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shown). The multi-phase flow enters above the shoes 8, 9 as indicated by the arrows,
together with gas, liquid and vapour, at say a formation pressure PF. Additional
condensation of liquid can form above the shoes 6, 9 and in the tubing 5 and results in

25  a significant increase in density resulting in pressure PW at the bottom of the tail pipe 7,
ultimately, resulting in a hydrostatic back pressure PH which reduces the production
efficiency and may rise to a value which equals the formation pressure PF. At this point
production ceases making the well non-productive.

Attempts have therefore been made to avoid the problem and, conventionally, as

30  shown schematically in Fig. 2, this has been achieved by means of a downhole cyclone
15 being provided at the bottom of the production casing 2, together with an electric
motor/pump combination 16/17. Dual tubing strings 18, 19 are provided, with fiquid being
pumped, for example, to the surface, through the tubing string 18 and gas, separated in
the cyclone 15, passing through the tubing string 19. A system of this general type is

35 described in US-A-6 033 567. However, one of the problems with this conventional
solution is that of pump replacement. Continuously running pumps used for the purpose
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to the | ingdli-ghasasiseasn, FWHAMATSEYH t hr ough which liquid separated in the
separator is ressingal RAdinaudid YRR ddpariteh iirget through which separ at ed
liquidis, in use, caused to flow selectively. Preferably, the separator
conpi¥ ses a t ubul@mulicRiassgasdiagidMietal tubul ar bore co- 25 axial with the
housing; and a he]§fiad oltled iy di sposed between the housing and the bore,

a gas stream outlet;
a liquid transfer conduit connected to the liquid outlet of the flow separator; and
a pump for pumping liquid, disposed below the separator and including
20 a pump liquid inlet connected to the liquid transfer conduit and through which
liquid separated in the separator is received, and
a pumped liguid outiet through which separated liquid is, in use, caused to
flow selectively.
Preferably, the separator comprises a tubular housing; a central tubular bore co-
25  axial with the housing; and a helical flange disposed between the housing and the bore,
the multi-phase gas/liquid inlet opening into the annular space between the housing and
the bore so that the multi-phase gas/liquid mixture is caused, in use, to flow upwardly
around the annular space.
The separator unit may include horizontal radial liquid guides mounted at regular
30 intervals on the top face of the helical flange to direct any liquid flowing down on the top
face of the helical flange. Further the separator may have a plurality of openings in the
central bore each disposed immediately adjacent to a respective radial liquid guide and
the upper side of the helical flange on the upper side of the guide and for passing liuid
internally into the bore of the separator. A plurality of openings may be inciuded in the
35  housing each disposed immediately adjacent to a respective radial liuid guide and the
upper side of the helical flange on the upper side of the guide and for passing liquid out
of the separator. A shroud can be disposed adjacent each opening in the central bore on
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The central tubular bore may aiso provide the liquid transfer conduit and is
preferably connected with a tubular conduit above the separator into which the gas stream
outlet opens to allow outlet gas flow.

25 The pumped liquid outlet of the pump preferably connects with a conduit extending
upwardly through the central tubular bore. A pumping power supply is suitably disposed
through the central tubular bore of the separator.

The pump preferably includes a gas driven pump which comprises a housing; a
liquid inlet, an external line pressure closing check valve to receive liquid from the liquid

30 transfer conduit into the interior of the pump housing; means for injecting gas into the top
of the pump housing through a liquid closing check valve; a line back pressure check
valve disposed in the bottom of the pump housing; and an outlet line connected through
the bottom of a pump housing fo the line back pressure check valve.

The invention also includes a method of removing liquid from an upward flowing

35 liquid/gas multi-phase stream in a caisson or tube, including:

separating liquid from the muiti-phase liquid/gas stream centrifugally in a flow

separator and passing it to an outlet;
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present 1 nvention Wl
Fig. Slllustrates diagrammatically, in accordance with the invention, alongitudinal

section through a well;
20 Fig. 4 shows the lower end of the well in more detail, in particular, detail of a liquid
transfer and holding conduit or sleeve;
Fig. 5 illustretes the top of a surface well;
Figs. 6 to 9 illustrate longitudinal and partial cross-sections through separator units
employed in a unit according to the invention; )
25 Fig. 10 shows three different parts of a pumping cycle for such a unit; '
| Figs. 11 to 15 show various stages of the pumping cyele;
Fig. 16 is a graph of pressures during a typical pump cycle; and
Fig. 17 illustrates, schematically the whole of the apparatus both down-hole and
surface located, to provide a simple schematic to aid understanding of the operations.
30 The concept of the present invention is illustrated in Fig. 3. A tubular separation
unit 20 includes one or more (two as shown) centrifugal flow-induced liquid separator or
separators 21, 22 with a lower inlet 23 for the multi-phase liquid/gas stream flowing in
above the shoes 8, 9 through the perforations 12, at the bottom of the casing 2 and
casing liner above shoe 9. Liquid and gas are separated in the centrifugal separators 21,
35 22 and liquid separated from the gas passes through a transfer conduit or sleeve 24 from
an outlet 25 into a pump 26, which is a gas injection pump, and, under the pressure ofgas
fed to the pump from a gas operation line 27, liquid is removed through a liquid outlet line



now be described with reference to the acconpanyi ng draw ng& § nMAki 206516
CFig. | is a exanple schematic illustration of a typical rior art, gas

wel | compbmiBen; Fig. 2 shows a prior art downhol e cychE’é]S%/?t“Em provi ded
at the bottomof the production casigg; Fig. 3 illustrates,

di agrammatically, in accordance with the invention, a |ongi tudi nal section
through ggwel I'; 20 Fig. 4 shows the |ower end of the vveII In nore detail,

in particular, detail of aliq r fer hoI condU| | eeve;
Fig. 6 illust 599@'@‘@?@%’8&"6‘?"9%‘5%{59“\’ H%%%%Pm u%f a@d UPIt%J tr? ?a‘f

| ongi t udj ARk RBdedafHyt balver pRssGHRChHMD REmbéranig hn@ﬁm aigoareupnwmedeaml oyed
in aunit according to the Invention; 25 Fig. 10 shows three different

parts of cenveoigidhg cycle for such a unit; Figs. 11 to 15 show various
staggs of theppy ngn@Mf:ﬂ@wéﬁHgs iliGirAtSd M @heRthad fnape estailireBigdiwhich, a

typi cal punp ;o an 17 |IIustra chenmat i.cal t | e of the
appar at u§1 MWYQ!IOWQW?&‘*@“&%@"G bayiq transer @gﬁ'@gﬁnq Borﬁ{“‘g\ﬂr ak’%?ie gsﬁé\ﬁ g‘

schemat i Gad ificdfish Hids Qétﬁ%e?ﬁloﬁﬁlqﬁlh%ep&%fe@hh@Iﬁ&sepa’iﬂtoﬂ&m (22r(aewill et he
present Tnvention is illustrated in

P e desdendbet mpee detaibaies salareciathe Shats il Al e bRt ehitgt ¢ 2°

separ at 055 ffihe §§$é%t6i€s%522 Mia gaemsrm@ ifled V30, Fdra theXBarfstar/stdragersibeve phase
l'i qui d/gas stre

th h hr t
120 (6 sboutlahpioe 3 Iesiea agueEhkin Be PR 25 2hd BB hREoB TSR "

and gas %{cfhéseaﬁ(ei\& esbd bl REcHRR Waivk ERRIThE e;naelamvs 32145 oasna&waam the qui d
separ ate

romthe gas pasSses throu tra con e 4 from
an out | epresgure af kﬂlﬁﬂglﬁﬁ icigpt inJine 3/ aﬁgcgsssa\g L Lﬁ%:res;nge K%‘%er t he
pressur lﬂ%p%‘s Licftfﬁfibﬁlwstﬁ]ﬁinﬁldgbu @ d@nd)as aomsumofgaslprmu%?wﬁhmmﬂd s
renoved ro i quid outl et ne 08 %R 2005, WO, 0

PCT/ USO 195 28, & Wpegeei&r hrough gj'a%OPfs'"}% ‘H‘*ﬁ’&ﬁ%h{’%"? %8 Gasdiction

tubigg Sq @Jgﬁe&'ﬁohptﬁer gé‘s Hperafion qtﬁe tmetheaﬁghrw fidatingé bhegk eateei3d aich is
tenperatu noni tors are provid as onvenﬁ onal . 5 The | ower end of

the wel | operaile {q cigse theraas qn?f%tts’ﬁél&!ﬁé? O BrYERLIMG INGTESE g 4 which, in
particul ar, Sﬁ?"‘@ iRskaes o to Phﬁ a'sluﬂ‘tdtéiwbn &ﬂéﬁaﬁlﬁ seiemativatly, Endabodsithe or

f Lgeggpgﬁg{%ag Szg_qspgggl(\ég WQF; 8 k e wrgfl casing £' wrtRetF\g tr.)lrgéluctlorglt'lljbqngs gp8£ ated in

operation line 27 and liquid output fine 28 shown extending therethrough. Subsurface

20 safety valves 35, 36 are connected to the gas operation line 27 and liquid output line 28
respectively, being controlled by hydraulic lines 37, 38, respectively. The tree 4 has the
tubing hanger 40, a fire cap 41, production tubing plugs 42, 43, and a production outlet
port 44. A master valve 45 and a production isolation valve 46 are also shown in the
production output line 47. The production tubing subsurface safety valve 13 is operated

25  viaa hydraulic line 130 and the casing annulus, i.e., around the production tubing 5 within
the casing 2 is vented through a port 48 with an appropriate valves 49, The centrifugal
separation units 21, 22, will now be described in more detail with reference to Figs. 6 fo
9. The separator unifs 21, 22, are substantially identical and therefore only one of them
will be described.

30 Figs. 6 and 7 show part of a separator unit whereas Figs. 8 and 9 show the whole

unit.
The separator unit has a tubular housing 210 which is sized to fit with a clearance
calculated to collect the anticipated volume of liquid separated, within the well casing 2.
Coaxial with the housing 210 is an inner bore 211 which forms part of the production
35  outlet in use. Helically disposed around the bore 211 and occupying the whole radial
extent of the annulus between the bore 211 and the housing 210 s a flange 212. Adjacent
to the underside of the flange, at regular intervals of the bore 211 are provided
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channelied into the tubing, moving at high velocity and preventing further liquid drop out,
by allowing Yiquid to be blown upwardly in the tubing.
The operation of the separator unit will now be further described.
The liquid/gas mixture flows upwardly under pressure at the bottom of the wefl 1 )
25 through the casing 2, enters the separator through the inlet 25 and is forced to flow in a
helical path around the bore 211 by means of the helically flange 212. The upward
rotational flow causes liquid to be separated from the gas and thrown, cenfrifugally,
outwardly against the inside face of the housing 210. It is partially collected by the
longitudinal gufdes 215 and then, under gravity, as long as the gas velocity is relative low,
30 the collected liquid flows out of the housing 210 through the openings 217 having been
trapped by the radial guides 216. Depending upon the volume of liquid collected it may
also flow inwardly through the openings 218 in the bore 211. Liquid flowing downwardly
around the outside of the casing 210 flows to the bottom where it is prevented from
flowing further along the inside of the casing 2 by the seal 221 and then flow inwardly
35 through the opening 217, across the boitom end of the flange 212 and through to the
inside of the bore 211 via the opening 218. This is seen most clearly in Fig. 8 where the

liquid flow is shown in solid black shading.
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4 . Once the pump is empty and gas enters line 28. A sensor in the control unit senses

25  the drop in supply gas pressure due to the reduced head in return line 28 as shown in the

central figure, and closes the inlet valve 37 and opens the vent valve 36 to end the

pumping phase and allow gas to be vented from the pump 36. Filling of the pump 26 then
recommences as shown on the right hand side of the figure.

Figs. 11 to 15 show various stages of the pumping cycle, the gas valves 36, 37

30  being shown as a singte shuttle valve with a controller 38. Fig. 11 shows the liquid in the

pump 26 at its full level as indicated by the dotted line 39, the float valve 34 being shown

in its closed position and line 27 pressured down. At this point pumping commences by

operating valves 36, 37 and Fig. 12 shows the approximate mid point of the pumping

stage with the liquid level 39 having been lowered to the position shown under the action

35  of high-pressure gas from the operational gas line 27. The check vaive 33 is open and

fiquid is pumped to the tree through the outlet line 28, the float valve 34 is open as

indicated. The check valve 32 remains closed. At the end of the pumping stage as shown
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conditi on&?%g?f/%i ch liquid separated fromthe gas is not able to flow

downwardly al ong the inside of the holising 210 but instead flows upwardly
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on phe g, hand BLdeidreddife it tHefyas operation line pressure PGO vented down

to the gas export line pressure.
On opening the well, the gas export line pressure PF drops to the gas flowing

pressure. The gas operation line is switched in with high gas pressure raising PGO. When
the pressures have stabilised, Step XIl commences. )
25 Step Xl illustrates the pump emptying with a constant high gas pressure '
maintaining PGO.
Step Xl lllustrates the pump empty and high pressure gas displacing fluid in the
return line 28 and subsequently a loss in head occurs. The pressure in the gas operating
fine will drop, lowering pressure PGO, until the control 38 recognises a set pressure drop
30  P1 is reached which switches valves 36/37 as shown in Step XIV.
Step XIV illustrates the pump filling with liquid through fine 31 as the gas operating
line pressure PGO vents down to the gas export pipe line pressure PO. Any fluid in line
28 is held in place by check valve 33. This continues until the pump is full of liquid which
closes the float check valve 34 as shown in Step XV.
35 Step XV illustrates the full pump with the closed check valve 34, but as the gas
operating line is now venting to the gas export line, the gas operating line is subjected to
a notable drop in pressure which the controller can detect as P2. The controller then
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PGO vent ed down 0 tg%?régg?ﬂe@xport | ine pressure. On opening the well, the

t
gas expBrEvent prediion rops to the gas flow ng
The well completion discussed assumes the separated liquid is pumped up to the

37 is

tree, but in certain circumstances part of the well bore may be past a liquid disposat zone.
For a liquid disposal zone below the production zone, the liquid line 28 would go
25  down the well through an isolation packer between the two zones to allow liguid injection
into the lower zone.
For an upper zone, the liquid line would terminate above the packer 8 and
appropriate perforations in the casing 2 by the liquid disposal zone would allow injection.
The diagrams have all shown for simplicity the system mounted in a vertical well,
30 but the system will also operate in deviated (ie. angled) wells. For highly deviated wells,
seal 221 would be part of a straight extension to the tubular housing 210 with ports above
the seals piped across to the inner bore 211. The length of the siraight extension will
determine the maximum deviated angle of the well.
The separation system shown could be used with other types of pump (i.e., rotary
35 electric, hydraulic or gas driven) if there is a high volume of separated liquids. In a
caisson, silo, riser or conductor system there is the option of using an external pump to
the containment vessel. In this scenario, there is no need for a tree, providing that



pressure. The gas operation line is switched in with high_gas pressure
rai sing PGO. Wien the pressures have stabilised, Step X1 0% . 25

Step XIl illustrates the punp enptying with a constant high gas pressure
mai nt awi 026RB0. Step X1 Illustrates the punp enpty & ’Hﬂ@ﬁ Sessure gas
displacing fluid in the return |ine488 and subsequently a |loss in head
occurs. The pressure in the gas operating line wll drop, |owering

pressur qaﬂggaﬂaggl{,éwingkwprgﬁaéd_ol 38 recogni ses a set pressure drop 30 Pl is
reached whi ch switches val ves 36/37 as shown in Step XIV. Step XV

illustrates the punp filling with liquid through Iine 31 as the gas
operating |line pressure PGO vents down to the gas export pipe |line
pressure PO. Any fluid in line 28 is held in place by check valve 33. This
continues until the punmp is full of liquid which closes the float check
val ve 34 as shown in Step XV_ 35 Step XV illustrates the full punp with the
cl osed check valve 34, but as the gas operating line is nowventing to the
gas export line, the gas operating line is subjected to a notable drop in
pressure which the controller can detect as P2. The controller then 0 8 MAR
2005 WO 02/ 26345 PCT/ USO1/ 27615 9 switches the valves 36/ 37 to provide
hi gh pressure gas to the gas operating line 27 which restarts the cycle as
per Step XI1. An exanple of an operating systemwhich is external to the
tree is shown in Fig. 17 which illustrates, schematically the whole of the
apparatus both down-hole and surface 5 located, to provide a sinple
schematic to aid understanding of the operations. This schematic shows the
produced gas in line 47 being controlled by a choke 301 and punped Iiquid
In the line 28 being conmi ngl ed down streamof the tree into the export+
l'i ne. Individual export lines could be used to maintain separation. Vented
gas fromline 27 can be recirculated fromthe val ves 36/ 37 or drawn from
10 the gas export line 302, through a filter/scrubber unit 303 to a high
pressure conpressor 304. High pressure gas flowis regulated by 305 before
entering valve 36137. To maxim se .the use of partially vented down gas, a
power activated valve 306 is installed to inprove efficiency.

Al ternatively, a separate gas high pressure supply can be provided or a
separate | ow pressure line to the conpressor could be used. A controller 38
operates the 15 tree, nonitors the nunerous pressure lines and controls;

t he choke 301, valve 36/37, and the conpressor, as per the field operators
i nstructions.



The operation of the downhol e annul us separation and punpin%bsysten1mhether
on the surface (land or platforn) or subsea can be operated ﬁthﬂﬁalmro
well and tree by observing the two pressure step changes (Pl and P2)

the gas operating line 27. There 20 is no need for in-well sensors or data
equi pnment whi ch coul d be susceptible to failure and prevent production
fromthe well. The well conpletion discussed assunes the separated |iquid
is punped up to the tree, but in certain circunstances part of the well
bore may be past a liquid disposal zone. For a liquid disposal zone bel ow
t he proq##BMgn zone, the liquid lin¥ 28 would go 25 down the well through
an isola packer between the two zones to allow liquid injection into
the | ower zone. For an upper zone, the liquid |ine would ternnate above

t he packer 8 riate perforations in the casing 2 by the liquid
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al so_operate in d§V| ated (re. angled) For viated wells,

seal >221 wouPFepi 'Li@armumruab%%'ﬂalwa@mrénsmmavmgt he tubul ar housing 210
W th ports above gzhlisi- §%b§agﬂ,gﬁg if4r(@9s to the inner bore 211. The length
of the strai ght extension determ’'ne the maxi num devi ated angl e of the
wel | . The separat'i'%‘ﬂf’%‘il@i@ﬂsﬂﬁém could be used with other types of punp

(i.e., rotary BSQQQ%H&_,ﬂeh@iraullc or gas driven) if there is a high
vol ume of separat ed | iquids n cai sson, silo, riser or conductor system

there is the opti !ﬂﬁ"doﬁfaﬂﬁrr@"ﬁwt é’%dr)@pnmct%wpthedrqurdm:ﬂebmamnttmnt vessel .

| N i SfidwE dpakatér (24 er-@nigs no need for a tree, providing that 08 MAR 2005
WO 02/ 26345 PCT/ USQ1/ 27615 10 a propriate valving is provided. 08 MAR 2005
CLAI NS || 1.3 RUR RH) fgr Pé'é’tﬁ’ﬂfgdlqp&ﬁd@h?%ed(mw1hn§eparatnr@ndmaiu<hrlg:al sson or

tube for separatldﬂﬁumbm&kw%létr(@ﬁfj édhn\éa}é?fté}'tﬁé ftatddtl et Ul ti-phase

stream %:]rg sing: a centrif OW- I n 1 qul rFator (21, 22)
havi ng & "°f‘9%5§é'q'§fg§’9l’?ra@ﬂd" F'Wl sepafat®)(21,22) nqmm@m agd (25), and gas
stream outl et (5) pumped liquid outlet (28) through which separated liquid is, in use,

15 caused to flow selectively,

characterised in that the pump (26) is a gas driven pump.

2. A separation unit (20) according to claim 1 wherein the separator (21,22)
comprises
20 a tubular housing (210);

a central tubular bore (211) co-axial with the housing; and
a helical flange (212) disposed between the housing (210) and the bore
(211), the multi-phase gasfliquid infet (23) opening into the annular space between
the housing (210) and the bore (211) so that the multi-phase gasfliquid mixture is
25 caused, in use, to flow upwardly around the annular space.

3. A separation unit (20) according to claim 2, further including horizontal radial
liquid guides (216) mounted at regular intervals on the top face of the helical flange
(212) to direct any liquid flowing down on the top face of the helical flange (212).

30
4, A separation unit (20) according to claim 3, further including a plurality of
openings (218) in the central bore (211) each disposed immediately adjacent to a
respective radial liquid guide (216) and the upper side of the helical flange (212) on



liquid transfer conduit (24) connected to the liquid outlet (25) of the 10
{1 ow separator (21,22); and a punp (26) for punping liquid, disposed bel ow
the separator and including a punp liquid inlet (31) conneét &6\ Rt B0fshe
liquid transfer conduit (24) and through which liquid separated in the
separator (21,22) is received, and a punped liquid outlet (28) through

whi ch separated liquidis, in use, IS caused to flow selectively,
characterised in that the punp (26) is a gas driven punp. 2. A separation
unit (20) according to claim1l wherein the separator (21,22) conprises 20
a tubul ar housi% (fZlO&;_ a central {ubul ar bor e_r&éll) co-axial with the
housi ng; NQHAPE S 97 dhg Gyide arpbior passingdiasisysiemali inke the hase (2iJuef thg (210) and
t he bor eephrick)21,piye nul ti-phase gas/liquid inlet (23) opening into the
annul ar space between the housing (210) and the bore (211) so that the
mul ti-phase gas/liquid mxture is 25 caused, in use, to flow upwardly

around e apnuatoRAft (78) abeoh H@ftélkiaﬁn,s*ﬂ@&&hér%ﬁal(@igg?rﬂﬁﬂa&yteog claim 2,

further including horizontal radia I qui d gui des noun at regqgul ar
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openi ng&eupPgy sids of the gquiderand| forrassing liguiyl ouhefithe seprrated (3 1@ di at el y adj acent
to a respective radial liquid guide (216) and the upper side of the
helical flange (212) on 08 MAR 2005 12 the upper side of the guide and for
passi ng® i quitdepatatiomunit (20) aceprding toelein d2flthenincluting ssspaudi(Io) (21, 22). 5.
A separ gikhsyadis i : | & i i plurality
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adj acententi@l Rorec@pcand, epsradewnwardigutoaditpst tieuid 2oehwandly inheseuapreg  si de of
the hel hedisidd GFBE cérirefborT21fyhe upper side of the guide and for passing
liquid out of the separator (21, 22). 6. A separation unit (20) according to

claim4, further including a shroud (219) to disposed adjacent each

openi ngz.( 2184 skparkiigh meﬁ%g&g&iﬁg (@;fq? of aﬁ'%g%c&g'r @lﬁ{/‘lglf in[’:llaﬁinfja 2:13' bore

(21115) and open downwar dl y irect 11 qui inuse

plurality of longitudinally “extending liquid guides (215) mounted on the internal
surface of the housing (210) and positioned adjacent the radial liquid guides (216)
to direct liquid towards the radial guides (216).

8. A separation unit (20) according to claim 7, further including a plurality of
20  further radial liquid guides (213) disposed on the underside of the helical flange
(212) between the housing (210) and the central bore (211) and each connected to
the top of a respective extending liquid guide (215) to direct any liquid blown up on
the underside of the helical flange (212) or forced up along the extending liquid
guide (215).
25
9. A separation unit (20) according to claim 8, further including a plurality of
openings (214) in the housing (210) each disposed immediately adjacent to a
respective radial liquid guide (213) and the underside of the helical flange (212) on
the lower side of the radial guide (213) for passing liquid out of the separator
30 (21,22).

10. A separation unit (20) according to claim 5 or claim 8, further including a
shroud (218) disposed adjacent each opening (214,217) in the housing (210) on the



the inside of the central bore (211). 7. A separation unit (20) according
to any of clains 3 to 6, further including a 15 plurality 0 MAD NG

| ongi tudinally extending liquid guides (215) nounted on théiwnbéﬁnamﬁ
surface of the housing (210) and positioned adjacent the radial liquid
guides (216) to direct liquid towards the radial guides (216). 8. A
separation unit (20) according to claim7, further including a plurality of
20 further radial |iquid guides (213) disposed on the underside of the

heli cal flange (212) between the ho%ging (210) and the central bore (211)
and each_connected to, t top of a'fespective extending |iquid guide (215)
to di rec?&g'H§ Oﬂﬂheuh?uusﬂlgo&ﬁohﬁﬁ%ﬁpeﬁ Hewnuielys fadirest ligwid desinimaadly il ange (212)
or f or cevselony the @utsire sPiheRslisig (RiGui d guide (215). 25 9. A separation
unit (20) according to claim@8, further including a plurality of openings
(214) in the housing (210) each disposed i medi ately adj acent to a

in the housing (210) y adiacent toa
Flange (212)0n the ook Reckdlely AR of B L0 Gl efoiicc i ng

li quid JUH <G eHBUSEHH G tep up supiece of said helige! dlapge &2 @t itailéwer20)
accor di regd! ené bRinBré openifgs ; i,ne j ._shroud 9) di sposed
adj acent eacrr; Oﬁenirng?(gfl_g?giﬂ t?%%iﬁ%%@#;@(@gﬁdl%ﬁ ?"ﬁ@e%&v% R 2005 13
out si de B eEHARdRELWHNNIS2 N0 Shea henteab chorel ddfilaradtyan tanndiar essal (2211 d

downwar éhkterndlly ofI8e RboQs) j Of Sing,. (210 A separation
unit (20). accor di ng to,g%g‘@g)f)odg%%?gn‘g_'@ uts%kb%bw?@%ulﬂ%h%éusf d%]é%ﬁad adj acent
to the GPHERN Quiupgdr whichstae chowsing de Kisneseage(2),2aR) whereby sinl isseliqgad, one or
nor a0 0peeweehs thel hélsihd | | Opnyriadially, al i gned wth

corr espondi ng ogeni,ﬂgés] (?@?t@hgg%t%w%{)&@e(?ié??ggéﬁgytgﬁb%ﬁﬁﬁ 8 seal (221)
ext er nal'FQUEFthe RRusing 1Rl acrese thernnulss spaderandsietolibe vereral bve @OLSi ng ( 210)
and caisson or tube in which the housing is disposed (2), and whereby, in
use, liguid 10 between the housing (210) and the caisson or tube (2) is
caused be PRt unik @Phacperdingstorany if alging2 6) 11,anevsin theheeraranul ar  space

and intmburheba‘remmlalsb%&/i&e%_]{%ﬁqdi&traﬁsféng{b%gﬁ.i on unit (20) according to

any_of clains 2 to 11, wherein the centr ubul ar bore (211) al so
pro%/sl des the liquid transfer conduit. 15

13. A separation unit (20) according to any of claims 2 to 12, wherein the central
tubular bore (211) is connected with a tubular conduit above the separator (21,22)
into which the gas stream outlet (5) opens to allow outlet gas flow.

20 14. A separation unit (20) according to any of claims 2 to 13, wherein the
pumped liquid outlet of the pump (26) connects with a conduit (28) extending
upwardly through the central tubular bore (211).

15. A separation unit (20) according to any of claims 2 to 14, including a

25  pumping power supply (27) disposed through the central tubular bore {211) of the
separator (21,22).

186. A separation unit (20) according to any of claims 1 to 15, wherein the gas
driven pump (26) comprises:
30 a housing;
a liquid inlet (31), an external line pressure closing check valve (32) to

receive liquid from the liquid transfer conduit (24) into the interior of the pump
housing;



13. A separation unit (20) according to any of clains 2 to 12, wherein the
tentral tubular bore (211) is connected with a tubul ar conﬁuét‘gﬂgoveﬂt he
separator (21,22) into which the gas streamoutlet (5) opehs t1¢A 14085
outlet gas flow. 20 14. A separation unit (20) according to any of clains 2
to 13, wherein the punped liquid outlet of the punp (26) connects with a
conduit (28) extending wupwardly through the central tubular bore (211).

15. A separation unit (20) according to any of claims 2 to 14, including a
25 punpi ng power supply (27) disposed through the central tubular bore
(211) of the _separatqr (21,22). 1614A separation unit (20) according to
any of cl ai msM 21" FUEGHAR 9&s nioHEe dep of thei purmp pouging Fepugloapiqurles: 30 a
housi ng; clesing check valé g34)( 31), an external |ine pressure closing check valve
(32) to receiye Jiquid fromthe liquid transfer conduit (24) into the
interior of thi§ PrRgiles Alecko@ivenia3pdsposediin therbattemfdinthé pL@et | Ng gas

i nt o t hehousipgadndt he punp housing through a liquid closing check valve
(34); a line back pressure check valve (33) disposed in the bottomof the

punp” housi nd" %8t ¥t (2BLedrseciedi thrpug $e battumeof aduily Roleihg e a |
" bot t omling backysre¥suURe IR Yalkv@ giﬂ_e 10 line back pressure check valve (33). IT
A separation unit (20) accorél g to claim15 or claim16, the unit having

an external operating systemfor controlling and nonitoring the operation
of the anit. AldpaitiGRURP R ackSHRY! | Qui rom.an upward flow ng
li qui d/ gﬁs nFI i1 -phase gbtdr?ggm ?ﬁgattg%g}r}%g%noq&ia'mJ@ef & PRI BRyingyan separ at i ng
li qui d FYEHAL PRerancsysigrufercontgliind apd snasiitorranthe epéeratibh gpihkYnith 2 f1 ow
separator (21,22) and passing it to an outlet (25); 15 transferring the
l'iquid ro%h a conduit (24) connected to the outlet (25) of the flow
separ at Ut (21 M3hod ¢f remeuing liagie)frath spapedrd Bbwing tiheideeBan@lphad 1, 22) ;
stream in a caisson or tube, including:
separating liquid from the multi-phase liquid/igas stream centrifugally in a
flow separator (21,22) and passing it to an outiet (25);
15 transferring the liquid through a conduit (24) connected to the outlet (25) of
the flow separator (21,22) to a pump (26) disposed below the separator (21,22);
and

pumping liquid to a liquid outlet (28) through which separated liquid is
removed,

20 characterised in that the liquid is pumped by a gas driven pump.

19. A method according to claim 18, wherein the multi-phase liquid/gas stream
flows substantially helically within the separator (21,22).

25 20. A method according to claim 18, for handiing a low to medium velocity
liquid/gas multi-phase stream, wherein the separated liquid flows downwardly along
an inside housing wall (210) of the separator (21,22) to the liquid outlet (25).

21. A method according to claim 18, for handling a high velocity predominately

30 gas, liquid/gas multi-phase stream, wherein separated liquid is forced upwardly
along the inside of an outer wall of the separator (21,22) and is directed through the
wall into a space between the caisson/tube and the separator,



and punping liquid to a liquid outlet (28) through which separated |iquid
is renpved, 20 characterised in that the liquid is punped b %\gaﬁmgyiven
punp. 19. A nethod according to claim 18, wherein the nulti“éhaé U

| i quid/gas stream flows substantially helically within the separator
(21,22). 25 20. A nethod according to claim118, for handling a low to

medi um vel ocity |iquid/gas multi-phase stream wherein the separated
liquid fl ows downwardly along an inside housing wall (210) of the
separator (21,22) to the liquid outgft (25). 21. A nethod according to

claim 18, for dlin - high, vel redom nat el 30 gas, |Jjquid/gas
nul ti- p%g'se & E%Q}%d ﬁ%’%@r{gscé% r@fé‘ﬂyﬁegar gagn}'%u'ﬁ% grp{rba A1 “al ong t he
i nsi de dfuidnliquid/gas maltilphade $theansepar at or (21, 22) and is directed through
the wall into a space between the cai sson/tube and the separator. 08 MAR
2005 15 22. A nmethod according to claim118, for separating liquid froma
pr edoni 2at el W separgtiod unit (20)iadtaramgttlahy oPbas® Sid FATurtHe? incfudh@pPar ati on uni t
(20)<30§§%9489n$. anxdgjﬁghglmghl to 17, further including a 5 flange (220)

. ennc -y S Ao ro vl o~ oma ~ !g ny
di spdsedH° Fhe T'HIESoE 2t WE RPracoPHESH <t itizbervasheidlHtg (210).



