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ELECTRCSTATI C SEPARATOR W TH MULTI PLE HORI ZONTAL
ELECTRODES BACKGROUND OF THE | NVENTI ON [ 0001] The

w@r@smsne3d nventi on rel ates to nmet hods and appaP@Er/us2008086535

el ectro static separators and dehydrators, and
particularly relates, in one non-limting enbodi nent,
to electrostatic separators that have nore than one
el ectrode or grid [0002] It is well known that

petroleumas it F;}-ﬁ;}gg&fﬁqﬁ#fgm ﬁTWWﬁ"i—Pund

formati on nust reate SO as 10 separate

and renove entwmmHPLEﬂﬂomZONﬂAISELIE@rRJODlES or
water, to prepare the oil for transport in a pipeline
and to renove the gas and water which do not need to

be transported, B‘RéK@ﬁ@UR}W@FdTPE IRQAEIN V|G transport

in any event. Various tec I ques and processes have
0] pr dequesgntusezhtion retales ta mathoedsane appattug far electro-

LT, ReRURL A IR, SROBPRLEY k803 Ak popgimitng
Bedodiferteo Aldctioatdti supafatens thay hike mesteandn Apieasiattvusde or
for Use Therewi th") describes a nmethod and appar at us

r| SI ng an el ongated horizontal cylindrical tank,
it . .
E*Lr 2 o el 0 (nBREbACIEORPac 1T R ABRA] BRTRA underground
Bornradionf inuetdody mmaiiysirwted |sncandei§3pana’raranmbm@ementrained gas
heat er . on for n
ABRshuB TRl Sthe R o eba® BF kP BabSadth 158 gitne and

@mﬁbrﬁOV@thﬁ gahandrener wal@hrcﬁi goff Meud toise eamESoesd, altewhich
pa de-enmul sified brine then flows into a

Ml%gem@tlg I HABFPOTE CAAE WMty AHO YR FRCBEIg S Pragesses
2R 1RAn' Ao BEONTA08 IR Yider! btHith bl IR iieafy L nigh-

the formation o | ow channels wthin the fluld
A0ergyl eansunyptiomn. gh potential electrostatic fields are

TR R BRBPL S B S S BT S8 8 bl Gruce
DicEmdéegiomatddteg Mbinod aidApparatus for Use Therewith”) describes a
method and apparatus comprising an elongated horizontal cylindrical tank,
divided by internal partitions, into compartments through which the petroleum
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
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
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
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ates the fields between each grid and grounded baffle.
The grids are electrically connected to the sane,

W@ R0wglog2esy ansf orner. The resul tant el ectrost at PCT/UBM0$1686535

coal esce the droplets of brine remaining in the oil
into drops of sufficient size and weight that they

fl ow dowmwardly by gravity to the bottom of the

coal esci ngsecti on for renoval. G| substantially free

Shofi 1 L50aT B, RYSHy YR of 12 AehIRSH/BUd: 0o o

rine-free ol my Ynter
cmﬁrvmummm/tma bsne heegnldﬂawbehntﬁmﬁttér&lg/tdrm@nitihaously dis-

ehatedt uibRutaletiad bRIFUELEwel Bt 4608 has boen wel

f EIecrt'ﬁ)'éYatbéQﬁfa‘ffesc'_e%e's%h H3OPat Qééiﬁibebl efbov@t?ias been well
, 686 di scl oses an electric é rat or having
P

hﬁ@Wﬂdﬂt mamy yeere masdneippes, alaer 'uo‘s‘m?atf aRi2id 86 disCloses
BB ERRIIAL) R0 Sof AR, D SRETRERE 808 85N B Ainous

etm:tnodmerwred:redehmla raait tté&hrigapaoefbeﬂwpan dhedleghtoeles and an
el ectrodes ar achﬁghsheet

The
S e e e eSS 1 e Tod BN IS BoGR B spparated
antelt MRel QG FoRisCarer Hlh 4 ShesesidhérMidatréeh THe Mpbé@dlectrode

transforner. [0005] Conventional electrostatic

iomeEyaieed aliaraund Relentiahang IRe lowes plecdrasieds eneaaizegpy a high
%ﬁ?%éygﬁ Hflcultles if the oil/water interface,
Qr

evel, rises too high and contacts the
[0095] r o @envsehiiordl eipdttostatic, caatekscxas siithca hhlezthaII)esmmrted

at | t t
festaR gy Sl s A e murbe BbvatBr e ik i YaRer evel,
akES sy Righl Aid edrtacishRe disdtrddendhased ioset ahbl@asising the
especi al Iy for floating pl atfornms su ject to the

ﬁ@@ﬁG@ﬁel’oﬁo Q%e%a“%ﬁwh'@m gisrvpistdpwnstiesan dewang pregessing.
[ 5&?5@' o Mofs g?ﬁkﬁ%r%loﬁ%lrn% %ffsﬁb‘% Qﬂﬁbﬁvﬁ%&n for land-

e vertic oriented e ectro
bgaed opératlwsbespml@df@eﬂoaﬁ ng hisdferme rsubfesit ty thar inetioe of the

St JHRNT RsuPaltR R rarniife aty S cledBdss, bur
ot hae muRpSlereamporemeld addtkics. #oviraee! addit ﬁrtﬁélbottom
El ectrost ati c Coal escer@fs VI EC) and a Low Water Conten

edape ot Hrese vaiieatly orignt ?@QHPQ?? arg geRtagted Rede 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
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
could easily coalesce water droplets, but which is more accepting of variable
water levels.
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commercial systens suffer from deposit problens on the
el ectrodes, which consist of horizontally oriented

whwepswseih structures. The solids contai ned i PCT/K82008/086535

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 nethods and
apparatus were devised that could easily coal esce
wat er dropl et s,BRIEF $hiMMARY @b+ EHEABIMENNENf

i bI mater | evel s. BRI EF S HE |
(losd) e SirroRigy; i PaGRelninbte 1Sy AN ISR GHgepara:

&t tﬁb?l‘ﬁ%ﬂéé %téefpa'i'&iﬁ?c% Fedsd hbbfﬁb 4 malxemiat a?@p@héﬁt@rﬁal
vessel having m xture inlet and a horizontal axis.

. 4 ap&e@araiwr\/%@l algpd@sraideast twedwirizowial pladtrogies Airiented

ﬁ%ﬁ%a&l%%?alfgl k& EHegﬁ e@fd?ﬁ%laé*é/ R thslflrétcf]qtrl'%'éptal electrode is

axis orlzont
'spasegdiaérdstadlﬁﬁanse athos ¢ dine borbarvtal axie andrthe eetand hmrlzontal

and. t he .second horizontal electrod S cond
alktiane S 3080 ARechB auARas abare o RRE s, THE Seeone
distamcie gréaWr @Iﬁ’érﬁfhé a0 diskehdel. Pséephirateatigsiordner is electrically
separate transf is electrically connected to each

ﬁ@ﬂﬂ@@ﬁg ap e@pa@lol"@@@tal alecppeofinodioytiet kﬁ’@i@éﬂﬂt inFAMRWPper
EBBH n mhte's%@apétlotrﬂ?eéﬁf%rnﬂlté W&t(%/retﬁﬁ%lt @%@eﬁt Wed Rfwer r;I)ortlon

sent ower separat |
wé§Ee$epe[raﬂmye§$Eére is al so provi ded i n anot her

sopdrate :
fiftition; ehbeis 288 Biitidka. 4f p Bl ol diha Brds SRkl anelec-
kr@%@tlctééfpgveﬂbr Whit Ghcldded éts@bﬁra?fonaﬁesbséla@dmQhéln?@dmxture inlet

wat er enters the vessel. The separa tion vessel ma
dyauah whick airairairgof gt Ieasy el andwatghentsrs ik wessethkhe separa-
ﬁBh !\'/@E%I%S%E?HQPH ¥ vofilifé %ﬁ o o%r]_ﬁ Vot %:l Water. The volumes
orizonta IT/water 1ntertace e vessel has
beastughlpséparahbyb genecallyoieizontadl exilfveateg m’nenfad:e ylhe vessel
e_hor ter

ek et gy o o deL SBPubles BrghBdine A EeifLp Jig porizon-
el @gvatee iMerfaca M firgt honairral élatesdaresitedan fietartance
hori zontal electrode is

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
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

generated by the upper electrode is still operative and allows the coalescer to
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spaced a second di stance above the horizont al
oil/water interface. The second distance is greater

wWQ ban/osdea3 fi rst di stance, so that the two el ecP@DUEZ08/086535

are at d if 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 portion of the separ ation
[ f .
KS?;?%peFé&m}gr ‘F‘HQF r‘? bl e{t I@ﬁtﬁﬁ%ret l?e I?cﬂgzogéé’@ﬁ&{t{ogres in
gosahorf-bmitimg érdbamm@tereac&'rmuh ntg omt ’eanéfocmet he
The use of at |east two ner a ri zont

WERY, e droiRhnst Shachis e Bisie e plavided &ifeftod for
%Bﬁa@tlhé\’éﬁltﬁd Wﬁfe@ﬁlﬁé’t%vélVé@ﬁwtﬁjdfufcIﬁ?h@let)aré ef 6Bha&tater into

short out | ower el ectrode vol t age
aﬁ@p@r@t&reveﬁsebtmugm nppee l@'leéc'lfh&)@@(tul@ eft gil and water is per-

I r

BREEQtS LEpdate i ARISHE IR SRE BV RRER vBREE odithed by a
gbeetallydtmaontad; orVwahemmterfadel A leash adioréon of treacihvelubite is

its. 0 trans n, anot h nop-restri ctjve
shBisat bl Anleeh elarig el bl et B4 B oS Bad R Bl e
dodevtriehnt neraNPpHeslel !ch@d#b?lz@ﬁtaﬁl oMwdtf ditétfadd. IThe first
and water into a separation vessel through a m xture

harieentahpleckpsle i Paechn fird dtaBERADPYS [ RoTRANPINwater
ﬁﬁBﬁégt%,gaaioEé Qg@%r‘édger g‘.ﬁ?@éh&bbtrQ n«?([}1 ?pa"c%'p%e&fnd"@u"sﬁa[nce

separ orizo
abbee tlm: boriZanthlkegiBwater patetfaoa, whetchitbeaidcondldistenca is greater

ubj dto an electrostatic.field I at by. at
ML ES G5t fiS1atRer paserarate iy e SRR Bruilinbpendently
l@@hﬁé&t@b td @athofigbhiapBleatroge! YWwieedropits cbarece Thethe elec-
first horizontal electrode is spaced a first distance

ipsladiciiiedd ABd ﬁ%m gravity fiafether it qlvriedntoalhg wateevelvne in
'itﬁﬁérﬁ%‘rl fiéh o? #%?ahé tﬁé’@ﬁ?ﬁée%rsﬁﬁ%h%eht@llftoﬂrf%e @Q%\f%-

zont a ter interface re the secon
diaedfoemitee gepataéupntwe@net theodghr a wadesouttat eOil As removed from

SR @00 SRS R A R EBUE S  Sae. vt er ropt et 3
coal esce via the electrostati c field and drop via
gravity fromthe oil volune in the water volunme in a

| ower portion BRIEMP @@ﬂ@ﬁh hEH&EPRM‘él&l%r
E)ggsl an]:||(§l 1% Q'slﬁhéh‘éﬁc g@%ﬁéméﬁ o@%ﬁ%e‘é{)lﬁ’é@g %@H)asrator showing

ation vesse hrou a wat er out
paemoedirhitiognembodiment 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

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
section of the vessel by conventional technology. Separation of the liquids of oil
and water will take place in a subsequent or end section, which may contain up
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t he separation vessel through an oil outlet. BRIEF
DESCRI PTI ON OF THE DRAWNG [001 1] FIG 1 is a

waewensteBE il lustration of a three-phase separBE€DUS2008/086535

showi ng one non-limting enbodi nent of the separator
apparatus herein. [0012] It will be appreciated that
the Figure is a schematic illustration that is not to
scal e or proportion, and, as such, sone of the

AFRBb P03l AL TR BB LB SR8 0 e separa

thENEbﬁNe{:t@G]g?]ds?rdfiecttdsdmnptMsd irethexvesssl at a dorizontal orienta-

Raf e M e oioBrdadd inay b s e v Wi stcariasStines
tycdllysaountered i ﬂ%s‘é%ﬁ@re@)ér@%éﬁ%ﬁéﬂldﬂ@ﬂhereof

technol ogy. Separation of the liquids of oil and water
[2014] ¢ akbOIﬂ)flﬁléieDfpﬁugtl%D@@éfﬁw ceNveRiipral separatiopaiipment

éag ANk &hB WAEPid rﬁ%&ﬁ?ﬂﬁ!ﬂ&&d@&f % ﬂ]ﬁ"{eéaﬁ%‘é@ separator

ependently connec hree separate
tmhnwmbhm adliefpydcdde Tt eqdemermsda@hlrasda consiterabds aglount of
rienta t be und

t al
Shage (i ESR el ROQRR! Shida s oA et a8 SHSRRESSH platform.

YR seplakatichNesysel ReRSh EOMbRSLth|l prbbé Ssesantd one vessel, a vessel
separ at i ons thereof. [0014] In oil field production

_ eaewithgignderd %ﬁt%éﬂg@ra@%t'w pREReN wihegy g volatile or
P P e SRS g SABA g gccstate

pquigmefitherseparates loweresj decaltseemansthan afe spapendanidelec-
e.ls m,um gn noffsho

oo o 8ot AT Rer SBRGSAS Po BBl Srioefrbdoal LkBEPhiah

BRagy erReEBES contituen® NeeEeh soahaehealepabatehréiftins opera-
wi t hstand and operate under conditions of notion where

Hogak atile or rising water level nmay short out a high

[t@etsigesﬁb%tuh‘?ﬁé Wit Bha ﬁ&ﬁellrﬁﬁtlﬁgoe[ngﬁéﬂyﬁ%g %grat thPde-Bhase

eparator. However, because
elettnostatlierse pakrator 10dblat insludee @, sedaratiorowesset@dtavotea mixture

e Baeteiihor it plaas tunetand al, rdnabidasesio

CoTP P gEal ool 9RABl ST £L8 o198 a auid
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
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
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
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el ectrostatic separator 10 that includes a separation
vessel 12 having a mxture inlet 14 for receiving a

WOorRoovsw3dbf gas, water and oil. This m xture gREBUS2908/086535

conventional gas/liquid inlet separator 16, having a
gas outlet 18 and a liquid outlet 20 for discharging
the oil/water mxture 26. Separated gas 22 from gas
outlet 18 above the interface 23 is renoved via

RERI UoEr Dler s, B et BN 05 nofifafiel Ffinarical
shdpe] thevibitesy plsageaelatirostaie separadsit 0 nay tseaond@nstcﬂﬁj to have a

GPOSKAILATOT G0N ERENLANT (1ot SREWH BH: w48 bagadinedd f separator

908§ bf aRbMer %héb@' |P|rﬁa‘§/ 5 GhHER e toﬁeWﬁ'df% Béslﬁ’d)r'lecﬁ% a

IS separated a volunme of water 34 rough by
genefadiylnpnhoniai plaral. Toelvolwme of |oﬂt3é2rlf5zs@bs®@tlanmell meaning that

Lo o BERBLR RGBS PPt oo

Mhiese weeetidpibts arewWhadaroushlgseed bY swbeketropatiatiield. The
| east a portion of the volune of oil 32 an

MPIERS @§W§¥Q"<§4f m@VdFatVG %léﬁ'ﬁp@@%dﬁﬁﬁég%méfe'ﬂlﬁﬁg@ﬁ a please
ltbmattd (HefSter) %ﬂ@é%%edr%?lé@ B ﬂas%sder%%r{ﬁé? al}f%r,

ofi zont al” becalse i1 el ectrost at| separ at or
geuetaély rise and camescegwith thevalufee of oilB2h the shifting

t f | / wat
D7 o Meatef Sematige (ririrosAliaPSogteR A8 edfthis ftigast two

PBARSHtal BRClBESS fﬁ@%@) ﬁ%h&@ﬁt‘aﬂﬁl?ﬁ VoRBge @léﬁtrob‘é 384nd
be understood to have a general |y Rorizontal central

artend (uppeshbowzorbalthighydligge ategirnded 0. Thesagciredasr 38 .and 40

ie BhiefRR -2V RS aulio TR oRst ISR Rt plaveiS forfdce 36,

okl e éﬁpr@blbtéﬂztﬁa@ shidediAnaterintyriate 36&@ﬁbn§|v¢dy§thonzonta| to
wat er droplets nmay be di spersed therethrough a

aepaeonvessel %@géeam@am abpovs, @dﬂcéltoﬂeér@ mﬂoawl?”e
Bgfalll%? f?1ebr¥o Lﬁ?}ﬁtaﬂla? 51‘0\?&%@% f2 g\}vlﬂln%t al %t% gHFallg to oil/water

ave 0| dro I SPEr se

(ragdace 86|{Wraslemawtm Bhﬂftlrtg? tittingy, WaTngrdr faking. Fli’aS(E)wer) horizon-
dropl ets, being |l ess dense than water, general Ig se
¢ %&d@s%%I%Reweﬁﬂéomdh@u@ﬁ/thﬁtebimte@ce -’[5@@1“'7?’[ |stance a, while

con(é e?)eﬁtgt; zg)tdt@rblé ttfclﬁffz ggt?éagﬁécﬁge Cf??@ ha il ater interface 36
al smen)i disianeeib; ahilbitlyh secdrchgistarioech rs:gineaw thad 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
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
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
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second (upper) horizontal high voltage el ectrode 40.
The el ectrodes 38 and 40 are oriented generally

wpamalswBito the generally horizontal oil/watePCT/US2008/086535

interface 36. It will be appreciated that since

oi | /water interface 36 is not always horizontal to
separation vessel 12 for reasons stated above,

el ectrodes 38 and 40, while parallel to the horizontal

B g Bl e YWkl PO BB O o o
grldsmmmé@mpo@ First (lower) horl zon taI el ectrode

t i, | [ wat terf 36 a first
Hibe] P Elegifals A afi a0 by oveoBiital heerSprode
gﬂdé Sorﬁﬁfl‘ﬁ%%cfrf WﬂﬁitH@eerﬁbbé‘ﬁ?érﬁrméWbércﬁlﬁ#‘?&m%ﬁy%héﬁé@'ﬂ@ds with

i stance b, while the second di stance IS greater
BHEHNE Crogs-8eGiiQN; AU angedima convepiept @lﬁ@ﬁ} paBeinz satthat they are

BTGRP B PRRE BERGIRY b MieclRid et Bhg 40 pay be of
tl’ftesamem?dilfd‘er@pedésugnrdrmntlgnhraaba@ohmlmé@o leacbmhmd Further,
bovethehrlzo is of seriirator 0 a sec

& pleglrades g§ian F@Yt ofippied higherdad %&eeﬁ@t'gﬁd’@§36| 12
%&1 Riddr& éﬁ%nélw‘@ is .06 BRE ndrdfhhg \é’rﬁ%’c'ﬂhekﬁ?'tﬂé lower or

limte to any Cu ar enbo |nent but to glve sSone
botiem @emcd@ 88 may badypioaliy losateidcatioraeas s oenter of the vessel

147 568 upbBREleider e 4IE TRy bR igbaal diiindd o inthes fastE 25 to
abbut 3¢ chd aBose th Rﬂﬁér&ﬂ’ Bd'lﬂim @l&tl’é@btwe\ ﬂﬂ@' él@gtl’édb If

each of the el ectrodes or ds 38 an nor e,

REREENt WoUlthbe degaied @bpugéo ? @l 2hechfs (.aboclbaé do Bbedss0 9m)
gﬁg éf\ b el ofRabak Ny K ds%? rﬁgﬁesceoHllrﬁer%‘?oﬁ’saéﬂleS@?g?y l}iﬁgﬂa i and do

rodés or gri or "soIre pur pos

ebemhrtcnld@smomménﬂsodwlbbe rmeheﬁhch@aédtnoo&madd 40 is
el ectrode i in one non-1i m LM’?anOdI ment nma

rjds, or y
incleppndgeiy e@cwaﬁngseaewsaéowﬁtqwrb fage transformer; first
%ﬂ§ﬁ)rﬁ%?h2°§%cc?{c{ ﬁgﬂ%rmé M?%b(%ﬂb@l?t Tﬁbé‘ﬂ 6||/water interface

pattern, so t are ess to col
G6diseis rsaiffi cientbyplos ithswaTdréMeloemnta@tdewsB etmtfode 385a)ndaehort it

Buhisiancr @ i keflcacor 2o el rer elonBag uE W GiasEhys tg function
48 gERYr e tHY hightvttabe GieRT to ehddiRage m&é\tdr@me\r@ﬁrﬂ%dﬁ& 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
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
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
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than is conventionally designed. In one non-limting
enbodi nent, the | ower or bottom el ectrode 38 may be

WO 290/08d6B3 | ocated at or near the center of thRCT/ESHNE$/086535

12. The upper el ectrode 40 may be | ocated about 10 to
12 inches (about 25 to about 30 cn) above the | ower or
bottom el ectrode 38. Athird electrode, if present
woul d be | ocated about 10 to 12 inches (about 25 to

gpé{}é%t %8&?%0@8835 3?3*5%(194?@ ﬁbr ﬁﬁded'é?rab’f\ %H&tm{g I?ﬁ%? eOitl/water

nensi ons are nere Ive an 0O no

tmerfa@éamnenemwolc@swm Badviheypically Heaeha ebeedntional B’&chanlcal
and 40 is i ndeg(gndentl electrically connected to it

@ﬁ?trllﬁaé RNG@releeirania Kyedacrlevet qi@tgp%/qr SgASMEtigalY 'HQStrated at
80308 tddiNRraninRtaté 3?% PS5 FUﬁ&éhtioFEPﬁrechéni% | /e‘tﬂ%?tﬁéal

interface 36 rises sufficient for the water

aodioiciedtommic logicat cirodey B2 tardiateﬂmine whetbet aidihstvarates 56
i s feduc Q, zero), upper electrode 40 wl|

éBﬂ't’ler?e Qrﬁrqlt? ction to generate the high voltage

foo21q t @ vaneeWREECRIEhal fHRPASH&ratus Matdih BfndRilimied to an
region 32 to coal esce and fall generally vertically

elachggiaticesoparatgp 10 haying el adawgs e@@b’@dat?&jam@t@pem@ectrode

th BH%aY“ﬁ{eﬁ n‘?%ébghcf?\%i ?&g@% 2 @gsgh{ﬂgfcs d.ﬁ% atecﬁﬂp%ﬁ’ectrode

mhmﬂehhenwy b!ewatcally icohaeétedeto fﬂgthdgamswmieil (hst mé\mw but

t he e ode

Péﬁ'@é?”@%ﬁo&é{) D8uet” BithirS ERoHoR8 anttanslaaer WALISprgvide
ﬁé%&hoy@ﬂahaaa Jérgétﬂ.ty mrlthe l@,@ A @romd [0020] Also

I n separator vessel IS a / wat er |nterfa9e
[QQM] cing especigdttioan thecﬁﬂmmterdan ltye effluest watedAwilbze

“‘“‘Lﬁq“eéf'a&h Uils Aéafially B BRapEnP ik e Bldriion i the
Fal%nrbh RalssEI0T] st ettdd/® @ldrrgeweﬁf il tzﬁleaﬁ@r fedifddtatic
/water interface 36 is positioned her than

§@@W§§WSI bwene goadiniiag e@@QﬂmeUbﬁ@? V@E@B@W‘ gme maytas about
3891 %n?g@ﬁf’r{ rg cwéhtl%hﬁl:%%ﬁ?%taﬁ@ cBH%ségafltr |9'le0 ) anticipated

undesi ortl ng out water ITnterface |e
dmttamdelestyemam: Sepandtdw 1@ piaydbd gomsneted aithoena gaaéﬂlquid inlet
rical an‘or eectrgi@mterface

Isg%rat%"eféegt‘tdﬁ oé‘i herRRSSaR 1959038k Q'aRad WatC50 t o

detect where interface 36 is, and conventi onal

mechani cal , electrical . . . .
[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
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
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
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and/ or electronic logical circuitry 62 to determ ne
whet her and how val ve 56 should be controlled. [0021]

WO 200%f08d63be appreci ated that the apparatus herBCHUB208/086535

not limted to an electrostatic separator 10 having
only a | ower electrode 38 and upper el ectrode 40, but
that there nmay be nore el ectrodes present, including a
thlrd el ectrode i ndependently electrically connected

g>rft§1 cflﬁks/étreg'}ﬁ%ﬂég%LIv%ﬁ?érpti@fé}ﬁ@t&r# Win O&?ﬁgb‘ lst" ose described
wwlldll be reapededi todinelasdity ape batermoaipaseed duyl thetayppﬁaoded claims.

10. 22 th |
Al P B R bied olbapd yater Sisarhs Pinasdh i indshpdhdriped
hefén Wﬁé\?é%e@é&‘ lﬂ@ir’é@fbd §hd‘ﬁ9n@i'@@ |H@ttl‘?ér HH-REtii @ve

in the separation vessel IS expected to be | onger
embedienigradanted by Cé‘leem\ﬁfdﬁpﬁilﬂ%f)’c&bﬂdl iadbeast for thasigestreams.
1Pt bR GIG Fidble, OB PLAPRSE Tk TR PR ay ot
conla@s gas andtthus aalnslet eeparatqwaltGeMayhmt bemecessary Such an
el ectrostatic separator 10 ma e con strH &
ExGR0ld Fadiee WHEE: 2 6P anase Sebarater Snsialgh ahed of &
BREGVSAIL d%y&?ﬁﬁiﬂ%r@aqilbatﬂ'@w&iﬁlonl §Q)¥§ée hAddfoading
foregoi ng spécification, the invention has been
ﬂé@@& N@dS%Whﬁfﬁeﬁp@C@m%é”MQﬁ' sphke pepar aécpmaav ®ergized much
t

Hﬁlggéu% ﬁé&%aépﬁg ré?ﬁﬁéé§g;&@%&g?@c{v§|ﬁ d ﬁﬁ‘ﬁcg " O(ﬁe‘?\ﬂa l"diment

aatl ewatst (BB )nprimagityf wata)nml the casdevakifeed tortheediergmtsator

ter strea

Riposty ar B estiFondney SHid b sgiayisea poREHaidionsis
b@@érﬂa‘ﬂy‘@fttlﬁ@étenﬁ@ﬂércﬁédl&é‘d SR hits b pRieited GPRR Msence of
the invention as set forth in the appended cl ai ns.
Abemenyngt diselesepeci fication is to be regarded in an

tr L
[dg283; £ #hiifork pliSe: Gud PmbiRa ST pranout the
c@mmlz&Dlmftesrpretebamdddmg;bmamadmmﬁ wéscri bed, and
even though certain additional features were not
specifically identified or tried in a particular
system would be anticipated to be wthin the scope of
this invention. For instance, theuse of an oil/water
interface level control system other than those
descri bed
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woul d be expected to find utility and be enconpassed
by the appended clains. [0024] D fferent m xed oil and

W@R100108%83F eans ot her than those described her ePEI/IB2008/086535

nevert hel ess be treated and handl ed in ot her
non-restrictive enbodi nrents adapted by one havi ng

ordinary skill in the art for those streans. In

anot her non-limting exanple, the oil and water m xed

?%ﬁ%ﬂgb qu contain gas and thus an inlet separator

may not De necessary. Such an exanple may be where

a two phase separator is installed ahead of an

Iectrostatlc dehédrat on on a.Fl oating Production,

t or ag® R SIANG IR HG QSN SFiEsel where space is

criti gaepafitforbeReREOM ﬁ@h‘tg@r’rﬁktéﬁéjln!‘ét(éhdsétfﬂbh%ntﬁ%xls
to the advant a%es provi ded all owi ng a nuch

basi c 2k le@iskiéwe hareowal @ecvmn@rﬁerﬂmﬂ%ﬂmr@w tprihe
the crude ﬂ%n%&ﬁtﬂl éﬂst\nﬁerqee%wsrt%Bﬂ%ont[a@g%%trogg?% spaced a first

present invention nay s rise, consi
consi st esslestancd alyoe tttetteaoreloettazlrw(ss ain@almeddmmdlzoﬂt;al

be practiced in the absence o

di scl osed. F%HQ@F I FRAGRT aéeCBBﬁﬂ%%@t‘ E’%Y\%I he horizontal axis,
“conpri ses WI“@‘Be U deddiptigizpide it @ﬂeétbﬁtﬁmt the firéx distance;

|nterpreted ‘including but not limted to".Wat

is
cl ai macPaparate, tr%f@tn&ft@@%tf'ﬁ@'ikc%mt%ﬁ B?e%QﬂrBPF'%QW@
a separati @poyeesel conprising a mixture inlet and a
hori zontal axis; at |east two horizontal el ectrodes
ori enaedallgmttertm ay uppeapbeiontaf thasepardtivontesisehyaing,
where a first horlz nt al eqect elsstaced a, first

di st aAckteh et i Rier paria of fieseppriBiiessel

hori zontal electrode is spaced a second di stance above
the hgrizontal axis, where the second distance is

gr eat dheralesirasialiq seraratar of ghie, 1 Rirthgs gparsising an inlet
SpRARIGY RIveBhab ik %eﬁ&ﬂt@ﬁé&ﬁjtﬁeovcﬁéﬁté A1t GRAURE volume

ectro an ol n an upper portion of
sépatert theninlaisephratandomprising 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. 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.

10



10

15

20

25

a water outlet in a |lower portion of the separation
vessel. 2. The electrostatic separator of claiml

wo eoovlege3xonpri sing an inl et separator betweenP@TES2008/086535

m xture separator and the volunme of oil over the

vol ume of water, the inlet separator conprising an
outlet for the oil and water and a separate gas
outlet. 3. The electrostatic separator of claim1 or 2
where the el ectrodes are selected froma group of

%hapeq h%%‘éét%été‘t% Q%paﬁzﬁ%'_?f '&ﬁaﬁr‘n@#urﬂféq cofh fsuébaa fBAzontal

onmbi nations thereof. 4. The el ectrostati rator
ofl/wateli imeg faagr lekelrcardrpier beneath thaisedonad hovoental electrode grid.
el ectrode oriented generally parallel to the
hori zontal oil/water interface spaced a third distance

7her eArmethtid foe cepardiingiltdrel Watsstcothstisimze and second
di stance. 5, The el ect f@?t atic se@@; ator of  cl ai Sﬁﬁ
adapt SHQACH 3 MixtyEe gkl andayatepile aseparalian vassghtepugh a
W thin thepgepas Midon vessel, the volunes separated by
a generally horizontal oil /vvater interface. 6. The
el ect pesmmng:thee@ha@d watef tociepanats inigra Melunabeil sverg body

a hori zont

beneat h thgk g’%ion%??%l gcr)bﬁle %pgﬁ&g@? \@5%8@[%‘ é?/(/\}.?ft‘érpl\nterface,
met hodubjectisg pafezist agoviion ehthewadlemeaxrgiraksiveghe generally

i ntroduci n a mx}@lke of ojil, and water i

into a,
separ at i on pHzEp! PHWEIRIHNteriacs o @ plzgcgpstaﬁlgrfmlq phgge the

the oil an@lé’tﬁ*o@fatfc%é@%éﬁ&até&ilsy at I\é‘alstif\‘% Rérirital
over a body of water separated by a generall

y
hori zont al elgatroges @rieniackgenryally patslletta the harizogtad wilavater
portion of Htgllff? é’lvbW@re fn%# hoﬁ?@ry’[ﬁl élggtr fsr%%éédaflrst
I'n an e ectraostati c

hori zont al Wat er ace
field wher disgtdcechleats thet ladrizontal ailtvater geedacd add lyseiond

a0 gl Bhshigi< S9sikiEh sebht BT Hhah e
a first honpagstal oigvacdriin@efacs, ﬁ/ﬁ@?@%easéddn@tdlstance is
greater than the first distance, and where a separate transformer
is electrically 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.

8. The method of claim 7 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.

11



di stance above the horizontal oil/water interface and

a second horizontal electrode is spaced a second
wolr@pasese3 above the horizontal oil/water interPEOES2008/086535

where the second distance is greater than the first

di stance, and where a separate transforner is

el ectrically connected to each horizontal el ectrode;

coaIeSC|ng wat er droplets via the electrostatic field;

Penovilhg rB?"IhOFerfrﬁ|Q'ﬁb7 Qéﬁé’vfﬁfﬁdhe\?@é@deﬁrﬁ*ééﬂﬁ%@ﬂ fom a
r e anali ESRH

BROTE] SR QRKUR 2 i o SR com s

tmmehér conprising: introducing a n1xture of oil,

wat er and gas into the separation vessel through the

m xture inlet into an inlet separator between the

moxt uTeeimétdlodasieidime hmhaeruﬁhgacommmsg the level of the

separ tin t he g%s fromthe m xture of, oil and mat?r;

qRbe 'ﬁ@”ﬁ% e ipisHaceswi padRiegase deual épnigollerfgcated
BBhbath Bk <elBhinbrigbnill aRiBkhe el ectrodes are

sel ected froma group of shapes consisting of a

cylindrical rod, a grid, and conbi nations thereof. 10.

e f C b
Eﬁe Iebgqg%ﬁopﬁg%b ergﬂﬁﬁgﬁ%? &ﬂégﬁh §§QQ@ﬁﬁ% é&@pnsesa
l;bmtoehcbﬁmF]w dlécteade ﬁn@mt‘édcg@n:emdlwl paralh%lrtoltlhe hohmabdll/water

eneat h the econ orizontal, el ectrode

ﬁ%e éPa%fl’ Efgj gisianee werefeyy %‘F@Ht V@Q‘s@ﬁ fffﬁtrci“ﬁ@tnce and

§@8@fﬁd 8R%ared hird horizontal el ectrode oriented
generally parallel to the horizontal oil/water
interface spaced a third distance therefromdifferent
fromthe first distance and second di stance.
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