V 2002 on relates to a phase separator. Mre particularly
invention rgl@aies to a notion-insensitive phase separator for use in marine
applications. Phase separators are used in the oil industry to separate oil
and gas fromwater in a nufti-phase production fluid froma well bore. Mst
oi | deposits occur in conbination witfh water and gas. Frequently, because

of the high geol ogic pressurﬁﬁmpm@g}z Sg]’;ARiATOR nore or |ess
honbgeneously mxed in with : s dissolved in the

m xture. Phase separators serve to separate out the three phases so that
the oil and gas can be further processed. Were drilling fox oil and gas is
undert aken over an ocean RACKGROUNDYOBITHRINNVENTEONhase separators are
frequently | ocated on a vessel maintained in position at sea. One problem
arising in thg¥gs imehadn adlienso hphusedepaturomnrotions pafticubuelyy ¢lsis ¢hveatidn
consequently of the phase separator causes the incomng fluid mxture to

sl osh abotiatesito lai motiore-irsepsitiat phase fepardiyr fpemse at imginkagplieatibrisnpedi ng t he
separation process. Separators which are used at sea are generally provided
wi th struct ur ®hiaee separasarsi arg usexk inetheant mdustryvos sepanate eeldandogdsdrom Agater
illustrated in Fig. 1, one such prior art phase separator includes a tank
12 havi nipt & eultigpkase pseducsionyluiddeare @ welhbete. MostroibdeResitsisRUGSt r i but or

16 is disposed at the inlet 14 faor spreading out the jncomng fluid m xture
t hr oughoGPMbRRatRith Watgiand 83s. i eavwfy(a@acew wfahephag?i 89?’11%%18@65‘&5%

ocat ed SFYOUcHhiBE oS Tt Py 1ok HOGTEEAR Ay misibisr vish e Vi, ARl
tank 12 . | () 0, | B, whi ch
raspect | (LR BRI VR wBLEl PP Yp ) b 1f Qlpkort RS i PGy S T ©

outlet 2 i?ﬁﬂi Wah %ﬂﬂpﬁs Yater outlet 22 is located at a
bottom o?h%tan _i112, %Sow a wat er reoégiseor water-oil interface 3 8, while
oi | outlet 24 Wheteodilling foE6iMARA gafistindeptdRen Své @6kl oRidthérdody ofr
oil -gas interface 40. so |l ocated inside chanber 26 are separation nedia

in the fovatethephaselepardtdrs abOFeqientlyioaited wnaf vasselkmamtahed ot posetsort 2t
which serve to separate the oil and the water conponents from one anot her,
Fig. 2 depa.cOnegproblesy asipg imthese dastaliptions spthat tiecmbtipn fof therwesseleand
applications. An elongate tank 44 is provided at one end with an inlet 46
for del i ¢ensequently|ofithe phagesepanatoricansesshe ipgonzing dhnd sixaire tei slosh phomt 44
are provided as outlet 48, a water outlet .50 gnd an oil qutlet 52. A
Cycl bni ¢ VORBE TSR EHOR eicbl EFnERtas 1AM 2L APgIE (A sEparaBon picess a
plurality of ' et ur rforat . Al i ed at the
bot t om of tan%@@%@?ﬁ%ﬁﬁiaﬁ? gfed?l% Sgﬁé eoéﬁegﬁgp@&?%&?\ggﬁaﬁggﬁ%%r out | et
50is lo ; : WAQ ; r -
interfac gagggu\?\%i ‘ﬁ%ggﬁt@?& aev{e qggu‘iéegl ngglgeégﬁgﬁgv@g%d \%ﬁé qf 8%{/\%%&?8‘9%(?1% an

oi || evelar0ihdelseabdr thetuliacs ublk 1 XMNEY ooip1d entrENIIEN, Aulct 14. A

noti on-insensitive phase separator for separating oiltield production fluid
phases ceapkédbox distribetopdanarpoéddatitheinleeeftr sproadinig ot tha ilcdkingavi ng a
pair of opposing inlets and generally centrally arranged outlets for |iquid
phases offld piictwretthooaghout tte mandt 12.eTarkl 12 ¢ provided witk apaimbdf spreedighy
through the inlets. Separation nmedia are disposed in the tank for

separ at i ogtletsel 81and 20 emtepralelocated twatepouttbn 22i amd & caritehllyheateé piraattiebn
medi a extend across a fluid flow path which in turn extends fromthe inlets
to the ol ehdiqurd eprtaimng chamber 2f istdsfined ingide tankol Z5by s tsaparator plate 28

equi di stant |y f,ro&npt he. out | ets, whil he fluid _pernea hasqﬁ%separ ation

. I

medi a i s a8AshpAiE @t pArtitiong 30and Iemew CfeWﬁ%?ﬂaEE¢ﬂXﬁ? ottt 3430 BHR | ot 5.
Thi t t i des f \ trical fl d.yeight distributi f
ot on | HQeHERt RV Aey ool and G optict 44 EommRifa Bithiapmheniabe Mate Gt eqst
th tg f il t tiively. In thi A4 h
separ at o2 15 1954t 82 RS EBRK adopeloN R ARy I e B elersoh eeiics o

d_in ti . medi I f 1 k. .De [ +th hysi cal
conat rai AYRIgHEeE Tt i Bl HhRe Rards e SR apd A T PP olPitegdf Py~
di iti. f t i QUi t] b i bl e. W t.he tank i
ol ohost  ihPha 42 AlBh e RS MG RS Bl e i bR "
di sposed at a respective one of the end walls. 1 4 hlOv 2002 -3A tank in
accordance with the present invention is generally nounted to an upper deck

of a tanker or other ocean-going vessel. The tank has a | ongi tW' ]
which is disposed in parallel to the |ongitudinal axis of the mmmmﬂm#
the pitching notion of a vessel is generally |ess than the roIIing”rm I
thereof, this disposition of the tank relative to the carrier vesse[°es

e " o - o . o Y " P
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Preferably, the perforated plates extend up through a separated quti GN 0
region in the tank to a point | ocated above an uppernost liquid |ev ﬁ O'H?l;
prevents liquid fromwashing over the perforated plates even in high seas.
Li ke the separation nedia, the perforated plates are |ocated at | east
approxi mately symetrically about a ceptral transverse plane of the tank,

t hereby enhancing or assisting in the—generation of a symetrical flow and
wei ght  diphiraliBusf ﬁa”bkﬁl@g stRdthes 42nwRidfiseive foysephitatd thecsihhedeal gdr t hat t he
antifoam nmedi a, the dem sting nedia and the additional nedia also extend up
t hrough aosgoacaisetohi ane dhotlegi on in the tank to a point |ocated above an
uppernost liquid level. Preferably, at |east the dem sting nedia extend
transversel y &igdsdepiots arberfsepanatdrelesigned specificildy fapnates spplications.4 NOV
2002 -4 In a three-phase separator in accordance with the present,

i nvent i od\n eliongatezankdd is pfavaded atoonecmdosith anankes 46for dedivemmig oflaik s
reduced size and wei ght as conpared to ot her designs, for exanple, those in
whi ch a Sexturg|to 5@9@3& At appppesitgreadrafippied4 wrg proyidade provutlps 48, Frater
separati on med]

T oL tha Sl Bl il op ol oiEE 11
7 schemat et Rr Bnilad BHafTEY 5L BciEs Fopcres ERGHOro AIAIGHOF BHBRISP A elihase
2ot her O@a%géﬁ?mﬁqf?t AR Bt @"}&%f*é@@?ﬂ?ﬁ- riet'ses

wth ¢ heloAeERFEBoRSH oAk 44 lloRra Ralch B3R 3pRpa R MRREe 58, BRACCHE"C

i1 ustrabgflet 52 i Theated BetiRERS Wratdlas el SRPAIPUPHi1 R&Vel bf Yilagds)infePfack$6, | N
mari ne applications conprises an elongate tank 62 having end walls 64 and

66 i n which opposed inlets SGMVARY GF FHRPDVENTIONdel i vering a fluid
m xture to the tank. Tank 62 is disposed on, an upper deck 69 of a vessel 71

at sea so thatA mdtioigidsensitiaé phasesepmatordepsepazatingbilfield pgradéction finident ed
substantially horizontally and parallel to a longitudinal (fore-aft) axis
of vesselphases qamprsespin aenordansd wiklathezprpsend ivandions a tank kevingia @apgrafduced
froman oilfield for phase separation is divided |nto w roug?l y equal

streans mpeﬁnsrlélegmmgewakmp@m%albgmamedmutké%#@éé piephasesf Al e pl at es

35322?)5%5%‘«5&%%’?&213&%@@ Radathy %?taltrﬁ%iﬁ%aﬁgw’f%@%}? thie?quf-ciyﬁl ol 68
i sposea SRR média s dBalStE e R BRIl elnalent? o iR o2

| ted m . ] i nl et
55 and 78" YRR TR SafBldrbiEha a6 CRALEASH IR WIS EE G ) © 2
tank 62, eWhindd f¥6thqhe dMktsab tHS oﬁﬁet’s.o??éfﬁfibb%f, the %l’é?s%b disboded\sitbstanta®y - 5

of tank 62, below a water |evel or water-oi i

interface 84, oil outlet”80
bei ng | oequiiistantlydain thé eutlétsVwhild theafgidasermiehbleghate @éSpa@&ﬁmgm%diarﬁtser face
86. A pair of antifoam nedia, such as packing lattices 88 and 90, are

provi ded daspospe s shid tankl gendratla sikm@itrigalbyxaboit ¢he ottbets.e Thescstinoturfel ui d
inlets 68 and 70, for coal escing and separating density differentiated
conponentpsowides fier psymmetiical fidwiand meightrdestaibution figr motion msensiti#®yand 70
and for inhibiting or preventing the generation of foamat the ends of tank
62. Packing | doencraldy.s8 1Sa¢m1tmpg@t¢cbﬂn@tm¢ée aret atrleast three wutlets far plnwiaty of
hei ght of tank 62, frorpa | qwer side or bottom thereof to an upﬁglr side or
top of tRBdtEASKIESPRFRLY nIn HsiFase, SIeCIPPARIQHAE & tHECS BRASE S8RAGIOTq idied2quid o

P%E’Vi Sﬁﬂéﬂghhiraﬁﬁfeiémﬁfmt i ; %;E”é’vpﬁ@ca@@%fﬁfa;{@aﬁéﬁli,ﬁlq°€an§?ﬁe%8ﬁ8i!n%2q‘§b?§g
t he premt'g!%t ti.on O ter ol L .Ahases. f.rom gas voca_te o t the,top o

°'ehl bRy HER s 6B U o Mar SpichbBT ARV e ErE ptledt canti
E:Iiagléngizogﬁscgo &?5 Qg %f ‘i‘ﬁ?%ﬁ’@%tsﬁ{%ﬁ%%% g&fﬁbl ?de or Eottomtherem[ S'?o an
upper IS: ecgit%‘lg *ht]ﬁ ank.”“Packing-1 |_c'f192 apd 94 defi7nea .
85? Ie:a? 8)6 are ogg%/g{g&&%Z#iaerr?g%ﬁgg{egcggngﬁ?%?ﬁ%E%g#lgc?p?g%rér%ﬁ%qdcgg gg’dt\l/l\ngth or
is |ocat elﬂle"pﬁ‘,%nr@agEpgi%l?g%gdglgg%ﬂﬁgﬁp@&“%ﬁﬁ%%‘#df%%pack' ng lattice 88 and

dem sting pac on“‘the one si tank 62 are a pair of flow
restrictors or regulators, such as perforated plates 96 and 98, and an

addi tional packing lattice 100. Plates 96 and 98 and lattice 100 extend up
t hrough the separated water and oil regions 102 and 104 in tank 62 to a
poi nt | ocated above the uppernost liquid level, i.e., above oil |evel 86.
Plates 96 and 98 permt a regulated flow of liquid in a |ongitudinal
direction, frominlets 68 and 70 towards water and oil outlets 78 and 80 at

e Y M Y. YL



Anti foam packing lattices 88 and 90 and dem sting packing lattices ?Wr}@bz
94, as well as additional packing lattices 100 and 110, are substah iall

t hi cker than perforated plates 96 and 98, for exanple, on the order of
twenty tinmes as thick. For exanple, the packing lattice nmay be 20 cmt hi ck,
while the perforated plate is 1 cmth_ispl_<. The perforated plate may be
formed with 3/4 inch dianeter holes.on—11/2 inch triangular pitch. Antifoam

packing | atti aegnR8naBoManeOWiflant pidsest RRekiiogid @netARSm3dnRAdo W as
wel | as additional packing lattices 100 and 110, can takKe any conventi onal

form sugpp@sdddi-dfad eanket oﬁét’h@b’@ce@ﬁ-gdiﬁ% lvBeed].CThE ik 1@ loaifadingl Axigt ur ed
packi ng el ements of 250 Y Mel |l apack (Sul zer) in polypropyl ene have been
used in ehpel isdispadedtiagtasalldbxathel leagnidipabatiblof tipaedsiselg Sihcel tteupieching e
disclosed in detail in US. Patent No. 1,458,805 to Christiansen, U S.

Pat ent Nmotibn7@2s 8&8el 3 gemeratlytods thatili rdthhg motim there@d cthil dispositohwi d,

U S. Patent No. 3,346,122 to Cornelissen, U S Patent No. 3,837,501 to

Pi el kenr thedtankmelative to g eartieNvessel mBUNESS the matiarswhichagivesThise th sloslungr es
of all these patents are hereby incorporated by reference. Al though the

i nvent i off Higsligeids iyehactanked in terms of particul ar enbodi nents and

e 1% K b Rl ek b o
B L e
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parti cul ﬁh{ﬁq Q?%%S%@H&dy\here measuring sensors or instruments are

di sposed I'n s of the tank. Qtherw se, sloshing due to vessel
rol I'ing reduces ab&sdshéCHith @ioaRS f&itute\6f ﬂlx@%réééﬂ?ﬁi\énggﬁsme%bﬁtat&G need

not be located in center plane 82 or even in chamber . However, a central

| ocat i onfighdir epried fldw réstdctotOsr rekilated inwhd frmn dBpatstattd platesbe noved
off center to sone extent w thout appreciably affecting the bal anced fl ow

and wei gdispdsed in thet tank beSudest thaahtfoane ntedia mod therdewhitBog nedihalhaci ng of
fluid flow and weight distribution is preferred. Accordin it is to be

under st operforased pladesirestigigimitrar ragelate theiftoy of diguidhalang ag%%ﬁfplgtﬂeﬂony way
72 TE i ik AR e S
fhui o phAESE tadbn gt P Iohreant HeRbRans rirhes SEHREEFNGhEELhY g henfadang < O
it ure DRSNS SlaAcRRE of BYefill bEMHIEN of Sdpdkiufe R1BERCE, B PO O0 Lath.
permeabl o phast B e ART pRAL B uD thiuif Lol LigBeplol B
sai d Tl ok thl pSifPRIcatddbovEan UpbERhERTiRHE 8821 OThishte éritd ﬁafhid)ﬂofd ui d

m xture, said inlets being disposed substantially equidi'stantly fromsaid
outl et amehshitigdovdrithel ppformedphthnes in dipeh sdason medi a bei ng di sposed in
said tank generally symmetrically about said outlet so as to provide for a
symetri cal f [Loke #redseparation mediay theyerforatedrplates arenlocaednsidasvi ty. 2. The
separator defined in claim1 wherein said tank is elongate and has a

subst ant apptoxinmatdly symmetrisally shout acentrabtansversd plage shihe tark sthiergbyeen
opposite ends .of said tank. 3. The separator defiped in claim2 wherein

sai d t anknhancing jon@ssisting intherggnesipn @ symmeicabflowzangd weight dissabutiarei ng
di sposed .at a respectiye one of said end walls. 4. The separator defined in
clai m 3 fPmotiondasensHiNlet is one of at |east two outlets di sposed

approxi matel y in a bl ane | pgat 6d substantially m duay betyeen oaid end

additional media also extend up through a separated liquid region in the tank to a point

located above an uppermost liquid level. Preferably, at least the demisting media

extend transversely across the tank from the bottom to the top thereof.



5. The separator defined in claim4 wherein said tank has a gas OUtlgiNDVZMZ
| ocated substantially m dway between said end walls. 14 NOV2002 g
6. The separator defined in claiml, further conprising at |east two flow
restrictors, each disposed between said outlet on one side and a respective
one of said inlets on an opposite side, 7. The separator defined in claim6
wherein said separation nedia include—é@nisting medi a di sposed proximately

to said outl ety aQfy letse%eﬁiaféﬁ%nfaes‘dﬁaﬁce &imm@gﬁe%eﬁmweﬁﬁ@ﬁfi ned in
claim7 wherein said Tlow restrictors are each di Sposed between said

dem st i ngimeRadN iskcd fﬁﬁ?ﬁoﬁbé‘ﬁt@é}fﬁst&&hé efikestidry e AR Az dweiphehs on
an opposite side. 9. The separator defined in claim8 wherein sai

separ at | eonipadéditd othehdesipm; foidex dnvsle athloké dawhiohdd gergedl Repfapagsistetapdar ds a
respective one of said inlets. 10. The separator defined in claim9 wherein

sai d fl odlappst valveoare progidedc T sepaseidnbrédie and paifdratedipddtes inimdize then
said one side and a respective one of said antifoam nedia on said opposite
si de. 11 effehts afeyesseltmootiorf Mudovar, theasiepatitateandiernsmallat fbf egivarst ri ct or s
each takes_ the formof a perforated plate. 12. The separator defined in
cl ai m 11 vVelnelrie f&watﬁathalrlp@w@méﬁdqﬁm% extends up through a separated

liquid region in saidt Q.a point located abhove an uppernost |iquid
| evel . 13. The separ at ﬁ%ﬁ@%ﬁ%ﬂ%r@ﬂ%&%@ separation nedia
i ncl ude antifqam pedi a .di sposed toywards opposed jnlets.of said.t and
on ot ng. medtaBal b PR GoRaG et GoShRa el BEW O spRusitionabihuEs
t her eof . ha% 4%9[&?%,( 5002 -10 14. The separator defined in claim13, further
conpri si FgY 3 8 | at ors extending substantially vertically in said tank

between said gifi3 QamRe #icAdflefiMiflal cross-sectional view of another conventional

three-phase separator.

Fig. 3 is a schematic longitudinal cross-sectional view of a three-phase
separator in accordance with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As illustrated in Fig. 3, a three-phase separator particularly for use in marine
applications comprises an elongate tank 62 having end walls 64 and 66 in which
opposed inlets 68 and 70 are located for delivering a fluid mixture to the tank. Tank
62 is disposed on an upper deck 69 of a vessel 71 at sea so that a longitudinal axis (not
depicted) of the tank is oriented substantially horizontally and parallel to a
longitudinal (fore-aft) axis of vessel 71. It is contemplated that a production fluid
mixture produced from an oilfield for phase separation is divided into two roughly
equal streams which are guided to inlets 68 and 70, respectively. Baffle plates 72 and
74 are provided at the inlets 68 and 70. Alternatively, cyclonic preseparator inlet
devices (see 54 in Fig.2) may be disposed at inlets 68 and 70.

A gas outlet 76, a water outlet 78, and an oil outlet 80 are disposed centrally in
tank 62, generally in a central or median plane 82 located midway between ends walls
64 and 66 and hence midway between inlets 68 and 70. Gas outlet 76 is located along

an upper side (not designated) of tank 62, while water outlet 78 is located at a bottom



dem sting nedia. 15. The separator defined in claim214 wherein said Hﬁ]\VZUUZ
regul ators conprise perforated plates extending up through a separaaé
liquid region in said tank to a point |ocated above an uppernost liquid

| evel . 16. The separator defined in claim 13 wherein said separation nmedia
further conprise additional nedia dispgsed between in said tank between
said antifoam nedia and said dem sting-nedia. 17. The separator defined in

cl ai m 16 sphagiesn b%Eé»@' adfatet | RRBhr WatkrahiExlaRste Uy, i QHE 80 treRAlRkRd |1 quid

region in sard tank to a polnt | ocated above an uppernost liquid |level. 18.

The sepabghpdend@htc &el B4 Ghaiam diBleVBRoehil-gadiledadd §6.i ng nedi a extend from
a lower side to an upper side of said tank. 19. The separator defined in

clai m 13 wher ¢y pais aff dnfiftfab{ ArdidRdtR aeackifly fattiasBy avd0sird@roddedatpper
side of said tank. 20. The separator defined in claim1l wherein said

separ at i opposith endsrufl tamle 62npriokdaachett mspéctivedhad teletsniBsamd 78,afod t ank, sai d
anti foam nedi a extending froma | ower side to an upper side of said tank.
21. The seplescngmandestpareting densityi differevitiated coraponende phthet produetkati Huidncl ude
dem sting nmedia | ocated proximately to said outlet, between said outlet and
sai d i nl sixfure argvingviainlets Gseamdaﬂ{ambﬁm inhibitingwmpreygriing thecgansrasion tper
side of said tank. 14 NOV 2002 -11 22. The separator defined in claim
1 wher ei A0%Biagthe ends ofdanke 881 @ash@géa@@saﬁﬁﬂnéﬁorﬁmr@a the eatize HIBHEIK sai d

tank at |.east .appr.oxi patel Jrror symmetrjically with respective ta,a
contral CimREseR 06 NElehh et k7. e B Igwer side ok B0 R qhlD BBHBPRLEAE ¢ i ve
phase separtat Q fora_ﬂgepar ating oilfield production fluid phases,

conpri si r%:o%o g’r% ving at | east one inlet for a production fluid mxture

S o o S, ST kB RIRRE P W o B B i v ©
of the tank, on opposite sides of median plane 82 for reducing liquid entrainment in
the separated gas, i.e., for inducing the precipitaﬁon of water and oil phases from gas
located at the top of tank 62. Packing lattices 92 and 94 also extend the entire
transverse dimension of height of tank 62, from a lower side or bottom thereof to an
upper side or top of the tank. Packing lattices 92 and 94 define a generally centrally
located chamber 95 in which water outlet 78 and oil outlet 80 are located. Preferably,
gas outlet 76 also communicates with or is located in chamber 95.

Provided between antifoam packing lattice 88 and demisting packing lattice 92
on the one side of tank 62 are a pair of flow restrictors or regulators, such as
perforated plates 96 and 98, and an additional packing lattice 100. Plates 96 and 98
and lattice 100 extend up through the separated water and oil regions 102 and 104 in
tank 62 to a point located above the uppermost liquid level, i.e., above oil level 86.
Plates 96 and 98 permit a regulated flow of liquid in a longitudinal direction, from
inlets 68 and 70 towards water and oil outlets 78 and 80 at the center of tank 62, but
damp or inhibit motion induced bulk liquid movement induced by the heaving,
pitching and rolling of a vessel on which the separator is located. The heights of the
perforated plates 96 and 98 prevent liquid from washing over the perforated plates

even in high seas.



fluid pernmeabl e phase separati on nedia di sposed in said tank and eXtieNoOV tif?
across said flow path of the fluid for separating the different phases of
the production fluid mxture; and at |east one flow restrictor or regul ator
al so disposed in said tank in the flow path of the fluid fromsaid inlet to
said outlet. 24. The separator defineg in claim23 wherein said inlet is
one of two inlets disposed on said t-apk—substantially equidistantly from

said outlet, B@gﬁefrﬂéﬂtffo%rﬂ'ﬁ%ﬁ |g§{aa 299 @amﬁ%ﬁﬁgpagghglmwgmﬁa@sed in

said tank gener y synmetrica out said out s to provide for a

symet ri ger Sidewramtk BEiahproli dddr Aditi o oW rePRldtor, sisteasa baiiofy, said
flowrestrictor or regul ator being one of two flow restrictors or

regul at operferaedd pliaerdv6ctarie 0% and sédia oudh & pakimnkatsda el BnPlages Kspast | ve
one of said inlets on an opposite side. 25. The separator defined in claim
24 wher el 08 and thtiepai@alsorextext ap throligldeatkeandtdihre gnedi ar ldyapd9@dind 104
proximately to said outlet, on opposite sides thereof, said separation

medi a f uint tank 62aoypoists hocated abone dibkaveh8@i a each di sposed towards a
respective one of said inlets, said flowrestrictors or regulators each

bei ng di sposeBemisting mediponpackig lattisenddand H4d antifaanm megineupacking sai d one
si de and a_res&:cti ve one of said anti foam nedia on said ogposi te si dg. 26.

The sepaldiess et nortarntecrylts SpRsFesTcioRs oF FomBlpIFstS, S8 0P 8, an
| at . t the f f f t |late. 27. .T t
et ned PERGR Rt oDl aeSher shiedt SrmmbricilB A oSl gn o
t |k quid j ' id tank [ ed. : t
oo o 1 gty BrERldile i ERaRmbRRS B P Wl 6RO RS BT TS
I o _ ti ¥ : .
Cross- selbr B UERY GLHeBAT e e e Pt ROSE SRRl o Romnty ey g
di sposedﬁ@gngtlregﬁqgﬁ%abﬁﬂ@fgqgjgném_d ends. 29. The separator defined in

claim?23 wherein s flowrestrictor or regulator is one of two flow
restrictors OAnftifgathackingdntiiees 88 ahd 99aind demiikting gasiting tittice92landbdf is
one of two inlets on said tank, said separation nedia including two

ant i f oamasrecileasdideipberead packagdsttices peC and/ &1 @ rers substantially thickes thand

dem sting nedia di sposed proximately to said outlet on opposite sides

t her eof , pefpratéd platesedf and 08y for exampley ontthe srdesiof gwenyHimes potdck. bEemeen

said dem sting nmedia_on one side _and a re_sgectjve one of said antifoam

medi a onexamplspthe packagilattigomay e 20epn thick whide theperforatadaplaters Lmr ei n
CRl O CUEES oLk ot ASSULBLEY b SRS e ahed RIS BXisgino o
T W R v S
tank bet w96 q%, 4s I {CAIMitBAL PatRilgIattided B0 Ghd 190G Bke any

conventional form, such as in-parallel arrays of inclined corrugated plates. Structured

packing elements of 250 Y Mellapack (Sulzer) in polypropylene have been used in

experimental tests. Examples of possible packing structures are disclosed in detail in

U.S. Patent No. 1,458,805 to Christiansen, U.S. Patent No. 1,732,386 to Sprockhoff,

U.S. Patent No. 1,946,414 to Schmid, U.S. Patent No. 3,346,122 to Cornelissen, U.S.

Patent No. 3,837,501 to Pielkenrood, and U.S. Patent No. 4,737,288 to Melis et al.

The disclosures of all these patents are hereby incorporated by reference.

Although the invention has been described in terms of particular embodiments
and applications, one of ordinary skill in the art, in light of this teaching, can generate
additional embodiments and modifications without departing from the spirit of or

exceeding the scope of the claimed invention. For example, one or more additional
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to a point |ocated above an uppernost liquid | evel. 33. The separator
defined in claim23 wherein said separation nedia include dem sting nedia
extendi ng transversely across said pqtﬁfrom one side of said tank to an
opposite side thereof. 34. The separator defined in claim33 wherein said
dem stin L& o [ ' j : 1F e SFRA tor
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opposite side thereof. 36. The separator defined in claim 35 erein said

ant i f oamydvRehtRzedns wher® afcGuith®%édtBtLort Bs@ain@nisiretdispded i lateral walls of
notion-insensitive phase separator for separating oilfield production fluid
phases, ghermnk.sOwervisé,aéshingdié tolestpipetlingrdduced the effdctivends oflthke havi ng
at least one outlet for a liquid phase of a production fluid mxture fed

i Nt o sai thstranmenss. mul t aneously through said inlets; and fluid perneable
phase separation nedia disposed in said tank and extending across a flow
path of the fﬁa‘s@uﬂcbﬁémheg nat be ocatediineeoteariphane &2 or eyerr ax ¢hamhen 3.

di fferent. phases of the production fluid mxture, said fluid perneable
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t ow )

at | east

Accordingly, it is to be understood that the drawings and descriptions herein
are proffered by way of example to facilitate coﬁlprehension of the invention and

should not be construed to limit the scope thereof.



restrictors, each disposed between said outlet on one side and a respective
one of said inlets on an opposite side, said flow restrictors also Wdej NV 2002
di sposed substantially mrror symretrically about said chanber, so as to
provi de for the symetrical flow and weight distribution for notion
insensitivity. 40. The separator defined in claim39 wherein said fl ow
restrictors are each di sposed betmeenlgde chanber on one side and a
respecti f~1S gk ts on an opposite side. 41. The separator

defi ned Wilﬁqﬂﬁg@#sﬁ sai d separation nedia include dem sting nedi a
and antifoam nmedi a, i dentsd:i; i | I 5“%?}% 1 - g1 de of
said flow resPiSi ct oé@%gﬁ%ﬁﬁg%aWo%p%glﬁog?% a nglégl %Stapg%&i said
ant i f oamfRdiphae BemehiRpsed on said opposite side of said flow
restrictors, "between said flow restrictors and said inlets. 42. The

separ at or def igwaékihavivlged paif bf $h# irflaischnld fawheebivihg boleaseat ot gor t he
formof a perforated plate. 43. The Separator defined 1n claim4l wherein
sai d demasliquid phas¢ af exyreduttionadhsd enseiry fad ime sakiadk kil tasdonslyfthooughne
side of said tank to an opposite side thereof, said antifoam nedia al so

ext endi ngaid wdetsca Seomypath reatendimy thréughwsgiditink frommsaidmnletseo sadeowtet;saidd
tank to the opposite side thereof. 1 4 NOV 2002 -15 44. An apparatus for
separating oi |fi)mé|mrmc@ldgcpmasmsq‘pammpmémsdlsmnﬂm stidgank ané sxtendisgpabl e
of bei ng navi gat ea onto, | arge bodies of water; a tank fixed to said vessel,

sai d t ankackessisayl Hopapath dor sepaeatingghe differsnhphpses of His prosychion Auld east one

outlet for.a liqui,d phase of..a production. fluid . m xture fed jnto said .tank
o mul t andBUE¥Sp P anlsHs Being dishobed Subistantily squisiriaany, coum s i fet ARG i
sai d tankyf.nom said inlets to said qutdet: .and fluid.permeabl e .phase
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fluid pergiasbuioRT8s motidRdh&llsRifedi @ bei ng di sposed in said tank
generally symmetrically about said outlet so as to provide for a
symmetrical flow and weight distribution for notion insensitivity. 45. The
separator defined in claim44 wherein said separation nedia are di sposed
subst anti al | y 2ni r r cFhe yepaedtor defined mbelaim 4 avikeroint dagd tankds @dortgateparal/hakea f or
a symetrical flow and weight distribution for notion insensitivity. 46.
The separsabstantielly maiform tranaverse Srosstaectien aloogpaidsaxig betweesaspposito ehdsow
restrictors, . each di sposed between said outlet on one side and a respective
one of saﬂfcfa-l‘ﬁtaé‘tks on an opposite side, said flow restrictors al so being

di sposed substantially mrror symetrically about said chanber, so as to
provide for the symmetrical flow and weight distribution for notion

LQE;PZ‘L o medta | bR S R 22@%&?&%@}%@3&%&%@%@ B i ng
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on said gppppite side of said flowrestrictors, between said flow
restrictors and said inlets. 14 NOVZ2002 - Ib 48. The separator

defined in claim47 wherein said flowrestrictors each takes the formof a
perforated plate. 49. The separator defined in claim47 wherein said

demi sting nedi4 extEheseparator defined in claim 3 wherein said outlet is one of at least
two outlets disposed approximately in a plane located substantially midway between

said end walls.

5. The separator defined in claim 4 wherein said tank has a gas outlet

located substantially midway between said end walls.



transversely across said flow path, fromone side of said tank to anp Noy 2002
opposite side thereof, said antifoam nedia al so extendi ng transversely
across said flow path, fromthe one side of said tank to the opposite side
thereof. 50. An apparatus for separating oilfield production fluid phases,
conprising: a vessel capable of being pavigated onto | arge bodies of water;
a tank fixed to said vessel, said tanﬁfhaving at least one inlet for a
production flgid m - i€ W f the
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production fluid mXx ow pat h extendi omsaid inlet to
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and extending across said flow path of the fluid for separating the

di f f er entnlpRasiesn @Ppégin@ sideoduction fluid m xture; and at |east one flow
restrictor or regulator also disposed in said tank in the flow path of the
fluid fromsaid inlet to said outlet. 51. The apparatus defined in claimb50
wherein said 17nl et The separatdr defined iih etasmdd shesin said ssparhtioankedialisdlade i al |y
equidistantly fromsaid outlet, said fluid pernmeabl e phase separati on nedi a
bei ng di dpossiihg mediai dispasad pyexderaily yo sgidratlet,cal dppasitssidesdhereofit | et so as
to provide for a symetrical flow and weight distribution for notion
insensitivity, said flowrestrictor or regul ator being one of two flow

restrictors or, regyl ators each di sposed between said outlet. on one sjide and
a respective Gne oﬁh§aﬁeaar.amré{]eénsa I ﬁyﬁgﬁ%ﬁ@éﬂwwwt%%%k}s

d sposed SRR B aTer i B Copm g midis o s vié and i {haralie bl piie ©
i [ a f . i Si i f di h di d
separat i gﬁegi&hwégﬁrzﬂgonprl sing two antifoam nedi a each di spose

t owar ds CG 7r espective one of said inlets, said flow
restirictors or regulators each being di sposed between said dem sting nedia
on said one side and a respective one of said antifoam nedia on said

opposite sideg 53. THSepRRbsraldfmedeh cNfh 8 Whetdth Rhild/sephRitRinmeda FuFth&w
restrictors or regulators each takes the formof a perforated plate. 54.

The appatidlude ¢wbiantifbannmedad sachdivhweditowearish espettiverdmer oft saél jplletse

extends up through a separated liquid region in said tank to a point

| ocat ed above an uppernost liquid |level. 55. The apparatus defined in claim
54 wherein said tank is elongate and has a substantially unjformtransverse
cylindrical crdss- ddetseparatantdefineddp slaim @ wherrin saidsBow Testrietors areieadhl et s

each bei di sposed at respective_one of. sai d_ends. . )
?sposeé) getween saiid deml%tmg media on said one side ang a respective one of said

antifoam media on said opposite side.

11.  The separator defined in claim 6 wherein said flow restrictors each takes

the form of a perforated plate.

12.  The separator defined in claim 11 wherein each said perforated plate
extends up through a separated liquid region in said tank to a point located above an

uppermost liquid level.

13, The separator defined in claim 1 wherein said separation media include
antifoam media disposed towards opposed inlets of said tank and demisting media

disposed proximately to said outlet, on opposite sides thereof.



56. The apparatus defined in claimb50 wherein said flow restrictor 104 Noy 2007
regulator is one of two flow restrictors or regulators disposed in said
tank and wherein said inlet is one of two inlets on said tank, said
separation nmedia including two antifoam nmedi a di sposed towards respective
ones of said inlets and dem sting mnedi & di sposed proximately to said outl et
on opposite sides thereof, said fl ow+estrictors or regul ators being each
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extendi ng up through a separated liquid region in said tank to a point

| ocat ed aldewsstang meday, nost |iquid |evel. 14 NOV2Q2 18 58. The
apparatus defined in claimb56 wherein said separation nedia further

conprise additional nmedia disposed between in said tank between said

anti foam nedi a and said dem sting nedia. 59. The apparatus defined in claim
58 wherei n sai d3addiThescphratendefinedtiaredniopl4 wheoeih saidBpwrrageldtdrs gaimgrise
region in said tank to a point |ocated above an uppernost liquid |evel. 60.
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dem sti ng,nedi xtendi ng transversely across said path from one side of

sai d tankl???t%‘ﬁa Podt PBI?W" flﬁ@tdelswl- 61. The apparatus defined in claim
60 wherein said dem sting nmedia are disposed proximate to said outlet. 62.
The apparatus defined in claim50 wherein said separation nmedia include

anti f oam nedi a &t enﬂ_l
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20.  The separator defined in claim 1 wherein said separation media include
antifoam media at opposite ends of said tank, said antifoam media extending from a

lower side to an upper side of said tank.

21.  The separator defined in claim 1 wherein said separation media include
demisting media located proximately to said outlet, between said outlet and said inlets,

said demisting media extending from a lower side to an upper side of said tank.
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with respective to a central transverse plane which bisects said tank.

23. A motion-insensitive phase separator for separating oilfield production
fluid phases, comprising;

a tank having at least one inlet for a production fluid mixture and at least one
outlet for a liquid phase of the production fluid mixture, a fluid flow path extending
from said inlet to said outlet;

fluid permeable phase separation media disposed in said tank and extending
across said flow path of the fluid for separating the different phases of the production
fluid mixture; and

at least one flow restrictor or regulator also disposed in said tank in the flow

path of the fluid from said inlet to said outlet.

24,  The separator defined in claim 23 wherein said inlet is one of two inlets
disposed on said tank substantially equidistantly from said outlet, said fluid permeable
phase separation media being disposed in said tank generally symmetrically about said
outlet so as to provide for a symmetrical flow and weight distribution for motion
insensitivity, said flow restrictor or regulator being one of two flow restrictors or
regulators each disposed between said outlet on one side and a respective one of said

inlets on an opposite side.

25.  The separator defined in claim 24 wherein said separation media include
demisting media disposed proximately to said outlet, on opposite sides thereof, said
separation media further comprising two antifoam media each disposed towards a

respective one of said inlets, said flow restrictors or regulators each being disposed
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26.  The separator defined in claim 25 wherein said flow restrictors or

regulators each takes the form of a perforated plate.

27.  The separator defined in claim 26 wherein each said perforated plate
extends up through a separated liquid region in said tank to a point located above an

uppermost liquid level.

28.  The separator defined in claim 27 wherein said tank is elongate and has
a substantially uniform transverse cylindrical cross-section between opposite ends of

said tank, said inlets each being disposed at a respective one of said ends.

29.  The separator defined in claim 23 wherein said flow restrictor or
regulator is one of two flow restrictors or regulators disposed in said tank and wherein
said inlet is one of two inlets on said tank, said separation media including two
antifoam media disposed towards respective ones of said inlets and demisting media
disposed proximately to said outlet on opposite sides thereof, said flow restrictors or
regulators being each disposed between said demisting media on one side and a

respective one of said antifoam media on an opposite side.

30.  The separator defined in claim 29 wherein said flow restrictors or
regulators comprise perforated plates extending up through a separated liquid region in

said tank to a point located above an uppermost liquid level.

31.  The separator defined in claim 29 wherein said separation media further
comprise additional media disposed between in said tank between said antifoam media

and said demisting media.
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up through a separated liquid region in said tank to a point located above an

uppermost liquid level.

33.  The separator defined in claim 23 wherein said separation media include
demisting media extending transversely across said path from one side of said tank to

an opposite side thereof.

34.  The separator defined in claim 33 wherein said demisting media are

disposed proximate to said outlet.

35.  The separator defined in claim 23 wherein said separation media include
antifoam media extending transversely across said path from one side of said tank to

an opposite side thereof,

36. The separator defined in claim 35 wherein said antifoam media are

disposed proximate to said inlet.

37. A motion-insensitive phase separator for separating oilfield production
fluid phases, comprising:

a tank a pair of opposing inlets, said tank also having at least one outlet for a
liquid phase of a production fluid mixture fed into said tank simultaneously through
said inlets; and

fluid permeable phase separation media disposed in said tank and extending
across a flow path of the fluid from the inlets to the outlet for separating the different
phases of the production fluid mixture, said fluid permeable separation media defining
a substantially centrally located chamber inside said tank, said outlet being disposed in

said chamber.
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The separator defined in claim 37 wherein said separation media are
disposed substantially mirror symmetrically about said chamber, so as to provide for a

symmetrical flow and weight distribution for motion insensitivity.

39.  The separator defined in claim 38, further comprising at least two flow
restrictors, each disposed between said outlet on one side and a respective one of said
inlets on an opposite side, said flow restrictors also being disposed substantially mirror
symmetrically about said chamber, so as to provide for the symmetrical flow and

weight distribution for motion insensitivity.

40.  The separator defined in claim 39 wherein said flow restrictors are each
disposed between said chamber on one side and a respective one of said inlets on an

opposite side.

41.  The separator defined in claim 40 wherein said separation media include
demisting media and antifoam media, said demisting media being disposed on said one
side of said flow restrictors, between said flow restrictors and said outlet, said
antifoam media being disposed on said opposite side of said flow restrictors, between

said flow restrictors and said inlets.

42.  The separator defined in claim 41 wherein said flow restrictors each

takes the form of a perforated plate.

43.  The separator defined in claim 41 wherein said demisting media extend
transversely across said flow path, from one side of said tank to an opposite side
thereof, said antifoam media also extending transversely across said flow path, from

the one side of said tank to the opposite side thereof.



10s0109%& ()- f##10%& ()-ms! 10% ()- 10%& ()- "109%& ()- s, 109%& ()- 14 NOV 2002
gQVVVSWANWMAMYNC 10s 10 10 10; 109%&' ()- 9SH10%&' ()- 8 10%&' ()- F4" 109%& ()-
S2g#109& ()- VWAMN XoXXXdEYNC 10s s- 10%& ()-

1092 & ()- @O0%& ()- L10%& ()- s10%& ()- '10%& ()-X) YCYYYYNZAEYNC 10s
G'10%& ()- s@10%& ()- , 10%& ()- _qs.

s 10%& ()-10%& ()-"10%& ()- NZhZZZLE[TdEYNC 10s . 310%& ()- , 4 10%& ()-
*10%& ()- & 3t4.10‘V@A§'b gﬁpaﬁ(%%%’?s?é;{a}athﬂgoc‘y’m’?élﬂ)procﬂlic{tﬁ)hsﬂhﬁhlﬂh\i];&l XBRPrising;

10s9' 10% & ()- 10z 1

a vessel capable of being navigated onto large bodies of water;

a tank fixed to said vessel, said tank having a pair of opposing inlets and further
having at least one outlet for a liquid phase of a production fluid mixture fed into said
tank simultaneously through said inlets, a fluid flow path extending through said tank
from said inlets to said outlet; and

fluid permeable phase separation media disposed in said tank and extending
across said flow path for separating the different phases of the production fluid
mixture, said inlets being disposed substantially equidistantly from said outlet and said
fluid permeable phase separation media being disposed in said tank generally

symmetrically about said outlet so as to provide for a symmetrical flow and weight

distribution for motion insensitivity.

45,  The separator defined in claim 44 wherein said separation media are
disposed substantially mirror symmetrically about said outlet, so as to provide for a
symmetrical flow and weight distribution for motion insensitivity.

46.  The separator defined in claim 45, further comprising at least two flow
restrictors, each disposed between said outlet on one side and a respective one of said
inlets on an opposite side, said flow restrictors also being disposed substantially mirror
symmetrically about said chamber, so as to provide for the symmetrical flow and

weight distribution for motion insensitivity.

47.  The separator defined in claim 46 wherein said separation media include
demisting media and antifoam media, said demisting media being disposed on said one
side of said flow restrictors, between said flow restrictors and said outlet, said
antifoam media being disposed on said opposite side of said flow restrictors, between

said flow restrictors and said inlets.
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49.  The separator defined in claim 47 wherein said demisting media extend
transversely across said flow path, from one side of said tank to an opposite side
thereof, said antifoam media also extending transversely across said flow path, from

the one side of said tank to the opposite side thereof.

50.  An apparatus for separating oilfield production fluid phases, comprising:

a vessel capable of being navigated onto large bodies of water;

a tank fixed to said vessel, said tank having at least one inlet for a production
fluid mixture and at least one outlet for a liquid bhase of the production fluid mixture,
a fluid flow path extending from said inlet to said outlet;

fluid permeable phase separation media disposed in said tank and extending
across said flow path of the fluid for separating the different phases of the production
fluid mixture; and

at least one flow restrictor or regulator also disposed in said tank in the flow
path of the fluid from said inlet to said outlet.

51.  The apparatus defined in claim 50 wherein said inlet is one of two inlets
disposed on said tank substantially equidistantly from said outlet, said fluid permeable
phase separation media being disposed in said tank generally symmetrically about said
outlet so as to provide for a symmetrical flow and weight distribution for motion
insensitivity, said flow restrictor or regulator being one of two flow restrictors or
regulators each disposed between said outlet on one side and a respective one of said

inlets on an opposite side.

52.  The apparatus defined in claim 51 wherein said separation media include
demisting media disposed proximately to said outlet, on opposite sides thereof, said

separation media further comprising two antifoam media each disposed towards a
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between said demisting media on said one side and a respective one of said antifoam

media on said opposite side.

53.  The apparatus defined in claim 27 wherein said flow restrictors or

regulators each takes the form of a perforated plate.

54,  The apparatus defined in claim 53 wherein each said perforated plate
extends up through a separated liquid region in said tank to a point located above an

uppermost liquid level.

55.  The apparatus defined in claim 54 wherein said tank is elongate and has
a substantially uniform transverse cylindrical cross-section between opposite ends of

said tank, said inlets each being disposed at a respective one of said ends.

56.  The apparatus defined in claim 50 wherein said flow restrictor or
regulator is one of two flow restrictors or regulators disposed in said tank and wherein
said inlet is one of two inlets on said tank, said separation media including two
antifoam media disposed towards respective ones of said inlets and demisting media
disposed proximately to said outlet on opposite sides thereof, said flow restrictors or
regulators being each disposed between said demisting media on one side and a

respective one of said antifoam media on an opposite side.

57.  The apparatus defined in claim 56 wherein said flow restrictors or
regulators comprise perforated plates extending up through a separated liquid region in

said tank to a point located above an uppermost liquid level.
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59.  The apparatus defined in claim 58 wherein said additional media extend
up through a separated liquid region in said tank to a point located above an

uppermost liquid level.

60.  The apparatus defined in claim 50 wherein said separation media include
demisting media extending transversely across said path from one side of said tank to

an opposite side thereof.

61. The apparatus defined in claim 60 wherein said demisting media are

disposed proximate to said outlet.

62.  The apparatus defined in claim 50 wherein said separation media include
antifoam media extending transversely across said path from one side of said tank to

an opposite side thereof.

63.  The apparatus defined in claim 62 wherein said antifoam media are

disposed proximate to said inlet.



