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 vess®dular filter assembly, and a modular
separator assembly. The pressure vessel may ealudhterior, a gas inlet, and a gas outlet
and may define a gas flow path through the intesfdhe pressure vessel between the gas
inlet and the gas outlet. The pressure vesselhaay an elongate configuration including a
horizontal axis and first and second axial endse pressure vessel may also have a cover
moveably mounted to the first axial end, the cdang movable between a first position and
a second position. In the first position, the cavay be sealed to the first axial end of the
pressure vessel, and in the second position ther cogy provide an opening at the first axial
end of the pressure vessel. The modular filtezragty may be removeably located in the
gas flow path in the interior of the pressure veaad may comprise a plurality of filter
elements. Each filter element may have a filtedion® positioned across the gas flow path
to filter particulates from gas flowing through thiger element. The modular separator
assembly may be removeably located in the gaspativ in the interior of the pressure
vessel between modular filter assembly and thendeis The modular separator assembly
may have one or more separators positioned indbdlgw path to remove particulates from
gas flowing along the gas flow path. The modulgrfassembly and the modular separator
assembly may each be removeable from and moveaabl¢hie interior of the pressure vessel
as an integral unit. The modular separator assemay be removable from and moveable
into the pressure vessel via the opening at teediial end of the pressure vessel when the
cover is in the second position.

[0005] 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 the interior of a horizontal presswesel from a gas inlet to a gas outlet,
including directing the gas through one or moreasafors of a modular separator assembly
and through one or more filter elements of a madiltar assembly to remove particulates
from the gas. The methods may also comprise tetmimthe flow of gas through the
pressure vessel; removing the modular separaterrdmyg as an integral unit from the
pressure vessel through an opening in a first &xidlof the pressure vessel; and installing a
cleaned or new modular separator assembly asegrahtunit into the pressure vessel
through the opening in the first axial end of thegsure vessel. The methods may further

comprise restablishing a flow of gas through therior of the pressure vessel from the gas



inlet to the gas outlet and through the new orreeamodular separator assembly in the
interior of the pressure vessel.

[0006] Purification arrangements and methods embodyingpomeore aspects of the
invention have many advantageous features, induidiatures that are highly effective for
removing particulates from the gas. For examplanbluding both a filter assembly and a
separator assembly, purification arrangements attiads embodying the invention remove
most particulates, especially black powder, sagdeereturning to the pipeline system from
the pressure vessel has far fewer particulates,reay be largely free of solid particles and
liquid droplets, compared to the gas entering tiesgure vessel from the pipeline system.
Further, the modular separator assembly, as wéitleasnodular filter assembly, may quickly
and easily be removed and installed in the horedgressure vessel. Each assembly is
modular in that it can be removed from, and insthihto, the horizontal pressure vessel as
an integral unit. For example, once the modulpasstor assembly becomes loaded with
particulates, it may be removed from the horizoptaksure vessel in a very short period of
time as an integral unit through the opening infitet axial end of the pressure vessel when
the cover is open. Similarly, a cleaned or new ufedseparator assembly may be installed
in the horizontal pressure vessel even more quaklgn integral unit through the opening in
the first axial end of the pressure vessel. Fanyreambodiments, a modular filter assembly
loaded with particulates and a cleaned or new naodiller assembly may also be quickly
and easily removed/installed as an integral uaitekample, through the same opening in the
first axial end of the horizontal pressure ves3éle modular nature of the filter and
separator assemblies thus greatly reduces the oogréquired to remove and replace each
assembly, thereby enhancing the efficiency of timéfipation process. Further, the
purification assemblies, e.g., the modular filtesembly and the modular separator assembly,
may be adjusted or restructured to accommodatengpgas flow conditions in the pipeline

without modification of the pressure vessel.

Brief Description of the Drawings

[0007] Fig. 1 is a side view of purification arrangemeittwportions of the pressure
vessel and shell cut away.

[0008] Fig. 2 is an oblique view of a filter assembly.

[0009] Figs. 3a and 3b are oblique top and bottom viewss sé¢parator assembly.
[0010] Fig. 4 is an oblique view of a casing for the safmrassembly of Fig. 3.
[0011] Fig. 5 is an exploded oblique view of an openahlds&able barrier.



Detailed Description of Embodiments of the Inventio

[0012] Purification arrangements embodying the inventiayfine configured in a wide
variety of different ways. For example, the peafion arrangement 10 shown in Fig. 1 may
comprise a pressure vessel 11 and two or moregatidn assemblies 12, 13 located in the
interior of the pressure vessel 11. The pressessal 11 may have a gas inlet 15 and a gas
outlet 16 coupled to a gas pipeline system (notvsh@nd may define a gas flow path
through the interior of the pressure vessel betweemas inlet 15 and the gas outlet 16. The
purification assemblies 12, 13, one a modular sgpaassembly and the other a modular
filter assembly, may be positioned in the gas fiath between the gas inlet 15 and the gas
outlet 16. Natural gas or any other gas passiraygh the gas pipeline system is directed
through the pressure vessel 11 from the gas ibléhirbugh the purification assemblies 12,
13 to the gas outlet 16. A significant portiortloé particulates, e.g., almost all solid particles
and most of the liquid droplets, entrained in the gs it enters the gas inlet 15 is removed by
the purification assemblies 12, 13, so the gasneahe pressure vessel 11 is largely free of
particulates.

[0013] The pressure vessel may be configured in any ofenoas ways. For example,

the pressure vessel may have a configuration simaila scraper trap/launcher vessel used to
service the interior of the pipeline. The presu@ssel may have an elongate, generally
cylindrical structure and the axis may extend hamtally, or it may extend vertically or at

any angle between horizontal and vertical. Thesree vessel may be formed as a unitary
structure or in a plurality of sections joined ttg in a fluid-tight manner. Further, the
pressure vessel may be constructed to withstandesign pressures and temperatures
appropriate for the pipelines of the pipeline systéd~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., abou€C70Fbr many embodiments, the pressure
vessel may be formed from a metal and is quiteelargd 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 vemskegth 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 variacations on the vessel, including ports for
pressure protection, purging, flooding, depresstion, and/or draining and for pressure drop

and level control. Further, the pressure vessglimdude one or more hatches or other



covers on the ends or side of the pressure vessdibiv access to the interior for service
personnel and/or equipment, including removal astailation of the purification
assemblies. In the embodiment of Fig. 1, the presgessel 11 may be oriented horizontally
and supported by two or more stands 17 and maydech gas outlet 16 at one axial end of
the pressure vessel 11, a gas inlet 15 in theodittee pressure vessel 11, e.g., at the top and
nearer the other axial end, and a cover such aghk gpening hatch 20 hinged at the other
axial end of the pressure vessel 11. The hatah&pbe large enough to swing open and
provide access along the entire inner diameteneptessure vessel 11, facilitating
installation and removal of the purification assées Alternatively, any other cover may
be bolted to the end of the pressure vessel, qgauiding access along the entire inner
diameter when the cover is removed and facilitatergoval and installation of one or more
of the purification assemblies. The pressure Vdssenay also be provided with one or more
purge gas inlets 21 and one or more gas dischartigt22 communicating between the
interior and exterior of the pressure vessel 11.

[0014] The purification assemblies may be configured wige variety of ways to

remove particulates, including liquid particulasesi/or solid particulates, entrained in the
gas. For example, depending on the specific typadiculates present in the gas of the
pipeline system, at least one of the purificatiegeamblies in the pressure vessel may be a
modular filter assembly and at least one of théfipation assemblies in the pressure vessel
may be a modular separator assembly. For manyinmepgystems, black powder may be a
typical particulate entrained in the gas. Blaclwger is a general term used to describe a
host of corrosion related contaminants in pipelithes transport natural gas, hydrocarbon
condensates, liquefied petroleum gas, and othesgabhe 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 maybeut 10 microns or less in size, and the
total loading may be in the range of about 5 t@g@&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 pavpdeticles together to form larger
agglomerates. Additional solids, e.g., sand arsllgrfrequently accompany the black
powder entrained in the gas. Consequently, foryneduthe embodiments, one of the

purification assemblies, e.g., the most downstrparification assembly in the pressure



vessel, may be a modular filter assembly arrangedrmove finer particulates, and another
purification assembly, e.g., the most upstreamfigation assembly, may be a modular
separator assembly arranged to remove liquid pdaties and/or larger solid particulates and
agglomerates. For example, in the purificatiomm@gement 10 shown in Fig. 1, the
purification assembly 12 coupled more closely ®dhs inlet 15 may be a modular separator
assembly 23 and the purification assembly 13 caupiere closely to the gas outlet 16 may
be a modular filter assembly 24. A modular assgngban assembly that can be removed
from or moved into the pressure vessel as an iategit.

[0015] The modular filter assembly may be configured ip ahnumerous ways and may
include one or more filter elements. For many ednipents, the modular filter assembly 24
may comprise a filter bundle assembly having aayeof filter elements 25, as shown in Fig.
2. The filter elements may have any of a wideetgirof shapes and sizes. For example, each
filter element 25 may have a hollow, generally mgitical shape, may include a blind end and
an open end fluidly communicating with the interadithe hollow element, and may be
arranged for gas flow outside-in or inside-out tlglo the element. The filter elements 25
may include a wide variety of porous filter med&f@r removing particulates from the gas.
The porous filter medium may, for example, incl@dgorous metal medium, a porous
ceramic medium, or a porous polymeric medium anyl, ricet example, be in the form of a
spirally wound or pleated membrane or sheet, a.fibrous sheet, or a hollow, cylindrical
mass, e.g., a fibrous mass. Further, the filtettiom may have any of a variety of removal
ratings. For embodiments targeting black powder filter medium may comprise a high-
efficiency, high-dirt capacity, tapered-pore, abgeirated gas depth filter medium.

Examples of filter elements that are particulaffeetive for removing black powder include
filter elements rated 0.3 micron in gas and avéglaimder the trade designation Coreless
from Pall Corporation of Port Washington, New Y &iBA.

[0016] The modular filter assembly 24 may also includeaai 30 for supporting the
filter assembly, including the array of filter elents 25, as an integral unit. The frame may
be configured in any of numerous ways and may suplpe array for gas flow outside-in or
inside-out through the hollow filter elements. Eaample, the frame 30 may support the
array for outside-in gas flow and may include aetsheet 31 at the end of the array nearer
the gas outlet 16, a support plate 32 closer tat,dhe opposite end of the array, and one or
more struts 33 that connect the tube sheet 31hensiupport plate 32. The tube sheet 31 and
the support plate 32 may have a shape that gepeaalforms to the cross-sectional shape of

the interior of the pressure vessel and a dimensign, an outer diameter, that closely



corresponds to the inner diameter of the pressessel. The tube sheet 31 may have a
plurality of openings, and the open end of eachrfiélement 25 may be sealed to an opening
in the tube sheet 31, either directly or via a dtafi tube, as shown in Fig. 2. The tube sheet
31 thus defines an unfiltered region of the fiklesembly around the filter elements 25 on one
side of the tube sheet 31 and a filtrate regiotheropposite side of the tube sheet 31. The
filtrate side of the tube sheet 31 may be sealedhteader 34 which, in turn, may be sealed to
the gas outlet 16 of the pressure vessel 11. ample, the header 34 may taper to an open
outlet end that may be sealed to the gas outlefAli@rnatively, the tube sheet may be sealed
to the interior of the pressure vessel, e.g., atbeguter edge of the tube sheet. The support
plate 32, which may be connected to the filter elets 25, for example, at the blind ends of
the filter elements 25, may also have a pluralitgmenings, allowing the unfiltered gas to
flow from the gas inlet 15 along the exterior o filter elements 25.

[0017] The modular filter assembly may include one or naatditional components. For
example, the filter assembly may or may not furihelude a shell surrounding the array of
filter elements and/or a transit mechanism fadifitathe removal and installation of the
modular filter assembly within the pressure vesselthe embodiment shown in Fig. 2, the
filter assembly 24 may not include a shell but nmjude a transit mechanism 35. The
transit mechanism may be configured in any of nemgmways including, for example, as
slides on the modular filter assembly and/or raliésg the interior of the pressure vessel. In
Fig. 2, the transit mechanism 35 may comprise ety of wheels 36, e.g., spring loaded
wheels, connected to the frame 30 and/or the hédand distributed around the modular
filter assembly 24, allowing the modular filter as®bly 24 to be quickly and conveniently
rolled out of and into the interior of the pressuessel 11.

[0018] The modular separator assembly may be configuradyrof numerous ways and
may include one or more separators, includingek@mple, one or more inertial separators.
For many embodiments, the modular separator asgamdyl comprise a multi-stage
separator assembly, and at least one stage maglenahy type of centrifugal or dynamic
separator. One of many different examples of autawdseparator assembly is the two-stage
separator assembly 23 shown in Fig. 3 The fiegjestnay include an impact separator, e.g.,
a downwardly angled impact plate 40, directly ia tas flow path from the gas inlet 15 and
a large settling region 41 below the impact pldte #he second stage may include one or
more higher efficiency separators 42, e.g., a ldrdyclone separators 42 supported by a top
plate 43. For some embodiments, the cyclone separd2 may have a cut off of down to 8

microns or less at rated gas flow and a cut otfafn to 10 microns or less at 50% of rated



gas flow. Any number of cyclone separators maptoeided, e.g., four or more, six or

more, eight or more, or ten or more, and the cyekgparators may be variously configured.
In the embodiment of Fig. 3, each cyclone sepadanay include an outer can 44 mounted
around an inner can 45. The outer can 44 maydsedlat the inlet end, e.g., by the top plate
43, and open at the lower outlet end, and the ioae45 may be open at both the inlet and
outlet ends, the outlet end of the inner can ogetiirough the top plate 43. The axes of the
cyclone separators may be oriented parallel tqgyeticular to, or at any angle to the axis of
the pressure vessel. In the illustrated embodintkataxes 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.

[0019] The modular separator assembly may also includenaef supporting the multi-
stage separators as an integral unit in the pres@ssel, and the frame may be configured in
any of numerous ways. For example, the frame roaypetise a plurality of support plates
50-52 connected by one or more struts 53, as wdhatop plate 43 and the impact plate 40.
A downstream support plate 50 may be positioneteabutlet end of the separator assembly
23, an upstream support plate 51 maybe position#e apposite end of the separator
assembly 23, and an intermediate support plated2ba positioned between the upstream
and downstream support plates 50, 51. Each suplatet 50-52 may have a dimension, e.g.,
an outer diameter, that closely corresponds tantiner diameter of the pressure vessel 11,
enabling the support plates 50-52 to fit closelgiagt the pressure vessel 11 and inhibit
bypass of any gas around the entire separator as@or any of the stages of the
separator assembly 23. For some embodiments,ranere of the support plates 50-52 may
be sealed to the pressure vessel 11. The figg sththe separator assembly 23 may be
defined between the upstream support plate 51ranohtermediate support plate 52, while
the second stage may be defined between the indeataesupport plate 52 and the
downstream support plate 50. An opening in thermediate support plate 52 beneath the
angled impact plate 40 may open into a duct 54d¢ktnds below the top plate 43, allowing
gas to flow from the first stage into the secorayst The duct 54 may feed the gas to each
cyclone separator 42, for example, through an opeining in the side of the outer can 44
near the inlet end. An opening in the downstreappert plate 50 above the top plate 43
allows gas to exit the second stage of the modelparator assembly 23 and enter the
modular filter assembly 24.

[0020] The modular separator assembly may include oneooe eidditional components.

For example, for many embodiments the modular sepaassembly 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. Tékslay 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 cylindraga 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 examplestiblt 55 may be dimensioned to closely
correspond to the inner diameter of the pressussald 1 and the outer diameter of the
support plates 50-52, enabling the shell 55 tabiblypass 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 antiqaates removed from the gas by the
modular separator assembly 23. For example, thiéSh may be welded to the outer rims of
the separator plates 50-52 to form a liquid-tigitainer containing the solids and liquids
removed from the gas by the modular separator ddg#8. The shell 55 may have a
significant liquid and/or solids holding capacithwh allows all of the particulates removed
by the modular separator assembly 23 over an estepdriod, even after scraping
operations, to be conveniently and safely stord@bivthe shell 55. The shell may have one
or more openings. For example, the shell 55 melypde an inlet opening 57 in the side, e.g.,
at the top, of the shell 55 that fluidly communesatvith the gas inlet 15 in the pressure
vessel 11, allowing gas to flow through the gastidb into the first stage of the separator
assembly 23. The inlet opening 57 in the sheln fit closely against the gas inlet 15
and/or may be sealed to the gas inlet 15 to prdwgrdss of gas around the modular
separator assembly 23. Other openings in the Shatiay include sealable side openings 58
that facilitate emptying and cleaning of the intef the shell 55 and another top opening 59
that allows the shell to be filled with water andédoy other suitable inhibitor. For many
embodiments, the shell 55 need not be a pressaseMeapable of withstanding the
difference in pressure between the interior ancettterior of the pressure vessel 11. Instead,
the shell 55 may be formed from a much lighter gaongterial, e.g., a lighter gauge metal,
that can contain solids and liquids removed byntloelular separator assembly 23.

[0021] The modular separator assembly may or may notduititlude a transit
mechanism facilitating removal and insertion of $ke@arator assembly within the pressure
vessel or the shell. The transit mechanism magobégured in any of numerous ways,

including, for example, as slides on the framehershell of the filter assembly and/or rails



along the pressure vessel. In the illustrated elintent, the transit mechanism may comprise
a plurality of wheels 56. For embodiments withawhell, the transit mechanism, e.g., the
wheels, may be distributed around the frame of#parator assembly and may be arranged
to move, e.g., roll, along the inner peripheryha pressure vessel 11 in a manner similar to
the filter assembly wheels 36. The modular sepaegsembly may then be quickly and
easily rolled along the pressure vessel to remadarsstall the modular separator assembly,
e.g., via the open hatch. Once itis installed,ttodular separator assembly may be locked in
place in the pressure vessel by a locking mechanion embodiments with a shell 55, a
transit mechanism, e.g., the wheels 56, may belathto the frame of the separator assembly
23 and may be arranged to move along the intefitiveoshell 55. For example, outside of
the pressure vessel 11 the separators 40, 42 arfichthe of the separator assembly 23 may
be moved, e.g., rolled, along the interior of thels55 and permanently or removably fixed

in place in the shell 55, for example, by weldihg support plates 50-52 to the shell 55.
Then the entire modular separator assembly 23dimauthe shell 55 may be moved as an
integral unit into the pressure vessel 11, e.gouh the open hatch 20, and fixed in place in
any suitable manner with the gas inlet 15 of thesgure vessel 11 fluidly communicating

with the inlet opening 57 in the shell 55. Thelkhmay further include a transit mechanism,
e.g., wheels, to facilitate movement along the qaressvessel, or the shell with the remainder
of the separator assembly inside may be guidedyalmpressure vessel, for example, by a
push/pull table similar to the push/pull tablesdifs® scrapers.

[0022] The purification arrangement may include one oraraxditional components.

For example, for some embodiments the purificaioangement 10 may include an
openable/closeable barrier 14 positioned in therioit of the pressure vessel 11 between the
modular separator and filter assemblies 23, 24 dpenable/closeable barrier may be
configured in a variety of ways to alternately pd®/fluid communication between the
modular filter assembly and the modular separagsembly and fluidly isolate the modular
assemblies. For example, the barrier 14 may camaripair of coaxially mounted plates 60,
61, at least one of the plates 61 being rotatalbte. many embodiments, one plate 60 may be
stationary and the other plate 61 may be rotatables plates 60, 61 may have a shape that
generally conforms to the cross-sectional shaptkeointerior of the 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 da®/fwhen the barrier 14 is closed. The plates

60, 61 may extend generally perpendicular to the aixthe pressure vessel 11 and may or
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may not be sealed to the pressure vessel 11. [Haieh60, 61 may have one or more
apertures extending around a significant portiogm, @bout 50% or less, of the circumference
of the plate 60, 61, the remainder of the plate68heing imperforate. Alternatively, one of
the plates 60, 61, e.g., a rotatable plate 61, lmeag partial plate having only an imperforate
portion large enough to obstruct the aperture erother plate 60 in the closed position. The
barrier 14 may be movable between an open positioha closed position. For example, at
least one of the plates 61 may rotate with resfoeitte other plate 60 between the open
position and the closed position. In the opentmosithe aperture(s) of the plates 60, 61 are
aligned and unobstructed, the barrier 14 is opeth gas may flow through the open barrier
14 between the modular assemblies 23, 24. For maniypdiments, the imperforate portion
of the rotatable plate(s) may be oriented grawatstily below the aperture(s). The greater
weight of the imperforate portion may "lock" therthar in the open position during normal
operation when gas flows between the purificatieseanblies. Alternatively or additionally,
the plates 60, 61 may be locked in the open pasitioa locking mechanism (not shown). In
the closed position, the imperforate portions ef phates 60, 61 obstruct the apertures of the
plates 60, 61, the barrier 14 is closed, and théutao assemblies 23, 24 are fluidly isolated
from one another. The plates 60, 61 may be se¢alede another or may be positioned
sufficiently close to one another to substantiadlyibit gas flow through the obstructed
apertures of the closed barrier.

[0023] The barrier 14 may be mounted in the gas flow pativeen the modular
separator and filter assemblies in a wide variétyays. For example, the barrier 14 may
include a mount 62 for supporting the barrier 1#hie gas flow path between the modular
assemblies 23, 24. The mount 62 may be variousifigured and the plates 60, 61 may be
supported by the mount 62 in a variety of ways,, edgatably 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 attachtbe foressure vessel itself. For
example, the mount may be attached, e.g., remodtaghed, to the interior of the pressure
vessel, supporting the barrier between the modilter assembly and the modular separator
assembly. For other embodimeritee mount may be attached to the modular separator
assembly. For example, the mount may be attachtebtstruts or the downstream support
plate of the frame or to the shell of the separassembly, supporting the barrier just beyond
and downstream of the separator assembly. Fbo#tér embodiments, the mount may be

attached directly to the modular filter assembly Eér example, the mount 62 may be
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attached to the frame 30 of the filter assemblye2d., the support plate 32 and/or the struts
33, supporting the barrier 14 just behind and ejasir of the filter assembly 24.

[0024] 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 syatetrthrough the pressure vessel 11
connected to the pipeline. As the gas flows albweggas flow path through the interior of the
pressure vessel 11, the gas is directed througbabenlet 15, the modular separator
assembly 23 and the modular filter assembly 24rbedgiting the pressure vessel 11 via the
gas outlet 16. As the gas flows through the madsdparator and filter assemblies 23, 24, a
significant portion of the particulates, both liquind solids, is removed from the gas by the
modular assemblies 23, 24. The upstream modypara®r assembly 23 may remove liquid
and larger solids particulates and the downstreaaiutar filter assembly 24 may remove
finer solids particulates. This arrangement ofaular separator assembly 23 upstream and
a modular filter assembly 24 downstream in theqamessvessel 11 is particularly effective for
removing black powder from the gas.

[0025] As shown in Fig. 1, gas may enter the pressureeVé4sand pass along the gas
flow path first through the modular separator addgr3 and then through the modular filter
assembly 24. As the gas passes through the sepasaembly 23, it may be first directed
through the first stage of the separator assenohigrhove liquid and larger solids
particulates and then through the second staganove additional liquids and finer solids
particulates. For example, gas may pass fromabkerget 15 directly to the first stage,
impinging against an impact separator, e.g., tlghe@lnimpact 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 redgidrbelow 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&reg® support plate 51 and the
intermediate support plate 52.

[0026] 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 sestade. 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 paletes are swirled within the outer can 44
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toward the outlet end of the can 44. Liquid anedsqarticulates are deflected from the
principal gas flow stream by the cyclonic movemaiithe gas in the outer can 44 and fall to
the bottom of the second stage through the outigioé the outer can 44. Additional traps
(not shown) beneath the outer cans may enhancettrion of liquid and solid particulates
between the intermediate and downstream suppadespd?, 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 értdeinner 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 modular separation abbe#8, for example, through the opening
in the downstream support plate 50 above the tajg @3. Particulates removed in the
second stage may be contained between the inteateeslipport plate 52 and the
downstream support plate 50.

[0027] For embodiments having a shell 55 around the saparar stages of the modular
separation assembly 23, e.g., the first and/ormskstages of the separation assembly 23, the
removed liquid and solid particulates are convetiyeand safely contained in the modular
separation assembly 23 by the shell 55 and isofaded the pressure vessel 11. For
example, the particulates removed in the firstestagy be contained between the upstream
support plate 51 and the intermediate support platey the shell 55. The particulates
removed in the second stage may be contained betiiveentermediate support plate 52 and
the downstream support plate 50 by the shell 5%.embodiments without a shell, the
removed particulates may be contained in the sgéparassembly by the support plates and
the pressure vessel.

[0028] From the modular separator assembly 23, the gadlmaylong the gas flow

path to the modular filter assembly 24. For embadits having an openable/closable barrier
14, the gas may flow between the modular assemb8ef4 through an open barrier 14. For
example, the gas may flow through the aligned apestin the plates 60, 61 of the open
barrier 14 between the modular separator assen3dné the modular filter assembly 24
with little or no pressure drop. For embodimenithout an openable/closable barrier, the
gas may flow directly to the modular filter asseynbl

[0029] The gas may then pass along the gas flow pathdhrthe modular filter

assembly 24, where any finer particulates remaimmirtge gas may be removed by the filter
medium 26. For example, for embodiments arrangeddtside-in flow through the filter
elements 25, the gas may flow into the unfilteregion along the exterior of the filter

elements 25. The gas then passes outside-in thtbegporous filter medium 26 of each
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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.

[0030] After an extended period of time, one or both eftodular separator assembly
23 and the modular filter assembly 24 may becoraddd with particulates. Various
sensors, e.g., pressure sensors and/or weightrseassociated with the modular assemblies
12, 13 may provide an indication that a designpatar, e.g., the pressure drop across or the
particulate weight within the modular assembly, been exceeded. Gas flow through the
pressure vessel 11 may then be terminated. Fon@gathe pipeline system may be shut
down or the purification arrangement 10 may be bgpd or taken off line in favor of a
parallel purification arrangement 10. Upon terrtioraof the gas flow one or both of the
modular separator and filter assemblies 23, 24 Imeaserviced, e.g., cleaned and/or replaced.
[0031] The modular structure of the separator assembhlyelisas the filter assembly,
greatly facilitates removal and replacement. Afiter modular separator assembly becomes
loaded with particulates, the pressure vessel maypened and the modular separator
assembly, including at least the frame and theraépa, may be quickly and easily removed
from the pressure vessel as an integral unit.ekample, the pressure vessel 11 may be
opened by removing the cover, e.g., swinging operhaitch 20 at the first axial end of the
horizontal pressure vessel 11. The opening prowdeen the cover is removed may be large
enough to accommodate removal of the entire modelparator assembly 23 as a single
integral unit through the first axial end of thegsure vessel. The modular separator
assembly 23 may be removed, for example, via a/puBltable and/or a transit mechanism.
Because the modular separator assembly 23 is rehasva single integral unit, the

downtime required to extract the modular separ@ssembly from the pressure vessel 11 is
far less than the downtime required to disassemBkparator assembly within the pressure
vessel and remove it piece-by-piece.

[0032] For embodiments having a shell 55, the shell Sh®imodular separator
assembly 23 also facilitates servicing of the peaitfon arrangement 10. Many particulates,
including black powder, may be toxic and/or maychemically reactive, e.g., pyrophoric,
when exposed to air and, therefore, present ausesiafety hazard to the service personnel.

The shell 55 collects and contains the particulegesoved by the separators 40, 42 and
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isolates the service personnel from many of thatuszof these particulates. For example, in
the illustrated embodiment, when the pressure Vé4sis opened, e.g., by swinging the
hatch 20 open, and the modular separator asser8lisyredmoved through the open hatch 20,
all of the collected liquid and solid particulatamntained within the shell 55 are removed
with the modular separator assembly 23 and aratewblfrom the service personnel. To even
further ensure the safety of the service persotimelshell may be filled with water and/or
any other suitable inhibitor. For example, watayrdilute the liquid contaminants in the
shell and prevent any solid contaminants in thdl §leen reacting with air. The water may
be supplied to the shell 55 through a water imdhe pressure vessel 11 and the top opening
59 in the shell 55 before the modular separata@mably 23 is removed.

[0033] In addition to protecting the service personned,ghell 55 of the modular
separator assembly 23 further reduces the downongred for removing a separator
assembly 23 fully loaded with particulates andaeplg it with a cleaned/new modular
separator assembly 23 empty of particulates. Niytdoes the shell 55 isolate the
particulates from the service personnel, it alstaies the particulates from the pressure
vessel 11. When the loaded modular separator &g@3 with all of the removed
particulates contained within the shell 55 is reethwhe pressure vessel remains relatively
clean, requiring far less time to clean the inteoibthe pressure vessel 11 in the vicinity of
the removed modular separator assembly 23 andlittetacleaned/new modular separator
assembly 23.

[0034] For embodiments having an openable/closeable basgevice personnel may be
further protected by the openable/closeable batderFor example, after the gas flow is
terminated, the open barrier may be closed, isgdtie modular separator and filter
assemblies from one another and allowing at le@stod the modular assemblies e.g., the
modular separator assembly 23, to be serviced utithposing the service personnel to the
particulates in the other assembly, e.g., the navdider assembly 24. For example, the
hatch 20 of the pressure vessel 11 may be openkttharopen barrier 14 may be moved to
the closed position in any of a variety of way®r Example, one of the modular assemblies,
e.g., the modular separator assembly 23, may haediaw guide 63 which extends through
the separator assembly 23 and allows a tool 64,anglongate T-bar, to be coupled to the
open barrier 14 to move it to the closed positiBor some embodiments, the tool 64 may
have a fitting on one end that engages the rotafabte 61 of the barrier 14 and rotates the
plate 61 until the imperforate portions of the 61, 62 obstruct the apertures in the plates

61, 62, closing the barrier 14. The closed bafréedefines first and second isolated
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chambers 65, 66 within the pressure vessel 11 drthenmodular separator and filter
assemblies 23, 24, respectively, allowing the serpersonnel to service one of the modular
assemblies 12, 13 free of the risks from the palgtes in the other modular assembly 13, 12.
[0035] For many embodiments, the service personnel mayée further protected by
flooding one or both of the first and second char®, 66 with an inert gas, e.g., nitrogen.
For some embodiments, before the hatch 20 is opdéime@ntire pressure vessel 11, the first
and second chambers 65, 66, or at least the sebtamiber 66 may be flooded with the inert
gas via an inert gas inlet in the pressure vesksellhe hatch 20 may then be opened and the
barrier 14 may be moved to the closed positionntaaiing the inert gas in the second
chamber 66 around the filter elements 25 of theutardilter assembly 24. Additionally, a
small flow of inert gas may be directed into thes® chamber 66 to maintain a small
positive pressure of inert gas in the second chagmevhile barrier 14 is closed and the
modular separator assembly 23 is removed and/viceer Maintaining the inert gas around
the modular filter assembly 24 ensures that the fiarticulates removed by the filter
assembly 24 are not exposed to air and subjebetpdssibility of a pyrophoric reaction.
[0036] If the modular filter assembly 24 is not in needefvicing, the region of the
pressure vessel 11 containing the modular sepaasambly 23 may be cleaned, a task
made much easier and faster if the modular sepaaase@mbly 23 includes a shell 55
containing the removed particalutes. A cleaned/mmdular separator assembly 23, with or
without a shell, may then be installed in the punessessel 11, for example, through the open
hatch 20 in the pressure vessel 11, e.g., viangitramechanism and/or push/pull table. The
modular separator assembly 23 may be installekiyugnd easily as a single integral unit,
further reducing downtime for many reasons sintiathose previously described. For
embodiments having an openable/closeable barrigh&&losed barrier 14 may be opened,
either before or after the cleaned/new modularrsepaassembly is installed. For example,
a cleaned/new modular separator assembly 23 valiekh 55 may be installed in the pressure
vessel 11. The T-bar 65 may then be inserted girthe guide 63 and engaged with the
rotatable plate 61, and the plate 61 may be rotatéitithe apertures in the plates 60, 61 are
aligned, opening the barrier 14 for normal operatidhe cover, e.g., the hatch 20, may be
closed, and gas flow may again be established ghrthe purification arrangement 10.

[0037] If the modular filter assembly 24 is also in neédearvicing, it too may be
removed from the pressure vessel 11. For some dmbats, the pressure vessel may
include a separate opening, e.g., a separate batdver, for removing the modular filter

assembly, allowing the modular filter assembly éardmoved before or at the same time as
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the modular separator assembly. In the illustratebodiment, the modular filter assembly
24 may be removed from the pressure vessel 11th#tenodular separator assembly 23
through the same opening, e.g., the hatch 20 eamtidular separator assembly 23. For
embodiments in which an openable/closeable bagiattached directly to the pressure
vessel, the barrier and/or the barrier mount masebeved from the pressure vessel before
the modular filter assembly follows the modulara@por assembly through the hatch. For
embodiments in which the barrier 14 is attachetthéomodular separator or filter assembly
23, 24 or no barrier is provided, the modular fikessembly 24 may be quickly and easily
removed as an integral unit from the pressure Vdd4stor cleaning or replacement in a
variety of ways, similar to those previously delsed with respect to the modular separator
assembly 23. In the illustrated embodiment, thelutar filter assembly 24 may be
disengaged from the gas outlet 16 of the pressssel 11, for example, by disengaging the
header 34 from the gas outlet 16. The modularfdssembly, including at least the frame
and the array of filter elements, may then be ekthfrom the pressure vessel as a single
integral unit. For example, the opening providdtewthe cover is removed may be large
enough to accommodate removal of the entire modiltieir assembly 24, for example,
through the first axial end of the pressure velgeheans of a push/pull table and/or a transit
mechanism. For embodiments with a transit mechargsg., the wheels 36, the modular
filter assembly 24 may be quickly and easily rokddng the pressure vessel 11, e.g., through
the open hatch 20. Again, because the modular ssembly 24 is removed as a single
integral unit, the downtime required to extract thedular filter assembly 24 from the
pressure vessel 11 is far less than the downtimeéres to disassemble a filter assembly
within the pressure vessel and remove the filteerbly piece-by-piece. The barrier 14 may
be removed from the pressure vessel 11, for exgrafaeg with the modular filter assembly
24. The individual filter elements 25 may be cleduor replaced. Alternatively, an entirely
new filter assembly 24, including new filter elerteR5, with or without a barrier 14, may
replace the spent modular filter assembly 24.

[0038] Once the pressure vessel 11 is empty, it may lametband a cleaned/new
modular filter assembly 24 may be installed inpihessure vessel 11 as an integral unit. For
example, the cleaned/new modular filter assemb]y@ or without an attached barrier 14,
may be moved into the pressure vessel 11 througbpkn axial end and along the pressure
vessel 11 and fitted into sealed engagement witlyés outlet 16 at the opposite axial end of
the pressure vessel 11. For embodiments witmaitrmechanism, e.g., the wheels 36, the

modular filter assembly 24 may be quickly and gasilled toward the gas outlet 16 until the
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header 34 engages and is sealed to the gas inld@ttiEmodular filter assembly 24 may be
installed quickly and easily as a single integrat,further reducing the downtime as
previously described.

[0039] Before or after the cleaned/new modular filter edsy 24 is installed, any barrier
14 may be moved to the open position. The cleamesdmodular separator assembly 23 may
then be installed as a single integral unit asiptesly described. The cover, e.g., the hatch
20, may be closed. And a gas flow may again kebéshed through the purification
arrangement 10, including the modular separat@maly 23 and the modular filter
assembly 24.

[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 modular separator and filter assemblies. droften section, the hinged sections may
extend at an angle to one another, creating atumpehrough which gas may flow between
the modular separator and filter assemblies. Adimoilar to the T-bar may be used to open
and close the hinged barrier. For some embodim#rgsarrier may comprise a shuttered or
louvered plate. The shutter(s) or louver(s) maynoeed to an open or closed position in a
variety of ways, including for example, as previgwdescribed 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, for exi@mwhen the modular separator assembly is
inserted in the pressure vessel. For example mabmeon the modular separator assembly
may contact the barrier and force the shutter(&)wrer(s) open when the modular separator
assembly is properly positioned in the pressurseles

[0041] For some embodiments, the array of filter elemehthe modular filter assembly
may be arranged for gas flow inside-out. The thmet may be positioned at the end of the
array closest to the barrier and may be sealduetprtessure vessel or to a housing

surrounding the array of filter elements. The opeds of the filter elements may be sealed
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to the apertures in the tube sheet, while the sujptete may be located at or near the
opposite end of the array. Gas flowing throughdpen barrier may pass into the interiors of
the hollow filter elements through the aperturethimtube sheet and then pass inside-out
through the filter medium of the filter elementd)eve the finer particulates are removed, to
the exterior of the filter elements. From the egieof the filter elements, the gas may pass
to the gas outlet of the pressure vessel.

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

[0043] The use of the terms “a” and “an” and “the” andl&st one” and similar
referents in the context of describing the invem{especially in the context of the following
claims) are to be construed to cover both the smgund the plural, unless otherwise
indicated herein or clearly contradicted by contékite use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the liggeas (A or B) or any combination of two
or more of the listed items (A and B), unless othee indicated herein or clearly
contradicted by context. The terms “comprisindyaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,inggancluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valuesiheare merely intended to serve as a
shorthand method of referring individually to eaelparate value falling within the range,
unless otherwise indicated herein, and each sepaaaie is incorporated into the
specification as if it were individually recitedrea. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly
contradicted by context. The use of any and ahgXes, or exemplary language (e.g., “such
as”) provided herein, is intended merely to batkeminate the invention and does not pose a
limitation on the scope of the invention unlesseottise claimed. No language in the
specification should be construed as indicatingraomy-claimed element as essential to the
practice of the 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 sHlietisans to employ such variations as

appropriate, and the inventors intend for the iteento be practiced otherwise than as
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specifically described herein. Accordingly, tmsention includes all modifications and
equivalents of the subject matter recited in tlaént$ 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,
the pressure vessel having an elongate configarat@duding a horizontal axis and first and
second axial ends and a cover moveably mountdtetbrst axial end, wherein the cover is
movable between a first position wherein the casvaealed to the first axial end of the
pressure vessel and a second position whereirother provides an opening at the first axial
end of the pressure vessel;

a modular filter assembly removably located inghs flow path in the interior of the
pressure vessel and comprising a plurality ofrfidlements, each filter element having a
filter medium positioned across the gas flow patfilter particulates from gas flowing
through the filter element; and

a modular separator assembly removably locat#teigas flow path in the interior of
the pressure vessel between the filter assemblytengas inlet, wherein the separator
assembly includes one or more separators positiorgne gas flow path to remove
particulates from gas flowing along the gas flowhpa

wherein the modular filter assembly and modulpasator assembly are each
removable from and moveable into the pressure vassan integral unit, the modular
separator assembly being removable from and moeeala the pressure vessel via the

opening at the first axial end of the pressureelesken the cover is in the second position.

2. The purification assembly of claim 1 wherein thedular filter assembly is
removable from and moveable into the pressure lyessthe opening at the first axial end of

the pressure vessel when the cover is in the squosition.
3. The purification assembly of claim 2 wherein thedular filter assembly includes a

transit mechanism and wherein the modular filteeashly is removable from and moveable

into the pressure vessel via the transit mechanism.
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4. The purification arrangement of any precedirgnelwherein one or more of the

separators includes a cyclone separator.

5. The purification arrangement of claim 1, 2 awt®rein the modular separator
assembly includes a plurality of stages positianetie gas flow path and wherein at least
one downstream stage includes one or more cycleparators.

6. The purification arrangement of claim 5 whem@mupstream stage comprises an

impact separator.

7. The purification arrangement of any precedimgnelwherein the modular separator

assembly comprises a frame supporting the modefarator assembly as an integral unit.
8. The purification arrangement of any precediragnelwherein the modular separator
assembly further includes a shell mounted to omaare of the separators to contain the

particulates removed by the separators.

9. The purification arrangement of claim 8 whertti@ shell surrounds all of the

separators.

10. The purification arrangement of claim 8 or 9%wéin the shell comprises a liquid-

tight enclosure.

11. The purification arrangement of any precediagwwherein the plurality of filter

elements comprises an array of hollow, generallyndyical filter elements.

12. The purification arrangement of claim 11 wheie filter elements of the array are

arranged for outside-in flow.

13. The purification arrangement of any precediag wherein the modular filter

assembly comprises a frame supporting the modiltar 4ssembly as an integral unit.
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14. The purification arrangement of an precedigncifurther comprising an
openable/closable barrier positioned in the gas fiath in the interior of the pressure vessel
between the modular filter assembly and modulaasgpr assembly, the barrier being
moveable between an open position wherein the rmodeparator assembly and the modular
filter assembly fluidly communicate with one anathed a closed position wherein the
modular separator assembly and the modular fitsembly are fluidly isolated from one

another.

15. The purification arrangement of claim 14 whettéie openable/closable barrier is

mounted directly to the modular filter assembly.

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

establishing a flow of gas through the interioadforizontal pressure vessel from a
gas inlet to a gas outlet, including directing tasugh one or more separators of a modular
separator and through one or more filter elemengésmodular filter assembly to remove
particulates from the gas;

terminating the flow of gas through the presswassel,

removing the modular separator assembly as agraitanit from the pressure vessel
through a opening in the first axial end of thespree vessel;

installing a cleaned or new modular separatormakbeas an integral unit into the
pressure vessel through the opening in the finstl @xd of the pressure vessel; and

restablishing a flow of gas through the interibth® pressure vessel from the gas
inlet to the gas outlet and through the cleanetkar modular separator assembly in the

interior of the pressure vessel.

17. The method of claim 16 further comprising remguwhe modular filter assembly as
an integral unit from the pressure vessel andlimgjeaa cleaned or new modular filter
assembly as an integral unit into the pressuresVest®r terminating the flow of gas and

before restablishing the flow of gas through therior of the pressure vessel.
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18. The method of claim 16 or 17 further compristegtaining particulates removed by
the separators in a shell that surrounds the sepsyavherein removing the modular
separator assembly includes removing the shelboaing the particulates removed by the

separators.

19. The method of claim 16, 17, or 18 further casipg closing an openable/closable
barrier located in the interior of the pressureseébetween the modular filter assembly and
the modular separator assembly after terminatiadldw of gas through the interior of the
pressure vessel, wherein closing the openableld®$arrier includes fluidly isolating the

modular filter assembly and modular separator assefrom one another.

20. The method of claim 19 further comprising flowpthe interior of the pressure vessel

around the modular filter assembly with an ines g#ier closing the barrier.
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