DOMHOLE GRAVI TATI ONAL WATER SEPARATOR
Cross-Reference to Related Application [00011 This
application clains priority to provisional application
611047,243, filed April 23, 2008. 1 Field of the

I nvention 100021 This disclosure relates to a water
separator, and in particular, to a downhol e
gravitational water separator for subsea well
operations. 2 Background of the Invention [00031

G ow ng enphasis on increasing the reservoir recovery
factor for subsea well operations provides a stinmulus
for separation of water fron1produced hydr ocar bons.
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The reduction of back pressure on the reservoir and
the reduced frictional effects in the subsea pipeline
provi de an opportunity for increasing total reservoir
recovery over field life, by reducing field
abandonnment pressure, and/or deferring the tine at
whi ch pressure boosting m ght be considered
necessary, where feasible. [0005] Water separation
Fiehl dfausIdventiérhe reduction in size of export flowine(s)
Tor a given scenario. Reduction in size of export
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predom nant cost factor. Water separation al so reduces
dependence on chem cal injection, which is otherw se
required for hydrate mtigation. By elimnating
dependence on chemical injection, consunabl es cost
over field |life may be reduced. [00061 A need exists
for a technique that addresses the enphasis on
increasing the reservoir recovery factor for subsea
wel | operations by separation of water from produced
hydrocarbons. A new technique in necessary to
sinplify total systeminstallation and to provide
avai l abl e 3 separation capacity at the earliest point
infield life without disruption to production. The
foll owi ng techni que may sol ve one or nore of these
problens. 4 Summary of the Invention




[00071 A gravity water separation systemthat may be
integrated within a well conpletion. A diverted
flowpath is provided for produced hydrocarbons,
external to the conpletion tubing. As produced
hydr ocar bons travel through the diverted fl owpat h,
they pass through separation stages wherein gravity
separation ensues by migration through predefined flow
BadtQFdunia'Wr NuS&iond from produced oil "separation
separated "water chanber(s)." [00081
An operable full bore isolation valve is provided, .
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(i.e., prior to water cut) and over field |life in the
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what ever reason. 5 Brief Description of the Draw ngs
[0004) 00&4r sepagation plovides for setueticat dfback pgosswt on theapsepoirdy weduption of
a downhol e water separation unit installed. [0010
staticihgdraelicchehd (i2., ovee sprbific gravewobproducse flhidan teripeling which can be
downhol e water separation unit and water punp
signiifiahicih degper WRAE hid FeperreseBoirs) aad walutdddeittiopplesiscts in the subsea
sectional view of a downhole gravitational water
pipeSi@alt ataly Operatd ai 4 lowket felatiedffovmtelthanfantbe cambined 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 flowline(s) can significantly reduce the total installed cost
of the pipeline, particularly on subsea developments where pipeline costs are always a
predominant cost factor. Water separation also reduces dependence on chemical injection,
which is otherwise required for hydrate miti éation. By eliminating dependence on chemical
injection, consumables cost over field life may be reduced.

[0006] A need exists for a technique that addresses the emphasis on increasing the reservoir
recovery factor for subsea well operations by separation of water from produced hydrocarbons.

A new technique in necessary to simplify total system installation and to provide available



[0012] Figure 4 is an isonetric view of a downhol e
gravitational water separation unit with [labyrinth
chanbers. [0013] Figure 5 is a vertical cross
sectional view of the final chanber in a gravitationa
water separation unit wth |labyrinth chanbers. [0014]
Figure 6 is a lateral cross sectional view of the
separation chanber of Figure 5. [00151 Figure 7 is a
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wat er separation unit. 6 Detailed Description of the

Fome @ Heit@RAniOOMEY sdRRS Rk bl RBreld? tHekdptoBledhs. an exenpl ary
enbodi ment of a well bore conpletion assenbly,
represented by reference nuneral 10, is shown in side
view and i ncl udes production tubing 12, which extends
into a formation 11. Production tubing 12 runs from
tubi ng hanger 27 in the wellhead 26 down into fluid
conmuni cation with a producing formation. Production
casing or liner 15 extends downward froma |iner
hanger 17, or otherwi se from a casi ng hanger of
suitable size in the wellhead. Production packer 13
i sol ates an annul us between the production tubing 12
and the production casing 15. [0017] WAter separation
unit 20 is installed within surface casing 19
downhol e, and is connected to production tubing 12.
Surface casing 19 extends downward from casi ng hanger
25. A surface controlled, subsurface safety val ve
(SCSSSV) 22 is |located on the production tubing 12,
above



the water separation unit 20. SCSSSV 22 is a downhol e
safety valve that is operated from surface facilities
through a control line strapped to the externa
surface of the production tubing 12. The contro
system operates in a fail-safe node, with hydraulic
control pressure used to hold open a ball or flapper
assenbly that will close if the control pressure is
Sunfifiry of MeSInVBAdH t hat when cl osed, SCSSSV 22 wi ||
Isolate the reservoir fluids fromthe surface. 100181
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separation unit 20 travels through water disposal |ine
23, is punped through a downhole water punp 37, and
re-injected to an injection zone through re-injection
line 39. [0020] Figure 3 illustrates a separation unit
21 conprised of a gravitational water separator with
| abyrinth chanbers radially circunscribing a | ength of
production tubing 12. An operable full bore isolation
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[0015] Figure 7 is a vertical cross sectional view of a downhole helical water separation unit.



| oner surface. As the flow passes over holes 55, the
gravitational forces exerted on the fluid 8 m xture
causes water (i.e., nore dense fluid) within the flow
to drop out and to travel through holes 55 and into
wat er chanber 50 bel ow. After flow ng over the hol es
55, the mxture (i.e., less dense fluid) continues
upward t hrough flow tube 54. Fl ow tube 54 then passes
through water chanber 56 before opening to separation
DéhitediBscription( @eRnviim t he fl ow reaches separation
chanber 57, the oil and water m xture again passes
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holes 55 on its surface- As the flow passes over
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the water separation unit 20. SCSSSV 22 is a downhole safety valve that is operated from

surface facilities through a control line strapped to the external surface of the production tubing
12. The control system operates in a fail-safe mo;le, with hydraulic control pressure used to hold
open a ball or flapper assembly that will close if the control pressure is lost. This means that
when closed, SCSSSV 22 will isolate the reservoir fluids from the surface.

[0018] In Figures 1 and 2, flow from the formation 11 travels up the production tubing 12 and
enters the separation unit 20. Once the flow reaches separation unit 20, a separation device
‘removes water (i.e., the more dense fluid) from the oil and water mixture (i.e., production fluid)
as it flows through the unit 20. Once the desired amount of separation has occurred, the flow
(i.e., less dense fluid) reenters the production tubing 12 and is directed to the surface. The water
. (i.e., more dense fluid) that was removed from the flow (i.e., production fluid) in the separation

unit 20 can be further processed or re-injected.



[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 nunmber of small holes 55 on its surface.

As the flow passes over holes 55, the gravitational
forces exerted on the fluid mxture causes water
within the flowto drop out and to travel through
[0oD9]€la Fifural Ghe wiitér revadvel froetaeriiew irbte bephation {i® ttakels through
oil flow (i.e., less dense fluid) has passed over the
whkel @i§poddl liné 23, ah @ @Bk BifSant dxGerill epaiaiiorodevica Bl nBxdAalabgvaion
the FBIV 41, and is directed to the surface. [0024]
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from separation unit rough. water disposal
fided tife, while providing the means for flow diversion through the separator 21 under
"Separation Enabled" mode. The FBIV 41 additionally provides a "Separator By-Pass" mode
for early field production (i.e. prior to water cut) and over field life in case of flow disruption
through the separator 21. FBIV 41 may be replaced by an alternative closure mechanism _such as
a remotely installed plug.
[0021] Referring to Figures 3 and 4, when FBIV 41 is closed and in "Separation Enabled" mode,
flow (i.e., production fluid) from the formation 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 chamber 49 and travels upwards through oil flow tube 51, which carries
the oil and water mixture through water chamber 50. It is important to note that the flow is
completely isolated from water chamber 50 by flow tube 51. Flow tube 51 terminates in a
separation chamber 52. The separation chamber 52 comprises a plurality of small holes 55 on its

lower surface. As the flow passes over holes 55, the gravitational forces exerted on the fluid



[00251 Figure 6 illustrates a cross sectional view of
Figure 5 along line 6-6. Fluid flows into the final
separation chanber 65 through flow tube 63, and passes
over holes 55. Water fromthe water chanbers flows
upward and out of the separation unit 21 through
outgoing water line 66. The remaini ng oi | and wat er
m xture reenters productl on t ubi ng and continues
miiiure pReTe Rl (k vatiggh dense SuidhyBhin MO"UP diorsyh andiipitigye! through
unit contains four separation "stages," the nunber of
hodesparand ingmwatek chgaber50ibglowy i fieg ﬂawe epeiiha hrles\adt tae mixture (i.c.,
chanbers, depends on the desired oil to water ratio
legsfdensgdluid) eontinseswipivigrd thesugle el sitbe 6 Blamttuberifehengnagpenithefugh
the separation unit is also dictated by the nunber of
watenshembdr A beioteapesitig thessparaitbn ch@@RT 37.Fi gure 7
illustrates an alternate enbodi nent separation unit
[0022] Whentths Soverebdds separiation ¢hamrherf S70ottre pil enkliwateomixhirgiggaihpasses
enters a helical flow tube 43, which waps upwards and
ovar ogm@-likp flociubdtihara nunhiengf shizll hales 6pen abuefateall As thoflew passes
i solation valve (FBI'V) 41 is located in the
ovpr ladksSb) thergiaviltiogpl TG casiekérted ohhiee fhagpmiatne oauseswdtera4thin the flow
The FBIV 41 operates as previously discussed, to
to d@pe@otdnded fravel theomigh hdles 59 o into waes ehatrtbenigibeldvh eOnce the flow has
separation unit 24. As the water and oil mxture
passad eves tHetheleh 65, iicmhtinushepwidd tHriweh fllooviutier v iy mbes9 then passes
holes 44.in the bottomof the tube 43. As the flow
thipeghseseratianbedn 60 bsfokbperihetogeparatioachamisl 6f.oWbesthe Kiew réxdhes
on the fluid m xture causes 10 water within the fl ow
sepiacatidn ointhet 6l riet oiland mateemittive ageiinpdseds @serdderaterdike fidap that has a
wat er chanber 45 Dbelow The water chanber 45 is
nuabérf sisdthads SSha i@ mnidces Ab ghie floerpatdaeoyr balacis, dr gravitational

fOréI:-ezs eier:]r(tjed 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 an& 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



the surface casing 19. The flow conti nues upward

t hrough the helical tubing 43, until it reconnects
with production line 12. As previously discussed, the
wat er captured in water chanber 45 can be renoved
fromthe separation unit 24 by a nunber of different
nmet hods. The Ilength of helical tubing 43 and
separation unit 24, depends on the desired oil to

sevahwls thidhgPwabr Ad¥etubé b3vHich pchngtel hewaePeambirs. TRt tater that
24. [00281 The gravitational water separator system as

efftS S Wates 8GnBYr $d18vtR %%%K%t&%vﬁth%ﬁ\hﬁ&ms connected to water
advantages. The gravitational water separator system
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sinmplifying total systeminstallation (i.e., no
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lide use |n mell operations, the water separator

conprising: a hollow cylindrical body having a

[Obi)sn %Lxgtuyedé ﬂ%Ltra%% iasc'ross sectional view of Figure 5 along line 6-6. Fluid flows into the
final separation chamber 65 through flow tube 63, and passes over holes 55. Water from the
water chambers flows upward and out of the separation unit 21 through outgoing water line 66.
The remaining oil and watef mixture reenters production tubing 12, and continues on.

[0026] Although this embodiment ofa separation unit contains four separation "stages," the
number of separation "stages," including accfompanying water chambers, dépends 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 causes
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a conduit extending coaxially through the body and
havi ng 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
admt production fluid; a gravity separation device
mounted in the body around the conduit; a | ower port
watenwithia thedhasutiotdropmit e to itraval ghirqugh holea dit Ay inte wates chamber 45
gravity separation device for admtting production
beléw.uilhe witercheinberalis/enipsisa] d skeedannalnsibeaweangreprogustion fing 12 and
the conduit, above the valve, leading fromthe gravity
the s@fme adsingnl 9d 8¢ Gew chamkes uphard theuglothd belical @bing W unakier
separator of claim1, wherein the gravity separation
recalmedte &ith protiaion dioerpl.i Aemevioaslypdsdusded,ahe watat @pmtaddn svater
plurality of apertures and the partition defining a
chalmberst schan berehlouedifrorp drsagpeatmh aviee 24 he a pambdrof diffe@ndnahods. The
nore dense fluid passage bel ow the partition; a nore
lenglle nBle:litd] i bih gt 3smb agpgeatipo niit 2K depedden thédairghoit foevadm éhitio of the
fromthe nore dense fluid passage for discharging
fluidreaeing ehe Sepafdtion diit 240d wherein the | ower port leads to
the | ess dense fluid passage and the upper port | eads
[0028] O ghweitdtRES walke BGRraddréhdenp ascoagrisedby thélRcidue thas significant
separator of claiml, wherein the gravity separation
advalftages. ETHelprivi@tionaDWited sef:fatdr sytehi i3] betintbgraeX vixhid itiegvell
axially. along the |l ength of the |ongitudinal axis such
comipledibn, tsiheplifighg &l sstéaeinstailbtion G S0 3 apstusd euded ab RQuired
conduit, the tube having apertures |located in and
for £3¢hiedddhsigled 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.
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through a | ower surface thereof. 12 4. The water
separator of claim3, wherein the annul ar area between
the inner peripheries of the gravity separation
devi ce and the outer peripheries-of the conduit define
a nore dense fluid chanber to allow for gravity to
force nore dense fluid contained in the production
fluid to travel through the apertures in the tubing

into the nore dense fluid chanber positioned

w. 5. The water separator of claim1l, wherein the
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~ ext endi ng between and conn in
back-jgto the conduit. ecting each water Chénber

C

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

the lower port leads to the less dense fluid passage and the upper port leads from the less

dense fluid passage.

3. The water separator of claim 1, wherein the gravity separation device further comprises a
helical tube extending axially along the length of the longitudinal axis such that the helical tube

surrounds and wraps around the conduit, the tube having apertures located in and extending

through a lower surface thereof.
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a less dense fluid flow pi pe extendi ng between and
connecting each separation chanber. 9. A water
separation systemfor use in well operations, the
wat er separator conprising: 13 a hollow cylindrica
body having a |ongitudinal axis; a conduit extending
coaxially through the body and having a val ve
positioned therein to open and close a portion of the
conduit and a threaded upper end for securing it to a
| ower end of a string of production tubing, the |ower
4.end Tk watee sepamatdn of clijml T yhetsisythe annglaphnea pytwenndhe wper peripheries of
fluid; a gravity separation device nmounted in the
thb gdyitaseparagbntderice amidbé outertpedphpries/ofithe eaguit dafing A mpss/depee fluid
conprising a plurality of separation stages, each
champarnatliconfos tagiey wdompe msrendynse fluidgataited dnthe peodbetion fluid to travel
axially aligned with and stacked atop a water chanber
thhginte bpeetutes irgthb tubing ahdh nt@vhie sjoreademer Buid elmgder pasitgnéd piow.
pi pe extendi ng between and connecting each water
chanber; a |less dense fluid flow pi pe extending
bet ween and connecting each separation chanber; a
5.1 owghe pafet separatohef damdyivherelnehcomatitysepaition devieafiithg comprises
the gravity separation device for admtting
at RaQ@u€ teparatidnl sitigd, sabtesepiratonvstdge eomprisetl ofestparatich ghamber axially
upper port in the conduit, above the valve, |eading
alipfidarvith end Gtaekét biyop 3&¥2bdr ahdnther alewy the lenphek thenkis. t he
conduit.. 10. The water separator of claim9, wherein
each separation chanber is defined as the

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 travel from the

separation chamber through the apertures and into the water chamber positioned below.

7. The water separator of claim 6, further comprising a more dense fluid discharge port

extending through the body from the water chamber for discharging more dense fluid.

8. The water separator of claim 6, further comprising:
a more dense fluid flow pipe extending between and connecting each water chamber; and

a less dense fluid flow pipe extending between and connecting each separation chamber.

9. A water separation system for use in well operations, the water separator comprising:
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interstitial space between an upper wall, a | ower
wal |, and the sidewall extending therebetween, and
wherein the |lower wall has a nunber of apertures
| ocated in and extending therethrough 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
c hanthelliowogintiicih ballydeVinga dngitudihed awat er separ at or of
claim9, further conprising a nore dense fluid
di sebeidyit epeiiding @ukiahylihngngh hedwgnatditavingdyalve positined therein to
| east one of the water chanbers for discharging nore
opéleafielost b portion dfthd 2ondéit wed ethreadiaupptn end fessdueing itde a ieser end of
in well operations, the water separator conprising: a
a sifilgl @ Prodidtion ibipathe okt ehawf thgcandliobgng ofeth nakdnaixproduction fluid;
conduit extending coaxially through the body and
hav}, BgivRy ¥phiGorPRsick hsdd ifhWeé Bédy dtdind GRednduitithe gosy a
portion of the conduit and a threaded upper end for :
sepafdtioh d&Hce Jomlfpﬂsiﬁg h prRAlitESeffration s@bds] E¥gh SdpaRariotlsiedel Omprising a
tubing, the Iower end of the conduit being open to
sefafifiioh cRAbRAESLAIQRIEhddivilih Fhd GfadkddtaopSeracrahirier diig the length of
conprising a hélical tube extending axially along the
thd &gt h  of the longitudinal axis such that the helical
tube surrounds and wraps around the conduit, the tube
havi RgraRBdel i ERow BpatREndifl BuiflecR sh® BshnBding BidhUgHler@hamber;
| ower surface thereof; a lower port in the conduit,

bel oywsd paseviliy ﬁ@wk}ﬁ)@@kt@gdig@bét@&n&h@‘d@dn)ﬁctﬁ@ Radhaskepdpition chamber;
device for admtting production fluid when the valve
I'S Qlo%?ﬁio'rt ek 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.

10.  The water separator of claim 9, wherein each 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 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.
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an upper port in the conduit, above the valve, |eading
fromthe gravity separation device back into the
conduit. 13. The water separator of claim 12, wherein
the annul 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
allow for gravity to force nore dense fluid contained
in the production fluid to travel through the
apertures in the tubing and into the nore dense fluid

12C haghedier RGsmtdiibR BREm R LV whi opdionsahewatsiepdrabiodontpkising:
claim 13, further conprising a nore dense fluid

di sghaldecyRRdrtcal K04} BReh S Idnbi Rt atifle body fromthe
wat er charber for di scharging nore dense fluid. 15
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 comprising a helical tube extending axially along the length
of the longitudinal axis such that the helical tube surl;ounds and wraps around the conduit, the
tube having apertures located in and extending through a lower surface thereof;
a lower bort 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.

13.  The water separator of claim 12, 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.

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.
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