- 1 - "TREATMENT OF MULTFPHASE M XTURES' The pr esent

i nvention relates to

the treatnment of nultiphase m xtures and nore particul arly, thougg %&
exel usi®ely, to nultiphase mixtures 5 in which at |east two of t Qp ég@(f
are lindids and the | east dense liquid phases is present in quantities of

at least 5% One preferred application of the present

invention relates to

the treatnment of oil/water m xtures (which 10 may i ncl ude gaseous and solid
phases) such as that discharged fromoil wells. Research into the use of
cycl one separators for the separation of oil/water m xtures has increased

In recent years. One of the reasons 15 or a growi ng i

nterest in this area

I s because of the particular problens associated with off-shore platforns.
One of the major problens is that of the weight of processing equi pnent

and, as a result of this, attenpts are continuously 20being nade to try and
reduce the weight of processing equipnent. It is with this in mnd that

i nvesti gati ons have been conducted into the use of cyclone separators.

-2- Applicant has already devi sed cycl one separators of a unique type whi ch

can be used

- 1-

*TREATMENT OF MULTIPHASE MIXTURES®
_ The present invention relates to the treatment
N\ of multiphase mixtures and more particularly,
though not exclusively, to multiphase mixtures
5in which at least two of the phases are liquids

and the least dense liquid phases is present

in quantities of at least 5%. One preferred

application of the present invention relates

to the treatment of oil/water mixtures (which
jomay include gaseous anéd solid phases) such

as that discharged from oil wells.

Research into the use of cyclone separators

for the separation of oil/water mixtures has
increased in recent years. Une of the reasons
15 for a growing interest in this area is because

of the particular problems associated with

off-shore platforms. One of the major problems
is that of the weight of processing equipment.
and, as a result of this, attempts are continuously

the use of cyclone separators.

20 being made to try and reduce the weight of
processing equipment. it is with this in mind
that investigations have been conducted into



0

in the separation of oil/water mxtures where there is a relatively small )
anount of oil 5 in the mxture (say |less than 5% . Such separators are
useful for cleaning the water discharging froma processing system so. Lhat
it can be discharged directly into the sea wi thouyt major contan1nat|onk{£
probl ens. Cenerally, separators 10 which are used in such a manner - requ1re
little if any control other than soze_control on the flow through the
separator system There is another processing situation where cyclone. -
separators coul d ApRdisapti bas alrerdihdaviged cY@or®parating the product

oi | fromthegpbxt-de@rdi EhAr Qﬂidu@'ﬂy‘ﬂ%e wildh Jdif Benasaiors of the type
nment i oned aboveFBave been f,ound not be suitable for use in applications

where | arger %o ﬁe§e8Fr5FP°§b°ﬁéﬁ§%x;Qﬁ?§ﬁﬁkﬁEH¥ﬁF WhHH¢ cant has devi sed

several typeshereunsqae redpasiaiedys sulaldh ancurnrdf wiprly suitable for this
new appligat however., i,S not, .t he solution as control of

Thj | et
t hese nem/seé§n§P8r§§H§§rﬁeéﬁa§BlfﬁﬁhJHﬁ?té?ignga 1§ Rﬁﬁﬁ??ﬁﬁarly in
practical siauvetiuerfull foirs clleanding ¢hen walfjeactdicfchdmyimigesent i nvention to

provi de a W%}bﬁhis £BELslifig! RSBV n W Wi YDl e satisfactory 30
ha

Separation o e phases in
discharged directly into the sea without major

contamination problems. Generally, separators
10- which are used in such a manner require llttle
"if any control’ other than some control on.
the flow through the separator system.¢_“”
There is another processing situation = s

..-,'--.

- where cyclone separators could find application ' ;
15 and that is for separat;ng the product oil | |
from the mixture’ discharged from the well.
The separatbrs of”the'type”mentioned’aboveV'
have been found not to be suitable for use
in applzcat;ons where larger volumes of oil
20 have to be separated. Applicant has.dev1sed-
several typeslof unique sepiratoisfwhiCh* ' _
are’partiouiafly'suiﬁéblé for this new application.
This, however, is not the complete solution
as control of'these"new'separators“has been
25 found to be difficult particularly in practxcal ' \J
situat;ons. - : -
It is therefore an object of the present
invention to provide a multiphase mixture
~ treatment system which enables satisfactory
30 geparation of the phases in that mixture.



-3- According to the present invention there is. provided a multi-phase

m xture treatnment systemfor separating a mxture of liquids in which the
rgl at i-i#e proportion of the conponents can vary over a w de range the system
comprei ng: (a) mi xture separ.ation apparatus conprising at |east one
cycl one separator capable of separating liquid m xture; (b) an infeed flow
line for delivering the nulti-phase liquid mxture to the m xture
separation apparatus; (c) at -least two output flow |lines conprising at

| east an overflow output feed Iine and at | east a under flow outlet feed
line fromwhich separated or partially separated phases of the liquid

m xture are discharged fromthe m xture separa}ion apparatus. (d) anal ysing
means for analysing the mxture in the input flow line before entry to the
m xture separation apparatus and/or for anal ysing the separated or
partially separated phases in at |east one of the output flow lines, to
determ ne the relative vmd_-cwm;ﬁg @;opﬁ{ecpﬁéswﬁsl@fen{-_m iné};%eislﬁrosgdéh &l ow

i ne or lines; and(amgI raI ntrgzlr an inveto nf ormat i on
recei ved from said egn%‘ei? t P4 Tt PFORPEYYE PRy
nore of said flowl |¢ﬁa§;qwntdsrabwhnd1 eheectlagpve rpmpqmpqn aifi ure cbmpdnengast
one conponent of the Le ALt n of the

m Xt ure. This con ofs%g‘r%@%ayy%lr FE'\H\% érYgt ?slope at,i on. whi | st

(a) mixture separation apparatus comprising at least one

cyclone separator capable of sepdrating liquid mixture;

{b) an infeed flow line for delivering the multi-phase
liquid mixture to the mixture separation apparatus; -

(c) at least two output flow lines camprising at least an
overflow output feed line and at least a under flow outlet
feed line fraom which separated or partially separated phases
of the liquid mixture are discharged fram the mixture
separation aéparatus.

(d) analysing means for analysing the mixture in the
input flow line before entry to the mixture separation
. apparatus and/or for analysing the separated or partially
/ separated phases in at least one of the output flow lines, to
determine the relative volumetric percentages of the phases in
said flow line or lines; and

(e) central control means responsive to information
received from said analysing means for adjusting the flow rate
in one or more of said flow lines, whereby to effect optimm
separation of at least one component of the mixture whatever
the initial composition of the mixture.



inlet concentrations vary extensively.and continuously.from for exanple 1% °
water to 40% I n addition, the separation apparatus, neans of analysis,
central control nmeans and control equi pment rmay be at renote or reaned*\

| ocations and may be separated by other process equi pment such as. punps\,
vessel s and other control means. The anal ysing neans nmay take any.suitab e
formand is preferably adapted to anal yse or interpol ate the various

vol unetric percentages of the particul ar phases making up the m xture or -
characteristics reflecting phase concentrations such as density, viscosity
and the like. For exanple, in the particular application of oil/water

m xtures, the anal ysing neans nay be in tfie: form of capcitance probes.

In sonme instances, it nay be desirable to provide additional information to
the controller. For exa |nforggi on relating to flow rate, na be
provi ded by rrea'ﬁt%lsof’o‘ﬁ‘r PR % Or WRth vPRSRaFR yhd ?%y be in
the formof orifnlee p&rajeaﬁrmonﬂﬁmryeamhei\zelpymem&mw €ronlhe central
control neans euppti g, eI tri ntroll er which
IS progrannablggin prése? - JP 4€Qopgﬁa es‘%n rggigﬁém%%d

i nf ormation. rec@Mdtms,omnﬁeOﬁrmA}wmg pertirel csrel man@rmdol means may -

take the formc&ftr&ﬁ'é@%igﬁ&ntrﬁéi HeCht Q%E@o?'%%&@ﬂo@ﬁtﬁ?@k%ﬁa' ves and
the like. In certarn instances, It nmay be desirable to

‘may be separated by other process equipment such as pumps,
vessels and other control means. The analysing means may take

~ any suitable form and is preferably adapted to analyse or
interpolate. the various volumetric percentages of the B w
particular phases making up. the mixture or characteristics
reflecting phase. concentratlons such as density, viscosity and
the like. For example, in the particular application of
cjil/waternuxturgs,_. the analysing means may be in the form of



15 reduce the anount of .gas or substantially renmove it fromthe m xture
prior to the m xture being delivered to the m xture separation apparat us.
To this end, neans nmay be provided for separating gas fromthe m xture and
stuch-#pans may be in the formof a surge 20 tank or the like. Preferred
enbodinents of the invention will hereinafter be described wth reference
to the acconpanying drawings, and in those drd§ings: Figures 1 to 5 are

di fferent system arrangenents 25 all in accordance with thesystem of the
present invention; and Figure 6 is one exanple of a practical application
of the invention. Referring to Figure 1, there is shown a system 30
general ly indicated at Inagcmﬁdnmgﬂamqﬁma pﬂegam:bendﬁﬂnnﬁbhﬁnch |ncludes
a mxture separaligg BpAY;AladiaRICALY 'n’}%:%@atﬁ e SR

cycl one separat or o] he type for separatin relatlve y arge anDunts
of oil fromwater, FPE @Xpmpde .adpfosmatden ralatdmg &9 flamy not be

conpl ete during oneaEéss\agn@ef w:bkﬁlaetav@gomas&w@ta@ A ke gl 1 ed.
An mfeedfloglln lLivers .t.he oil éturetothe separ at or
r

3 and the wat |SSHF§ E:}P e&“@ﬁr‘&ﬁ'@?soﬂ‘laﬁulbef Pt FF MR the oil is
di schar ged throughommfpmte plawelsi o Gurbiniehnetears |bwluwy b edianpiie.an

anal yser The central control means may be for example,
a pneumat;c or electrac controller which is
. programmable and preset so that it operates in response
10 to information received from the analysing means.
U ' The flow control means may take the form of

valves or restrictions to flow such as choke
valves and the like.

In certain instances, it may be desirable to

15 reduce the amount of gas or substantially remove it
from the mixture prior to the mixture being delivered
to the mixture sepaiation apparatus. To this end,
means may be provided for séparating gas from the
mixture and such means may be in the form of a surge
20 tank or the like.

Preferred embodiments of the invention will
hereinafter be described with reference to the
accompanying drawings, and in those drawings:

) - 'FPigures 1 to 5 are different system arrangements
25 all in accordance with the system of the present
invention; and

Figure 6 is one example of a practzcal applxcatzon
of the invention.

Referring:to Figure 1, there is shown a system

30 generally indicated at 1 according to the present
invention which includes a mixture separaﬁing
apparatus generally indicated at 2 comprising a
cyclone separator 3 of the type for separating



9 di sposed in the input feed line 4 is adapted 10 to,. anal yse or

I nterpol ate the various volunetric percentages of the 0|I/mater m Xt ure or
characteristics reflecting phase concentrations such as densityviscositas o
the like. In addition to this flow ingicators 1Q and 11 provide - «{;»
information 15 "concerning the flow rgtes of the input flow line 3 and*the

ow i ot oot or e BT v? 1axbl® PUBRIL L L0 450 St | 1 AR Yoer O and
control | er 15besapgzpridtied dhat cepamoridid ovay onit.obe 26ompMetee 17 to

provi de for OB%&QHQ\ gga g%logdg £ /éﬁ%;g%égﬁgﬁg coﬁgtﬁa%ln this

particul ar sys yser 9 provi des e 15 with

i nformation rb?arﬁﬂglFsdbheﬁm)Hﬁﬁﬂ?qxﬁhqyfkﬂnQ(ﬁtdﬁix&ﬁ%ﬁzﬂhquahparatus
25 s In &ae&emzmhb}e S epi@ 'saga%%é'iﬂ il G e L fat hat - shown

in Figure 1, dche ere_are ow I ndi cat ors provi nd anal yser

9 is arrange %chﬂﬁﬁﬁéetpﬁ@“ﬁ?k@@ﬁ§qq1Q%qw(ik&ﬂnszQﬂv?h?mP%iahﬂ t he
controll er’ 15d13caat§age¢h&&ughpammymgnrnaqxﬁiﬁécmvcontrol val ve 19 which

Shown'in Figure 2 &hcEpes; HaRYicuwds epdindnt A hd FtT e s which i s
anal ysed and ®he fdospeeadr anl emeby-npm: (f@mtdr dulra |5is Idapredigh flow
control 1Ua|V€olznalyse or interpolate the varlous ‘volumetric
percentages of the oll/water mlxture or
characterlstlcs reflectlng phase concentratlons such
as denszty.v;scoslty or the like. In addition to this
flow indicators lO and 11 providelxnformatlon
15 concernlng the flow rates of the 1nput flow llne 3 and
i the water output flow line 5. The 1nformatzon
collected by the ~analyser 9, and flow 1nd1cators 10
and 11 1s fed to a central controller 15. The
:d controller 15 1s adapted to open or close flow control
20_' valve 17 to provzde for. optlmum separatlon of the
oll/water m;xture.. ‘Thus, in this particular system,
the analyser 9 provzdes the central controller 15
with 1nformatlon relat;ng to the m;xture:bezng fed

)

to the separatlon apparatus. _
25 In Flgure 2. the system lncludes szmllar _
h equlpment to that shown in Figure 1, except .'_'LJ
"that there are. no £low indicators, prov;ded and
analyser 9 is arranged to analyse the mixture in oil
output flow line 6 and the controller 15 is arranged
30 to open or close flow control valve 19 which controls
the flow in oal/output flow line 6.“_ _ '
Flgure 3 is sxmxlar to that shown 1n Flgure 2
'except that lt ls the water output flow llne S which is
analysed and the flow controlled by the controller
35 15 through flow control valve 17. . .



Referring to Figure 4, there is shown a systemin which the flow fromthe
oil or lighter phase output flow line 6 is analysed and controlled by
centr§£6controller 15 through opéning or closing 5  of valve 19. In the
syste f Figure 5, the controller 15 controls flow fromthe |ighter phase
output flow line 6 although both the input to the separator as well as

i nformation fromthat output line are fed 70 the 10 . controller. Figure 6
shows a systen1for separation of oil/ water m xtures where the oil/water
mxture is fed to the s&sfemrim@nta.nuguee & théfer &at shownwel bysbémt 0 56.
A punp 58 may assi I r t r 0,15 S and a
surge tank 59 may %%’P’b%?dgc{ig ffgw P;eoxm t\"(altéélfgli' % hﬁ?f’?gr ¥§%ﬁg m xture
is fed to a bank(ﬁutgﬂﬁcﬁkp%ebhmétﬁrss33@§lﬂﬂgédahﬂ pantrodled hy

anal ysi ng device SQri¥¢hp dooVrdPiefr 19 @H?ﬁ\}{gﬁ gsnngtafecpag% to entry

into 20 t he cyclone separators and feed t ormation to a coOntroller
15.  The cont¥ ol | &f ¥a¥Ve ki ves information as to the water . out put. fl ow

rate an? frog1th|f |rﬁEFﬂnﬁhéﬂsﬁ§tﬁm065 Fh@ﬁré'QM;fﬁéecbhﬁﬁﬂﬂherahse 17.
1. A nulti-phase [ [ eat nent s siem for se n xture
of 1iquids | n whi SPHHRCTRISHO0HER R LRERESY mRRag nBRReRE £ady "L ips
over a wi de range,b t&kthough both the input to the separator as well as
information from that output line are fed to the
10 controller.

-

Figure 6§ shows a system for sepatation of oil/
‘water mixtures where the oil/water mixture is fed to the
system from a number of different oil wells 51 to 56.
A pump 58 may assist in delivering the mixture to

‘15 the systém and a surge tank 59 may be provided
to remove gas from the mixture. The mixture
is fed to a bank of cycldne'separatgrs 3 arranged
in parallel. Aan analysing device 9 and a flow
meter 10 analyse the mixture_prior to éntry into
20 the cyclone separators and feed this information to
. a controller 15. The controller also receives
information as to the water output flow rate and from
this information controls that flow rate through valve
17.



system conprising: (a) mxture separation apparatus conprising at |east one -
cycl one separator capable of separating liquid mxtures; (b) an.infeed flow
line for delivering the nulti-phas |iquid m xture to the mixture - separat;t\on ot
apparatus; (c) at least two output flow lines conprising at |east an. \.f: S
overflow output feed line and at |east a under flow outlet feed |ine frm
whi ch separated or partially separated phases of the liquid mxture are:

di scharged fromthe m xture separation apparatus; (d) analysing neans for
anal ysing the m xture .in the input flowlge before entry to the m xture
separation apparatus and/or for analysingé®he separated or partially

separ at ed phases in at |east one of the output flow lines, to deternine the
rel ative vol unetric percentages of the phases in said flow line or Ii nes;

and (e) cent r al S&IM¥Bi ol .neans responsive to inf ormation received fromsaid
anal ysi ng neans for adj ustlng the flowrate in one or rmre of said flow

| i nes, whereby jo_eff 0 m Separation o ne conponent of
the mixture: vvhai e@e’fm]t #"% Fl%ﬁ?a%‘?ﬂ?th 2. A system

according to clsamatmgeamebfamaiwﬂsnglmsmmemelasm one or nore

capaci tance proéT{g%o RE:Q! a% f?é Q 2 erei n
sai d anal ysi ng Iélf urtﬁer I'nc es osnnga%r ?%J@Trl %\?\'/E'ld% I'C brt\'sizgé
syst em accor di r@stt@“mpﬁh@-f@f- claims 1 to 3 wherein said cont r ol rreans _
conprises a pneumatic or electric - :

(a) mixture separation apparatus comprlslng at least one
cyclone separator capable of separatmg lJ.un.d nuxtures ;

(b) an mfeed flow lme for dellvermg the nultl—phas
llquld rm.xture to the mixture separat:.on apparatus, T

o (c) at least two output flcw lJ.nes cozrprlsmg at least an
overflow output feed line and at least a under flow. outlet
feed line from which separated or partlally separated phases
~of the llquld nu.xture are dJ.scharged from the nu.xture
_ separation apparatus,

o (dy analysmg means for analysmg the nuxture 1n the input
flow lJ.ne before entry to the mixture separat:.on apparatus
and/or for analysing the separated or partially separated

phases in at least one of the output flow lines, to determine
the relative volumetric percentages of the phases in said flow
line or lines; and

(e) central control means responsive to information
‘received from said analysing means for adjusting the flow rate
in one or more of said flow :ines, whereby to effect optimum
separation of at least one cumponent of the mixture whatever
the initial composition of the mixture.

I



controller which is programmable and preset so.that it is operable in
response to information received fromthe analysing neans. 5. A system
according to any one of claims 1 to 4 wherein said analysing neans is
arranged to anal yse the m xture in the underflow output flowline. 6. A
system according to any one of claims 1 to 5 further including neans for
renoving gas fromthe m xture prior to entering the m xture separation
apparatus. 7. A system according to anyone of clainms 1 to 6 |ocated in the
di scharge froman oil -well or the common disq?arge froma nunber of oi
-wells, wherein the cyclone separator or separators are cyclone separators
are of the type for separating m xtures of oil and water. 8. A system

according to claiml substantially as described here with reference to any
one of the figures & t%éYéFﬁwaﬁ@%rdlgg %0 Glaihdr Yeenein saldphadfeing mepe

oi | wells incorpor atdofigridesLdrd oahaf:e tapstiei SariexprbRst r eat ment system
according to anyone of clains 1 to 8.
3. A system according to claim 1 or claim 2 wherein said
analysing means further includes one or more flow indicators.

4. A system according to any one of claims 1 to 3 wherein
said control means camprises a pneumatic or electric
. controller which is programmable and preset so that it is
W _ operable in response to information received from the
 analysing means.

5. Asystemaocordingtdanyoneof claims 1 to 4 wherein
said analysing means is arranged to analyse the mixture in the
underflow output flow line.

6. A system according to any one of claims 1 to 5 further
including means for removing gas from the mixture prior to
entering the mixture separation apparatus.

7. A system according to anyone of claims 1 to 6 located in
the discharge from an oil well or the common discharge from a
-/ mumber of oil wells, wherein the cyclone separator or
separators are cyclore separators are of the type for
separating mixtures of oil and water.

8. A system according to claim 1 substantially as described
here with reference to any one of the figures of the drawings.

9. A discharge line from one or more oil wells incorporating
a multi-phase liquid mixture treatment system according to
anyone of claims 1 to 8.
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