid gas percentage being
fed to the distillation unit in order to maximize separation efficiency. As another
example, implementations according to the present disclosure may increase an
efficiency of a Claus unit through higher H2S concentration in feed to an SRU and
smoother operability of the SRU. Further, implementations according to the present
disclosure may avoid or help avoid Carsul formation due to an absence or reduction of
HHC in a feed to the SRU. Further, implementations according to the present disclosure
may route rich H2S from the distillation unit to a reservoir for re-injection. Also,
implementations according to the present disclosure may allow for the recovery of HHC
while still separating acid gases, unlike conventional techniques.

[0035] Implementations according to the present disclosure may also include
one or more of the following features. For example, implementations according to the
present disclosure may recovery helium from sour natural gas that can be further
monetized after enrichment steps. For example, helium can be further concentrated and
recovered by membranes and a helium recovery unit. As another example,
implementations according to the present disclosure may reduce acid gases to an amine
unit while preventing HHC to be in the bottoms of distillations. Thus, bottoms of
distillation units can be directly sent to a reaction furnace of an SRU with a reduced risk
of contamination of catalytic beds. As another example, additional revenues may be
realized by recovery of HHC according to the described implementations. Further,
present implementations may avoid circulating the HHC to the SRU or for reinjection.
[0036] The details of one or more implementations of the subject matter
described in this disclosure are set forth in the accompanying drawings and the
description. Other features, aspects, and advantages of the subject matter will become

apparent from the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037] FIG. 1A shows a schematic illustration of an example implementation of

a hybrid raw natural gas treatment system and process that uses a membrane and a
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distillation unit to separate acid gases from natural gas according to the present
disclosure.

[0038] FIGS. 1B-1C illustrate results of a simulation of the hybrid raw natural
gas treatment system and process shown in FIG. 1A that uses one or more poly-imide
(PI) membranes.

[0039] FIGS. 1D-1E illustrate results of another simulation of the hybrid raw
natural gas treatment system and process shown in FIG. 1A that uses one or more
cellulose acetate (CA) membranes.

[0040] FIGS. 1F-1G illustrate results of a simulation of the hybrid raw natural
gas treatment system and process shown in FIG. 1A that uses one or more Hyflon AD-
80 (amorphous perfluoropolymers) membranes.

[0041] FIG. 2A shows a schematic illustration of another example
implementation of a hybrid raw natural gas treatment system and process that uses two
membranes and a distillation unit to separate acid gases from natural gas according to
the present disclosure.

[0042] FIGS. 2B-2C illustrate results of a simulation of the hybrid raw natural
gas treatment system and process shown in FIG. 2A.

[0043] FIG. 3A shows a schematic illustration of another example
implementation of a hybrid raw natural gas treatment system and process that uses two
membranes and a distillation unit to separate acid gases from natural gas according to
the present disclosure.

[0044] FIGS. 3B-3C illustrate results of a simulation of the hybrid raw natural
gas treatment system and process shown in FIG. 3A.

[0045] FIG. 4A shows a schematic illustration of another example
implementation of a hybrid raw natural gas treatment system and process that uses two
membranes and a distillation unit to separate acid gases from natural gas, as well as a
membrane and a helium recovery unit to capture helium from natural gas according to
the present disclosure.

[0046] FIGS. 4B-4D illustrate results of a simulation of the hybrid raw natural
gas treatment system and process shown in FIG. 4A.

[0047] FIG. 5A shows a schematic illustration of another example

implementation of a hybrid raw natural gas treatment system and process that uses one
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or more membranes and cascading distillation units to separate acid gases from natural
gas and capture helium according to the present disclosure.
[0048] FIGS. 5B-5Q illustrate results of a simulation of the hybrid raw natural

gas treatment system and process shown in FIG. 5A.

DETAILED DESCRIPTION

[0049] The present disclosure describes example implementations of a raw
natural gas treatment system and process in which membrane and distillation processes
are combined to minimize slippage of heavy hydrocarbons (HHC) while separating acid
gases (for example, Hz2S and CO2) from a raw natural gas stream. In some aspects, acid
gas selective membranes are implemented for bulk removal of acid gases from raw
natural gas. The output of implementing the membrane system and process may include
two streams: a reject stream that has a relatively high concentration of HHC and a
relatively low concentration of acid gases, and a permeate stream that has a relatively
low concentration of HHC and a relatively high concentration of acid gases. The reject
stream may be routed to an amine unit and subsequently to a refrigeration unit to recover
the HHC after gas sweetening and dehydration. The permeate stream may be
compressed and circulated to one or more a distillation units where acid gas removal is
implemented leaving other gases (for example, methane, helium, and nitrogen) in an
overhead of the distillation column. Thus, a membrane system and process and a
distillation system and process may be combined to generate an acid gas stream depleted
in HHC. The acid gases can be separated from the acid gas stream by distillation, while
the HHC can be recovered using refrigeration after gas sweetening and dehydration.

[0050] In some aspects, by combining membrane and distillation sub-processes
in the hybrid raw natural gas treatment system and process, lowering acid gases in a
stream that enters an amine unit may also minimize HHC loss in the distillation bottom
stream, which in turn may reduce HHC in the feed of a sulfur recovery unit (SRU).
Further, in some aspects, helium in the stream may be concentrated in the distillation
unit overhead, which may be economically recovered as pure helium in a dedicated unit
after enrichment steps. In some aspects, an outlet temperature of the one or more
distillation units may be about -30°C, which may enable higher selectivity for the

membrane(s) to separate compounds from the overhead of the distillation column.
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[0051] In example implementations, two membrane stages may be used to
reduce a content of the acid gases in the raw natural gas stream. Further,
implementations according to the present disclosure may include a reduced temperature
of a stream circulated to a second stage membrane section to provide for increased
selectivity for the second stage or subsequent membrane section. Additionally, the
example implementations of the raw natural gas treatment system and process may
include the recovery and enrichment of helium in the overhead of the distillation unit(s).
Also, such implementations may generate an increased nitrogen content than the feed in
the overhead of the distillation unit.

[0052] In some aspects, bulk removal of acid gas from raw natural gas can be
performed with the help of acid gas selective membrane. For example, example
processes may include one or multiple stages of membrane separation, as well as one or
more distillation stages. In some aspects, glassy polymeric membranes are utilized to
separate raw natural gas components from a high pressure acid gas stream into two
streams: one at high pressure stream (or reject) and one at low pressure stream (or
permeate). For glassy polymers, small molecules are faster than bigger molecules to
permeate; separation is mainly due to size of molecules. Hence, helium, water,
hydrogen sulfide, carbon dioxide, and nitrogen will permeate faster than C2+.
Therefore, the permeate gas stream, depleted in HHC, can be routed to a distillation unit,
where acid gas removal is carried out, while methane, helium and nitrogen remain in the
overhead of the distillation unit.

[0053] In example implementations, the permeate stream (low pressure stream)
is concentrated in acid gas while depleted in HHC so it can be liquefied without
significant loss of HHC. A reject stream (high pressure stream) is depleted in acid gas.
This high pressure stream can be treated in an existing or new high pressure amine unit.
Subsequently, HHC can be recovered from this high pressure stream with the help of a
refrigeration unit after gas sweetening and dehydration steps. The permeate stream at
low pressure (for example, between 50-250 pounds per square inch (psi)), which may
contain relatively small amounts of HHC, can be efficiently treated in a high pressure
distillation column to concentrate acid gas in the bottom and recover methane and other
gases from the overhead. Acid gases and water are concentrated in the bottom of the
distillation column and can be routed to the reaction furnace of the SRU. The overhead

product, which may be mainly methane, could be used as fuel or directed to a master
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gas system after a final sweetening step if necessary depending on the distillation
performance and gas composition.

[0054] In some aspects, the example processes may produce an acid gas stream
depleted in HHC that can be directly routed to the reaction furnace of the SRU and avoid
the loss of valuable HHC. In contrast to conventional techniques, the example
implementations may facilitate a large fraction of acid gases being separated from a
natural gas feed with minimal loss of HHC. Further, implementations that include
helium recovery, for example, with helium selective membrane(s) installed downstream
of one or more distillation units such membranes receive a gas containing a much lower
content of acid gas and HHC, which results in longer lifetime and improved separation
performance of the membranes.

[0055] FIG. 1A shows a schematic illustration of an example implementation of
a hybrid raw natural gas treatment system 100 that uses a membrane and a distillation
unit to separate acid gas from natural gas. In this illustrated implementation, the system
100 includes a membrane 102 that receives a raw natural gas feed stream 101. In some
aspects, the natural gas feed stream 101 is at a flow rate of between 5 and 500 million
standard cubic feet per day (MMscfd). The membrane 102 separates the natural gas
feed stream 101 into a permeate stream 103 that flows through a compressor 108 to a
distillation unit 106 and a reject stream 105 that flows to an amine unit 104. The
permeate stream 103 has a relatively low concentration of HHC and a relatively high
concentration of acid gases compared to the reject stream 105, which has a relatively
low concentration of acid gases and a relatively high concentration of HHC. The
membrane 102 may be or include, for example, a PI membrane, a CA membrane, or a
Hyflon AD-80 (amorphous perfluoropolymers) membrane. Thus, the membrane 102
may be selected to ensure that acid gases (for example, H2S and CO2) are separated from
HHC (for example, due to a material of the membrane 102).

[0056] The permeate stream 103, which may be at a lower pressure than the
reject stream 105, is compressed into a compressed permeate stream 111 that is
circulated to the distillation unit 106, in which the acid gases (and possibly a small
portion of HHC not separated in the membrane 102) are separated in a bottom stream
115 of the distillation unit 106 from other gases (for example, helium (He), water (H20)

and nitrogen (N2)) in an overhead stream 113 of the unit 106. The other gases may be
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circulated to the gas turbine (GT) for power generation, while the acid gases (and portion
of HHC) may be circulated to the SRU.

[0057] The reject stream 105, which may be at a higher pressure than the
permeate stream 103, is circulated to the amine unit 104, in which sales gas 107 is
separated from the remaining acid gases 109 in the reject stream 105. The separated
acid gases 109 may also be circulated to the SRU. In some aspects, the sales gas 107
may be circulated to a refrigeration unit for recovery of the HHC.

[0058] FIGS. 1B-1C illustrate results of a simulation of the hybrid raw natural
gas treatment system and process shown in FIG. 1A that uses one or more poly-imide
(PI) membranes. The simulation from which the results shown in FIGS. 1B-1C (as well
as the other simulations shown and described in the present disclosure) were performed
using PRO II and HY SIS modeling software, as well as data available for the particular
types of membranes and distillation units described in the disclosure. FIGS. 1B-1C
show simulations of the system 100 in which the membrane 102 is a PI membrane, as
well as mass balance (dry basis) for the system 100. FIGS. 1B-1C also show data
regarding the membrane 102, permeation constant for the membrane 102, the acid gases
removed by the membrane 102, and the power production using the overhead stream
from distillation unit 106.

[0059] FIGS. 1D-1E illustrate results of another simulation of the hybrid raw
natural gas treatment system and process shown in FIG. 1A that uses one or more
cellulose acetate (CA) membranes. FIGS. 1D-1E show simulations of the system 100
in which the membrane 102 is the CA membrane, as well as mass balance (dry basis)
for the system 100. FIGS. 1D-1E also show data regarding the membrane 102,
permeation constant for the membrane 102, the acid gases removed by the membrane
102, and the power production using the overhead stream from distillation unit 106.
[0060] FIGS. 1F-1G illustrate results of a simulation of the hybrid raw natural
gas treatment system and process shown in FIG. 1A that uses one or more Hyflon AD-
80 (amorphous perfluoropolymers) membranes. FIGS. 1F-1G show simulations of the
system 100 in which the membrane 102 is the Hyflon AD-80 membrane, as well as mass
balance (dry basis) for the system 100. FIGS. 1F-1G also show data regarding the
membrane 102, permeation constant for the membrane 102, the acid gases removed by
the membrane 102, and the power production using the overhead stream from distillation

unit 106.
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[0061] FIG. 2A shows a schematic illustration of another example
implementation of a hybrid raw natural gas treatment system 200 that uses two
membranes and a distillation unit to separate acid gases from natural gas. In this
illustrated implementation, the system 200 includes a first membrane 202 that receives
a raw natural gas feed stream 201. In some aspects, the natural gas feed stream 201 is
at a flow rate of between 5 and 500 MMscfd. The first membrane 202 separates the
natural gas feed stream 201 into a permeate stream 203 that flows through a compressor
210 to a distillation unit 204 and a reject stream 205 that flows to an amine unit 208.
The permeate stream 203 has a relatively low concentration of HHC and a relatively
high concentration of acid gases compared to the reject stream 205, which has a
relatively low concentration of acid gases and a relatively high concentration of HHC.
The first membrane 202 may be or include, for example, a PI membrane, a CA
membrane, or a Hyflon AD-80 (amorphous perfluoropolymers) membrane. Thus, the
first membrane 202 may be selected to ensure that acid gases (for example, H2S and
CO2) are separated from HHC (for example, due to a material of the membrane 202).
[0062] The permeate stream 203, which may be at a lower pressure than the
reject stream 205, is compressed into a compressed permeate stream 211 and circulated
to the distillation unit 204, in which the acid gases (and possibly a small portion of HHC
not separated in the first membrane 202) are separated in a bottom stream 215 of the
distillation unit 204 from other gases (for example, He, H>0 andN>) in an overhead
stream 213 of the unit 204,

[0063] As illustrated, the system 200 includes a second membrane 206 fluidly
coupled to the overhead stream 213 of the distillation unit 204. The second membrane
206 may be or include, for example, a PI membrane, a CA membrane, or a Hyflon AD-
80 (amorphous perfluoropolymers) membrane. Thus, the second membrane 206 may
also be selected to ensure that acid gases (for example, H2S and CO2) are separated from
HHC (for example, due to a material of the second membrane 206). Thus, the second
membrane 206 may further separate acid gases 219 from the overhead stream 213 (for
example, from the He, H20, and N2) and route the further separated acid gases 219 to
the output of the bottom stream 215 of the distillation unit. The other gases 217 may be
circulated to the amine unit 208 (to join the reject stream 205), while the acid gases from
the distillation unit 204 and the second membrane 206 (and portion of HHC) may be
circulated to the SRU.
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[0064] The reject stream 205, which may be at a higher pressure than the
permeate stream 203, is circulated to the amine unit 208, in which sales gas 207 is
separated from the remaining acid gases 209 in the reject stream 205 (combined with
the other gases 217). The separated acid gases 209 may also be circulated to the SRU.
In some aspects, the sales gas 207 may be circulated to a refrigeration unit for recovery
of the HHC.

[0065] FIGS. 2B-2C illustrate results of a simulation of the hybrid raw natural
gas treatment system and process shown in FIG. 2A. FIGS. 2B-2C show simulations of
the system 200 in which the first membrane 202 is an H2S and CO: selective PI
membrane and the second membrane 206 is an H2S and CO: selective PEBAX
membrane. FIGS. 2B-2C show simulations of the system 200 for mass balance (dry
basis) as well as data regarding the membranes 202 and 206, permeation constant for
the membrane 202, the acid gases removed by the membrane 202, and the power
production using the overhead stream from distillation unit 204,

[0066] FIG. 3A shows a schematic illustration of another example
implementation of a hybrid raw natural gas treatment system 300 that uses two
membranes and a distillation unit to separate acid gases from natural gas. In this
illustrated implementation, the system 300 includes a first membrane 302 that receives
a raw natural gas feed stream 301. In some aspects, the natural gas feed stream 301 is
at a flow rate of between 5 and 500 MMscfd. The first membrane 302 separates the
natural gas feed stream 301 into a permeate stream 303 that flows through a compressor
310 to a distillation unit 304 and a reject stream 305 that flows to an amine unit 308.
The permeate stream 303 has a relatively low concentration of HHC and a relatively
high concentration of acid gases compared to the reject stream 305, which has a
relatively low concentration of acid gases and a relatively high concentration of HHC.
The first membrane 302 may be or include, for example, a PI membrane, a CA
membrane, or a Hyflon AD-80 (amorphous perfluoropolymers) membrane. Thus, the
first membrane 302 may be selected to ensure that acid gases (for example, H2S and
CO2) are separated from HHC (for example, due to a material of the first membrane
302).

[0067] The permeate stream 303, which may be at a lower pressure than the
reject stream 305, is compressed into a compressed permeate stream 311 and circulated

to the distillation unit 304, in which the acid gases (and possibly a small portion of HHC
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not separated in the first membrane 302) are separated in a bottom stream 315 of the
distillation unit 304 from other gases (for example, He, H2O and N2) in an overhead
stream 313 of the unit 304,

[0068] As illustrated, the system 300 includes a second membrane 306 fluidly
coupled to the overhead stream 313 of the distillation unit 304. The second membrane
306 may be or include, for example, a PI membrane, a CA membrane, or a Hyflon AD-
80 (amorphous perfluoropolymers) membrane. Thus, the second membrane 306 may
further separate acid gases 319 from the overhead stream 313 (for example, from the
He, H20, and N2) and route the further separated acid gases 319 to the output of the
bottom stream 315 of the distillation unit. The other gases 317 may be circulated to the
amine unit 308 or to the GT for power generation (or both), while the acid gases
(combined 319 and 315) from the distillation unit 304 and the second membrane 306
(and portion of HHC) may be circulated to the SRU.

[0069] The reject stream 305, which may be at a higher pressure than the
permeate stream 303, is circulated to the amine unit 308, in which sales gas 307 is
separated from the remaining acid gases 309 in the reject stream 305. The separated
acid gases 309 may also be circulated to the SRU. In some aspects, the sales gas 307
may be circulated to a refrigeration unit for recovery of the HHC.

[0070] FIGS. 3B-3C illustrate results of a simulation of the hybrid raw natural
gas treatment system and process shown in FIG. 3A. FIGS. 3B-3C show simulations of
the system 300 in which the first membrane 302 is an H2S and CO: selective PI
membrane and the second membrane 306 is an H2S and CO: selective PEBAX
membrane. FIGS. 3B-3C show simulations of the system 300 for mass balance (dry
basis) as well as data regarding the membranes 302 and 306, permeation constant for
the membrane 302, the acid gases removed by the membrane 302, and the power
production using the other gases from the second membrane 306.

[0071] FIG. 4A shows a schematic illustration of another example
implementation of a hybrid raw natural gas treatment system 400 that uses two
membranes and a distillation unit to separate acid gases from natural gas, as well as a
membrane and a helium recovery unit to capture helium from natural gas. In this
illustrated implementation, the system 400 includes a first membrane 402 that receives
a raw natural gas feed stream 401. In some aspects, the natural gas feed stream 401 is

at a flow rate of between 5 and 500 MMscfd. The first membrane 402 separates the
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natural gas feed stream 401 into a permeate stream 403 that flows through a compressor
414 to a distillation unit 404 and a reject stream 405 that flows to an amine unit 412,
The permeate stream 403 has a relatively low concentration of HHC and a relatively
high concentration of acid gases compared to the reject stream 405, which has a
relatively low concentration of acid gases and a relatively high concentration of HHC.
The first membrane 402 may be or include, for example, a PI membrane, a CA
membrane, or a Hyflon AD-80 (amorphous perfluoropolymers) membrane. Thus, the
first membrane 402 may be selected to ensure that acid gases (for example, H2S and
CO2) are separated from HHC (for example, due to a material of the first membrane
402).

[0072] The permeate stream 403, which may be at a lower pressure than the
reject stream 405, is compressed into a compressed permeate stream 411 and circulated
to the distillation unit 404, in which the acid gases (and possibly a small portion of HHC
not separated in the first membrane 402) are separated in a bottom stream 415 of the
distillation unit 404 from other gases (for example, He, H2O and N2) in an overhead
stream 413 of the unit 404,

[0073] As illustrated, the system 400 includes a second membrane 406 fluidly
coupled to the overhead stream 413 of the distillation unit 404. The second membrane
406 may be or include, for example, an H2S and COz2 selective PEBAX membrane.
Thus, the second membrane 406 may further separate acid gases 419 from the overhead
stream 413 (for example, from the He, H20 and N2) and route the further separated acid
gases 419 to the output of the bottom stream 415 of the distillation unit 404.

[0074] In this example implementation, the other gases 421 may be circulated to
a third membrane 408, in which helium (He) 423 is separated from the other gases 421
(for example, separated from H20, N2). In this example, the third membrane 408 may
be or include a PI helium selective membrane. The separated He 423 is routed to a
helium recovery unit 410 from which the He 423 may be enriched for economic
efficiencies into an enriched He stream 425.

[0075] The other gases 417 from which the He 423 is separated in the third
membrane 408 may be routed from the third membrane 408 to the amine unit 412, while
the acid gases (combined 415 and 419) from the distillation unit 404 and the second
membrane 406 (and portion of HHC) may be circulated to the SRU. The reject stream

405, which may be at a higher pressure than the permeate stream 403, is circulated to
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the amine unit 412, in which sales gas 407 is separated from the remaining acid gases
409 in the combined reject stream 405 and gases stream 417. The separated acid gases
409 may also be circulated to the SRU. In some aspects, the sales gas 407 may be
circulated to a refrigeration unit for recovery of the HHC.

[0076] FIGS. 4B-4D illustrate results of a simulation of the hybrid raw natural
gas treatment system and process shown in FIG. 4A. FIGS. 4B-4D show simulations of
the system 400 in which the first membrane 402 is an H2S and CO: selective PI
membrane, the second membrane 406 is an H2S and CO: selective PEBAX membrane,
and the third membrane is a PI helium selective membrane. FIGS. 4B-4D show
simulations of the system 400 for mass balance (dry basis) as well as data regarding the
membranes 402, 406, and 408, permeation constant for the membrane 402, and the acid
gases removed by the membrane 402.

[0077] As further shown in FIG. 4C, power production using the distillation
stream may be realized in the example implementations of the system 400. For example,
although not specifically shown in FIG. 4A, the gases separated from the helium in the
third membrane 408 may be routed to produce power.

[0078] FIG. 5A shows a schematic illustration of another example
implementation of a hybrid raw natural gas treatment system 500 that uses three
membranes and two cascading distillation units to separate acid gases from natural gas
and capture helium. In this illustrated implementation, the system 500 includes a first
membrane 502 that receives a raw natural gas feed stream 501. In some aspects, the
natural gas feed stream 501 is at a flow rate of between 5 and 500 MMscfd. The first
membrane 502 separates the natural gas feed stream 501 into a permeate stream 503 that
flows through a compressor 514 to a distillation unit 504 and a reject stream 505 that
flows to an amine unit 512. The permeate stream 503 has a relatively low concentration
of HHC and a relatively high concentration of acid gases compared to the reject stream
505, which has a relatively low concentration of acid gases and a relatively high
concentration of HHC. The first membrane 502 may be or include, for example, a PI
membrane, a CA membrane, or a Hyflon AD-80 (amorphous perfluoropolymers)
membrane. Thus, the first membrane 502 may be selected to ensure that acid gases (for
example, H2S and CO») are separated from HHC (for example, due to a material of the

first membrane 502).
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[0079] The permeate stream 503, which may be at a lower pressure than the
reject stream 505, is compressed and a compressed permeate stream 511 is circulated to
the distillation unit 504. In this example, the distillation unit 504 is an H2S selective
distillation unit, in that Hz2S is routed to a bottom stream 515 of the distillation unit 504
in an H2S-rich stream, which is routed to the SRU. An overhead stream 513 of the
distillation unit 504, which may contain acid and other gases, including CO2, He, H20
and N2 (and is an H>S-lean stream), is routed to distillation unit 506.

[0080] In this example, the distillation unit 506 is a COz selective distillation
unit, in that CO2 is routed to the bottom stream 519 of the distillation unit 506 in a CO2-
rich stream. An overhead stream 517 of the distillation unit 506, which may contain
other gases such as helium (He), H20 and N2 (and is a COz2-lean stream), is routed to a
second membrane 508. In this example, the second membrane 508 may be or include a
PI helium selective membrane. The separated He 523 (in a He-rich stream) is routed
through another compressor 516 and to a third membrane 510. A He-lean stream 521 is
routed away from the second membrane 508 and may contain, for example, H20, Nz,
and other gases.

[0081] In this example implementation, a compressed He-rich stream 529 is
circulated to the third membrane 510. Like the second membrane 508, the third
membrane 510 may be or include a PI helium selective membrane, which separates the
incoming stream 529 from the second membrane 508 into a He-rich stream 531 (which
can be enriched or recirculated to the third membrane 510) and a He-lean stream 525.
[0082] The reject stream 505, which may be at a higher pressure than the
permeate stream 503, is circulated to the amine unit 512, in which sales gas 507 is
separated from the remaining acid gases 509 in the reject stream 505. The separated
acid gases 509 may be circulated to the SRU. In some aspects, the sales gas 507 may
be circulated to a refrigeration unit for recovery of the HHC.

[0083] FIGS. 5B-5Q illustrate results of a simulation of the hybrid raw natural
gas treatment system and process shown in FIG. 5A. FIGS. 5B-5Q show simulations of
the system 500 in which the first membrane 502 is an H2S and COz selective membrane
and the second and third membranes 508 and 510 are PI helium selective membranes.
FIGS. 5B-5Q show simulations of the system 500 for mass balance (dry basis) as well
as data regarding the membranes 502, 508, and 510, permeation constant for the

membrane 502, and the acid gases removed by the membrane 502. More specifically,
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FIGS. 5B-5I illustrate an effect of permeate pressure on the third membrane helium
stream (for example, FIGS. 5B-5E illustrate a low pressure and FIGS. SF-51 illustrate a
high pressure). FIGS. 5B-5I illustrate an effect of permeate pressure on the third
membrane recycle stream (for example, FIGS. 5J-5M illustrate a low pressure and FIGS.
5N-5Q illustrate a high pressure).

[0084] As shown, each of systems 100, 200, 300, 400, and 500 includes a control
system 999 that is communicably coupled (wired or wirelessly) to one or more
components of the respective systems. Systems 100, 200, 300, 400, or 500 may be
controlled (for example, control of temperature, pressure, flowrates of fluid, or a
combination of such parameters) to provide for a desired output given particular inputs.
In some aspects, a flow control system for systems 100, 200, 300, 400, or 500 can be
operated manually. For example, an operator can set a flow rate for a pump or transfer
device and set valve open or close positions to regulate the flow of the process streams
through the pipes in the flow control system. Once the operator has set the flow rates
and the valve open or close positions for all flow control systems distributed across the
system, the flow control system can flow the streams under constant flow conditions,
for example, constant volumetric rate or other flow conditions. To change the flow
conditions, the operator can manually operate the flow control system, for example, by
changing the pump flow rate or the valve open or close position.

[0085] In some aspects, a flow control system for systems 100, 200, 300, 400,
and 500 can be operated automatically. For example, control system 999 is
communicably coupled to the components and sub-systems of systems 100, 200, 300,
400, and 500. The control system 999 can include or be connected to a computer or
control system to operate systems 100, 200, 300, 400, and 500. The control system 999
can include a computer-readable medium storing instructions (such as flow control
instructions and other instructions) executable by one or more system and processors to
perform operations (such as flow control operations). An operator can set the flow rates
and the valve open or close positions for all flow control systems distributed across the
facility using the control system 999. In such embodiments, the operator can manually
change the flow conditions by providing inputs through the control system 999. Also,
in such embodiments, the control system 999 can automatically (that is, without manual
intervention) control one or more of the flow control systems, for example, using

feedback systems connected to the control system 999. For example, a sensor (such as
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a pressure sensor, temperature sensor or other sensor) can be connected to a pipe through
which a process stream flows. The sensor can monitor and provide a flow condition
(such as a pressure, temperature, or other flow condition) of the process stream to the
control system 999. In response to the flow condition exceeding a threshold (such as a
threshold pressure value, a threshold temperature value, or other threshold value), the
control system 999 can automatically perform operations. For example, if the pressure
or temperature in the pipe exceeds the threshold pressure value or the threshold
temperature value, respectively, the control system 999 can provide a signal to the pump
to decrease a flow rate, a signal to open a valve to relieve the pressure, a signal to shut
down process stream flow, or other signals.

[0086] Control system 999 can be implemented in digital electronic circuitry, or
in computer hardware, firmware, software, or in combinations of them. The apparatus
can be implemented in a computer program product tangibly embodied in an information
carrier, for example, in a machine-readable storage device for execution by a
programmable processor; and method steps can be performed by a programmable
processor executing a program of instructions to perform functions of the described
implementations by operating on input data and generating output. The described
features can be implemented advantageously in one or more computer programs that are
executable on a programmable system including at least one programmable processor
coupled to receive data and instructions from, and to transmit data and instructions to, a
data storage system, at least one input device, and at least one output device. A computer
program is a set of instructions that can be used, directly or indirectly, in a computer to
perform a certain activity or bring about a certain result. A computer program can be
written in any form of programming language, including compiled or interpreted
languages, and it can be deployed in any form, including as a stand-alone program or as
a module, component, subroutine, or other unit suitable for use in a computing
environment.

[0087] Suitable processors for the execution of a program of instructions
include, by way of example, both general and special purpose microprocessors, and the
sole processor or one of multiple processors of any kind of computer. Generally, a
processor will receive instructions and data from a read-only memory or a random
access memory or both. The essential elements of a computer are a processor for

executing instructions and one or more memories for storing instructions and data.
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Generally, a computer will also include, or be operatively coupled to communicate with,
one or more mass storage devices for storing data files; such devices include magnetic
disks, such as internal hard disks and removable disks; magneto-optical disks; and
optical disks. Storage devices suitable for tangibly embodying computer program
instructions and data include all forms of non-volatile memory, including by way of
example semiconductor memory devices, such as EPROM, EEPROM, and flash
memory devices, magnetic disks such as internal hard disks and removable disks;
magneto-optical disks; and CD-ROM and DVD-ROM disks. The processor and the
memory can be supplemented by, or incorporated in, ASICs (application-specific
integrated circuits).

[0088] To provide for interaction with a user, the features can be implemented
on a computer having a display device such as a CRT (cathode ray tube) or LCD (liquid
crystal display) monitor for displaying information to the user and a keyboard and a
pointing device such as a mouse or a trackball by which the user can provide input to
the computer. Additionally, such activities can be implemented via touchscreen flat-
panel displays and other appropriate mechanisms.

[0089] The features can be implemented in a control system that includes a back-
end component, such as a data server, or that includes a middleware component, such as
an application server or an Internet server, or that includes a front-end component, such
as a client computer having a graphical user interface or an Internet browser, or any
combination of them. The components of the system can be connected by any form or
medium of digital data communication such as a communication network. Examples of
communication networks include a local area network (“LAN"™), a wide area network
(“WAN?”), peer-to-peer networks (having ad-hoc or static members), grid computing
infrastructures, and the Internet.

[0090] While this specification contains many specific implementation details,
these should not be construed as limitations on the scope of what may be claimed, but
rather as descriptions of features specific to particular implementations. Certain features
that are described in this specification in the context of separate implementations can
also be implemented in combination in a single implementation. Conversely, various
features that are described in the context of a single implementation can also be
implemented in multiple implementations separately or in any suitable subcombination.

Moreover, although features may be described above as acting in certain combinations
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and even initially claimed as such, one or more features from a claimed combination can
in some cases be excised from the combination, and the claimed combination may be
directed to a subcombination or variation of a subcombination.

[0091] Similarly, while operations are depicted in the drawings in a particular
order, this should not be understood as requiring that such operations be performed in
the particular order shown or in sequential order, or that all illustrated operations be
performed, to achieve desirable results. In certain circumstances, multitasking and
parallel processing may be advantageous. Moreover, the separation of various system
components in the implementations described above should not be understood as
requiring such separation in all implementations, and it should be understood that the
described program components and systems can generally be integrated together in a
single software product or packaged into multiple software products.

[0092] A number of implementations have been described. Nevertheless, it will
be understood that various modifications may be made without departing from the spirit
and scope of the disclosure. For example, example operations, methods, or processes
described herein may include more steps or fewer steps than those described. Further,
the steps in such example operations, methods, or processes may be performed in
different successions than that described or illustrated in the figures. Accordingly, other

implementations are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method of treating a natural gas feed stream, comprising:

receiving a natural gas feed stream that comprises one or more acid gases, one
or more hydrocarbon fluids, and one or more non-hydrocarbon fluids;

5 circulating the natural gas feed stream to a membrane module;

separating, with the membrane module, at least a portion of the one or more
acid gases into a permeate stream and at least a portion of the one or more
hydrocarbon fluids into a reject stream;

circulating the permeate stream to a distillation unit; and

10 separating, in the distillation unit, the one or more acid gases from the one or

more non-hydrocarbon fluids.

2. The method of claim 1, further comprising:
circulating the permeate stream through a compressor fluidly positioned between
the membrane module and the distillation unit; and

15 circulating the reject stream to an amine unit.

3. The method of claim 1, further comprising:
separating the one or more hydrocarbon fluids in the reject stream from another
portion of the one or more acid gases in the amine unit; and
circulating the one or more hydrocarbon fluids to a sales gas pipeline, and
20  circulating the other portion of the one or more acid gases to a sulfur recovery unit
(SRU).

4, The method of claim 1, wherein the membrane module comprises an acid
gas selective membrane that comprises at least one of a poly-imide (PI) membrane, a

cellulose acetate (CA) membrane, or an amorphous perfluoropolymer membrane.

25 5. The method of claim 1, wherein the distillation unit comprises a bottom
output that outputs the portion of the one or more acid gases and an overhead output that
outputs the one or more non-hydrocarbon fluids, the method further comprising:

circulating the one or more non-hydrocarbon fluids to a power generation unit,
and circulating the portion of the one or more acid gases to the SRU; and

30 circulating the one or more non-hydrocarbon fluids to a second membrane
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module fluidly coupled between the overhead output and the amine unit.

6. The method of claim 5, wherein the second membrane module comprises
another acid gas selective membrane that comprises at least one of a Pl membrane, a CA

membrane, or an amorphous perfluoropolymer membrane.

5 7. The method of claim 5, further comprising:
separating, with the second membrane module, another portion of the one or
more acid gases entrained in the one or more non-hydrocarbon fluids;
circulating the separated portion of the one or more acid gases to the SRU, and
circulating the one or more non-hydrocarbon fluids to at least one of the amine unit or
10 the power generation unit; and
circulating the separated one or more non-hydrocarbon fluids to a third

membrane module.

8. The method of claim 7, wherein the third membrane module comprises a

helium selective membrane that comprises a PI helium selective membrane.

15 9. The method of claim 8, further comprising:
separating a helium fluid from the one or more non-hydrocarbon fluids with the
third membrane module; and
recovering the separated helium fluid in a helium recovery unit that is fluidly

coupled to the third membrane module.

20 10. The method of claim 1, wherein the distillation unit comprises a
hydrogen sulfide (H2S) distillation unit, the method further comprising:
separating, in the H2S distillation unit, a stream of H2S from the one or more acid
gases; and
circulating the stream of HzS to the SRU, and circulating an H2S-lean stream of

25 the one or more acid gases to another distillation unit.

11. The method of claim 10, wherein the other distillation unit comprises a

carbon dioxide (COz2) distillation unit.
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12. The method of claim 11, further comprising;
separating, in the other distillation unit, a stream of CO2 from the H2S-lean
stream,
circulating the stream of CO:2 away from the other distillation unit, and
5 circulating a COz-lean stream from the other distillation unit to a second membrane
module;
separating, in the second membrane module, at least a portion of a helium fluid
from the COz-lean stream;
circulating the portion of the helium fluid to a third membrane module, and
10 circulating a helium-lean stream from the second membrane module; and

separating another portion of the helium fluid, in the third membrane module.

13. The method of claim 1, wherein the one or more acid gases comprises at

least one of H2S or COo.

14. A natural gas processing system, comprising;

15 a first membrane module positioned to receive a natural gas feed stream that
comprises one or more acid gases, one or more hydrocarbon fluids, and one or more
non-hydrocarbon fluids, the first membrane module configured to separate at least a
portion of the one or more acid gases into a permeate stream and at least a portion of the
one or more hydrocarbon fluids into a reject stream;

20 a distillation unit in fluid communication with the first membrane; and

a control system configured to perform operations comprising;
circulating the natural gas feed stream to the first membrane module;
circulating the permeate stream separated by the first membrane module
to the distillation unit; and
25 operating the distillation unit to separate, in the distillation unit, the one

or more acid gases from the one or more non-hydrocarbon fluids.

15.  The natural gas processing system of claim 14, wherein the control
system is configured to perform operations further comprising;
circulating the permeate stream through a compressor fluidly positioned between
30  the membrane module and the distillation unit; and

circulating the reject stream to an amine unit.
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16.  The natural gas processing system of claim 14, wherein the control
system is configured to perform operations further comprising;

separating the one or more hydrocarbon fluids in the reject stream from another
portion of the one or more acid gases in the amine unit;

circulating the one or more hydrocarbon fluids to a sales gas pipeline; and

circulating the other portion of the one or more acid gases to a sulfur recovery

unit (SRU).

17.  The natural gas processing system of claim 14, wherein the first
membrane module comprises an acid gas selective membrane that comprises at least one
of a poly-imide (PI) membrane, a cellulose acetate (CA) membrane, or an amorphous

perfluoropolymer membrane.

18.  The natural gas processing system of claim 14, wherein the distillation
unit comprises a bottom output and an overhead output, the control system configured
to perform operations further comprising:

circulating the portion of the one or more acid gases from the bottom output;

circulating the one or more non-hydrocarbon fluids from the overhead output;

circulating the one or more non-hydrocarbon fluids to a power generation unit;
circulating the portion of the one or more acid gases to the SRU; and
circulating the one or more non-hydrocarbon fluids to a second membrane

module fluidly coupled between the overhead output and the amine unit.

19.  The natural gas processing system of claim 18, wherein the second
membrane module comprises another acid gas selective membrane that comprises at
least one of a PI membrane, a CA membrane, or an amorphous perfluoropolymer

membrane.

20.  The natural gas processing system of claim 18, wherein the control
system is configured to perform operations further comprising;

operating the second membrane module to separate another portion of the one or
more acid gases entrained in the one or more non-hydrocarbon fluids;

circulating the separated portion of the one or more acid gases to the SRU;

circulating the one or more non-hydrocarbon fluids to at least one of the amine

unit or the power generation unit; and
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circulating the separated one or more non-hydrocarbon fluids to a third

membrane module.

21. The natural gas processing system of claim 20, wherein the third
membrane module comprises a helium selective membrane that comprises a PI helium

selective membrane.

22.  The natural gas processing system of claim 21, wherein the control
system is configured to perform operations further comprising;

operating the third membrane module to separate a helium fluid from the one or
more non-hydrocarbon fluids with the third membrane module; and

recovering the separated helium fluid in a helium recovery unit that is fluidly

coupled to the third membrane module.

23.  The natural gas processing system of claim 14, wherein the distillation
unit comprises a hydrogen sulfide (H2S) distillation unit, the control system configured
to perform operations further comprising:

operating the HaS distillation unit to separate a stream of Ha2S from the one or
more acid gases;

circulating the stream of HzS to the SRU; and

circulating an H2S-lean stream of the one or more acid gases to another

distillation unit.

24.  The natural gas processing system of claim 23, wherein the other

distillation unit comprises a carbon dioxide (COz) distillation unit.

25.  The natural gas processing system of claim 24, wherein the control
system is configured to perform operations further comprising;

operating the other distillation unit to separate a stream of COz from the H2S-
lean stream;

circulating the stream of CO2 away from the other distillation unit;

circulating a COz-lean stream from the other distillation unit to the second
membrane module;

operating a second membrane module to separate at least a portion of a helium

fluid from the COz-lean stream;
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circulating the portion of the helium fluid to a third membrane module;

circulating a helium-lean stream from the second membrane module; and

operating the third membrane module to separate another portion of the helium
fluid.

26.  The natural gas processing system of claim 14, wherein the one or more

acid gases comprises at least one of HzS or COo.

27



PCT/US2018/038076

WO 2018/236750

1135

MHS 0} {(pinbi)
YoM SZH

UoNBIBUSD)
1BmMod 10} |5 0]

NHsS
01 (ZOD + SZH) ubiH

SBO) $9jES

Vi Old

slL

4 901
" J10ssaidwon
o e =
. uonelgsia” / m,,\,\y_é. } T o
S eob |

o L-euBIqUIRIN | | 10l

- " Tpee
Z0} |

X001




WO 2018/236750

PCT/US2018/038076

e
S e o2 = P e o olenic coiosicn| o £
o |3 | 2 len | & =) 2 | = 2SS D CHED e =S
- Bk g P = N e || DD S BIES &S| &S -5
s 2
3
63
3 Froon
o (N o & o2 saxge | sexge g Lol Fowwe oo ica| <3
= s 2w | B 2 8 | P 3 &5 1 &S 218D 18| S &S
£23
=
=3 s <>
€3 em 121 <t &3 gD o ivie o ol | = | o <2
i il P R e I &3> 5185 <F e e & Do | S &5
- P — == == S e | S <
ol
=
g
=od | 83 o3| =X &3 £ | €33 £S5 S 5 IS5 S <>
L T 2R 2 = <D o e e Bl oo o>
g B o | P ]
= 3 o | 2 Ly o2 P2 LD L €T3 i Ond oo [
A AT <2 = | P O [ S Co e eS| S =
=
: e | o Ty =
o B | L SE ¥4 < = o oo i elo oo o
TE O oD | o o3| &g == s | O R TS O D | &>
ki R = SR NG | G| 251 S5 8D SIEEEEE
i (SR D b= < P | 5% Sl e = &3 <
&
o3
e Eﬁ:"’smm
= |FE ESk=E
@ o=
a3 ] o
& = gy | g o Lid 48 Lt
Ee 2 R NE sxE Tzl = W= =
a» | Y | @ TR [ — = —
SES 3 ETT &8 8ITEE= ﬁﬁﬁm =
8o 8 3=g RE RS HnRESS 22 = = |
T o £ | B ks | E RSB Q) B ¥ iR iy L
e s g2 S | =M el = .| -
E.....,

FIG. 1B



WO 2018/236750 PCT/US2018/038076

Membrane # 1
Area S0000isq Tt
Area A3%Weygy ¢
stags cut £.30
pErm pressure 100{Psia
FEED C1in fead 10858 IMASCRD
Flowe JODIRRASCED 101 toss DIt 40 IMMSED
Temperature 37.781C €1 {pas Amin 0.0 IMMSCRD
Prassure SQGipsia
Total Clloss 804 1%
Permeation
Adid gas in feed 557 MNSUED
Audgssinperm 423 MMSCED
HIS & Acid gas removal meEm
Methane N 5
Ethavs 8.5 CO2 b1 SRUE 688 MNACFD
Propare 1.2 LO2 reduction to SRU 48,45 % {wrt fead)
i-Butane g1 | H2S 1 SRU __AL0B  MNSCRD
r-Butane 0.1 : '
g‘?gﬁf@f‘? {}‘{}5 ..... B R RSN
n-Fentang Q.07 4. PANSTRD
r-Hexane 0.02 Fnergycontent 4707 btujsef
Heptane .02 Efficiangy 050
HED 0 Powar prodused 98 AW
MEA o 1 : |
AlR 8 1 Humossssorliatme
Mitrogan 5
Hellum 300 KW 8,729

FIG.1C



WO 2018/236750

4/35

PCT/US2018/038076

=

) ey | = XD

Eh ey | F— |2 b =2 . o 28 P LD oicsicmicicicic e
laf | =% | 2| oo == g e =3 S EH R RN EDHICH| S &

£k

&3

& g o)

8. S, M2 o g | g - il cicic|c <>
mim*&;@ % = |2 <o | €33 o SHICH B IH IS DS &S
ok
4

<> o

g?&?gm €3 o | B3 o T =3 P 2 s B [ oo 3 o oo e 3 I o o
= &3 & = 3 e o e I R e Y e R e )
—_ L AF e ey
<X,

g
- ey S22 O [ =g | <> < i oo o coics|cy )
=€ HF i 2 [y Fowne M E e e oo R ovor [ e e W K S K oo 3 K o <>

s B ~ | em | =

oy
== L3 < £53 22 | o [ It I e JE N BE N AR X Rl Ko
=re 2R B e o o | OF3 &5 E5 I EH IS I CHIEHICHICS &2
R oS eS| e €3 Lo B o ) ol e e osicsan )
= | 5 o)
£ooh mﬁ:} o g = | S 2L g e | g | sqgenn
NN,
o3
&2 o
oIBEFTER
mﬁ"m P —
<> 3 -
S - 33
= S i S=lxS £t 11 Lt ey B By B -
gﬁﬁm&?hm“mgmﬁ < “‘ﬂ-’a"ﬁiﬁﬁ =0 =
2 B 5 S =
E=Z|E flw o= E B~ S5 S SN T o
S = ES ZF=d s DR WF@RD g E T E=
= £

FIG. 1D



WO 2018/236750 PCT/US2018/038076

fombrane §1

Area 17500sg L
Area i82&disg m
stage cut .30

FHE IR DYQSSITE HDiPsia

FEED Clin feed 1089.6  IMMVSOFD
Flow JOGIMAGCED 271 foss Bist G007 IMMBCFD

Temperature 3LI8IC 1 loss Amin Q015  IMRASCFD
Pressurs Wipsia

Total €1 loss 0.82 %

Parmeation
constant for Pi
membrane

£o3 1

Hi% WO Acid gas vemoval

fethane w o : :

Ethane 2 £02 t ARY T3 OMNETRB
Progane 2 COZreduction to SR 5216 % {wt feed)
i-Butane S H25 to 53U _ALIL MMSCED
n-Bulane i : :

i-Pentane 1

n-Pentang {1 i Total flow rate 283 MINSOFD
r-Hexane i Energy content 5322 biufscf
Heptane S R Effidency @50
HI0 130 Fower produced 78R M

Nitrogen i HP 11,561
Helium A0 ALY &, 786

FIG.1E



WO 2018/236750

8/35

PCT/US2018/038076

e
i = | g <53 P
e - <2 =24 < g | g o lenie cricnicn oo oy
g |3 | 2 o = &2 o2 | o = eSS s SIS |55 DS | e
L S g o8 Lo e e | e === eI e I R S R et
s T D 3 [ ¥9]
63
ol <3 X2
o |52 &5 u = IS o3 | S 3l cSien b S R v R R SR S v
@ Lo ) (X o]
-
= <
€3 e e R ]| = & e e =g | ion SR By SR R R R e
e |2 S B <¥ b B B e i CD D S | C OB | B2
— ey <
P e o3
= a8 o €3 o0y | eLs eoleies elepicrlonios|on
=l el S lam = &5 5 | 5 e Yoo § B b iR P SR AR g R
- R R Rl &2 g <D oD enlonlanlanian o
g B e |t <3 =g
g3 | 32 2 rel o =N PN YD OO 0D | S e |
W il | enn | O lagn] WD <O - | g o e €D D ED eS| i | S
a bad {53 a0 v &S e «H | | e ik | D | O | D | T |
o & = &5
ol B A= w2 & w2 | o €D enion on|onian| oy
= a1 oh | & | &3 e &322 =TieRie o | G0 D | S | P [ E
R owl Bt el T E = 3 e el Y O o | | o | D
m""’ﬂ" 32 [ X e
e {832 D o = lex € | e | poll B D B SRV N g
5 |88 < & <53 ol B SR iemign Pl Coied| oD
i (RS2 & o~ <3 e o eD e pe il e = R e’
&3 == $ooems
3
5 N s R
&z = SlneE
@ = o 143
o S| R DR G = Y= = = Y= =
SE B a8 S8 8=EFTEE= =\ F = | oy | =2
E8 S 2B ELs2w o e el Y Xﬁﬂmﬁzmﬁ
%E&Emm%ﬁmﬁ &2 5 =R s Lid
B | B §>ﬁ=§_§§ x| =W al = o |- | 5

FIG. 1F



WO 2018/236750

7/35

Membrane #1

PCT/US2018/038076

Parmeation constant for

15
H25 Fik
Methana 25
Fthana 18
Propansg 7
i~ Butars 3
- Butans 3
Pantans 3
n-Fardane i
n-Hexans 8.5
Heptans $5
H20 BLERE
REA g
AR Q
Kitrogen B
Helium T 1am

Araa 1I57000isg it
Area 14581 sy m
stage cut 3,40
DEI pragaure B C I T T
FEED £linfead 0896 (WIMSCED
Flow FOOHASCED (0T Toss Dist 0.007  (MRISCFD
Temperalisre 7380 1loss Amdn Q015 (MMSOFD
Brassure 20Gipsia

Total U1 fosa O %

Acid gas removal

£832 W SRU

H2S to SRU

CO2 reduction to SRU

MMSCED
% { wrt feed)
MMSCED

Total flow rale
Energy content
Efficiency
Fower produced

835.3
8,50
1738

btufsef

W

VRSCED

Actual Wiwk H¥ 15,469
KW 11,758

FIG. 16



PCT/US2018/038076

WO 2018/236750

8/35

GiZ
NYS 0L = xgm iiiiiiiiiiiiiiiiiiiiiiiiiiii
| —t
517 wn o |p-osseidwiod
uonelIsiq .
_— —
Z-auBIqUIBI
Lz
- y, 7 ol | €02
0] ! 80T LM
EMWQM -/ 902 ele L -BUBIGLUSH
s n
ubiH iy N
502 07
Aﬁ / &
se9
ol S N
802 wf.,,m@m

O3
G
O




WO 2018/236750

PCT/US2018/038076

o L]
e e =l = e e e e e e o Lo} o S| S o ot Lol CF D
g P PP e I o e e R s e e L s o B e
= =i Pt BN &= 3o e o™ e Rt A ane™ oo’ e oo e Lo L
o P |
£F oy R b g ] &> cralte-lonlemlanioml exloloslanlemiaslenlien) v
s el e &5 P Tt s it b o i o o o L P
== L3 3o e & RSP e o e s o o o o e Lo E e
&g
e
ok | e oy
3 o | 3 o P exlemleslonsiesloaion] onlenlen|onlesicslios]weo
jort =3 oo 2 bP's e Bt b i i R g i o o s o P
oy o SSlag|od K2 el e P e P P P P [Pt P P P P s P P P
i LE+] =3
o
] ey | L oo geoee
S Ch IS Py o <L -l rlesieio ool enicololaicicyicnia
= =& I & ] S o €51 51 5] £ £ S | € € 5 5 0| 5
73 €7 cdlag|cy 2 < Lo Fem P o e e e B P P P e P P P
“3 3|22 & o
i
=
ok g e 3
3 er3 P P P &3 elelcric oL ool ool crsicaicl el ornl
feer B | S &= SIS e T eI CS £ Sl S S5 Sl £l frl o
= 2 e A &5 oleslesiosiatliasios aiolclasiesiasiamylasl o
== o e &5
e
= Y po ket o3 &2 eexlemieDieslioioics] colenlonlolusiclonlemlen
g T8 L= b T3 &5 enlesledlosiosiosios enioslos|asiesiasionlonl o
= o P
5 Foeee o] =t £rD o
e £ bl P R 5 ol eesloirlesiodieed culoendoedlcalonicsionlpeles
s h pIEIP o o e P S S A ] S S S o ol o o oy
w45 B &5 &g eicHoosiosicsic oo oiososiosiasiaasic
v o5 = &>
oo
P LBIRes| = =5 R L D s o e o o o e P
== £y BlEREeN = <5 CoCEHeS ol oo oo ele ool oS asiaslatia
=g o Ve
B | 5 — B L. oo L | L o ek o o A pooom Lo P LU
% VIH TS & <2 P € DILC IO EDI Coo o) Cdl S i o oSl € € 2
85 Rl S5 4 e e e oo e P e oo L P! o Pt B P P’
Ty g Frnoa
o3
f=2 2 T | e O
7 & |
LCE EE RE
_—
o
&
24 .
& = | @ o %3}’ S CRLLE, gl g g B, el
E o ld =l s il | B e B I e e Zi == =
TES S 28T EY g0t Es st TNON e
e @2 i, [0 ] oy L nnd
hﬁ = & gz"‘"‘““’ 8, v = ﬂ.mu:}ﬂ - Zﬁﬂm T }‘:EZ“E
&3 5 EXFEEs 58 5 oo s B LR X
® E‘E Fo R B ) o 3. 3. =X
el E"""""
XS

FIG. 2B



WO 2018/236750 PCT/US2018/038076

10/35

Membrang #1
Arga SAGKBsg ft
Area S257isq m

stage ot .30

SO pressure 100{Psia

FEED 21 in feed 1086 (MMBRUFD
Flow 200{MNSCRD €1 ioss in Mem?2 to SRU 2.6 (MRMSCRD
Temparature gayc -y {1 oss Amin to SRY 0003 IMSCFD
Praasure S0psia ¢ Clioss H25 Soup 0.007 IMBASCFD

Total Tl loss 854 1%

Permeation constant for

. £ Pahax
ok

Actd gaa it feed 557 MMSCED
02 90 350 Acid gas in perm 430 MIAMSCFD

H28 5 5 Acid gas removal LY %

Methans 3 : 3 3
Ethane Q5 06 2wy 3R MBISCRR

% et feed)

Propane 3.2 ; HM25 %% to SRU
Buatans 4.1

a-Butane &1

Rontang 05
a-Pentane 002
n-Hexane 0.2
Heptang Q42 i : ;
HG 0 S Power producad 8.0 %MW
RES & {] : : :

AR & g

Nitrogen 5 ig Actual Work . 13,734
Hehtam 308 2.2 W 8 935

fembrane § 2 PERAX
Area 50 it
Args 348isq m
stage cut .10
panT pressurs F20041Psig

FIG. 2C



PCT/US2018/038076

WO 2018/236750

11735

m P wwn | p-dosssidwon
| uonej|isiC -
| 1BMO e s P — 5
ool coBATEN [ we 0 Peeoe |
m 1 S/ |
mﬁmm SV @Q\M eie L-SUBIQUIBI jos
AO IS !
+SZH) . VA
ybiH N pesd
50€ 20¢g
/ ¥
sesy
e i
X~ o0¢




WO 2018/236750 PCT/US2018/038076

12735

P
=t ooy
] o3|2en & 3 3| S S| S €5 S €D SIS SO o o0
P R
e
Lo
€4 gy oyl P =
= pIEd P L < DL [0 o L0 Lot o Bt i o Lo v Lo oo Lo
oy S = < B o o et P B b s thoa Pt b b P
3
P8
. ] e | [}
3 e i & 2+ el e SO e el e ST el el o
Suc B P 1 L =~ I ol | €7D | Sl £l Sl SS e EDlED E 65
&2
=g
B Ly = ooleeyClenlelonlonl axlenionlanlursiaiamlian
<L T § B~ =2 ] coblemsl e el el e el e el el emslen R endiens
u s o <3 oo J
= 3 o €35 <3 e{erlagliJasleoed evflendendoml ool
== hE PP v I e S | P | S5 e I 55 D € S S S S S
~ i
== BR3 Bl & ] O e e e e o e el el el e
o (e o] el <D
—
= R B 8B S | el £ 5 € 5 ) o o ) S 5 e
=i Ly ] [ Xe]
Sl &5 S o o L | Lo L ot o o g L o e oo [ X
5 RIS | 3 =3 P ot g P Lo P P B e e o e i B Fol
B - | X{ETI 53 F 2 T | | T KB T I T T T T
= i
3
Ly Q= j— ]
S & | =
B =5 @mE
e
o
. &2
¥ by
R= fek] B a o
& Sleowig Ex=| S CHLLE, | ity o o LIRS, | iad
2 o o s - Gy I e LA e o) | o < i =
a3 O SRS =t | B 5 | O | e e e e ) —"
3 E 5 B 28R x H oSl e S el e ey
£52 | 2828883 203EESosaEnaTERen
w3 & SEBE s 58 5 Enrmmpia =
] e [ e e 3 ==
E= [t
K3

FIG. 3B




WO 2018/236750 PCT/US2018/038076

13735

L 55 el 2 =
oo 4.3 Eleo &2 e evslemlursl ol elen colenienlenlasiasianliu
] ISidmed T 02 eS| ES] €S| £o5| €55) €55| C] €] € o | ol o a3
wg LA Fiadiey &3 & e Lo P Pt P P e oo Pt Pt e P e

% S <

2 &3 LI
G oy Sl | K2 e CrLE eFslonloD el aicioi el enlenla g
s Sl e &5 BB || o o o ) £y o € £ e o oy
s @2 i PN ] I ~— oee P P F B e e e P P Pt M3t P P

of

FIG. 3B (Cont.).



WO 2018/236750

14/35

Membrane $1

Area SO0 g N
Area 49287 sg m

stage out

QTN Qrassure

0 Paia

FEED

Flow 2000 mmsefd
Tamperatura 48,8811
Prassure ¥ipsia

Parmestion constant for

mengsdane

P Peahax

e 23 368

HIS 50 ¥
fMethane 3 SN
Ethane 6.5 we oy
Progpane 4.3 136

i-Butane 1 We
n-Butane 8.1 we
-Pantane .05 we
a-Pentans 4R We o
n-Hexane .02 %

Hegtane 8432 146

H20

RMES

AR ¢ LS
Nitrogen § i&
Hellum 30 2312

PCT/US2018/038076

MMECFR

{81 o Teed 1086
{1 inss in Mem2 to SRU 8.4 MMICEFD
C1 foss Amin to 5RuU G007 IMMSEED

1 Inss H2S Soup

Q07 IMMSCFR

Total Clloss

.41 %

Acid gas infeed
Acid gas in parm

Acid ga removal

€02 1o SR

H2S % 1o SRU
HIE I SRU

MMSCED

PARSCED

% { wrtfeed)

Totsl How rat
Energy comtamt
| iEfHdancy
{Powsr pradured

Actual Wark

fembrane § 2 PEBAX

Area

0 i

Ares

1i3isgm

stags ot

Q.08

HETIV DrESSUIS

2.8

FIG. 3C




PCT/US2018/038076

WO 2018/236750

15735

GZy \
S C e ey
NHsS 0L ; i . POP

HU AISA0OSY .
wnijeH >

winjeH

3

F:
AT
Ol L2

) & \
5 2

Ly N
mow N c-auBIqUIBY mnmcm,ﬁggw eiv | |-sueigwapy

. covy

MYS 0L

80y

TR —

(o))
[ 9)]
Gy

L0V

&

-

N\

S0¥ zov
suny | | \ |

s

sec) seleg;

\ . oov

L0¥

pead



WO 2018/236750

16/35

PCT/US2018/038076

B
5 —
i oo 2§ L] e W2 ED e [ S [ D P e & P R Eoend
s gl O 2= 3 A [ Py <Slesioniasias o | o | T e = e e e
&g % d
. T e R8>
ey == el e Fe wrlesiooicoias o lemianics P e B
e EgHieT2 e bkt pe e e b=t =] e 3 D) P 3 P o ol
] S
ol P LD ol Lo igng e Do ot et B 1 Ly coicniceia > o | K& | e
T % e &2 P v e feg ] o | o | o P e Pt &= SR
e E " 2 2 (= e L= Py g g ) B 3 Kicine 3 L g f R <= e R e
o s ] R bae3) e Rt B oS jasics colesiasie P Py Py Preend
oty brp i Cle= €E | o, g ey coicoicy 2> j2gn
e [ o P [
Somr &8 S oo 1 S il oD G | o | o <5 e et ]
LEE ! = a3 PV 2less e LS R | S ES {2 CH S &5 SSioiss
S | SRied S3iE e fesianladias e e E==t ) =1 oo e
: et o> L
L] g [—
B ool ol P = ieey ety e ia emicicnics oo o e gy
Con TR | B =iee S e o | S e o L= P Ly e > o RIS e
m—— oo L
oo B i L2 3husicyie—ics e iasiamio o eolamic
ey ey P 3 AN e e e | O ey f X R DD o> ol i
£ 22 = g%% Saiex ey P P P P P Py g P P Py P
o
(%]
et g § = SES T~ ool icryit— o (¥ o I o] LED e looicss
e =i LB G | S LS [orp v oo i isy &S SRS S
= e =is TR o fen f Oy e ia oD [===] e Loy Lo}
=t I e
&3
Foen
po oy m‘:”m K3 § mgnnme b L= Dol D= L) il ia L eosiain i
i <33 =2 S s iESion S ics P Pt Pad By Sl
= =2 wgc;""'i b | et L I et Lt R ot B i B @ %‘:"“—3’
== po4 e TSI B lasiasiadias e P P P <5 o e e
=
o B g e
o £.D e i Bl ot L 2 Y oY e 3 R [T Rt ] Lt ] < e im—io>
s MAE LED &2 &SHiv prcooed B o Dot ] B o ey (=g e b} P ] b &5 |- | 2
Ll 2 2 P LT g | S e e R Y Dt Do i D &= Ll e et
megn R4 oy | TED N e i e a2 [} P ) Ecme) P e < T ETD TS
ol oy e P e gl con oo e icTmiaeias [ el eem i
e B S 25§ oy b S ot Fovemne £ OCY | ol | O § S CR{C R oo [ J R L
o 28 &5 e P Rl ia o ias [ ) P P < P ==
P SFiaa
fae e o g § e ==l ] ooy e | e b=l D Dot e et o> [V
Fr ] = 2245 L] I P bt e b T oo lenianics = P Yoy P
- Lo =g § & ceSjesiasladias o) oo ) PSS P (== e D
o5 e
S
-3 {82
! LE2 a
C37ens G § o
[ | —
s
o
g
o =
S
e =R T 3 § e e
2 £e= =i PO b e
8 £ €3 [ [ o i
2 = &> axi s 24T =i
B 22 £z =24 &3 S £73 ] b
5% Ia = e ki 1
. 2 =¥ s g o=
I3

FIG. 4B



WO 2018/236750 PCT/US2018/038076

17735

Membrane 81

Araa BEG00G s ft

Ares S333%sgr ¢
stage cut . D e
perm prassiurs 1DGiPsia

FEED 1 infead 82, RARRCFD

N

Flow 15D inwnscfd €1 ioss 1o Hellum st 2.0 MMSCED
Temparature 48.8%C 1 ioss Amin G.0 BMMSLFD

Frassyre H0{psiz €1 loss H28 Soup MRASCED

pa |62

Total O foss %

Parmeation toanstant for

acid gas fo Tead L 418 OMIMSCFD
T3 20 360 Arid gas in perm 38.0 MMRCFDR
WIS 50 360 Adid gas removal 882 %

Methane 3 3 '
Ethans a5 106 £012 tn 5RY 338 MIMSCRD

Propane 0.2 10e CO2reductionto SRL  36.87 ‘m { wit fead)
-Bulane €1 106 H2S o SRU 26,14 RMMECFD
n-Butane 0.1 106

i-Pentane Q.05 ws

n-Pentans .42 e ¢ ot loweate o0 ARGRCF D
n-Hexans 0.02 106 Energy rontent

Hzglane 342 306 Efficiency

H2Q 100 s 4 Power produced
MEA g Q

AIR g 3
Nitrogen 5 it
Hiliwm 300 1.2

FIG. 4C



WO 2018/236750

18/35

Helium in Feed

Helium Recovery

MMSCFE

Helium in recovery stream - 011L MMSTED L
%5

PCT/US2018/038076

kW

14,457

Membrane # 2 PEBAX

Area 3,200 {sg &
Ares 29718

Actual Work

HP

664

505

stage cut (.56

DOr prEssure IO Psia

Membrane 83§

Areg 221,000 1
Arsa J0.53%

stage aut .34

eIy prEssure 2.0 Psiy

FIG.

4D

kW




PCT/US2018/038076

WO 2018/236750

19735

 UeaT] wnijoy

MeH  gnyding T

VS "Old

NS o} sha
{(pinbi1) Uiy \ 08

oL L85 . g w
gwmm -aueiquapy WESNS v HUN |
mmm M\Cﬁmmmx € mmm W U3 iNQQ uoiie wn.mﬁwwm.hﬁwﬂﬁmu |
. < ] qmsial -
LN un SZH 3 | ©66
uone | LS 7 S |
/ n:mwwmm ‘&/{ / PG 2049 m
< |
1ES o 05 e L -oURIQUIBIA s
\ | B0S -/
S . 50G ~ P
UBST WNIsH N paed
C-BUBIQUIBIN 415 »/ |
505 NYS o - m
(ZOO+SZH) ubiH m
2 |
.ssialssia..sssi..ssii.....E.E.....ssii..ssia..5sia...EeiW.@.ms@w;..s.ww.n......nw....s.w...n....w:.w iiiiiiiiiiiiiiiiiiiiiii ﬂw@a@wmsiw

FALS



WO 2018/236750

/35

PCT/US2018/038076

B8
—
2] =5 ool et o B B <= [on 3 K il iacvic iy ia
— g
3 (R 3 vy o & e L I Py P S P S [y P s g B Y Lo Lo L]
:’.E:; D petia =%, <o Fon PR P P P Lot Pt esjadioes oSl iasias
| — A =
L]
£
[ 7]
i
> raag~ nagg- [ 3
ol e T SR & P Y e Py B A ey P o R D I CHCH D | S
Zi e e b ] RES S iers o jasias e ies coicSios{esiasiasics
3 ) =
=
o
a>%£ % ::xx: LE R L r Y B g [ 3 Eown ] o 3 L C I IR | Co € § v KT
A3 0P~ fettsd e e ias oo oS ias L Lo Ko e | e o S { D e
*...-u
£
8.3..3 e § R [ £
153 s e P eelasnignicias [Ty P cuifozioaicoicairaias
e (SIS ~—= &3 e e | SR [ i s léss o D | o | o | €55 | e | 2
geen Rl Poed b =5 - e P e P P Loend P e iasiasioS il
o &4 = Py
8.2.8
=
—_—
mﬂ:ﬂz:: g | ot [Py = S
~g e Lot} Do oy P [ Y e e Y e Y P g B N P ]
N &S ey o Breans i L3 L] D g B I oIS P O I X I
5= S e ligD & <3 eSloesioms e ias L Pt aesiadiasiosiosiosics
[ %] 3
=
e | =t < R
% prId Peecy &5 - o Lo =] LY DTS g { e e {engloslasiasiugalc—
= iS85 o3 P e ==t et Pt b it Lol P ] P g Do P S P | P
R g =23 b <> &3 <o o jasias Lond L oo oo iasiasiay
=2 &2 0
A o2
K=z = &=
L27eH mx... >
— :
AR
—
[t Fo ] =
[ = b Li.3
El_Sles Sl PBalle e R AR N -
e il o= R I <7 > @ == = = =
= B ES IS S T, 2 gl S S =i=F =
=2 Eldisl g BEisL o] Pt o e Pl Pt e P oot ol P s ] = ot
£ i@ il w2 Bae w3 S Foirics ot b W bt - BN B P
o5 R oh B e 822 = D lwer a5 (2L = 1 Py [N ] (R
a> {3 P O £5 |70 g Sore § £.30 = ]
£ £ b 2> @g@m i o B e Pl e e - ~=
LD B

FIG. 5B



WO 2018/236750

1735

PCT/US2018/038076

FIG. 5C

% g e
ool ot L cxleslesiesieslesiarioniaricaicicaicic ire o
P 1S5 ol ingS R TS S TR TS SR ED I ED S I TS IS S
. ool D B B et odiaasicdiedicdiasiadiapiasiasiasias
==
== 3 ey e §RED enlesianlovicnloniciopicienics e icaicn icn i
P g BSERics SIS et e I i P P e d e e e b S o A o g P A Doy o) L)
ot ST L - e e D e D R e bt e e L S e A L S e A I T
% B b PR oot § B ey P oy P Py P Poo- 3 DU PR 3 PRy Doy el Py el Proy o
&2
&":g LT o oo § cxicoiocoicoicico ionicpissicaicicicicicm i
R EED
<o g § P Pt Pt bt Poa g P  Pren g Do P P S P A Do S P g B g Dot
mw £33 o elesjenictiesien i S icicsics ics e ics o las o
f=7
agonnn
= S r P 2o eomleir—iocpionicricicoicicicaicpicaicm o e
- b b 1> ﬁ;% Slenjctlenjcslasicd S iDiacs jasicaics ias jas s
.88
prn -
o)
< o Ev g P T2 coilcpicicicicricricaicpicicicicicioricn
£
v 3
L]
fec]
Fownns
[ ] _— Py
= PSP o § = cnieriusiopiciciaricsiae s § e §amme f e fee
i 3 o
? =
o N‘:?w ol P eleslediadiedasicon cics o iodt e e s o o
5
&>
(]
[
&
o Ppard PN P2 —legrloiovicicicicicoicnicvicnicpion o
g e 2 e i Pt S [ CH R CH R CHI T CH I EDH I EDH - [ &2
Efféf ke ias e L I I I I I I A I A = I =
[
[
[
et
X3 3 ooy
=2 agl =3
Lo S0 s
£2 i v
s § iy
oo
53
[
- o |52
&2 f g |
k=1 = =1 5= s YT WW L LES
Elel = | Slw S5 s K= £2 Lt badlpagials |y, g 100D =
& Tl s - e B i | e i = | o = =
ZHiasi = [ . 5o e = | e | =t o e = <
&3 = =i @ = B = = | S | | = oy poeem P el Py e
Bl = =k T | 8 (=S b Pt =] ol o | | g b o m..!::z::ﬁu“‘r-:v:z—-‘
Biel B = A >} oo = S WY P e e d o3 i P | P H [
3 £ 3 2B S e o= Rl el LSS RS 1 W Famt B o o =
eFy | &2 o<,
= e
] KSR 1
S ey
}---




WO 2018/236750

22i35

Membrane #1

Arsa S100en fr
Area J730845g m

stage ot

.30

Paia

parn: prassure

00

PCT/US2018/038076

FEED

Clinfesd

SMMSCED

Flow O0INMSCRD 21 hoss Dt a.0 MVRCFD
Tempoerature IR C1ioss Amin 3.0 SAMISTRD
Prasssure SO{psia

Tolal Clioss

Q.02 %

Permation constant for P
‘membirans

CO3

H2S

Acid gas remaoval

£Q2 to SRU

H2S to SRU

TR enred
3% {wrtd

Methane 3
Ethane 4.5
Propang 0.2
i~Butane 0.3
n-Butane a0
E-Pentans 8.05
n-Pentans Q.02
p-Hexaneg 3.02
Heptane .02

H20

K0

MEA

Total flow rate

Energy content

Efficiency
Power produced

AR

MNitrogen

Helium

Bl i
&

W 8,734

FIG. 5D



WO 2018/236750

23135

Helium infesd Q158 IMINMRCFD
Foed to {02 Distil Unit {.146  IMASCFD
From CO2Z dist unit 0141 IMMBCFD
Halum cong stream Q4127 RSCFD
Metivum REC from Q2 dist feed B7%
overatl Helium recovery 8%
foropressor duly 1,832 P

1382 kW

Membrane #3

Ares A35,000 sg ft
Area IRESY isgm
QROM Pressure ASiPsia

FIG.5E

PCT/US2018/038076



WO 2018/236750 PCT/US2018/038076

24135

FIG. 5F

£ [ ¥ Yo B
e &
&2 e < €73 GRiHeC e T CalalaeDlEDICITIeD
= ol eeive <> ] S Pl S S S o € SN SIS i
[« 1
= ol S o N
o & gl e -leslealesl enlemlesieslesleslenies
e 3 el ISnleS & 3 o el ) 3 o € 0 53 €0 A o o e o
s o3
(0] e <
oL L s Y] ol el e—longleml englexgic mricmlelemien
= g5 ool S ) <53 ol < T el £ EDlE D el S DSy
€2 A
=3
ot g9 &KL < &> L3 Chl el eiemiel eieale e sleiemie
== o3 ol (SRS =X s T R o o o o o | 5 ol o o | o e
] W R 3 = eSS enien aslas oo el adiesiediaslasies
. B . P @
ol Py P LE3 & LB e DR gl Enl el Bl ie i
Qe e e )
== i e = dht &5 P 0| O | | ] Sl o ol o o ey
=
" g | g ey &% _—
- T IS =4 o i B S POt e Lo Do’ e e e e e Lot e
w s ol ISESieR &3 -~ SIS S S S o R SIS SIS D
=¥ &5 D
i X3 <= o e ey ooy oo e S e F
5 -l (2RI 5] <53 Pl €S L O o S o S S e € IES
LA > f (CX3 35 L I T T T T ] DI I I e
= <
g Ex R
&2
=4 %“&:} o =
ot
&2
olin? -
g i = oo o=
= P e L | JEH Eidley B, . Jias
S Zie s @] 132 LB LIS S s =
Eawi@a I B JSsSESEE = -
k] &3 e AT A b e e P e
FENDE 32 Fx B3x 2ortilEtcSrayuifa
@ = 3l (B <L Dy 2 R P o D L g o e Pt Ml o s e e W
BB e | O3 =L — el G &= Wm;ﬂ w2 SR o
“3 S a8 SIS S S| 2 e et
o a—
3




WO 2018/236750

25135

PCT/US2018/038076

12.547

5
20.187

CONC_HE
5

3.205

RECYCLE
3

1471

HE LEAN 1
;

9.976

002 LEAN 1
5

18452

MM#3/day

BTUM3

Stream Name
Stream Description
Stream #

Temperature

Pressure
Total Adi. Std. Vapor Rate

Bulk Stream Ideal LHV

{omposilion

HYSULFID

il
L

=
%ﬁ%ﬁ%m
mm:ﬁ:g«tz
b

HELIUM

FIG. 5G



WO 2018/236750 PCT/US2018/038076

26135

Mambrans #1
Ares S Bt

Areg 4¥3QIsa m
stage cut .30
PEIM pressurs W Rsla

FEED Clin fead 096 (MMECED
Flow ZO0IMMSCED 101 Hoss Dist 0.0 IMRISCRD

Tampearaturg FIF8L Cinss Amin 0.0 RBSCED
Prasaurs N¥Hpsia
Total Clioss 041 %

Parmestion corstant
for Bl mamidirans

CFD

MMS

£02

H25 g8 o+ Acid gas remaval hB

Mathane 3 ; ; :

“thane 0.5 CO2 to SRU GS8 MMSCRD |
Propane 02 L COZreduction toSRU - 4845 % (wrt feec

-Butane 8.1 H25 1o SRU CALOR  CMRSCRD

n-Rutane ai ¢+

i-Pariane 8.05

;'s“ ?’E‘.S‘Itane {3.(}2 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

n-Hexans 0,82 Energy contant

Heplans 802 : :
H20 100 Pawer produced 698 MW
MEA a3 ? f

AlR g
Nitrogen & Agctual Work HE 11,485
Helium 300 KA ] 738

FIG. 5H



WO 2018/236750

27135

PCT/US2018/038076

Helium in feed 2158 IMMSOFD
Fead to CO2 Distil LUnit 3.145 IWMINMRCFD
From CO2 dist unit 0341 IMMSCFD
Helium after membrana-2 8133 (MMSCFD
He Hum REC from CO2 dist feed 2%
averall Helium recovery B3%
Comprassor duty 833 iHR

1,382 tkw
RMembrans #3
Arsa 415000 (sg ¥t
Area 38,569 lag m
DRI PTressSuR 85{Psia

FIG. 5l



WO 2018/236750

i

i35

PCT/US2018/038076

R | ]
ey (TS b o> o | e | e | e cvleiasavlarieniasiar|aniasiay
el P Pt &2 P g [ S | a2 P e A A A e R e A e e S A
PeeS AN 3 ] o o | 5 | €2 EH S IS | S ES | &5 |5 1 ES | &5 & S
g o = - el e e emleSioslanlasiasiaodladias i as
&5 P
=g -3 P
i s 2 &3 vl g e englegsiom|engl o= jegr o lam lenajon
e 1TSS or2 <53 o | S s | S ERED I EH DD R D | i | T
&= Slees o o= SHIES I [ EHIEH CH|ES D TH | SB{IDH | ED - | &S
H o e P L e P e B B P P P g P P Y P P P g P
&3 -~ &S
3ics ot 3 Proc 3 3 oo Koo coxlexicenloolenioniwnic | oplanias
8 = ~3 & iR E3 CHIES D | EO S D | ES | &S IS S
%m,'«": ~ e - EE2 1 TS EDR D CER | ED | [ | v D [ [ D
3 e S == o oo e e el oo oo ad oo o las
 —
L8 . . 5
% Hics e &5 x| e lneD | gy L L e o I H N e Y Doe S oo S Eooo B i F e Y
a8k wn {SE2 1S -—= &5 = B | R | 62 SR D DD D 5 0 | 5 e |
e &3 2 s — = ol Ry | & S TR TS| TS | o TR TS (T D |~ | &S
o LA P b ~F e P P P e P e P R P R P e e S P
= o - o
L85
=
e
18K g | gt [T pos:
g | g | oo | o enlepic ] avlapicoiasian|am i low
B o (RIS = e I g x| & e | Eh to |t dn i | S i D
—— m(::gﬂ*? € P LR =] €D CCD LTI OO IR ST [ Qi O
BB ~E
—_—
528 e (B2 o <33 [ vk oo S LN o Eol CoD D G | 2 LS L O €D [ o [ OB [ 2
B E2 x> &35 &3 P P P e oD | o e o | oon o oo o e
<0 5= B
3 ey
<
R = o=
L mﬂ__._ —
[ T = | —
o Fn'e )
=
a2 P 5
o o 2= o = Las
Sle8= |8 g B Ex 2 _ R wEuwwEEu =
EISE S5 ISZ |t Bl 8 0y B S T e SR R O e e g 22
EifSE ® Hie <8 Tyl SRR - ir"_:—}zz*‘;ﬁ:m_‘”"j:‘:"wm =1
SO E IS B BEES B e = R I A ==
~oa® [t ] M [ e ] ) B e

FIG. 8J



WO 2018/236750

9/35

PCT/US2018/038076

== “ecoi~ LD
= oy et LT} eoiczion eio cxicicxicair-icn
Lk P &S capiae> CHIES S SIS CHICH DI iIcS
LaE X [ 10w] [owec} § o0 ool e P Evr-d Coiapiaiaiaias
o
ied o
== e § g LeD i G e e e ics e Do} Do Do 3 £ G LN |
o
% a2 3~ =7 cSlezjes ] P o e oo fa fas oo
Co®
LES e
g_g _— o oo g Lo eoiciv— oo ics eoiosicn ey ir— o
oy L2y 1T 0 EENED | acg SSIES CHICICS | e, [
g—ﬁ PG4 e ics eiemias o jo o fe s fa s o
3
—
i L= »]
= =i e =) coiosics o2l coicoicoicoicnic
=g 3D sl e ES5ICH I SHICS SHIEDICHIEDH IH 2
- oS 3l R Py pa Pt el e ios e las o e
LEE 2 -
o g
fom]
g
o
Prewnen § OB T3
Fa ) P oo e [ olaicr Prae Y Poms enicoicenicaienios
Ebins BT i - EH IS &5 XS TS S I TS s ieD
Fa) S5 LS Poerd P Pt P e enicziasiariasias
&3 R IOD [
&g
3
(]
=
Booomn
2 oog i =t o
£H3 5 P} Evvor) oo = [=r 31Tl e] [ w3 Fovo) [ooe 3 Eowo B Lo 3 Eov- B 5 vl 24
&2 <55 &5 €55 g En SHIES SIS ISS IS o 16D
o3 &iles e3> eslcsias e las o e e oo e e
[} [+ e
£eg
[ ]
€.
Gt
& = [
FxY S L g w3 eSS fieS SIS CHICSHICHICHISHICS
Frw] -
(YN
Lk
< ey
=5 XS e
L esm SN
&3 T |
e ey
e
2>
m:;,
= P
v
2= as c“fﬁf —
== oo f= fan Y| BN Lid 838
el =1 oax R &2 et [E ]
TRl &3 ik 28 e s £ | =2 == =2 =
AR A= e I R &3 O L=< s pem ey Pl Lo 3 Rl Vol PR Joviws
= 31 i3 s R — ST LYY P B f OB ELE | —
P g 3. Erd £3. [— &> S e < | |t
= a5 as crs | O L ) ) 3 e (]
P £ e o> & e 1T e L o
s e &5 1. e mid S ] et ==
B R R O] ] ) ol o= [
&l @ ¢ i | <42
b e
53 [ B g
[=R A sl

FIG. 5K



WO 2018/236750

30/35

Membrane #1

35(; ft

PCT/US2018/038076

Area 510830

Args 47358 ?sq m

stage ot 036

perm prassure 3&’}?&?

FEED g 1 i fead S5 IMMSCED
Flow 2001 MMSCFD 101 Toss Dist 080 IMBSCED
Tamperaturs 3778 {“ 1 foss Amin 8.0 MRSCFD
Pressure psia

B3

Todat Clioss

Permeation constant for

acid gas in fead

Acid gas remoneal

MRSCEDR

MNIRCFD

Q2o SRU

H25 1o SRY

RISCED

698 MMSCFD
48,45 {wrtfeed)

Total flow rate

Energy content

Pawer produced

membrang

a2

HIS &0
Rethans 3
Eihane 4.5
Propane 3.2
~Butane Q.1
n~-Butane a1
~Pentans .05
n~Pentans Q.02
r-Haxane 443
Heplane 8.02
HIO 0
MES 0
AIR &
Mitrogen )
Helium 308

tual Wor

FIG. 5L



WO 2018/236750 PCT/US2018/038076

31/35
Holium in faed 3,158  (RMRASCED
Feed 1o CO3 Distifl Unit £.148  IMNBOED
Froom L2 distunit 0,141 (RANVSCEFD
Helium cong straam 0.1386  (IMAMSCED
Hafium REC fram L0 dist feed 3%
gverall Hadium recovery ]5%
Compressor duty 1,832 1HP

1,383 tkw
Mambrang #3
Area 415000 {sgq it
Ares 38,569 {sym
perm prassyre 8hi{Psia

FIG. 5M



WO 2018/236750

32i35

PCT/US2018/038076

€52
€ g gl st g e
e~ ) M =2 o3 el iesleslesl esleslealoslesleniosion
= - PPt & w O P S D T € ] IS ol ol o £l €y
e
=
g =3 3
£3 e LD -3 ] Coigmlmarieshe—lo e e coglengen gz gsiesi ey
el
far e T o e} SHEDIedd EHES £ S T C S EA
o
=i
e od P
== o seersTieiclesicea) ooslelemlesliuics ooy
=L T} w2 L~ 3 = oolemiasioiioiiomiion] ol e etloiomii oo
5 B _gruz;g— B €L
o= L3 iy Py L3 &3 chlasiursiueieneieny ol end gl olemlesies i
L T ey |S=IGD = &3 T P 3 P €Sl €5 £ Sl €l € et
=
2 e g T P
EE = Ex < | = SN aEEE s e e e
=R 20 i I N T T e e
= <X L3
peeid L] 5 - Do o L o vt v o Lot Lo L Foe [ P
EE. FHlen S5 el L D o PR R Pt e e PR e A PP
= 4
o3
- = e s PN
ol &=
g =5 ok
=]
jsws
L &3
i .
k= @ =2 o
5{5% =1 %43 E> & mmmuj.” Eadiip g . LLd
Ewiak T 5 L B o EE N T e e e e
SR8 Bz T &2 B8-Et=aTssmetoifne
B 2 e =S B el = G o S v et Pt W i B W P
&= | EW 22 A S el TV e e e e T S K
= 2 B S & e ean ST
= —
2]

FIG. 5N



WO 2018/236750

33/35

PCT/US2018/038076

0.321

2.195

0
0
0
0
0.383
b

0

0

0

0
0.383

0

15,933

0

0

0

0
0.286

0

18.448
635.468

9.700
264.740

0.699

28.158
507 466

0.241

BTUMS

=
[ry] bt B P
PR L e
o o3
o v
=
AL %
g
.3 EPe S B
o 3
) €
[
bt
= RES
o Py
g‘;e LI <
& S
(%
e
= LD
“{ g e
2 I R
&g
A%
o o
[ s
=
B
Breeen
S | B
¥
& =
Py
&2
€.
P2
&
£ o &
el <= =
&3 e <33
&3 =5
g
&3
(43
&3
Ea
&3 P
812 B
£ =
E.2.8
Eag
BE..

&
E8n B
Bl eS| = =
o WV ] [

Q3 | & =B
Ewrxi @ &3
m k'
ahi £ O &=
St o e
&\ &

5D

Pressure
Total Adi. Std. Vapor Rale |MMH3/day

Bulk Stream Ideal LHY

Composition

HYSULFID
H

PROPANE

[

% = E:;_';;e
&= o o P P
gt ==

Nl el g e

[N

== e

FIG. 50



WO 2018/236750

34/35

Membrane #1

PCT/US2018/038076

Area S10,000 isg iy

Aras 47,398 fsum

stage oyt .30

DR prassurs 100iPsia

FELD €1 in feed D86 IMMSCFD
Fow SCOIMVSCRD HOT foss DSt S0 IMMSUED
Temperature I8 C1ioss Amin Q.0 IMMSCED
Prassure S00ipsia

Total £1 buss

O 1%

Parmeaation constam for B
membransg

acdgasinfeed | 55T MMSCED
Acid gas in perm 423 MNSUFD
H2S 50 Adid gas removal 750 %
RMethang 3 ;
Etbane ST €O02toSRU 6% MWSCFD
Prapane 3 CO2 roduction to SRU { wri feed)
i~Butans 8.1
o-Butans 0.1
-Pentang .05
a-Pentans Q2
r-Hexane 0.0%
Heptane 8432 :
K0 Wy Power produced $9.5 MW
RAES {
AR &
Nitragen g Actual Wik HE 11,486
Helium wy ¢ KW 3,738

FIG. 5P



WO 2018/236750

35/35

PCT/US2018/038076

Helium i fasd G159 IMMACFD
Feed to {02 Distil Unit 0.146  [MMSCED
From CO2 dist unit €141 (RMMSCED
Halium cone siream 0,440 IMNSTFD
Helium REC from £Q2 dist feed 25%
overall Helfum racovery R85
fomprassor duly 1,833 (R

1,382 Kw
Mambrane #3
Asres 415,000 sg ft
Arsa 38,568 isgm
DI pressurs 25{Psia

FIG. 5Q



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2018/038076

A. CLASSIFICATION OF SUBJECT MATTER

INV. BO1D53/14 BO1D53/22
BO1D71/06
ADD.

BO1D53/30

CO01B23/00 C10oL3/10

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

BolD Co01B CloL

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y figure 2A
paragraphs [0002],
[0061], [0068]

[0033],

AL) 5 July 2012 (2012-07-05)
A figure 2
paragraphs [0030],
[0070]

[0032],

X US 2012/111051 Al (KULKARNI SUDHIR S [US]
ET AL) 10 May 2012 (2012-05-10)

Y US 2012/168154 Al (CHINN DANIEL [US] ET

1,2,4,
13-15,
17,26
3,4,16,

[0034], 17

3,4,16,
17
1,2

[0036], 13-15,26

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

18 September 2018

Date of mailing of the international search report

28/11/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Pohlmann, Robert

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2018/038076
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

2-4, 13, 15-17, 26(completely); 1, l4(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2018/038076
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2012111051 Al 10-05-2012  EP 2624935 Al 14-08-2013
US 2012111051 Al 10-05-2012
WO 2012048078 Al 12-04-2012
US 2012168154 Al 05-07-2012 CA 2823242 Al 05-07-2012
EA 201390991 Al 30-12-2013
US 2012168154 Al 05-07-2012
WO 2012092040 A2 05-07-2012

Form PCT/ISA/210 (patent family annex) (April 2005)




International Application No. PCT/ US2018/ 038076

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:
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A method and apparatus for treating a natural gas stream by
using a membrane contactor to separate acid gases from the
feed stream into a the permeate wherein the acid gases are
separated from non-hydrocarbons in a distillation unit
further comprising the retentate stream to an amine unit

2. claims: 5-9, 18-22(completely); 1, l4(partially)

A method and apparatus for treating a natural gas stream by
using a membrane contactor to separate acid gases from the
feed stream into a the permeate wherein the acid gases are
separated from non-hydrocarbons in a distillation unit,
further comprising a additional membrane units for further

separating the non-hydrocarbon overhead stream of the
distillation unit.
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A method and apparatus for treating a natural gas stream by
using a membrane contactor to separate acid gases from the
feed stream into a the permeate wherein the acid gases are
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to selectively separate H2S and other acid gases from the
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