WO 2009/082633PCT/US2008/086535 ELECTROSTATIC SEPARATOR WITH MULTIPLE
HORIZONTAL ELECTRODES BACKGROUND OF THE INVENTION 5[0001] The present invention
relates to metAGdeIdddbparatus for electro- static separators and dehydrdt61EUsH8RsaSlarly
relates, in one non-limiting embodiment, to electrostatic separators that have more than one electrode
or grid. [0002] It is well known that petroleum as it is recovered from an underground 10 formation
must be initially treated so as to separate and remove entrained gas and emulsified brine or water, to
prepare the oil for transport in a pipeline and to remove the gas and water which do not need to be

transported, and which would be cE&EGIREHAT( SR ARAT QR WIEHechniques and processes

have been previously used in ordgyi Jp bl B RO EI 2B PAI N2t rRegdoh- 15energy consumption.
[0003]In particular, U.S. Pat. No. 4,329,159 ("Energy Saving Heavy Crude Oil Emulsion Treating

Method and Apparatus for Use Therewith") describes a method and apparatus comprising an
elongated horizontal cylindrical tankg Altvieeg o) NS OR PRIEHRAE jFiagRMPartments through which

the petroleum 20will sequentially flow. Burner-fired heaters are included in an upstream heater section

for héating thd ¥@XIikionRePRSRBLIRVRIHIG AR IP RIHIGIFRY SRPRr BltPdiReal88End some of
the brine sepagpigidreaptiratersHpi@ichyaRasial e minidatbes) RiiaecEIen HawsdHaimgpRjescing

section, encountering a series of baffles adapted to encourage even flow of fluids and to avoid the

25formation ofBRPARSAE RGP MFPERAAREH I ARY H PR F A AN KIFOLRAR FElds are

applied by eneggiting vertjcally oriented g.rids with high voltage potential. The grids are adjacent to
Cloctisally coNPOUR o e AL T HASIRT #0d B LN SECTIRLA HeHR 60 Hesce the
droplets of briferreataninguist e initialty tlezpsdisHiideseparate and remove entrained gas
and emulsified brine or water, to prepare the oil for transport in a pipeline and
to remove the gas and water which do not need to be transported, and which
would be costly to transport in any event. Various techniques and processes
have been previously used in order to minimize treatment time and avoid high-
15 energy consumption.
[0003] In particular, U.S. Pat. No. 4,329,159 (“Energy Saving Heavy Crude
Oil Emulsion Treating Method and Apparatus for Use Therewith”) describes a
method and apparatus comprising an elongated horizontal cylindrical tank,
divided by internal partitions, into compartments through which the petroleum
20 will sequentially flow. Burner-fired heaters are included in an upstream heater
section for heating the emulsion to a desired temperature, during which most of
the entrained gas and some of the brine separate from the emulsion. The
partially de-emulsified brine then flows into a coalescing section, encountering
a series of baffles adapted to encourage even flow of fluids and to avoid the
25 formation of flow channels within the fluid body. Additionally, high-potential
electrostatic fields are applied by energizing vertically oriented grids with high
voltage potential. The grids are adjacent to each grounded baffle, which cre-
ates the fields between each grid and grounded baffle. The grids are electrically
connected to the same, single transformer. The resultant electrostatic fields
30 coalesce the droplets of brine remaining in the oil into drops of sufficient size
and weight that they flow downwardly by gravity to the bottom of the coalescing



and weight that they flow downwardly by gravity to the bottom of the coalescing WO
2009/082633PCT/US2008/086535 section for removal. Oil substantially free of brine then flows over a
wall into a r&@2MYWREE the brine-free oil may be intermittently or continURfBIYG8HEA§EY, without
affecting the liquid level in the treater. [0004] Electrostatic coalescence such as that described above
has been well 5known for many years. For instance, older U.S. Pat. No. 3,207,686 discloses an
electric dehydrator having horizontally oriented upper and lower foraminous electrodes which define a
main treating space between the electrodes and an auxiliary treating space between the lower

electrode and 8eStiRIIjOs T sapRfate@ihaHBE TR Hipsdalsbiiredhen dlews« wrmaralidrierden. The
upper electrodgd8isdnalHalaafabarsind e ia) rdihsieventlestoskisRnrIgigrd by a high

voltage transformer. [0005]Conventional electrostatic coalescers with a horizontally oriented electrode

may also suffetRAfiRaHi¥EIHE FiRTHRS Rectitidd Iy ahiniReel RAIEH: rises too high and contacts the
electrode, shopjpg4y ouiee cstasic asars66pBtEsGER tasCRRARIBBENRHDaEVEMAS HEEH dRUnstream

fl d ing. Thi b icul ff latf for land-based
operations. esPBERI P HBRHIG BIRUBHA L SLEES: QHE ThovGRbr e S0 Mg SRERESate
coalescers hawm dsizwintalhpdentachalatddaizdnibipokcmive opptplenceibeaihforeniecglectrodes.
H , in if th tt Oed fth tically oriented el d tacted by th
water, ey il G008 AN ST BRI HEBUM RBIBRgo HARaTe ERORFOBR A IR matkets a
Vessel InternaaEi@tarysrteﬁttilﬁg)almm_be\w\E@m ahd @Wewamatmmmdmdgmqem).
Unfortunately, ot Ofriie afcBaRy dpl B RS rulPo A B XU AT R AP B RGEEeS

which
10 is maintained at ground potential and the lower electrode is energized by a high

voltage transformer.
[0005] Conventional electrostatic coalescers with a horizontally oriented
electrode may also suffer difficulties if the oil/water interface, or the water level,
rises too high and contacts the electrode, shorting it out, and causing the

15 coalescer to cease operating, which disrupts downstream flow and processing.
This can be a more particular concern for offshore platforms than for land-
based operations, especially for floating platforms subject to the motion of the
seas. Many electrostatic coalescers have horizontally oriented electrodes, but
some have multiple vertically oriented electrodes. However, again if the bottom

20 edges of these vertically oriented electrodes are contacted by the water, they
will short out and the electrostatic field will no longer function.
[0006] Vetco Aibel markets a Vessel Internal Electrostatic Coalescer (VIEC)
and a Low Water Content Coalescer (LOWACC). Unfortunately, both of these
commercial systems suffer from deposit problems on the electrodes, which

25 consist of horizontally oriented honey-comb structures. The solids contained in
the crude will drop off and be deposited on the horizontal sections of the struc-
ture. These solids are suspended solids and clay solids within the oil. These
deposits are problematic because they tend to cause shorts as well.
[0007] It would be desirable if methods and apparatus were devised that

30 could easily coalesce water droplets, but which is more accepting of variable

water levels.



25consist of horizontally oriented honey-comb structures. The solids contained in the crude will drop
off and be deposited on the horizontal sections of the structure. These solids are suspended solids
and clay solf¥Q #ipi#sEh&3oil. These deposits are problematic because theyRERATBWE(9§653Morts as
well. [0007] It would be desirable if methods and apparatus were devised that 30could easily coalesce
water droplets, but which is more accepting of variable water levels. WO
2009/082633PCT/US2008/086535 BRIEF SUMMARY OF THE INVENTION [0008]There is provided,
in one non-restrictive form, an electrostatic separa- tor that involves a separation vessel having a
mixture inlet and a horizontal 5axis. The separation vessel also has at least two horizontal electrodes

oriented generally parallel to the hggigpipta] @xigi Xbere the fiesiNoideniehglectrode is spaced a first
distance above the horizontal axis and the second horizontal electrode is spaced a second distance

above the horQ8] axisherrisRioN P arktihessspedrsttcina et eafiartosialissaana-
transformer is giegiaeatyoliss anegierdeorarssbelraviag *leniede MtohyiehsperfaNt in an upper
portign of the separation vessel, and a watey outlet is present in a lower portion of the separation
Vossd [0000] FHerd RERERTHIRTHLE LR RO A G Eh IRCEAIEAL SR UIGE RS QHRD Eparator
that includes agggpaedijopayatselcthpvisizg @ah iy ewhietcl thbringg ihavidohtalrelsttredy &t least oil
and water e”t%ré’até'gd"g ﬁgl J}Qt%ﬁgg%rgéve the horizontal axis and the second horizontal
electrode is spaced a second distance above the horizontal axis. The second
distance is greater than the first distance. A separate transformer is electrically
10 connected to each horizontal electrode. An oil outlet is present in an upper
portion of the separation vessel, and a water outlet is present in a lower portion
of the separation vessel.
[0009] There is also provided, in another non-limiting embodiment, an elec-
trostatic separator that includes a separation vessel comprising a mixture inlet
15 through which a mixture of at least oil and water enters the vessel. The separa-
tion vessel may contain a volume of oil over a volume of water. The volumes
are roughly separated by a generally horizontal oil/water interface. The vessel
has at least two horizontal electrodes oriented generally parallel to the horizon-
tal oil/'water interface. The first horizontal electrode is spaced a first distance
20 above the horizontal oil/water interface and a second horizontal electrode is
spaced a second distance above the horizontal oil/water interface. The second
distance is greater than the first distance, so that the two electrodes are at dif-
ferent heights above the oil/water interface. A separate transformer is electri-
cally connected to each horizontal electrode. An oil outlet is present in an upper
25 portion of the separation vessel to withdraw oil from the vessel, and a water
outlet is present in a lower portion of the separation vessel for withdrawing or
removing water from the vessel. The use of at least two generally horizontal
electrodes permits the coalescer to operate even if the oil/water interface rises
sufficiently to contact and short out the lower electrode. The high voltage field
30 generated by the upper electrode is still operative and allows the coalescer to



tion vessel may contain a volume of oil over a volume of water. The volumes are roughly separated by
a generally horizontal oil/water interface. The vessel has at least two horizontal electrodes oriented
generally paVAN2ree/adéForizontal oil/water interface. The first horizontal el®&HoBE2I9%NWERT a first
distance 20above the horizontal oil/water interface and a second horizontal electrode is spaced a
second distance above the horizontal oil/water interface. The second distance is greater than the first
distance, so that the two electrodes are at different heights above the oil/water interface. A separate
transformer is electrically connected to each horizontal electrode. An oil outlet is present in an upper

25portion of thEesfhapaisingsEeets GahdRAtdaIrRoiNiAe sep3sptamPEZRRial olgtdiadgsiddent in a

lower portion ofghe:SeRAIRHAM YIRS BWHINVATT AR WALEAE: the vessel. The use of at
least two generally horizontal electrodes permits the coalescer to operate even if the oil/water interface

rises sufficienfi§3d BontdR BAYUNSISIOBUCHETHYR FERTRISIdN eI Pigiovidiesyd matheddherated by

the upper elecy@sigrigtintloMpanativaanthall oM escpaleacerig aMexture of oil and water into
2009/082633PCT/US2008/086535 ke?ifgopera,tin&. 'I\'Afﬁfre j%n e at Ieastftfgl;ee eparate horizontal
Bk PV a4

electrbdes in SBSRPAGAIRRMATSEN AR FANSGS YSiRTdR ARG
non-restrictiverakesate stsdeate prayid e lamebiosifovse paralimgeod fangtaraseptirateaMojvas
introducing a mixture ?f il and¥v ter into 5a Se aration yessel through afmixtur inllet. The mixture of
oil and water 19 Par A 16 AL Ak RTEY TUEHRGE A JRaes RRUGHHE dP6. v Alme e by
generally horizaripe cigivirtem rledhost dtddadd @ poaiatedfiheablbashime Fosizbjeiztieeléc-an

clectosa S350 bt g 4t SFeAL REragse i smamly sl e

horizontal oil/water inferface ectro ance above the
horizBntal oil/Wetzamtaletestseded sepanadharfiishiibtaace ahoiedpadedrizcaiad ail/misiance above
the horizontal pilaypige REaCEURIRGIE SREAMIUTRER S Sicales Watite dishfisance: A
separate transtormer is electrically and independently connected to each horizontal electrode. Water

droplets coale8&9Vaathfhdgonti@ikrigicintaractoyheag aQiserend Hisi@noslisesaatsthe water
volumeina than the first distance. A separate transformer is electrically and independently

connected to each horizontal electrode. Water droplets coalesce via the elec-

15 trostatic field and drop via gravity from the oil volume into the water volume in a
lower portion of the vessel and the oil-free or substantially oil-free water re-
moved from the separation vessel through a water outlet. Oil is removed from
the separation vessel through an oil outlet.

20 BRIEF DESCRIPTION OF THE DRAWING
[0011] FIG. 1 is a schematic illustration of a three-phase separator showing
one non-limiting embodiment of the separator apparatus herein.
[0012] It will be appreciated that the Figure is a schematic illustration that is
not to scale or proportion, and, as such, some of the important parts of the
25 invention may be exaggerated for illustration.

DETAILED DESCRIPTION OF THE INVENTION
[0013] The three-phase electrostatic separator herein will function as a
separator for gas, water and oil. Gas/liquid separation will occur in the front
30 section of the vessel by conventional technology. Separation of the liquids of ail
and water will take place in a subsequent or end section, which may contain up



lower portion of the vessel and the oil-free or substantially oil-free water removed from the separation
vessel through a water outlet. Oil is removed from the separation vessel through an oil outlet. 20BRIEF
DESCRIPTMR20F/MRESIDRAWING [0011]FIG. 1 is a schematic illustrationPRSTHEPFB/P#A3E separator
showing one non-limiting embodiment of the separator apparatus herein. [0012]It will be appreciated
that the Figure is a schematic illustration that is not to scale or proportion, and, as such, some of
the important parts of the 25invention may be exaggerated for illustration. DETAILED DESCRIPTION
OF THE INVENTION [0013] The three-phase electrostatic separator herein will function as a separator
for gas, water BhtNEse GeRAIGIRI MR SVARSBJINFRPERIREHY SosKRRIAGIAHBr@Sssepaate

conventional tegingiRBhreRResRdindsAl e iiassratalband Rtk wbiake MarsdRtaIBhsaguent or
end section, which may contain up WO 2009/082633PCT/US2008/086535 to three separate

transformers 4P iRAEP ORGSR L& taarpsr susHesid arRinih FRECBAZRRIBINIESrodes

installed in thetygrelieAdoorizanalinrinssalinmxiined hea seisisimendhntteaterm "water herein wil
d in these mixtures and se tions thereof. 5[0014]ln oil field

orodustion proDBAl <BhL G CCHERER SRR o R L G eP AAGH e B Eally
conducted in aofrgas; Rk smdeparaits oinweddnaldetydirted This tbasippretio sepaestar
e A R R ARG S A BBl
space, and as is well known, space is at a premium on an offshore oil platform.
The separation vessel herein combines the processes into one vessel, a vessel
10 which can withstand and operate under conditions of motion where a volatile or
rising water level may short out a high voltage electrode within the electrostatic
portion of the separator. However, because more than one independent elec-
trode is used, if a lower electrode is temporarily shorted out, an upper high
voltage electrode continues to function so that the separator remains opera-
15 tional.
[0015] Shown in FIG. 1 is one non-limiting embodiment as a three-phase
electrostatic separator 10 that includes a separation vessel 12 having a mixture
inlet 14 for receiving a mixture of gas, water and oil. This mixture goes to
conventional gas/liquid inlet separator 16, having a gas outlet 18 and a liquid
20 outlet 20 for discharging the oil/water mixture 26. Separated gas 22 from gas
outlet 18 above the interface 23 is removed via separator vessel gas outlet 24.
[0016] The oil and water mixture 26 travels downstream to subsequent or
end oil/water separation (electrostatic) section 28 that is separated by baffle 30.
Baffle 30 may be grounded to help establish the high voltage electrostatic field
25 in section 28. A volume of oil 32 is separated by a volume of water 34 roughly
by generally horizontal oil/water interface 36. The volume of oil 32 generally
separates from volume of waster of its own accord in a preliminary separation
prior to and/or simultaneously with subjecting at least a portion of the volume of
oil 32 an electrostatic field to separate more water out of the oil. Oil/water
30 interface 36 is noted as “generally” horizontal because if electrostatic separator
10 is mounted on a floating oil platform, with the shifting seas and motion of the



10which can withstand and operate under conditions of motion where a volatile or rising water level
may short out a high voltage electrode within the electrostatic portion of the separator. However,
because moMOtHERA/BRE63hdependent electrode is used, if a lower electrode R6 TéwpdiEPtgS3horted out,
an upper high voltage electrode continues to function so that the separator remains opera- 15tional.
[0015] Shown in FIG. 1 is one non-limiting embodiment as a three-phase electrostatic separator 10
that includes a separation vessel 12 having a mixture inlet 14 for receiving a mixture of gas, water and
oil. This mixture goes to conventional gas/liquid inlet separator 16, having a gas outlet 18 and a liquid

200utlet 20 forRiROTERgRIf WSS IEHEACH Y SHPSEiraned bahotiaesialy Hsob syéndda@bove the
interface 23 isgg ecﬁéﬂé?ﬂ%’é)arﬁé@é‘@ééﬁbgﬁaﬁle%a%étdp%%sgeoelbﬁ%r\yﬁisa RPHigiR 20 travels

downstream to subsequent or end oil/water separation (electrostatic) section 28 that is separated by

baffle 30. Baffigeiieraly Rergrniabeanba ayie snmbirrMe. Rgheathgeaeinesidties in section
28, A volume oipib3 i oRAGHaIesbBY RivelyDe GhuGabad foualy aytaepesMrisealal oifwater

interface 36. The volume of oil 32 generally separates from volume of waster of its own accord in a

preliminary seBERRIGHHNBAZS BRI RIASRNJIRsEBERP Rt b 39 de S siartial w dbmsa R e 3blume of
oil 32 an electipatatieifigbie ARBRAIRREEER LA RIcPalRblimals @uiwe&magus@@r&@s% is noted as

"generally" horjzontal becaﬁ?e if electrost t|c se arator 10 is mounted on a floatjng oil platform, with

the shifting sead &RA HEFSIFERRIGIS @S W BEORR) Ry SR RISBH 98 Rl ilffvater interface
may temporarijophdehauzensd. Hinf ﬁmW@%IC@I?@b@@dbpém@d n’fmme(lagms@aphmarator 10

Soparator 10 SR GhBRE ALl BB ACAEIEtH B oHFS: DE oSS Sgeneraly
horizontal plar@ﬁ'dfrallmhs‘e%nﬁmbaﬂaa:eubstamal}mloﬂrmﬁmm@mat water droplets may be
cloctrostatic LR Phe \GNELGT SR oA RE A LRI RO B QSN G phase.
internal to the h@ﬁet)mtalltethea@deepm (hewey drsridonts thigh valtage electrode 38 and
second (upper) horizontal high voltage electrode 40. The electrodes 38 and 40
are oriented generally parallel to the generally horizontal oil/water interface 36.
15 It will be appreciated that since oil/water interface 36 is not always horizontal to
separation vessel 12 for reasons stated above, electrodes 38 and 40, while
parallel to the horizontal axis of vessel 12, will not always be parallel to oil/water
interface 36 which may be shifting, tilting, rising or falling. First (lower) horizon-
tal electrode 38 is spaced from the oil/water interface 36 a first distance a, while
20 second (upper) horizontal electrode 40 is spaced from the oil/water interface 36
a second distance b, while the second distance b is greater than a. Alterna-
tively, the first (lower) horizontal electrode 38 may be spaced above the
horizontal central axis of separator 10 a first distance, while the second (upper)
horizontal electrode 40 is spaced above the horizontal axis of separator 10 a
25 second distance, again where the first and second distances are different from
each other.
[0018] Without being limited to any particular embodiment, but to give some
sense of scale, in one non-restrictive version a typical spacing between the
electrodes or grids 38 and 40 may be between about 8 to 10 inches (about 20
30 to 25 cm). It is also expected that the voltage applied to each of the electrodes
or grids 38 and 40 (or more, if used) is the same voltage, although it could be

6



10generally rise and coalesce with the volume of oil 32. [0017]Oil/water separation (electrostatic)
section 28 contains at least two horizontal electrodes, first (lower) horizontal high voltage electrode 38
and secondWishp¥¥t#ds3dontal high voltage electrode 40. The electrodes 3P&AA48F8%AENted
generally parallel to the generally horizontal oil/water interface 36. 15It will be appreciated that since
oil/water interface 36 is not always horizontal to separation vessel 12 for reasons stated above,
electrodes 38 and 40, while parallel to the horizontal axis of vessel 12, will not always be parallel to
oil/water interface 36 which may be shifting, tilting, rising or falling. First (lower) horizontal electrode 38
is spaced frome@@lvilrarastadBipidcbsvaliaes epstichbe ¥aupfdobieed B @ipelfPABEAintal electrode
40 is spaced fwghg@%wg%dngg@pe 36 a second distance b, while the second distance b is
greater than a. Alternatively, the first (lower) horizontal electrode 38 ma& be spaced above the

horizontal centPd s of BERIRGHPABS3H 4l 49 BavhsieREE A iR A SBehes%lectrode 40
is spaced aboygi¢lse horzontahaxisivitieparmisdiman saague dintinesl et apElaEdh @ first and

second distances are different from each other, [0018] Without being limited to an%éarticular

embctiment, BUERH YV LBFRECHALe FFaPIRY I GHePRYRTHERHRIRRAY SRS bt dpa¥iAtfetween

tf;e e|8Ctr0de§I@héQliﬁélﬁ$loa<Et§ilé@tf?ﬁ&éﬁré@lﬁvaf@ﬁ@éﬁ%lm&%el@dﬂﬂ@h@@ Gﬂ)ghg%?rﬁhl/%@ﬂ% It iz )

also expected that the voltage applied to each of the electrodes or grids 38 0 (ormgqre, if used) is

tho same votall SHAG B TDBR FE SO S RGP TEHR P SEBoU Rl Fhed hat

the voltage cotti¢ ltevaiezdS8vand 4Ermiectedaatalidyfurdantemepastidd0iisehe2lectrodes

N R S R 4 WS AR, SRS} ma b
10 bottom electrode 38 may be typically located at or near the center of the vessel

12. The upper electrode 40 may be located about 10 to 12 inches (about 25 to
about 30 cm) above the lower or bottom electrode 38. A third electrode, if
present would be located about 10 to 12 inches (about 25 to about 30 cm)
above the electrode 40. Again, these dimensions are merely illustrative and do
15 not limit the embodiments described herein. Each electrode 38 and 40 is
independently electrically connected to its own high voltage transformer, first
transformer 42, second transformer 44 respectively. Thus, if oil/water interface
36 rises sufficiently for the water 34 to contact lower electrode 38 and short it
out (distance ais reduced to zero), upper electrode 40 will continue to function
20 to generate the high voltage field to encourage water droplets in body of oil or
region 32 to coalesce and fall generally vertically through vessel 32 to be
removed as separated water 46 through water outlet 48. Separated oil 50 is
removed via oil outlet 52. It will also be understood that once the oil/water
interface 36 drops or falls below the level of the lower electrode 38 and water
25 no longer contacts it that the electrode function, and the high voltage field, will
be restored.
[0020] Also within separator vessel 12 is an oil/water interface level control
system, schematically illustrated at 54, which may be any conventional me-
chanical, electrical or electrical/mechanical or electronic/mechanical system
30 that controls valve 56 in water line 58 so that oil/water interface 36 is positioned
no higher than between lower electrode 38 and upper electrode 40 to avoid and

7



5a round cross-section, arranged in a convenient planar pattern, so that they are less likely to collect
undesirable deposits. The electrodes 38 and 40 may be of the same or different design or
configuratio®W @HI4EEXd each other. Further, the electrodes 38 and 40 m&¢ HE e AESBigher in the
separation vessel 12 than is conventionally designed. In one non-limiting embodiment, the lower or
10bottom electrode 38 may be typically located at or near the center of the vessel 12. The upper
electrode 40 may be located about 10 to 12 inches (about 25 to about 30 cm) above the lower or
bottom electrode 38. A third electrode, if present would be located about 10 to 12 inches (about 25 to

about 30 cm) &severthbafeelesieodes Afandvisbenmendasiche sheringinugratilwaiges do 15not
limit the embodifacnisdeselibe s sl tERABSIRRTPSIRAI A3YES SRdsheIaTHE SercRlly

connected to its own high voltage trarisformer, first transtormer 42, second transformer 44

respectively. THIgSical ARd&TiglepeaisdiRdacRIBVRIARtesianschamataatydneiia@iRhal electrode
38 and short itgyitd4iatBRER AdRy RFILARRACIERE) aHERRISISSHASR ARWHbARRIINUR G fction 20t0

generate the high voltage field to encourage water droplets in body of oil or region 32 to coalesce and
fall génerally vaRstaneierdogicesiel Hreyity @hie\defesriBpVheIArABE AL M MY Yater outlet
48. Separated baRyipsesppveMada oil outlet 52. It will also be understood that once the oil/water
interface 36 drops or falls below the level of the lower electrode 38 and water 25n0 longer contacts it

that the electré@@3ThctidnVARFRERIBHIGHEEtES, InnYatestirerinsone] NEseditRiAseparator
vessel 12 is anppitfwgieatintsEiosrteyalcralitleyplon Isakesririyd betanie ¢ s Sre wbirbuaay be

any conventional mechanical, electrical or electrical/mechanical or electronic/mechanical system

30that control$0aRetsB3hIRAERMAE B8 DWIRAISANCAES RieRak B6IdAdREE RIPRIEIS than

betwgen lowerlpErdr Adyas1d dinpanetrsirdtctDitoanaid aamsWiher (not shown, but
2009/082633PCT/US2008/086535 prp%ven both eleggér;éjes §8 and 40 from u desiralgg shorting out.

I
Oiliwater interf228 EVERESHIPS y§8 ! ﬁgtﬂﬁg &f@&%f/%HHSH&HH REMEE, electrical
and/or electronieiatesérredeveliceit vorsatiignatitdad slvatated 6t 60 to detect where interface 36 is,

and conventio[}%ﬂ?ch?tniig aelkgcla%?gcif ﬁ%at the oil content in the effluent water 48 will be

reduced with this apparatus and method, since the water retention in the

15 separation vessel 12 is expected to be longer than is typical for electrostatic
coalescers. In one non-limiting embodiment, the retention time may be about
30% longer than in a conventional electrostatic coalescer. It is also anticipated
that an electrostatic separator 10 may be constructed without a gas/liquid inlet
separator 16 if it is only necessary to separate oil and water.

20
[0023] In the foregoing specification, the invention has been described with
reference to specific embodiments thereof, and is expected to be effective in
providing methods and apparatus for separating mixed oil and water streams
more efficiently, as well as mixed gas, oil and water streams. However, it will be

25 evident that various modifications and changes can be made thereto without
departing from the broader scope of the invention as set forth in the appended
claims. Accordingly, the specification is to be regarded in an illustrative rather
than a restrictive sense. For example, the separation vessel may be changed
or optimized from that illustrated and described, and even though certain

30 additional features were not specifically identified or tried in a particular system,
would be anticipated to be within the scope of this invention. For instance, the



5and/or electronic logical circuitry 62 to determine whether and how valve 56 should be controlled.
[0021]1t will be appreciated that the apparatus herein is not limited to an electrostatic separator 10
having only W& efeetfode 38 and upper electrode 40, but that there mafGF ¥veskStddes
present, including a third electrode 10independently electrically connected to a third transformer (not
shown, but easily understood). Such a third electrode and transformer would provide increased
operational versatility for the separator 10. [0022]It is expected that the oil content in the effluent water
48 will be reduced with this apparatus and method, since the water retention in the 15separation

vessel 12 is exffc e Ghvaieeiniesacetpyehrasitabeyeismietbeaidst B ofe SirsadPermiting
embodiment, the ifiesRieRIEReENaY Rkl 3% M@ﬁédh%h&é&%@%ﬁ@t@ﬁﬁéﬁ&%re%ﬁﬁg.

coalescer. It is also anticipated that an electrostatic separator 10 ma¥W e constructed without a

gas/liquid inlel2@B4latoPtereRtdxgARitaBgNAte HRAME BINghdNARLEIOSH RSEERS%he foregoing
specification, th@r@h&lﬂ@@m@%rlﬂfiél@wé@ribédtédﬂam@fﬁm@d%Bﬂ?éfﬂqﬁ@ﬁlb@ﬁﬁm%s thereof, and is

expected to be effective In providing methods and apparatus for separating, mixed oil and water

Stroathe more ERERAIEAS AERBEHHREAYEAUING AT ALY SHULR IS BT e SR EX BB ovident

that various madiicatiensnandichidngeskaanpls thadsi| thrcelmyeihalxcdesasting fnay be broader scope

of the invention as set forth in the appended claims. Accordingly, the specification,is to be regarded in
Eh L, el

an illustrative r%?ﬁé?%gﬂsaarrégt i QE.SEB?@ZQFn e, FalBRARESLY b%nchanged or
optimized fromettzah plestnate bt deser e phadeesepdtatog s destaited0adskitbohbfeatures were not

specifically idegiied or tieddn APATSRUAY S SHnY PHELOS AN RBISH4 ARG Bidggeoope of this
10 (FPSOQO) vessel where space is critical. The separator may be sized much
smaller due to the advantages provided allowing a much higher basic sediment
and water (BS&W) (primarily water) in the crude as feed to the dehydrator.
[0025] The present invention may suitably comprise, consist or consist
essentially of the elements disclosed and may be practiced in the absence of
15 an element not disclosed.
[0026] The words “comprising” and “comprises” as used throughout the

claims is to interpreted “including but not limited to”.



WO 2009/082633PCT/US2008/086535 use of an oil/water interface level control system other than those
described would be expected to find utility and be e%gompassed by the appended claims. [0024] Different
mixed oil and water streams other than those described herein may nevertheless be treated and handled
in other non-restrictive 5embodiments adapted by one having ordinary skill in the art for those streams. In
another nonsNmatingcexiatagke; the oil and water mixed stream may not contain gas and thus an inlet
separator 16 may not be necessary. Such an example may be where a two phase separator is installed
ahead of an lelectroJEF]aéiL% (%reohs\/%ri%tsiona?é} a Fcl)cr)r?tirrf% Production, Storage and Offloading 10(FPSO) vessel
where space’is critical. hé separa?gr may Be'S2Ed Riuch smaller due to the advantages provided
allowing a much higher basic sediment and water (BS&W) (primarily water) in the crude as feed to the
dehydrator. [0025] FRePpratienvisselisnnisipgaitabiy tinlstised ediikobtat @xisist essentially of the
elements disclosed and may be practiced in the absence of 15an element not disclosed. [0026] The

words "comprising"aikhsERBME NS HRREHSaERWERA IR fdrdMpdaridiinieriieiediZasikcing but not
limited to". 1(#What is claimed is: 1. An eIectrostatiCF sggar(?tor com risirﬁ]: a}ése%arat'on Vess
f&al B

|
PR TRIL A TR P Axiaced A THEY R fes 8?1!35n?88egenerauy

comprising a
parallel to tha bendndntelrizdstalietaciradi sishendzetital sevtcbdésismpaaieel/a fitst ihisteordel abasie the

horizontal axjanRd e 3ecandhiaHreniayrlarirads snasedigsseond distance above the horizontal axis,
where the second distance is greater than the first distance; a separate transformer electrically connected

to each horizontal electrode; an oil outlet in an uPper portion of the separation vessel; and
a separate transformer electrically connected to each horizontal electrode;

an oil outlet in an upper portion of the separation vessel; and
a water outlet in a lower portion of the separation vessel.

2. The electrostatic separator of claim 1 further comprising an inlet separator
between the mixture inlet and the volume of oil over the volume of water, the inlet

separator comprising an outlet for the oil and water and a separate gas outlet.

3. The electrostatic separator of claim 1 or 2 where the electrodes are selected from

a group of shapes consisting of a cylindrical rod, a grid, and combinations thereof.

4, The electrostatic separator of claim 3 further comprising a third horizontal
electrode oriented generally parallel to the horizontal oil/water interface spaced a third

distance therefrom different from the first distance and second distance.
5. A method for separating oil and water comprising:

introducing a mixture of oil and water into a separation vessel through a mixture

inlet;

permitting the oil and water to separate according to a generally horizontal
oil/water interface; subjecting at least a portion of a volume of oil above the generally
horizontal oil/water interface, to an electrostatic field where the electrostatic field is

generated by at least two horizontal electrodes oriented generally parallel to the



a water outlet in a lower portion of the separation vessel. 2. The electrostatic separator of claim 1 further
comprising an inlet separator between the mixture in{ t and the volume of oil over the volume of water,
the inlet separator comprising an outlet for the oil and water and a separate gas outlet. 3The electrostatic
separator of claim 1 or 2 where the electrodes are selected from a group of shapes consisting of a

cylindrical rogbrazgriehl andweasihiaiians teseod fsThergeaipsiaticosenatptee o hdiabnd® funder
comprising a,{id porizantal elpdade crisnied.qeneraly.paralisl o s horizopial oll waler injerface
spaced a thir dllstance%ere fom different from e?II’S? distance an secondC IS ance.p%c. method for

separating ofeaerPvwhstanEsrapeiridei Mvbaoatay il mixter draedacan et ip e epBe pHFbIME Vessel

through a miglaieinleth the RRSNAIAE O &0H RABWRLRPIP56 RAAR RREPISEELtA RIGEaRTAdMAPrizontal
oil/water interface; ?% bjectin eilt Ieaatesal portion of a volume of oil above the generally horizontal oil/water
C

u
interface, to té)negfg LA kERT S e the electrostatic field is generated by at least two horizontal
electrodes oriented generally parallel to the 11 horizontal oil/water interface, where a first horizontal
electrode is spaced-eafstinisteaieecibplesstiie tsrdectrastitiafigtst interface and a second horizontal
electrode is spaced a second distance above the horizontal oil/water interface, where the second distance

is greater than the {igst g RnRs-GMANENEHRASEPALNE TSN ASbiFsRIgstigally connected to each
horizontal electrode; coalescing water droplets via the electrostatic field; removing oil from the separation

vessel through an oil outlet; and removing water from the separation vessel through a water outlet. 6.
The method of claiff B9 USHEAISING: sePartioguEssg dHRYaNe WRtT WAE and gas into the

separation vessel through the mixture inlet into an inlet separator between the mixture inlet and the
horizontal eléctrod&gg)e method of claim 5 further comprising:

introducing a mixture of oil, water and gas into the separation vessel through the
mixture inlet into an inlet separator between the mixture inlet and the horizontal

electrodes;
separating the gas from the mixture of oil and water; and
removing the gas from a separate gas outlet.

7. The method of claim 5 or 6 where the electrodes are selected from a group of

shapes consisting of a cylindrical rod, a grid, and combinations thereof.

8. The method of claim 7 further comprising controlling the level of the generally
horizontal oil/water interface with an interface level controller located beneath the

second horizontal electrode.

9. The method of claim 7 where the separation vessel further comprises a third
horizontal electrode oriented generally parallel to the horizontal oil/water interface

spaced a third distance therefrom different from the first distance and second distance.

10. The electrostatic separator of claim 3 adapted to hold a volume of oil over a
volume of water within the separation vessel, the volumes separated by a generally

horizontal oil/water interface.



separating the gas from the mixture of oil and water; and removing the gas from a separate gas outlet. 7.
The method of claim 5 or 6 where the electrodes are selected from a group of shapes consisting of a
cylindrical rod, a grid, and combinations thereof 8. The method of claim 7 further comprising controlling
the level of the generally horizontal oil/water interface with an interface level controller located beneath
the second horizontal electrode. 9. The method of claim 7 where the separation vessel further comprises
a third horizontal electrode oriented generally parallel to the horizontal oil/ water interface spaced a third
distance therefrom different from the first distance and second distance. 10. The electrostatic separator
of claim 3 adapted 1§'HEIEH WIS RGABUE! SYSARIBIFACIMRETH tha PR P VALRES the
volumes sepatat&ddlee gemerallyrienzatitahesavanerioterdatd eltttddelyeielectrostatic separator of claim
10 further comprising a horizontal oil/water interface level controller beneath the second horizontal
electrode grid.



