PURIFICATION ARRANGEMENTS AND METHODS
FOR GAS PIPELINE SYSTEMS

Disclosure of the Invention

[0001] Natural gas and other gases transmitted througHipgsystems may carry many
types of particulates, including liquid dropletsifor solid particles. The gas may be the
source of the particulates. For example, gas iegténe pipeline system from a gas
treatment facility after it has been extracted frmvell may still be laden with particulates.
Or the particulates may be generated within thelpip system itself. For example, solid
particles may be generated by corrosion and abrasgihin the pipeline system. Liquid
droplets may arise from condensation or as residiikguid cleaners for the pipeline system.
Many of these particulates are harmful to the camepts of the pipeline system and the
personnel who operate and service the pipelin@systor example, the gas may carry black
powder, a general term used to describe a hosision-related particulate contaminants,
that can be erosive, toxic, and/or chemically rigaawith air, i. e., pyrophoric.

[0002] The present invention relates to purification agements and methods for
removing particulates from gas flowing through ggeline system. Embodiments of the
invention may include a pressure vessel havingnke and an outlet connected to the
pipeline system. The pressure vessel may contd@ast two purification assemblies, and
the gas may be directed through the pressure vedsete the purification assemblies
remove particulates from the gas.

[0003] A wide variety of purification assemblies may bediso remove the particulates.
For example, one or more of the purification asderalmay comprise a filter assembly.

Each filter assembly may include one or more filllements, and each filter element may
include a porous filter medium. As the gas floluotigh the pressure vessel, it passes
through the filter medium, and the particulatesiedrby the gas are trapped on the surface of
and/or within the filter medium. Alternatively additionally, one or more of the purification
assemblies may comprise a separator assembly. deaahator assembly may include one or
more separators which remove particulates frongésewithout the use of a porous filter
medium. For example, a separator may slow thecitglof the gas and allow the particulates
to settle from the gas, or a separator may detthecparticulates from the principal gas flow
stream, causing the gas and the particulates tvaepirom one another. In any event, the
purification assemblies remove a significant portid the particulates, and gas leaving the

pressure vessel has significantly fewer particsl#ttan gas entering the pressure vessel.



Summary of the Invention

[0004] In accordance with one aspect of the inventionifipation arrangements for a

gas pipeline system may comprise a pressure vessegst first and second purification
assemblies, and an openable/closeable barrier pfEssure vessel may include an interior, a
gas inlet, and a gas outlet and may define a gasghth through the interior of the pressure
vessel between the gas inlet and the gas outlet. puirification assemblies may be located in
the gas flow path in the interior of the presswrsesel. The first purification assembly may be
positioned in the interior of the pressure vessélvben the gas inlet and the second
purification assembly. The second purificatioreassly may be positioned in the interior of
the pressure vessel between the first purificaagsembly and the gas outlet. The barrier
may be positioned in the interior of the presswesel between the first and second
purification assemblies, and the barrier may beaable between an open position and a
closed position. In the open position, the bamitws fluid communication between the

first and second purification assemblies and gasfioas between the purification
assemblies. In the closed position, the barr@aiss the first and second purification
assemblies from one another.

[0005] In accordance with another aspect of the invenponification arrangements for a
gas pipeline may comprise a pressure vesselea ditsembly, a separator assembly, and an
openable/closeable barrier. The pressure vesseinolade an interior, a gas inlet, and a gas
outlet and may define a gas flow path through tiberior of the pressure vessel between the
gas inlet and the gas outlet. The filter assemidy be located in the gas flow path in the
interior of the pressure vessel. The filter asdgmiay comprise a plurality of filter

elements, and each filter element may have a pdiltersmedium. The filter medium filters
particulates from the gas flowing through eaclefiklement. The separator assembly may
be located in the gas flow path in the interiotlef pressure vessel. The separator assembly
may include one or more separators, and each sepegeoves particulates from gas
flowing through the separator assembly. The bamigy be positioned in the interior of the
pressure vessel between the filter assembly anskegberator assembly, and the barrier may
be moveable between an open position and a clasgtign. In the open position, the barrier
allows fluid communication between the filter asbgnrand the separator assembly and gas
may flow between the filter assembly and the sépaessembly. In the closed position, the

barrier isolates the filter assembly and the seépaesssembly from one another.



[0006] In accordance with another aspect of the inventioethods for removing
particulates from a gas flowing in a gas pipelipgteam may comprise establishing a flow of
gas through a pressure vessel, including dire¢ctiaggas through a first purification assembly,
an open barrier, and a second purification assemtihe interior of the pressure vessel to
remove particulates from the gas. Each methodasworises terminating the flow of gas
through the pressure vessel, closing the barrieotate the first and second purification
assemblies from one another, and servicing at teesbf the first and second isolated
purification assemblies. For example, the firsifmation assembly may be serviced while
the second purification assembly is isolated fromfirst purification assembly by the barrier.
[0007] Purification arrangements and methods embodyingpomeore aspects of the
invention have many advantages. The first andrekparification assemblies are highly
effective for removing particulates from the gastl®e gas returning to the pipeline system
from the pressure vessel has far fewer particylatgs, may be largely free of solid particles
and liquid droplets, compared to the gas entehigoressure vessel. Further, the
openable/closeable barrier allows the purificaiseemblies to be serviced, e.g., cleaned
and/or replaced, much more quickly and safely. éxample, by closing the barrier and
isolating the first and second purification assaesirom one another, one of the purification
assemblies may be serviced without exposing th&evsito the potentially toxic, even
chemically reactive, particulate matter in the ojmarification assembly. In addition, the
purification assemblies, e.g., the separator askyeamiol the filter assembly, may be adjusted
or restructured to accommodate varying gas flondd@mns in the pipeline without

modification of the pressure vessel.

Brief Description of the Drawings

[0008] Fig. 1 is a side view of purification arrangemeittmportions of the pressure
vessel and shell cut away.

[0009] Fig. 2 is an oblique view of a filter assembly.

[0010] Figs. 3a and 3b are oblique top and bottom viewss séparator assembly.
[0011] Fig. 4 is an oblique view of a casing for the sap@rassembly of Fig. 3.
[0012] Fig. 5 is an exploded oblique view of an openahlds&able barrier.



Detailed Description of Embodiments of the Inventio

[0013] Purification arrangements embodying the inventiayfine configured in a wide
variety of different ways. For example, the paation arrangement 10 shown in Fig. 1 may
comprise a pressure vessel 11, two or more puibicassemblies 12, 13 located in the
interior of the pressure vessel 11, and an opeftddseable barrier 14 positioned in the
interior of the pressure vessel 11 between theptwiication assemblies 12, 13. The
pressure vessel 11 may have a gas inlet 15 ansl augjat 16 coupled to a gas pipeline
system (not shown) and defines a gas flow pathutfivahe interior of the pressure vessel
between the gas inlet 15 and the gas outlet 1@. pUnification assemblies 12, 13 and the
barrier 14 are positioned in the gas flow path leetwthe gas inlet 15 and the gas outlet 16.
Natural gas or any other gas passing through theigaline system is directed through the
pressure vessel 11 from the gas inlet 15 throughobthe purification assemblies 12, the
open barrier 14, and the other purification assgrhBlto the gas outlet 16. A significant
portion of the particulates, e.g., almost all spiadticles and most of the liquid droplets,
entrained in the gas as it enters the gas inlét é&moved by the purification assemblies 12,
13, so the gas leaving the pressure vessel ligslyafree of particulates.

[0014] The pressure vessel may be configured in any ofenous ways. For example,
the pressure vessel may have a configuration sitaila scraper trap/launcher vessel used to
service the interior of the pipeline. The pressgssel may have an elongate, generally
cylindrical structure and the axis may extend hantally, or it may extend vertically or at any
angle between horizontal and vertical. The pressessel may be formed as a unitary
structure or in a plurality of sections joined tthg in a fluid-tight manner. Further, the
pressure vessel may be constructed to withstandesign pressures and temperatures
appropriate for the pipelines of the pipeline systd~or example, for many natural gas
pipeline systems, the design pressure may be iratige from about 30 barg or less to about
75 barg or more, e.g., about 60 barg, and the désigperature may be in the range from
about minus 40 °C to about 100 °C, e.g., abouC70Fbr many embodiments, the pressure
vessel may be formed from a metal and is quiteslargd heavy. The gas inlet and the gas
outlet of the pressure vessel may be on opposié @xds of the vessel, or one may be on an
end and the other may be on the side of the vamskgth may be on the side of the vessel
facing in the same or different directions. Ini#idd to the gas inlet and the gas outlet, a
variety of other ports may be provided at variamgations on the vessel, including ports for
pressure protection, purging, flooding depresstidmaand/or draining and for pressure drop

and level control. Further, the pressure vessglin@dude one or more hatches or other
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covers on the ends or side of the pressure veassdibiv access to the interior for service
personnel and/or equipment, including removal astailation of the purification assemblies.
In the embodiment of Fig. 1, the pressure vessehdy be oriented horizontally and
supported by two or more stands 17 and may incdugas outlet 16 at one end of the pressure
vessel 11, a gas inlet 15 in the side of the pressessel 11 nearer the other end, and a cover
such as a quick opening hatch 20 hinged at the etk of the pressure vessel 11. The hatch
20 may be large enough to swing open and providesscalong the entire inner diameter of
the pressure vessel 11, facilitating installatiod eemoval of the purification assemblies.
Alternatively, a cover may be bolted to the enthef pressure vessel, again providing access
along the entire inner diameter when the coveensaved and facilitating removal and
installation of one or more of the purification asglies. The pressure vessel 11 may also be
provided with one or more purge gas inlets 21 arelar more gas discharge outlets 22
communicating between the interior and exteriathefpressure vessel 11.

[0015] The purification assemblies may be configured wide variety of ways to

remove particulates, including liquid particulasesi/or solid particulates, entrained in the
gas. For example, depending on the specific typaudiculates present in the gas of the
pipeline system, at least one or all of the puaificn assemblies in the pressure vessel may be
a filter assembly or at least one or all of thefmation assemblies in the pressure vessel may
be a separator assembly. For many pipeline systaatk powder may be a typical
particulate entrained in the gas. Black powder general term used to describe a host of
corrosion related contaminants in pipelines treigport natural gas, hydrocarbon
condensates, liquefied petroleum gas, and oth@sgabhe chemical and physical
composition of black powder may vary significantly.can be a dry powder, a liquid
suspension, and/or an intermediate sticky sludde dry powder may include iron oxides,
iron sulfides, and iron carbonates and may be &aen submicron in size. For example,
about 70% of the dry black powder particles malbeut 10 microns or less in size, and the
total loading may be in the range of about 5 t@@&0ins/MMSCF during normal operation of
the pipeline, although after a scraping operatientotal loading may increase by a factor of
up to 20 or more. Binder material present in tipelnes, e.g., parafins, asphaltenes, glycols,
and/or lubricants, may hold some of the black povpdeticles together to form larger
agglomerates. Additional solids, e.g., sand arsllgrfrequently accompany the black

powder entrained in the gas. Consequently, forymlaut not all, of the embodiments, one of
the purification assemblies, e.g., the most doweasir purification assembly in the pressure

vessel, may be a filter assembly arranged to rerfioge particulates, and another



purification assembly, e.g., the most upstreamfigation assembly, may be a separator
assembly arranged to remove liquid particulategaandrger solid particulates and
agglomerates. For example, in the purificatiomm@gement 10 shown in Fig. 1, the
purification assembly 12 coupled more closely o dhas inlet 15 may be a separator
assembly 23 and the purification assembly 13 cauplere closely to the gas outlet 16 may
be a filter assembly 24.

[0016] The filter assembly may be configured in any of euous ways and may include
one or more filter elements. For many embodimehtsfilter assembly 24 may comprise a
filter bundle assembly having an array of filteerakents 25, as shown in Fig. 2. The filter
elements may have any of a wide variety of shapdsies. For example, each filter
element 25 may have a hollow, generally cylindrad@pe, may include a blind end and an
open end fluidly communicating with the interiortbe hollow element, and may be arranged
for gas flow outside-in or inside-out through elemeThe filter elements 25 may include a
wide variety of porous filter media 26 for removipagrticulates from the gas. The porous
filter medium may, for example, include a poroudahmedium, a porous ceramic medium,
or a porous polymeric medium and may, for exampein the form of a spirally wound or
pleated membrane or sheet, e.g., a fibrous sheathaollow, cylindrical mass, e.g., a fibrous
mass. Further, the filter medium may have anywdréety of removal ratings. For
embodiments targeting black powder, the filter madimay comprise a high-efficiency,
high-dirt capacity, tapered-pore, absolute-ratedidggpth filter medium. Examples of filter
elements that are particularly effective for renrmgvblack powder include filter elements
rated 0.3 micron in gas and available under traetdesignation Coreless from Pall
Corporation of Port Washington, New York USA.

[0017] The filter assembly 24 may also include a framéaB@&upporting the array of
filter elements 25 in the pressure vessel 11. fidrmae may be configured in any of
numerous ways and may support the array for gasdlatside-in or inside-out through the
hollow filter elements. For example, the framen38y support the array for outside-in gas
flow and may include a tube sheet 31 at the enleofirray nearer the gas outlet 16, a
support plate 32 closer to, or at, the oppositeddride array, and one or more struts 33 that
connect the tube sheet 31 and the support platd B&.tube sheet 31 and the support plate
32 may have a shape that generally conforms torthes-sectional shape of the interior of the
pressure vessel and a dimension, e.g., an outeetka, that closely corresponds to the inner
diameter of the pressure vessel. The tube shemia$lhave a plurality of openings, and the

open end of each filter element 25 may be sealed tpening in the tube sheet 31, either



directly or via a stand-off tube, as shown in 2g.The tube sheet 31 thus defines an
unfiltered region of the filter assembly around fitter elements 25 on one side of the tube
sheet 31 and a filtrate region on the opposite gidbe tube sheet 31. The filtrate side of the
tube sheet 31 may be sealed to a header 34 whitlrn, may be sealed to the gas outlet 16
of the pressure vessel 11. For example, the h&dderay taper to an outlet end that may be
sealed to the gas outlet 16. Alternatively, tHeetaheet may be sealed to the interior of the
pressure vessel. The support plate 32, which reagohnected to the filter elements 25, for
example, at the blind ends of the filter elemessriay also have a plurality of openings,
allowing the unfiltered gas to flow along the exteof the filter elements 25.

[0018] The filter assembly may include one or more add#élaomponents. For
example, the filter assembly may or may not furihelude a shell surrounding the array of
filter elements and/or a transmit mechanism faitig the removal and installation of the
filter assembly within the pressure vessel. Indlmbodiment shown in Fig. 2, the filter
assembly 24 may not include a shell but may incluttansit mechanism 35. The transit
mechanism may be configured in any of numerous wagyading, for example, as slides on
the filter assembly and/or rails along the inteabthe pressure vessel. In Fig. 2, the transit
mechanism 35 may comprise a plurality of wheelse3$., spring loaded wheels, connected
to the frame 30 and/or the header 34 and distribateund the filter assembly 24, allowing
the filter assembly 24 to be quickly and converierdlled out of and into the interior of the
pressure vessel 11.

[0019] The separator assembly may be configured in amyferous ways and may
include one or more separators, including, for gdanone or more inertial separators. For
many embodiments, the separator assembly may ceenprinulti-stage separator assembly,
and at least one stage may include any type ofifiggdl or dynamic separator. One of
many different examples of a separator assemlheiswo-stage separator assembly 23
shown in Fig. 3 The first stage may include anastseparator, e.g., a downwardly angled
impact plate 40, directly in the gas flow path frtme gas inlet 15 and a large settling region
41 below the impact plate 40. The second stageintiyde one or more higher efficiency
separators 42, e.g., a bank of cyclone separafossgported by a top plate 43. For some
embodiments, the cyclone separators 42 may hawueatfeof down to 8 microns or less at
rated gas flow and a cut off of down to 10 microngess at 50% of rated gas flow. Any
number of cyclone separators may be provided, fewy.,or more, six or more, eight or more,
or ten or more, and the cyclone separators maybeusly configured. In the embodiment

of Fig. 3, each cyclone separator 42 may includewtar can 44 mounted around an inner



can 45. The outer can 44 may be closed at theentd e.g., by the top plate 43, and open at
the lower outlet end, and the inner can 45 maydgemn@t both the inlet and outlet ends, the
outlet end of the inner can opening through theplape 43. The axes of the cyclone
separators may be oriented parallel to, perperafi¢al or at any angle to the axis of the
pressure vessel. In the illustrated embodimentattes are generally perpendicular to the
axis of the pressure vessel 11. Additional trapyg be arranged at and/or below the lower
outlet of the outer can to enhance the retentiqradiculates.

[0020] The separator assembly may also include a frameostipg the multi-stage
separators, and the frame may be configured irofngymerous ways. For example, the
frame may comprise a plurality of support platess8onnected by one or more struts 53 as
well as the top plate 43 and the impact plate A@ownstream support plate 50 may be
positioned at the outlet end of the separator aslse®3, an upstream support plate 51 maybe
positioned at the opposite end of the separat@nasly 23, and an intermediate support plate
52 may be positioned between the upstream and di®ans support plates 50, 51. Each
support plate 50-52 may have a dimension, e.gougar diameter, that closely corresponds
to the inner diameter of the pressure vessel Jhlewy the support plates 50-52 to fit closely
against the pressure vessel 11 and inhibit bypfaesyogas around the entire separator
assembly 23 or any of the stages of the separssenzbly 23. For some embodiments, one
or more of the support plates 50-52 may be seal#tetpressure vessel 11. The first stage of
the separator assembly 23 may be defined betweanmptream support plate 51 and the
intermediate support plate 52, while the secongestaay be defined between the
intermediate support plate 52 and the downstreggpastiplate 50. An opening in the
intermediate support plate 52 beneath the angledétrplate 40 may open into a duct 54 that
extends below the top plate 43, allowing gas tw flaom the first stage into the second stage.
The duct 54 may feed the gas to each cyclone depd, for example, through an inlet
opening in the side of the outer can 44 near tle @nd. An opening in the downstream
support plate 50 above the top plate 43 allowd@asit the second stage of the separator
assembly 23 and enter the filter assembly 24.

[0021] The separator assembly may include one or moreiaaal components. For
example, for many, but not all, embodiments theasgpr assembly may include a shell
mounted to one or more of the separators and/gestaf the separator assembly to contain
the particulates removed by the separators. Tékrslay be variously configured and may

or may not be connected and/or sealed to the relmaof the separation assembly. For

example, the shell 55 may be generally cylindrazad open on both ends and may surround



one or more or all of the separators 40-42 or stadde shell 55 may be dimensioned to fit
within the interior of the pressure vessel 11 amdiad the separators and support plates 50-
52 of the separator assembly 23. For exampleshiiblt 55 may be dimensioned to closely
correspond to the inner diameter of the presswssald 1 and the outer diameter of the
support plates 50-52, enabling the shell 55 taoimkiypass of any gas between the pressure
vessel 11 and the shell 55 or between the shelhB3he support plates 50-52. For many
embodiments, the shell 55 may be sealed to theosuplates 50-52 in any suitable manner,
e.g., permanently or releasably, to contain antiquaates removed from the gas by the
separator assembly 23. For example, the shelld&bba welded to the outer rims of the
separator plates 50-52 to form a liquid-tight cor@acontaining the solids and liquids
removed from the gas by the separator assemblyB8.shell 55 may have a significant
liquid and/or solids holding capacity which alloal§of the particulates removed by the
separator assembly 23 over an extended period,afteanscraping operations, to be
conveniently and safely stored within the shell 35ie shell may have one or more openings.
For example, the shell 55 may include an inlet opeb7 in the side, e.g., at the top, of the
shell 55 that fluidly communicates with the ga#iri5 in the pressure vessel 11, allowing
gas to flow through the gas inlet 15 into the fatstge of the separator assembly 23. The inlet
opening 57 in the shell 55 may fit closely agathstgas inlet 15 and/or may be sealed to the
gas inlet 15 to prevent bypass of gas around tharator assembly 23. Other openings in the
shell 55 may include sealable side openings 58f#icditate emptying and cleaning of the
interior of the shell 55 and another top openingt&Q allows the shell to be filled with water
and/or any other suitable inhibitor. For many edibeents, the shell 55 need not be a
pressure vessel capable of withstanding the diifaxén pressure between the interior and
the exterior of the pressure vessel 11. Instédedshell 55 may be formed from a much
lighter gauge material, e.g., a lighter gauge métat can contain solids and liquids removed
by the separator assembly 23.

[0022] The separator assembly may or may not further dechutransit mechanism
facilitating removal and insertion of the separassembly within the pressure vessel or the
shell. The transit mechanism may be configureahiyn of numerous ways, including, for
example, as slides on the frame or the shell ofiltiee assembly and/or rails along the
pressure vessel. In the illustrated embodimeatirdmsit mechanism may comprise a plurality
of wheels 56. For embodiments without a shell tthesit mechanism, e.g., the wheels, may
be distributed around the frame of the separatserably and may be arranged to move, e.g.,

roll, along the inner periphery of the pressureseés a manner similar to the filter assembly



wheels 36. The separator assembly may then b&lgaind easily removed from and installed
into the pressure vessel, e.g., via the open hdlxite it is installed, the separator assembly
may be locked in place in the pressure vessellbgking mechanism. For embodiments with
a shell 55, a transit mechanism, e.g., the wheglsay be attached to the frame of the
separator assembly 23 and may be arranged to nhmwvg the interior of the shell 55. For
example, outside of the pressure vessel 11 theatepa40, 42 and the frame of the separator
assembly 23 may be moved, e.g., rolled, alongritezior of the shell 55 and permanently or
removably fixed in place in the shell 55, for exaenpy welding the support plates 50-52 to
the shell 55. Then the entire separator assentiguding the shell 55 may be moved
through the open hatch 20 of the pressure vesddixad in place in any suitable manner with
the gas inlet 15 of the pressure vessel 11 fluwdlymunicating with the inlet opening 57 in
the shell 55. The shell may further include asitamechanism, e.g., wheels, to facilitate this
movement along the pressure vessel, or the shiblltike remainder of the separator assembly
inside may be guided along the pressure vessetximple, by a push/pull table similar to the
push/pull tables used for scrapers. Alternatividlg,shell may first be installed in the pressure
vessel without the remainder of the separator dslyenThe remainder of the separator
assembly, e.g., the separators and the frame, meaybe moved, e.g., rolled, along the interior
of the shell and fixed in place while the shelnishe pressure vessel.

[0023] The openable/closeable barrier may be configuredvariety of ways to

alternately provide fluid communication between pioeification assemblies, e.g., the filter
assembly and the separator assembly, and fluidlgtes the purification assemblies. For
example, the barrier 14 may comprise a pair of edgxmounted plates 60, 61, at least one

of the plates 61 being rotatable. For many embedis) one plate 60 may be stationary and
the other plate 61 may be rotatable. The plate§5dnay have a shape that generally
conforms to the cross-sectional shape of the mtefithe pressure vessel 11 and a
dimension, e.g., an outer diameter, that closetyesponds to the inner diameter of the
pressure vessel 11, providing a close fit betwherotiter edge of the plates 60, 61 and the
interior of the pressure vessel 11 to inhibit dag/fwhen the barrier 14 is closed. The plates
60, 61 may extend generally perpendicular to the aixthe pressure vessel 11 and may or
may not be sealed to the pressure vessel 11. [Haieh60, 61 may have one or more
apertures extending around a significant portiog, @bout 50% or less, of the circumference
of the plate 60, 61, the remainder of the plate680yeing imperforate. Alternatively, one of
the plates 60, 61, e.g., the rotatable plate 6¥,lmeaa partial plate having only an

imperforate portion large enough to obstruct therape on the other plate 60 in the closed
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position. The barrier 14 may be movable betweeopsm position and a closed position.
For example, at least one of the plates 61 mayeetah respect to the other plate 60
between the open position and the closed positiothe open position, the aperture(s) of the
plates 60, 61 are aligned and unobstructed, théeba# is open, and gas may flow through
the open barrier 14 between the purification as$es\h2, 13. For many embodiments, the
imperforate portion of the rotatable plate(s) maybented gravitationally below the
aperture(s). The greater weight of the imperfopat¢ion may "lock” the barrier in the open
position during normal operation when gas flowsngen the purification assemblies.
Alternatively or additionally, the plates 60, 61yr#e locked in the open position by a
locking mechanism (not shown). In the closed parsitthe imperforate portions of the plates
60, 61 obstruct the apertures of the plates 60th@lbarrier 14 is closed, and the purification
assemblies 12, 13 are fluidly isolated from onetlaeio The plates 60, 61 may be sealed to
one another or may be positioned sufficiently clmsene another to substantially inhibit gas
flow through the obstructed apertures of the cldsauier.

[0024] The barrier 14 may be mounted in the gas flow patiwveen the purification
assemblies in a wide variety of ways. For exantple barrier 14 may include a mount 62
for supporting the barrier 14 in the gas flow pla¢tween the first and second purification
assemblies 12, 13. The mount 62 may be variousifigured and the plates 60, 61 may be
supported by the mount 62 in a variety of ways,, eagatably supported. The mount may be
attached to a variety of structures to supporbtmreier in the interior of the pressure vessel.
For some embodiments, the mount may be attachie toressure vessel itself. For
example, the mount may be attached, e.g., remowtaighed, to the interior of the pressure
vessel, supporting the barrier between the filsseanbly and the separator assembly. For
other embodimentshe mount may be attached to the separator asserbhyexample, the
mount may be attached to the struts or the dowarstiupport plate of the frame or to the
shell of the separator assembly, supporting thedrgust beyond and downstream of the
separator assembly. For still other embodimehésiount may be attached directly to the
filter assembly 24. For example, the mount 62 b&ttached to the frame 30 of the filter
assembly 24, e.g., the support plate 32 and/ostthiés 33, supporting the barrier 14 just
behind and upstream of the filter assembly 24.

[0025] Methods for removing particulates from a gas flayvin a gas pipeline system
may be embodied in a wide variety of ways. Fomaxa, during normal operation a flow of
gas may be established through the pipeline syatefrthrough the pressure vessel 11

connected to the pipeline. As the gas flows altveggas flow path through the interior of the
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pressure vessel 11, the gas is directed througbabenlet 15, the first purification assembly
12, the open barrier 14, and the second purifinagsembly 13 before exiting the pressure
vessel 11 via the gas outlet 16. As the gas fimaugh the purification assemblies 12, 13, a
significant portion of the particulates, both liquind solids, is removed from the gas by the
purification assemblies 12, 13. A wide varietyddferent purification assemblies may be
contained in the pressure vessel to remove paatesifrom the gas, as previously explained.
One of numerous examples of different combinatmfsurification assemblies is shown in
Fig. 1, where the first purification assembly 12yngamprise a separator assembly 24 for
removing liquid and larger solids particulates #melsecond purification assembly 13 may
comprise a filter assembly 24 for removing finelidsparticulates. This arrangement of a
separator assembly 23 upstream and a filter asgeidldlownstream in the pressure vessel
11 is particularly effective for removing black pder from the gas.

[0026] As shown in Fig. 1, gas may enter the pressuree/@4sand pass along the gas
flow path first through the separator assemblytB@ugh the open barrier 14, and then
through the filter assembly 24. As the gas pagsesigh the separator assembly 23, it may
be first directed through the first stage of thpasator assembly to remove liquid and larger
solids particulates and then through the secompgkstaremove additional liquids and finer
solids particulates. For example, gas may pass fh@ gas inlet 15 directly to the first stage,
impinging against an impact separator, e.g., tlghe@lnmpact plate 40. Liquid particulates
may coalesce along the impact plate 40 and thentfiche bottom of the first stage. The
larger solids particulates may be deflected byirtiygact plate 40 to the side and then fall to
the bottom of the first stage. After moving quicklast the edges of the angled impact plate
40, the gas may slow in the larger settling regi@rbelow the angled impact plate 41,
allowing additional particulates to settle to tlwtbm of the first stage. Particulates removed
in the first stage may be contained between th&eg® support plate 51 and the
intermediate support pate 52.

[0027] The gas may then enter the second stage from titiageegion 41 of the first
stage, for example, passing through an apertuetddalosely under the apex of the angled
impact plate 40 and into the duct 54 of the sestage. From the duct 54, the gas may enter
a cyclone separator 42, for example, through &t opening in the side of each outer can 44,
where the gas and remaining liquid and solids padtes are swirled within the outer can 44
toward the outlet end of the can 44. Liquid anidsgarticulates are deflected from the
principal gas flow stream by the cyclonic movemaithe gas in the outer can 44 and fall to
the bottom of the second stage through the outlgé the outer can 44. Additional traps
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(not shown) beneath the outer cans may enhancettr@ion of liquid and solid particulates
between the intermediate and downstream suppdesp$?, 50. The gas may pass from the
outlet end of the outer can 44 and into the infet ef the inner can 45, where it may pass
along the inner can 45 and through the outlet érdecinner can 45 into the space above the
top plate 43. From the space above the top p&téhé gas, substantially depleted in
particulates, may exit the separation assemblya2Z&xample, through the opening in the
downstream support plate 50 above the top platePéBticulates removed in the second
stage may be contained between the intermediapoguplate 52 and the downstream
support plate 50.

[0028] For embodiments having a shell 55 around the saparassembly 23, e.g., the
first and/or second stages of the separation adg&tBpthe removed liquid and solid
particulates are conveniently contained in the isgjmn assembly 23 by the shell 55 and
isolated from the pressure vessel 11. For exartipeparticulates removed in the first stage
may be contained between the upstream supportflased the intermediate support pate 52
by the shell 55. The particulates removed in #word stage may be contained between the
intermediate support plate 52 and the downstregipastiplate 50 by the shell 55. For
embodiments without a shell, the removed partieglabay be contained in the separation
assembly by the support plates and the pressuselves

[0029] From the first purification assembly 12, e.g., separator assembly 23, the gas
may flow along the gas flow path through the opamibr 14 to the second purification
assembly 13, e.g., the filter assembly 24. Fomgpta, the gas may flow through the aligned
apertures in the plates 60, 61 of the open baltddyetween the separator assembly 23 and
the filter assembly 24 with little or no pressurem

[0030] From the open barrier 14, the gas may pass alangah flow path through the
filter assembly 24, where any finer particulatesaing in the gas may be removed by the
filter medium 26. For example, for embodimentsiaged for outside-in flow through the
filter elements 25, the gas may flow into the uafiéd region along the exterior of the filter
elements 25. The gas then passes outside-in thtbegporous filter medium 26 of each
filter element 25, where the finer particulates @moved by the filter medium 26, and into
the interior of the hollow filter element 25. Frdhe interiors of the filter elements 25, the
filtered gas may pass to the gas outlet 16 of thesure vessel 11 substantially free of liquid
and solids particulates. For example, the gaspaayg along the interiors of the filter
elements 25 through the apertures in the tube Stieieto the header 34 and through the
header 34 to the gas outlet 16.
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[0031] After an extended period of time, one or both ef plurification assemblies 12,

13, e.g., the separator assembly 23 and/or tlee eiksembly 24, may become loaded with
particulates. Various sensors, e.g., pressureseand/or weight sensors, associated with
the purification assemblies 12, 13 may provideralication that a design parameter, e.g., the
pressure drop across or the particulate weightinvitre purification assembly, has been
exceeded. Gas flow through the pressure vesselay/lthen be terminated. For example,
the pipeline system may be shut down or the patibey arrangement 10 may be bypassed or
taken off line in favor of a parallel purificati@rangement 10. Upon termination of the gas
flow one or both of the purification assemblies 12,as well as the pressure vessel 11 may
be serviced, e.g., cleaned and/or replaced.

[0032] The openable/closeable barrier 14 greatly faodgatervicing of the purification
assemblies 12, 13. Many particulates, includirgklpowder, may be toxic to the service
personnel and/or may be chemically reactive, pyggphoric, when exposed to air,
especially the finer particulates. The openabdsihble barrier 14 protects the service
personnel from many of these risks. For exampler the gas flow is terminated, the open
barrier may be closed, isolating the purificatiesemblies from one another and allowing at
least one of the purification assemblies to beisedvwithout exposing the service personnel
to the particulates in the other purification asslgm For example, the hatch 20 of the
pressure vessel 11 may be opened and the opeerlda¢nmay be moved to the closed
position in any of a variety of ways. For examplee of the purification assemblies, e.g., the
separator assembly 23, may have a hollow guider88hwextends through the purification
assembly 11 and allows a tool 64, e.g., a T-bavetooupled to the open barrier 14 to move
it to the closed position. For some embodimehestdol 64 may have a fitting on one end
that engages the rotatable plate 61 of the bdkfiemd rotates the plate 61 until the
imperforate portions of the plates 61, 62 obsttietapertures in the plates 61, 62, closing
the barrier 14. The closed barrier 14 defines$ éirgl second isolated chambers 65, 66 within
the pressure vessel 11 around the first and sqmanification assemblies 12, 13 respectively,
allowing the service personnel to service one efgtrification assemblies 12, 13 free of the
risks from the particulates in the other purifioatassembly 13, 12.

[0033] For many embodiments, the service personnel mayée further protected by
flooding one or both of the first and second chamié®, 66 with an inert gas, e.g., nitrogen.
For some embodiments, before the hatch 20 is opdéime@ntire pressure vessel 11 or at least
the second chamber 66 may be flooded with the gestvia an inert gas inlet in the pressure

vessel 11. The hatch 20 may then be opened arghthier 14 may be moved to the closed
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position, maintaining the inert gas in the secomaineber 66 around the filter elements 25 of
the filter assembly 24. Additionally, a small fla¥inert gas may be directed into the second
chamber 66 to maintain a small positive pressuirest gas in the second chamber 66 while
barrier 14 is closed and the first purificationexably 12, e.g., the separator assembly 23 is
removed and/or serviced. Maintaining the inert@asind the second purification assembly
13, e.g., the filter assembly 24, ensures thafitieeparticulates removed by the filter
assembly 24 are not exposed to air and subjebetpdssibility of a pyrophoric reaction.
[0034] With or without an inert gas in the first or secarihmbers 65, 66, the first
purification assembly 12 may be easily serviced|enhe particulates in the second chamber
66 are isolated from the service personnel by kbeed barrier 14. For example, the pressure
vessel 11 may be opened and the first purificaassembly 12 may be removed for cleaning
and/or replacement. The purification assembly &% e removed from the pressure vessel
11 in a variety of ways. For example, the puriima assembly may be extracted by a
push/pull table similar to those used to instatl e@move scrapers.

[0035] For the illustrated embodiment, the pressure velssetay be opened by

removing the cover, e.g., swinging the hatch 2(hpped the separator assembly 23 may
then be removed through the open hatch 20. Foodmments having a transit mechanism,
the separator assembly 23 may quickly and easimdeed, e.g., rolled from the pressure
vessel 11. For embodiments having a shell 55s¢iparator assembly 23, including the shell
55, may be removed from the pressure vessel 1&xample, by a push/pull table, with all

of the collected liquid and solid particulates @m¢d within the shell 55 and isolated from
the pressure vessel and the service personnetv@iofurther ensure the safety of the service
personnel, the shell 55 may be filled with wateany other suitable inhibitor. For example,
water may dilute the liquid contaminants and préay particulates from reacting with air.
The water may be supplied to the shell 55 througlatr inlet in the pressure vessel 11 and
the top opening 59 in the shell 55.

[0036] If the second purification assembly 13 is not iechef servicing, the pressure
vessel 11 may be cleaned in the vicinity of thstfthamber 65 and a cleaned or new first
purification assembly 12, e.g., a cleaned/new sgpaassembly 23, may be installed through
the open hatch 20 in the pressure vessel 11. [deedbarrier 14 may be opened, either
before or after the cleaned or new first purifioatassembly is installed. For example, a
cleaned/new separator assembly 23 with or withaltell may be installed and locked into
position in the pressure vessel 11. The T-bar &% be inserted through the guide 63 and
engaged with the rotatable plate 61, and the platmay be rotated until the apertures in the
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plates 60, 61 are aligned, opening the barrieotédrmal operation. The cover, e.g., the
hatch 20, may be closed and gas flow may agairstadlkshed through the purification
arrangement 10.

[0037] If the second purification assembly 13 is alsoarmahof servicing, it too may be
removed from the pressure vessel 11. For some @mbkats, the pressure vessel may
include a separate opening, e.g., a separate batdver, for removing the second
purification assembly, allowing the second purifica assembly, e.g., the filter assembly, to
be removed before or at the same time as thepfirsfication assembly, e.g., the separator
assembly. In the illustrated embodiment, the seéqanification assembly 13, e.g., the filter
assembly 24, may be removed from the pressure lVessdter the first purification

assembly, e.g., the separator assembly, througbetine opening, e.g., the hatch 20, as the
first purification assembly 12, e.g., the separagsembly 23. For embodiments in which the
barrier is attached directly to the pressure vediselbarrier and/or the barrier mount may be
removed from the pressure vessel before the sqmanifitation assembly follows the first
purification through the hatch. For embodimentw/inich the barrier 14 is attached to the
first or second purification assembly 12, 13, taeasnd purification assembly 13 may be
removed from the pressure vessel 11 for cleaningmlacement in a variety of ways, as
previously described with respect to the first ficaition assembly 12. For the illustrated
embodiment, the filter assembly 24 may be diserdjfrgen the gas outlet 16 of the pressure
vessel 11, for example, by disengaging the heatl&odh the gas outlet 16. For
embodiments with a transit mechanism, e.g., theslghs, the filter assembly 24 may be
quickly and easily rolled along the pressure ves$ehrough the open hatch 20. The barrier
14 may be removed from the pressure vessel 11 aldhghe filter assembly 24. The
individual filter elements 25 may be cleaned otaepd. Alternatively, an entirely new filter
assembly 24, including new filter elements 25, wiith barrier 14 attached may replace the
spent filter assembly 24.

[0038] Once the pressure vessel 11 is empty, it may lametband the cleaned/new
second purification assembly 13 may be installetthénpressure vessel 11. For example, the
cleaned/ new filter assembly 24 and attached bidrdienay be moved into the pressure
vessel 11 through the open axial end and alongrssure vessel 11 and fitted into sealed
engagement with the gas outlet 16 at the opposdeoéthe pressure vessel 11. For
embodiments with a transit mechanism, e.g., theslgh6, the filter assembly 24 may be
quickly and easily rolled toward the gas outletub@l the header 34 engages and is sealed to

the gas inlet 16.
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[0039] Before or after the cleaned/new second purificatissembly 13, e.g., the filter
assembly 24, is installed along with the barrierthé barrier 14 may be moved to the open
position. The cleaned/new first purification asbgmi2 may be installed as previously
described. The cover, e.g., the hatch 20, maydsed. And a gas flow may again be
established through the purification arrangement 10

[0040] Although the invention has been disclosed in thbafiments previously
described and illustrated, the invention is noftkah to those embodiments. For instance,
one or more features of an embodiment may be eitathor modified, one or more features
of one embodiment may be combined with one or rfeatures of other embodiments, or
embodiments with very different features may besamed without departing from the
scope of the invention. For example, for some etithents the openable/closeable barrier
may comprise a single plate including one sectiogéd to another section. The hinged
section may be moved between a closed positioraarapen position. In the closed
position, the two sections of the plate may be lemgr and the plate may have a shape that
closely fits across the cross section of the pressessel, inhibiting gas flow and isolating
the first and second purification assemblies.hindpen section, the hinged sections may
extend at an angle to one another, creating atumpehrough which gas may flow between
the first and second purification assemblies. @& similar to the T-bar may be used to open
and close the hinged barrier. For some embodim#@sarrier may comprise a shuttered or
louvered plate. The shutter(s) or louver(s) maynoged to an open or closed position in a
variety of ways, including for example, as previgugescribed with respect to the T-bar.
Alternatively, the shutter(s) or louver(s) may hased toward a closed position, e.g., by
springs, but forced to the open position when itst purification assembly is inserted in the
pressure vessel. For example, a member on thefirgication assembly may contact the
barrier and force the shutter(s) or louver(s) opeen the first purification assembly is
properly positioned in the pressure vessel.

[0041] For some embodiments, the array of filter elemerayg be arranged for gas flow
inside-out. The tube sheet may be positionedeaéttd of the array closest to the barrier and
may be sealed to the pressure vessel or to a lgsisimounding the array of filter elements.
The open ends of the filter elements may be sdaldte apertures in the tube sheet, while
the support plate may be located at or near thesigpend of the array. Gas flowing
through the open barrier may pass into the interdrthe hollow filter elements through the

apertures in the tube sheet and then pass insidévough the filter medium, where the finer
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particulates are removed, to the exterior of therfelements. From the exterior of the filter
elements, the gas may pass to the gas outlet pirdssure vessel.

[0042] The present invention thus encompasses innumegaiid@diments and is not
restricted to the particular embodiments that Haeen described, illustrated, and/or
suggested herein. Rather, the present inventmudes all embodiments and modifications
that may fall within the scope of the claims.

[0043] The use of the terms “a” and “an” and “the” andI&stst one” and similar referents
in the context of describing the invention (espicia the context of the following claims)
are to be construed to cover both the singulartia@glural, unless otherwise indicated herein
or clearly contradicted by context. The use oftdren “at least one” followed by a list of one
or more items (for example, “at least one of A &ijis to be construed to mean one item
selected from the listed items (A or B) or any camkbon of two or more of the listed items
(A and B), unless otherwise indicated herein oardjecontradicted by context. The terms
“comprising,” “having,” “including,” and “containig’ are to be construed as open-ended
terms (i.e., meaning “including, but not limited”)aunless otherwise noted. Recitation of
ranges of values herein are merely intended tes#s\a shorthand method of referring
individually to each separate value falling wittiire range, unless otherwise indicated herein,
and each separate value is incorporated into tbefgmation as if it were individually recited
herein. All methods described herein can be pexéorin any suitable order unless otherwise
indicated herein or otherwise clearly contradidigaontext. The use of any and all
examples, or exemplary language (e.g., “such asljiged herein, is intended merely to
better illuminate the invention and does not pobmigation on the scope of the invention
unless otherwise claimed. No language in the §pation should be construed as indicating
any non-claimed element as essential to the peaofithe invention.

[0044] Preferred embodiments of this invention are desedriterein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydakdt in the art upon reading the
foregoing description. The inventors expect sHigtisans to employ such variations as
appropriate, and the inventors intend for the iteento be practiced otherwise than as
specifically described herein. Accordingly, tmsention includes all modifications and
equivalents of the subject matter recited in tlaéncs appended hereto as permitted by
applicable law. Moreover, any combination of thewe-described elements in all possible
variations thereof is encompassed by the inventidess otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS

1. A purification arrangement for a gas pipelinsteyn, the purification arrangement
comprising:

a pressure vessel including an interior, a gad,iahd a gas outlet and defining a gas
flow path through the interior of the pressure eébgtween the gas inlet and the gas outlet;

at least first and second purification assemltieasted in the gas flow path in the
interior of the pressure vessel, the first puriima assembly being located between the gas
inlet and the second purification assembly ands#wnd purification assembly being located
between the first purification assembly and theaatet; and

an openable/closable barrier positioned in theriot of the pressure vessel between
the first and second purification assemblies, @reiér being moveable between an open
position wherein the first purification assemblyiflly communicates with the second
purification assembly and a closed position whetienbarrier isolates the first and second

purification assemblies from one another.

2. The purification arrangement of claim 1 wheraifeast one of the first and second

purification assemblies comprises a filter asserhlljing a porous filter medium.

3. The purification arrangement of claim 2 whertkia filter assembly comprises an

array of hollow, generally cylindrical filter elemies.

4, The purification arrangement of claim 1, 2, awt®rein at least one of the first and

second purification assemblies comprises a sepaasembly.

5. The purification arrangement of claim 4 wheithi@ separation assembly includes one

or more cyclone separators.

6. The purification arrangement of any precedir@gneclwherein the pressure vessel has
an opening through which at least one of the &irst second purification assemblies is
removable and installable.

7. The purification arrangement of any precedirmgnelwherein the barrier comprises a

plate having an aperture.
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8. The purification arrangement of any of claim8 Wwherein the barrier comprises first
and second coaxially mounted plates, at least tate paving an aperture and each plate
having an imperforate region, and wherein at leastof the plates is rotatable with respect
to the other plate between the open position irckvthie aperture of the plate is unobstructed
and the first and second purification assembli@isllff communicate with one another and
the closed position in which the imperforate regitastructs the aperture and the first and

second purification assemblies are fluidly isoldtedn one another.

9. The purification arrangement of claim 7 or 8 v the barrier is mounted directly

to the second purification assembly.

10. A purification arrangement for a gas pipeligstem, the purification arrangement
comprising:

a pressure vessel including an interior, a gag,iahd a gas outlet and defining a gas
flow path through the interior of the pressure eébgtween the gas inlet and the gas outlet;

a filter assembly located in the gas flow patthminterior of the pressure vessel,
wherein the filter assembly comprises a pluralitfilter elements, each filter element
including a filter medium for filtering particuladdrom gas flowing through the filter
element;

a separator assembly located in the gas flowipétie interior of the pressure vessel,
wherein the separator assembly comprises one @& sgrarators, each separator removing
particulates from gas flowing through the separatod

an openable/closeable barrier positioned in tiseflgav path in the interior of the
pressure vessel between the filter assembly ansegberator assembly, the barrier being
moveable between an open position wherein the aepaassembly and the filter assembly
fluidly communicate with one another and a closesition wherein the separator assembly

and the filter assembly are fluidly isolated fromeaanother.

11. The purification arrangement of claim 10 whetdie filter assembly is downstream

in the gas flow path from the separator assembly.

12. The purification arrangement of claim 10 omdlierein each filter element has a
hollow generally cylindrical configuration and tpkirality of filter elements are arranged for

outside-in flow.
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13. The purification arrangement of claim 10, 1111® wherein the separator assembly
comprises at least a first stage and a second dtagastream from the first stage in the gas

flow path, the second stage including cyclone s&pas.

14. The purification arrangement of claim 10, 14, dr 13 wherein the barrier comprises

a plate having an aperture.

15. The purification arrangement of claim 10, 14, dr 13 wherein the barrier comprises
first and second coaxially mounted plates, at leastplate having an aperture and each plate
having an imperforate region and wherein at leastaf the plates is rotatable with respect to
the other plate between the open position in wthehaperture of the plate is unobstructed
aligned and the filter assembly and the separaserably fluidly communicate with one
another and the closed position in which the ingratke region obstructs the apertures and

the filter assembly and the separator assemblffiadty isolated from one another.

16. The purification arrangement of any of claifislb wherein the barrier is mounted

directly to the filter assembly.

17. A method for removing particulates from a dawing in a gas pipeline system, the
method comprising:

establishing a flow of gas through a pressureelesgluding directing the gas
through a first purification assembly, an openiearand a second purification assembly in
the interior of the pressure vessel to remove @aeies from the gas;

terminating the flow of gas through the presswassel,

closing the barrier to fluidly isolate the firsichsecond purification assemblies after
the flow of gas has been terminated; and

servicing at least one of the first and secondfipation assemblies.
18. The method of claim 17 wherein servicing onghefpurification assemblies includes

opening the pressure vessel and removing thepiirsication assembly from the pressure

vessel.
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19. The method of claim 17 or 18 further compridiogding the pressure vessel with an

inert gas before closing the barrier.

20. The method of any of claims 17-19 further casipg establishing a flow inert gas

into the pressure vessel around the second puiifitassembly after the barrier is closed.

21. The method of any of claims 17-20 further casipg reestablishing a gas flow

through the pressure vessel after servicing thiéigation assembly.
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