.DOVVNHOLE GRAVI TATI ONAL WATER SEPARATOR
Cross-Reference to Related Application [0001] This
application clains priority to provisional application
61/ 047,243, filed April 23, 2008. Field of the
Invention [0002] This disclosure relates to a water
separator, and in particular, to a downhol e
gravitational water separator for subsea well
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G ow ng enphasis on increasing the reservoir recovery
factor for subsea well operations provides a stinulus

Crfor seigra(j Q,Pf maﬂgg.fron1produced hydr ocar bons.
—4%%%3%3g&%?ﬁ¢g—%ﬁgﬁ%PQ—%%¥%s very often have to cope

W th signjficant water breakthrou 0- 80%+ r
1080 S5 SgRea o R BTN oY U SR SR - et Apri 23,
rovides significant operational efficiency gains.
20p$H004] Water separation provides for reduction of back
pressure on the reservoir by reduction of static
hydraulic head (i.e., lower specific gravity of
Figldodueddvédtisnd i n t he pi peline, which can be
significant in deeper waters and deeper reservoirs)
[oeo2y Tidsudietoshifel edlitenad aefwfaeet Sphratok,hends b s@aticplapeto medownhole
It may operate at a lower relative flowate than for
grdvit@tisiaMRhBeR pathior for Slskawa opeRdtioi®. The reduction of
back pressure on the reservoir and the reduced
frictional effects in the subsea pipeline provide an

B() o&t nj leq;ﬁgncreasing total reservoir recovery
-i§§%P4ﬁiﬁi¥+$¥%%—%y reduci ng field abandonnent
pressure, and/or deferring the tinme at which pressure
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feasi bl e. [0005] Water separation allows for the
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wells very often have to cope with significant water breakthrough (70-80%+ of water in oil
(Wi0)). Fundamentally, water separation provides significant operational efficiency gains.
[0004] Water separation provides for reduction of back pressure on the reservoir by reduction of
static hydraulic head (i.e., lower specific gravity of produced fluid in the pipeline, which can be
significant in deeper waters and deeper reservoirs) and reduced frictional effects in the subsea
pipeline. It may operate at a lower relative flowrate than for the combined oil + effluent volume.
The reduction of back pressure on the reservoir and the reduced frictional effects in the subsea
pipeline provide an opportunity for increasing total reservoir recovery over field life, by
reducing field abandonment pressure, and/or deferring the time at which pressure boosting might
be considered necessary, where feasible.

[0005] Water separation allows for the reduction in size of export flowline(s) for a given



scenario. Reduction in size of export flowine(s) can
significantly reduce the total installed cost of the
pi peline, particularly on subsea devel opnents where
pi peline costs are always a predom nant cost factor.
Wat er separation al so reduces dependence on chem ca
injection, which is otherwi se required for hydrate
mtigation. By elimnating dependence on chenica

i njection, consumabl es cost over field |life maybe
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addresses the enphasis on increasing the reservoir

WIREE SibéIRRT oY are always a
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t.echnique dn n ' ] et
pre G A oo A Stanb? b i igplicn S Sheal injection
capacjty.at the earliest point in field|ljf ' .
whigh 3y Gt e s S et e BT plhiatng dsfndthlsRhsmical
. .solve one or nore of_ these problens. Summary of the
injqoigReenymaplsd g9t oyer dield Jte raybg reducednar at i on” syst em
that may be integrated within a well conpletion. A .
[00961/4 meesiexistofnp a tdehiiguethenaddresses e empbasiscagncreasing the reservoir
hydr ocar bons, external to the conpletion tubing. As
recpvenyl (icted forysdbsee awel operationa \be [sepakation gh welee fremnseduegdl hydrocarbons.
fl owpat h, they pass through separati on stages wherein
A Sdvavdchyiqse pandakisary ©rnsmiplify bytalmygreat insallitiomoangho provide available
predefmed fl ow ports which extend from produced oi
sepaEiBRAPcRP af ARTDRNES boint M BeREEBAlRUt diAIPELN to production. The
chanber(s)." [0008] An operable fill bore isolation
l.ve 1:S: Provi ' N to the well bore
fOIF’%rm%tﬁéh%b%ﬁ?'{aH%?%a Og%é‘{}gﬁe e 4 11T, while
al so providing the neans for flow diversion under a
"separation enabl ed" node. The full bore isolation
S n es a "separator bypass" node for
early field production (i.e., prior to water cut) and
[00DVEA ghavedyOvdtérfseparatidnhey stemsbatafiayf Bedntegtasdupittiin n wel rcomgletion. A
the separator for whatever reason. Brief Description
divefted AEWERRTY RE%ided RPQPPduEE IRy dRochriohs, dexepikte i@ iHe CodipR¥ion tubing.
of a wellbore with a downhol e water separation unit

Asipl?gcfu"éléci }%Qi'rocarbons travel through the diverted flowpath, they pass through separation
stages wherein gravity separation ensues by migration through predefined flow ports which
extend from produced oil "separation chamber(s)" into separated "water chamber(s)."
[0008] An operable full bore isolation valve is provided, maintaining access to the wellbore for
through-tubing operations over field life, while also providing the means for flow diversion
under a "separation enabled" mode. The full bore isolation valve also provides a "separator

bypass" mode for early field production (i.e., prior to water cut) and over field life in the case

of flow disruption through the separator for whatever reason.



[0010] Figure 2 is a schematic view of a wellbore wth
a downhol e water separation unit and water punp
installed. [0011] Figure 3 is a vertical cross
sectional view of a downhole gravitational water
separation unit with labyrinth chanbers. [0012] Figure
4 is an isonetric view of a downhole gravitational

wat er separation unit with |abyrinth chanbers. [0013]
Figure 5 is a vertical cross sectional view of the

Brielf DRbcrfifidRethd PravifigsaVvi t ati onal water separation unit
w th Tabyrinth chanbers. [0014] Figure 6 is a |lateral
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. sectional view of a downhole helical water separation
instaled-. Det ai | ed Description of the Invention [0016]
Referring to Figure |, an exenplary enbodi nent of a
[001®] Figoree2 sarsohahatiwnvias staiwlelibore eyithesdominbdlebyateretearatinpainit and
nunmeral 10, is shown in side view and includes
waldr @diagtins@leubi ng 12, which extends into a formation
11. Production tubing 12 runs fromtubi ng hanger 27 in

[Odlqg dfmgllr!e i??g 2@ r‘?ﬁ@W’]c gecftiloHAldvig\gng@" Qi &@L%}B% @a@hatﬁ)nal water

orrra I on. uction casing or I ner

extends do rd fro a | iner hanger 17, or ot hervvl se.
SW%%WP&“E%W%H‘&H@%P fSsui tabl e size in the well head.

Production packer 13 isolates an annul us between the
[0Q@RbHigvte bis anuispmeprie Yieanaf 2 Hewphadel grevitaionalagatpgseparation unit with

labyrinth chambers.

[0013] Figure 5 is a vertical cross sectional view of the final chamber in a gravitational water
separation unit with labyrinth chambers.

[0014] Figure 6 is a lateral cross sectional view of the separation chamber of Figure 5.

[0015] Figure 7 is a vertical cross sectional view of a downhole helical water separation unit.

Detailed Description of the Invention

[0016] Referring to Figure 1, an exemplary embodiment of a wellbore completion assembly,
represented by reference numeral 10, is shown in side view and includes production tubing
12, which extends into a formation 11. Production tubing 12 runs from tubing hanger 27 in
the wellhead 26 down into fluid communication with a producing formation. Production
casing or liner 15 extends downward from a liner hanger 17, or otherwise from a casing
hanger of suitable size in the wellhead. Production packer 13 isolates an annulus between the

production tubing 12 and the production casing 15.



[0017] Water separation unit 20 is installed within
surface casing 19 downhole, and is connected to
production tubing 12. Surface casing 19 extends
downward from casi ng hanger 25. A surface controll ed,
subsurface safety valve (SCSSSV) 22 is |ocated on the
production tubing 12, above the water separation unit
20. SCSSSV 22 is a downhol e safety valve that is
operated fromsurface facilities through a contro

[od17NeV St sdpRRHoh UnithEd eXimfanad wathid 36@acefcabin@ 19 downhole, and is
production tubing 12. The control systemoperates in a

co%n%t: ed ?é’ifn%dgcqgﬁ 't%ﬁ%é ) .@ﬁ?{a@éjé:dsﬁl Cl@%feﬂhs SESwdtl @ro%@agmg hanger
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f|UIdS frontthe surface 001 In FEigu
tubingy| 3. APy the water popatation ung 2 %‘%/%ﬁssv E%%tar@‘ﬁ&'a@&éh%ﬁlve that is
tubing 12 and enters the separatlon unit 20. Once the
opérated; froma suréase %ﬁaxeathrgmgttm pantrpd lingysteapped ot the gxtgwg| wugface of the
renoves water (i.e., the nore dense fluid) fromthe
pradutticndbing ti 21 Thei cohttolesy§temenpgrapas ol a ¢il-safie flode, dyithalgydiraulic control
flows through the unit 20. Once the desired anount of

pre3ER@ (18I t6 Rolddspe® & Ghll bEHappeNsséhBiy thit vall clos€ ¥3helesisel pressure is
fluid) reenters the production tubing 12 and is

los?jl FIRS hiRdnd fhat Bhes WidsBE eSCS-@W ‘Q@tvﬁil i6b1at@ - the TRERoHEMEE from the
ui d) hat was renoved fromthe flow (i.e.,
lgroductlon fluid) in the separation unit 20 can be
¥t her processed or re-injected. [0019] In Figure 1,

waf er renpve e flom1| the S at |
003 1 Bledres R Stwﬁf’er rpRYss 1 e b by chbing 12
into an ext ernal aratlon devi ce 31. External .
and; epfgrsathe @ﬁpadetﬂnctelts -rfagceathe dlome reapRes spparations ijh? Byt  &gparation
sources 29, before further separating the water, and
dedis pan®iengrdter (ie., tthe newa dehgeoflgld) drose gheeril tandi weterssuxture (ie.,
or re-injecting it through a re-injection line 35. As
prddug@itnefldd)y dsl it gbwatiesughl the anit 2b1 Ondeathe desifed dimvent of sepeeation has
water renoved fromthe flowin the separation unit 20
oc&ﬁ’t@& eths flbir (@Hgn:sé"@érﬁé f1did5 PRs ks thb Peodddtion @b NResd is directed to

rough a downhol e water punp 37, and re-injected to
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ustrates a separation unit 21 conprlse
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productlon tubing 12. An operable full bore isolation
[0014] IneFigmB|1\Ahe 4datdrgethovegtfeam the flaveinghe srperation upif BY favelpthrough
within the separation unit 21. FBIV 41 all ows access
wated disposuhilint aBnedi then tifte anedxkdnon sefapationhdevieglB 1t Esierng! separation
operations over field life, while providing the means

de\fl@er 31 maWakb Y&efie Gihtdr!Tr ol Othet Sstir&ee 28] Bdfere fddthdi BEfREating the water,
"Separation Enabl ed" node. The FBIV 41 additionally

and 83y dérgﬁg itdo n%%‘éé‘ﬂﬁ‘&@h DY RaR Jine BBIG égﬁje&ﬁéllb’thfdu%hq re-injection

pro I.e. prior to water cut) and over

1me2§§ ﬁ_ssfl %urg?ell osft elsq\hv dlace tt[e)l 9 et?lggﬁea thr éﬁﬁgé&jﬁrg& the flow
nechanlsntsuch as a re e i ns aIIed. . .[0021

in Rt BTARTANGN (ITEPY (FETS éﬂg’h‘lll‘ ztva%éﬁp?ﬁe‘u t}gﬁ%%r d é’t‘%*?%"d through a
and in "Separation Enabl ed" node, flow (i.e.,
production fluid) fromthe fornation travels up the
production tubing 12, where it is blocked by the
closed FBIV 41, thus forcing the flow to enter the
separation unit 21. The flow then enters initial flow
chanber 49 and travels upwards through oil flow tube
51, which carries the oil and water m xture through
wat er chanmber 50. It is inmportant to note that the
flowis conpletely isolated fromwater chanber 50 by
flow tube 51. Flow tube 51 termnates in a separation



[0023] Referring to Figures 4 and 5, when the flow
reaches the final separation chanber 65, the oil and
wat er m xture again passes over a grate-like floor
that has a nunber of small holes 55 on its surface. As
the fl ow passes over holes 55, the gravitationa

forces exerted on the fluid m xture causes water
within the flowto drop out and to travel through

hol es 55 and into water chanber 64 bel ow. Once the oi

dowhie Watef pumbp S5 ate RSRjebledit6hhn RectRASDARE tRY@Ih felijection line 39.
hol es 55, it reenters {he production tubing 12 above

V. . i t i i r separator
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. n the separation upit.21 are.connected to one. anofher

with ol asgye peeihs siroun iyt gl of Pefdfiol \Phrg 12 Ao
wat er chanber 50 travels through water flow tube 5? s

operpble ull ore isqlriien xafve FRIYD &1 itlesapdm B ProfugliaRdilipe { f githin the
enters water chanber 56 travels through water flow

sepatation S@itwhi. FBIVs4 L ehorec pesgsst to b mainteinedrire theg@ellbppge for through
wat er that enters water chanmber 60 travels through

tubivet eperdtloawot ¢rfield Afapvihile providieg niechmeshstfor Aaweativersiombwough the
64. As previously illustrated in Figures 1 and 2, the

sepARh& 261 HBGS 8dephiafitn GGl OhsRVAMASFBIV doVakiidhally rdotides a
the separation unit, and may be attached to a water

"Segaldeor eydp%F'algg&J fof Qﬁlgcf?e%’ BroahdtRR (K ig?iopl%fv%& BB iaR@over field life

I SPOS or reln| ed into the aquifer. For

. exa in Figures 4 and 5 th e h

in GAep! SRunabRS Fatar 8% Rersiior 3Lt BRIV SR Foslgged by an
tube 66, and then travels from se raﬁion unit 21

altgrRAtseTOsHES BFChaRisB SUSh 2513 THROKY mftg‘gﬁ’féﬂ Ui gure 6
illustrates a cross sectional view of Figure 5 al ong

[002il hBefsring 16l Rigutes B and 4i mhen FBEV f4lnialclosed ardaini '$igparation Enabled”
chanber 65 through flow tube 63, and passes over holes

mod8, I, fro@ueibh EluwptiRim eeafsbastton frows uppiha paoduadorotibing 12,
of the separation unit 21 through outgoing water |ine

whiR: it EhfodkE€dB) HeNGosRl IFBRN 1 WS ForBink tht Bow €S BHt&T the separation unit
production tubing 12, and continues on. [0026]

21 .ﬂ(")ltlehﬁclil\g Qhetnheitn§eésﬁ {H?tgaﬁi L{fég’g%hag{bﬁ’g“% glﬁgﬁ{rg\teilsolﬂ)&w&st thbelQﬁ %h TRow tube

ur Sseparatl er of separati on

"st.ages,." including accaonmpanyin ter gha S,.
51, RahcR ey h A ik PRGOS URB BT SIS oF. | Remppgy to note
| eavi ng the separation unit. The |l ength of th
thag Bjsaflew isorprimetelyiisolaipd Fom watgt ghpnier H@Yﬁlﬂ’fb%ﬂie G- Flow tube 51
separation "stages" desired. [0027] Figure 7 )
termirlatestin atseparativnadhamberai Theisepriratiant chomber 32 cemprisgs g plurality of
24. In this enbodinent, flow from production |ine 12
smeINheles 5Romas it sirfew Auihe b, pastes Oenitodgs S Suthegratationd] forces
around production tubing 12. An operable full bore

exér&gloﬂtth@ﬂuiﬁ%iﬁﬁlre( ERb) wldr (i.8., hideli@Me NBidy RethRY 1Be @6tV to[rop out

tubing 12 within the separation unit 24. The FBIV 41

and {%etfa@%:ﬁﬁ?ﬂg? PSI@Q’ §5) éﬁﬁi iXtoCUv %%ﬁlger §(pbe§&l/.e&ﬂé_r\fﬁk¢{ng over the holes
direc e ow to pass through the separation unit
24. As the ter and oll mxture enters .the heligca
55 b atismte (G ho et B9t PuGheenpVEr petauRhled Hoy AEa Fiy wbe 54
of the tube 43. As the flow passes over holes 44, the
theg PatAes Rrqueh ayaier Ghasaler a§ BFTPRSPPERINE FesePITatiaP ShRPE -
causes water within the flow to drop out and to travel
t hrough hol es 44 and into water,chanber 45 bel ow. The
wat er chanber 45 is conprised of the annul us between
the production line 12 and the surface casing 19. The
fl ow continues upward through the helical tubing 43,
until it reconnects wth production line 12. As
previously discussed, the water captured in water
chanber 45 can be renoved fromthe separation unit 24
by a nunber of different nethods. The | ength of
helical tubing 43 and separation unit 24, depends on



CLAI M5 1. A water separation systemfor use in
wel | operations, the water separator conprising: a
hol l ow cylindrical body having a |ongitudinal axis;

a conduit extending coaxially through the body and
havi ng a val ve positioned therein to open and close a
portion of the conduit and a threaded upper end for
securing it to a lower end of a string of production
tubing, the |lower end of the conduit being open to

[0S heR HROUE teabhek séfiathtion cHAAdr 57, heBARAd Water Gfidtufe@gain passes
mounted in the body around the conduit; a | ower

ort._in. it ' t
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fluid n the val is cl : cy . .
over holes 5‘%’? ?he grawtatlonax %orces gxetotg«? gh tl?enHuld mixture causes water within the

ﬂow to drop out and to travel through holes 55 and into water chamber 56 below. Once the
flow has passed over the holes 55, it continues upward through flow tube 59. Flow tube 59
then passes through water chamber 60 before opening to separation chamber 61. When the
flow reaches separation chamber 61, the oil and water mixture again passes over a grate-like
floor that has a number of small holes 55 on its surface. As the flow passes over holes 55, the
gravitational forces exerted on the fluid mixture causes water within the flow to drop out and
to travel through holes 55 and into water chamber 60 below. Once the flow has passed over
the holes 55, it continues upward through flow tube 63. Flow tube 63 then passes through
water chamber 64 before opening to the final separation chamber 65.

[0023] Referring to Figures 4 and 5, when the flow reaches the final separation chamber 65,
the oil and water mixture again passes over a grate-like floor that has a number of small holes
55 on its surface. As the flow passes over holes 55, the gravitational forces exerted on the
fluid mixture causes water within the flow to drop out and to travel through holes 55 and into
water chamber 64 below. Once the oil flow (i.e., less dense fluid) has passed over the holes
55, it reenters the production tubing 12 above the FBIV 41, and is directed to the surface.
[0024] Referring to Figure 4, water chambers 50, 56, 60, 64 in the separation unit 21 are
connected to one another by water flow tubes 53, 58, 62. The water that enters water
chamber 50 travels through water flow tube 53 which is connected to water chamber 56. The

water that enters water chamber 56 travels through water flow tube 58 which is connected to



an upper port in the conduit, above the valve, |eading
fromthe gravity separation device back into the

condui t. 2. The water separator of claiml,
wherein the gravity separation device further
conpri ses: a partition containing a plurality

of apertures and the partition defining a | ess dense
fluid passage above the partition and a nore dense
fluid passage bel ow the partition; a nore dense

waftér Wy S G G0N 1 8 §aRP fitlat @¥eRNHAEIOcHaRbOUEN rhvVeds BRSlH Wi flow tube
the nore dense fluid passage for discharging nore

62 %ﬁ(ﬁﬁls c})ﬁﬂegte e >3 e*@? @ﬁa% r 64. As previb Llﬁl‘éﬁ*ﬁtecpg{ Flghr%é‘fl%nd 2, the

ess [ul passage an e upper port

w%t(gwogaéglglp t&?lg ogv? E%v?azﬁ@sﬁgr Iiclm\l//'aqd %aég gtﬁe separa%lton T:'ﬂﬁ and may be
separation device further conprises Ilcal t ube

attashed iR teL@UAIn 9 ar afdjtiensd Sﬂng‘F?é‘PH gt ltq% €| bsingi ‘f 13Rpserypf or re-
axi s such that the helical tube surrounds and w aps

injesterint thtequifendisr example in Fiavrdsahandg thp eeten thas enters sagey chamber
in and extending through a | ower surface thereof 4.

64 ihwelaheugls epeomgowataf flow aite 6, anieh@i matdie framnsepaetion unit 21
area between the inner peripheries of the gravity

tm§@gﬁ®ﬁ&hﬁﬁmg§%h@eyand the outer peripheries of the
conduit define a nore dense fluid chanber to allow for

[O(%Ijzg{%l{ é Hlu%ﬁ?z{tgsga ?r%r esregt'\‘:r;% ?{ﬁlﬁé&)&%@?ﬂg %Hﬁgﬁltnh r%éé Ii':?llr]ld flows into
t be tfgpglf?glgn 5 zsrglleﬁrr]%g tltlrr(])lelghnH(r)V% tl%een6sj,earf1cl llilals(sjescovgm(ﬁes 55. Water from
the water chambers flows upward and out of the separation unit 21 through outgoing water
line 66. The remaining oil and water mixture reenters production tubing 12, and continues on.
[0026] Although this embodiment of a separation unit contains four separation "stages," the
number of separation "stages,” including accompanying water chambers, depends on the
desired oil to water ratio of the flow leaving the separation unit. The length of the separation
unit is also dictated by the number of separation "stages" desired.
[0027] Figure 7 illustrates an alternate embodiment separation unit 24. In this embodiment,
flow from production line 12 enters a helical flow tube 43, which wraps upwards and around
production tubing 12. An operable full bore isolation valve (FBIV) 41 is located in the
production tubing 12 within the separation unit 24. The FBIV 41 operates as previously
discussed, to selectively direct the flow to pass through the separation unit 24. As the water

and oil mixture enters the helical tube 43, the flow travels over holes 44 in the bottom of the

tube 43. As the flow passes over holes 44, the gravitational forces exerted on the fluid mixture

7 (o}



5. The water separator of claim1l1l, wherein the gravity
separation device further conprises at |east one
separation stage, each separation stage conprised of a
separation chanber axially aligned with and stacked
atop a water chanber along the Iength of the axis.

6. The water separator of claimb5, wherein the
separation chanber is defined as the interstitia

space between an upper wall, a lower wall, and the

ca&%?%rlwﬂ?ﬂ eRdhbe bhEbsRE! Weeh nand t%ﬁgl? |hele§ hg draweto water

has a nunber of apertures |located in and

cham)% ¢ Kt‘)glot helrh%t Q' 2 Qiﬂartngcaah% q%Nh og{ﬁ)rlgegﬁ\% ttMe ta?fnilﬁé’ (B@tween the

se Y 1ud contalne ction

ravel the separatio er th .
prodieiainectSang T RB e SR 5 TR SPRTSE PG sty fhe hetica
7. The water separator of c|aim6, furt er conprls q
tubingnfh3,eundie fstecanngety wiflis piedyeiion Jifet 1 2e AySeRTAYIARSTY HFS‘&F@TFP he water
the body fromthe water chanber for discharging nore
camened dn fwlater ghamber 4. cafitbe rempead Gepaheaseppratién gni2fnbg a number of
further conpri sing:
different methods. The length of helical tubing 43 and separation unit 24, depends on the

desired oil to water ratio of the fluid leaving the separation unit 24.

[0028] The gravitational water separator system as comprised by the technique has
significant advantages. The gravitational water separator system may be integrated within the
well completion, simplifying total system installation (i.e., no separate structure needed as
required for a seabed installed system, with attendant installation costs, and reduced topsides
costs), and providing available separation capacity at the earliest point in field life without
disruption to production.

[0029] While the technique has been described in only one of its forms, it should be apparent
to those skilled in the art that it is not so limited, but is susceptible to various changes without

departing from the scope of the technique.



a nore dense fluid fl ow pi pe extendi ng between and
connecti ng each water chanber; and a | ess dense fluid
fl ow pi pe extendi ng between and connecti ng each
separ ati on chanber. 9. A water separation system
for use in well operations, the water separator
conprising: a hollow cylindrical body having a
| ongi tudi nal axis; a conduit extending coaxially
Ci ngtggh t he body and having a val ve positioned therein
n and close a portion of the conduit and a
t hreaded upper end for securing it to a lower end of a
string of production tubing, the |Iower end of the
chnduiA “BET RPAGHEhSSETREREEE iP M PRERENST hENGter
ravity separation device nounted in the body around
“?ﬂ%bﬁgﬁgﬁﬁﬁg’the gravity separation device cgnprising

a plurality, of ratjon stages, each separation
stagéoﬁgﬁﬁ%W§Vﬁ@§§€§@§ﬁg3??§H&§Wﬁﬁﬂ§r axiglly al i gned

wth and _ stacked atop a water chanb I the |. t .

of tafandy extending goaxialix Huaugh the &@P&&Lﬁ%ﬁ%ﬂ ‘teé%??a*flﬁlge% therin t0

bet ween and connecti ng each water chanber; o
open and close a portion of the conduit and a threaded upper end for securing it to a lower end of a

string of production tubing, the lower end of the conduit being open to admit production fluid;

a gravity separation device mounted in the body around the conduit;

a lower port in the conduit, below the valve, leading to the gravity separation device for
admitting production fluid when the valve is closed; and
an upper port in the conduit, above the valve, leading from the gravity separation device

back into the conduit.

2. The water separator of claim 1, wherein the gravity separation device

further comprises:

a partition containing a plurality of apertures and the partition defining a less dense fluid
passage above the partition and a more dense fluid passage below the partition;

a more dense fluid discharge port extending through the body from the more dense fluid

passage for discharging more dense fluid; and wherein



a less dense fluid flow pi pe extendi ng between and
connecti ng each separation chanber; a | ower port
in the conduit, below the valve, leading to the
gravity separation device for adm tting production
fluid when the valve is closed; and an upper port
in the conduit, above the valve, leading fromthe
gravity separation device back into the conduit.

10. The water separator of claim9, wherein each
separation chanber is defined as the interstitia

spage het wee e I A
o QP PRI R lerd i 1 A Wl e BB foTeads from the
| mall as, a nunber of apertures |located in and
esp SR AP PatR_T et hrough to allow for gravity to force
nore dense fluid contained in the production fluid to
travel fromthe separation chanber through the
apertures and into the water chanber positioned be] ow
31. THbe wateesepsiapaofieloim biwherein thegravitysenseation dayies VrAg
a nore dense fluid discharge port extendi ng through
cornpriseb atiglidat whe exteridingsaxiatiyalai thenlengih peihe dngithding akigsuch that the
di schargi ng nore dense fl uid. 12. A water
helsap@bauraoundysidermapsarounslahd condaik, Ithotpbe bavirgraperteraglocated in and
wat er separator conpri sing:
extending through a lower surface thereof.

4, The water separator of claim 3, wherein the annular area between the inner
peripheries of the gravity separation device and the outer peripheries of the conduit define a
more dense fluid chamber to allow for gravity to force more dense fluid contained in the
production fluid to travel through the apertures in the tubing and into the more dense fluid

chamber positioned below.

5. The water separator of claim 1, wherein the gravity separation device further
comprises at least one separation stage, each separation stage comprised of a separation

chamber axially aligned with and stacked atop a water chamber along the length of the axis.

6. The water separator of claim 5, wherein the separation chamber is
defined as the interstitial space between an upper wall, a lower wall, and the sidewall extending
therebetween, and wherein the lower wall has a number of apertures located in and extending
therethrough to allow for gravity to force more dense fluid contained in the production fluid to
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a hollow cylindrical body having a |ongitudinal axis;
a conduit extending coaxially through the body and
having a val ve positioned therein to open and cl ose a
portion of the conduit and a threaded upper end for
securing it to a lower end of a string of production
tubing, the |lower end of the conduit being open to
adm t production fluid; a gravity separation
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beloll® helical tube surrounds and waps around the
conduit, the tube having apertures |ocated in and
extendi ng through a | ower surface thereof; a | oner
port in the conduit, below the valve, |eading to the
g{avit seParation device for admtting productian
4 ui d of prPatpian\pé claiin 64 fyelagy compusing a mare depgrciluigor ¢
in the conduit, above the valve, Ieadin% fromthe

disgharge pgrt exdpruling theowsk theibedy Famkhe water chamberdptidis¢harging more dense
13. The water separator of claim 12, wherein the

flmadnul ar area between the inner peripheries of the
gravity separation device and the outer peripheries of
the conduit define a nore dense fluid chanber to all ow
for gravity to force nore dense fluid contained in the

[y, oduerth Yardk kaparhtdrrtlafty 6! fufthbr ebtabridid}e apertures in
the tubing" and into the nore dense fluid chanber
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0. A water separation system for use in well operations, the water
separator comprising:

a hollow cylindrical body having a longitudinal axis;

a conduit extending coaxially through the body and having a valve positioned therein to open
and close a portion of the conduit and a threaded upper end for securing it to a lower end of a
string of production tubing, the lower end of the conduit being open to admit production fluid;

a gravity separation device mounted in the body around the conduit, the gravity
separation device comprising a plurality of separation stages, each separation stage comprising
a separation chamber axially aligned with and stacked atop a water chamber along the length of
the axis;

a more dense fluid flow pipe extending between and connecting each water chamber;

a less dense fluid flow pipe extending between and connecting each separation chamber;
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15. A wel | bore system conpri sing: a fluid
separator adapted to be di sposed downhole within a
wel | bore, the fluid separator conprising at |east one
two gravity separation stages, wherein each gravity
separation stage conpri ses: a first chanber
adapted to receive a mxture of a first fluid having a
first density and a second fluid having a second
density greater than the first density and to enable
at | east a portion of the first fluid to separate from
S8d3RE AT fa*'w“coﬂﬁi? Sl ’é"%%fvtey&eﬂ?ﬂaﬁb@?@m@ﬁ?ﬁ?‘man deviee for

mnth a fIrSt ening on.alo portion of the flrst

adpRtpged m@ﬁﬂﬂUd“mm’h%gﬁﬁﬁﬁc % di sposed bel ow t he
first chanmber, wherein the flt second_chanber is

a6 YPRRT POB 1n dieciopduit. |aboe the yalve-Headieg em Dgeup Fparation device
the first opening; and wherein the fluid

backeipterthe eondus. adapt ed to conmunicate fluid floating

atop the second fluid to a first chanber of a second

gravity separation stage di sposed above the first

gravity separation stage. 16. The well bore system

a6. I eqiht &ktdr Bepatabdriof him @ @h&ein ehdheseparation chamber is defined as the
interstitial space between an upper wall, a lower wall, and the sidewall extending
therebetween, and wherein the lower wall has a number of apertures located in and extending
therethrough to allow for gravity to force more dense fluid contained in the production fluid to

travel from the separation chamber through the apertures and into the water chamber

positioned below.

11. The water separator of claim 9, further comprising a more dense fluid discharge
port extending through the body from at least one of the water chambers for

discharging more dense fluid.

12. A water separation system for use in well operations, the water
separator comprising:
a hollow cylindrical body having a longitudinal axis;
a conduit extending coaxially through the body and having a valve positioned therein to
open and close a portion of the conduit and a threaded upper end for securing it to a lower end of

a string of production tubing, the lower end of the conduit being open to admit production fluid;
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fluid separator conprises a plurality of gravity
separation stages, each gravity separation stage
renmoving a portion of the second fluid froman initia
m xture of second fluid and first fluid. 17. The
wel | bore systemas recited in claim15, wherein the
first opening conprises a plurality of openings in a
fl oor of the first chanber. 18. A wel | bore system

! d@vibd b IR RSCRLEM ly along the length
R EBANY frtion dBvib, KSR RRK 90CORIcPm il along the engt

of &1? rl)oar{gﬁuc?lw]l agggﬁéhsﬂlah%gﬁel cglacﬁl;e stu%ulgcfs%}{ﬁ Wap% %%QMe%ndult the

erel sep aration st age

rst. chanbe d ted to
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second fluid having a second densjty ﬁeater than .
f p dasyer perdn the %Pﬁélulfg Selonathe yalye lraé%fs%ttog ep%fPYIFYo?FPW‘?‘hgeV“’e for
first fluid to separate fromthe second fluid due to
adigitting ryduatian flhidarheatiopvalveds dessdnandf | ui d, wherein the
first chanber is adapted with a first opening on a
| ewveppep Poit i theabndic abovesthe edteeyiiendingainn the gragtycweparation device
chanber di sposed below the first chanber, wherein the

badkaR@RE shhaniber is adapted to receive fl uid fromthe
first chanber via the first opening; and wherein the

fluid separator is adapted to conmunicate fluid in the
second chanber to a second chanber of a second gravity
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peripheries of the gravity separation device and the outer peripheries of the conduit define a
more dense fluid chamber to allow for gravity to force more dense fluid contained in the
production fluid to travel through the apertures in the tubing' and into the more dense fluid

chamber positioned below.

14. The water separator of claim 13, further comprising a more dense fluid
discharge port extending through the body from the water chamber for discharging more dense

fluid.

15. A wellbore system, comprising:
a fluid separator adapted to be disposed downhole within a wellbore, the fluid
separator comprising at least one two gravity separation stages, wherein each gravity
separation stage comprises:
a first chamber adapted to receive a mixture of a first fluid having a first density and a
second fluid having a second density greater than the first density and to enable at least a portion

of the first fluid to separate from the second fluid due to gravity and float atop the second fluid,
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wherein the first chamber is adapted with a first opening on a lower portion of the first chamber;
and

a second chamber disposed below the first chamber, wherein the fit second chamber is
adapted to receive fluid from the first chamber via the first opening; and

wherein the fluid separator is adapted to communicate fluid floating atop the second
fluid to a first chamber of a second gravity separation stage disposed above the first gravity

separation stage.

16. The wellbore system as recited in claim 15, wherein the
fluid separator comprises a plurality of gravity separation stages, each gravity separation stage

removing a portion of the second fluid from an initial mixture of second fluid and first fluid.

17. The wellbore system as recited in claim 15, wherein the

first opening comprises a plurality of openings in a floor of the first chamber.

18. A wellbore system, comprising:

a fluid separator adapted to be disposed downhole within a wellbore, the fluid separator
comprising at least two gravity separation stages, wherein each gravity separation stage
comprises:

a first chamber adapted to receive a mixture of a first fluid having a first density and a
second fluid having a second density greater than the first density and to enable at least a
portion of the first fluid to separate from the second fluid due to gravity and float atop the
second fluid, wherein the first chamber is adapted with a first opening on a lower portion of the
first chamber; and

a second chamber disposed below the first chamber, wherein the second chamber is
adapted to receive fluid from the first chamber via the first opening; and wherein the fluid
separator is adapted to communicate fluid in the second chamber to a second chamber of a

second gravity separation stage disposed above the gravity separation stage.
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