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viable to operate the wells.

Conventionally, the flow which is achieved from a subsea well is directed to a
surface production vessel. Back pressure on the well reduces the production rate and
brings on an early decline of the wells flowing life as the reservoir pressure at the bottom

30 of the well must overcome the hydrostatic head and the pressure caused by friction.
Therefore the well depth, the distance along the seabed and the water depth are all
contributing factors against the reservoir pressure. At a certain stage, the well ceases
to produce a useable flow when a significant proportion of the desired fluid remains in the
reservoir area drained by the well. Energy can be added to the production stream, either

35 downhole, at the wellhead or in the riser . The input of energy increases the cost of the
well, thereby reducing the commercial viability of the well and, in some cases, the entire

field.
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Downhole pumping typically uses either electric submersible pumps or hydraulic
submersible pumps which have to be installed in all commingled wells. The reasons for
this is that unpressurised wells cannot flow into a pumped pressurised commingled
system. Therefore, a totally pumped field approach has to be taken and pumping has to
30 be installed in some wells that could flow naturally or they-need their own pipeline which
is very costly. Accordingly, energy and therefore costs are spent on wells which did not
require them. These pumps are effective because they are preferably set in the well
below the gas bubble point and therefore only have to pump a liquid. Also, the same
subsea infrastructure, pipelines and riser systems are still required. Accordingly, the
35 pumping requiremen{s add to the conventional field capital expenditure and also increase

the operational expenditure of the field.
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the Wat e saeﬁaaﬁatc]cﬁ' hso%%%gd Dutehtg the conaductor size, a maximum throughput of about 30,000
barrels per day is what can be expected from such a system. The system shown in US
4900433 follows conventional practices in flowing to a surface installation but now require;
two small pipelines, one for gas and one for liquid, instead of one large multiphase

30 prdduction pipeline.
An alternative separation approach is a hydrocarbon/water separation system.
The reason for separating the water from the hydrocarbon is that, when the wells are
produced into the system, surface installations need not handle the increased volume of
fluid, in particular, caused by the water. By reducing the water at the seabed, the surface
35 installation can operate on a greater number of wells. Oil/water separators are usually
gravity separators and require sufficient standing time for the hydrocarbons to float up and

the water to sink down. The water is then pumped into a water injection well with the
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amount of gas in solution is dependent on the pressure of the fluid. In order to separate

the gas from the liquid, the pressure must be reduced, thereby lowering the bubble point

and allowing gas bubbles to form. The pressure level will set the amount of the gas which

30 is released from the solution and no further gas will be given up until the pressure of the

liquid is reduced further. Once gas has been released, it is slow to be reabsorbed into the

liquids and therefore repressuring the gas and injecting it into the liquid line will not
prevent separate two phase flow and the forming of slug flows.

Once the gas bubbles have formed, the difference in density of the gas to the

35 liquid is significant and this means that the gas will separate readily from a liquid which

can be achieved under gravity in approximately a number of seconds for a small volume.
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To achieve separation of a multiphase flow, a first step must be to create a low
pressure physical state by first dropping the pressure at the seabed to the surface de|ivery
pomt requirement. Turbulent flow will continue the mixing and therefore a large \ volume

30 is requwed into which the flow passes to allow the fiuid flow to stabilise and form a uniform
profile. A low velocity and a steady flow encourages such a profile. As mentioned above,
separation is typically dependent on mass. A simple technique therefore is to use a
sealed settling tank in which gas is quickly given up but, for different liquids, the velocity
of the flow has to be reduced drastically to allow effective gravitational separation. This

35 therefore results in large tanks or a very small throughput of separated fluids. This has
serious limiting factors subsea due to collapse and burst requirements.
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The present invention aims to overcome the problems described above.
According to the present invention, there is provided a subsea process assembly
30 for separating a multiphase flow, the assembly comprising:
an inlet for a multiphase medium;
a pressure reducing means for reducing the pressure of the multiphase flow from
the inlet and creating a source of energy;
a multiphase separator for separating the multiphase input into individual phases;
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25 This description describes an approach where energy from the well stream and the
second energy source are converted into hydraulic power for distributing the power to the
various power consuming modules. Alternative power distribution methods can be
considered being electric or pneumatics. In certain locations there is no need to support
the reservoir pressure by injecting water, and therefore to supply the supplementafy

30 poWer can be provided more efficiently using preferably electric energy but pressurised
dead crude or gas could be considered. An electric secondary energy source could be
used directly if the power distribution on the module is electric or the electric energy could
drive an electric hydraulic power unit if the power distribution is hydraulic.

Preferably, the pressure of the multiphase fluid supplied to the separator is

35 reduced to a level specified by the surface installation or below the lowest pressure in a

pipeline to the delivery point. The pressure of the multiphase flow may be reduced to

below 25 atmospheres.
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a subsea process assembly according to any one of the preceding claims, wherein
the inlet to the assembly is in fluid communication with the well; and
25 a delivery point for receiving the recovered hydrocarbon(s) from the subsea
process assembly.
The system preferably further comprises a well into which surplus products of the
separator, such as water, gas or the solids slurry can be reinjected.
The system preferably comprises a plurality of subsea wells, each well or set of
30 wells having an associated subsea process assembly using a process module which
supplies the recovered hydrocarbon(s) to the same delivery point for further supply to a
delivery point.
The delivery pointis preferably one of: a pipeline for removing the product from the
field, a water injection well, a gas injection well or a producing well to achieve artificial lift.
35 This inventioh describes a system that can achieve three phase separation on the
seabed down to the same degree or lower than a surface first stage separator and which
is tailored to suit the production of an individual subsea well, with the ability to supply each
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25 the maximum amount of energy between the wellhead flow system and the inlet to the
separation system.
The operating pressure of the process module is dependent on the level of gas
separation required. The ability to separate the flow into distinct phases allows eaqh
phase to be monitored and measured (i.e. velocity and density) which eliminates the need
30 for a test line from the field to the surface installation.
The process module has the capability to re-pressurise each phase separately to
suit the delivery point. Pump modules for a phase can be assembled in series to achieve
high pressures, or in parallel if there are two different delivery points for an individual
phase. This allows the gas and/or water to be re-injected into local injection wells at their
35 optimum injection pressure instead of into a higher pressure common field injection line.

This ability to individually select the pressure also allows the use of either pressurised gas
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e e e o Al ST efegh PR 4kl nd SRSt SRR N, "
It is posdodatien tthdiring fotlzerweslls qmdlthom requinings thenmsdl to meearh external energy

duct

D oduet b by, 1S pEREGABANL haL X Qn el S0 BoRUd Vndh iRty |
wel |'s 3h \allthewell stsgam mpowgr, tthen wb@dfmlsag@@tyaﬁre@zh@d A cmi@sgpth%wmtsﬁ. If a
process g |@%ﬁd‘5£h§é@ﬁtcdﬁﬁmﬁeh9® d{és%u@qw rements which is not using

25 all the we st ream power capacity is reached, the
chokes on the JAedditign the process assembly may consider temperature control of the fluid in

respect to insulation and a heat transfer system. When gas is de-pressurised, cooling will
occur and when compressed, a temperature rise will occur. Maintaining a minimum
30 temperature is important to prevent waxing, asphatines-and hydrates forming in the
system. Also, downstream of a pump, the energy used will have been converted in waste
heat. Beside insulation on the fluid containment hardware, a heat transfer system from

the pump modules to especially the power drive units is recommended.
The process module processes the well stream to meet the constantly changing
35 parameters of the field due to the surface installation requirements, and it optimises its
delivery based on the well flowing characteristics. This requires a fast active control
system that can process the information from various sources and manage the process
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inlet units would be used to control the flow pressure. In addition the
process assenbly may consider tenperature control of the fluid in respect
t o i nsul awoma/0815ds a heat transfer system Wen gas i s de- pCaFssRIBi0sxd,
cooling will occur and when conpressed, a tenperature rise will occur.

Mai nt ai ni sygtem by wpetatingthe Bow epntral mechenismsofiava pelestiprgevines @ndREesRyre
asphati ne i \iQhd HaMAgEMmeatBfakel® punp,
the energ arﬁggd%ﬁj{ 'ﬂglﬁg?/gegﬂ@e'%&ggﬁ%ste%ee ?@E\ﬁ\gs?h?t@ﬁggt. Bgsi de insul at'i on
on the fl anditheovelai nnent hardware, a heat transfer systemfrom the punp

modul es to esppgi ?*}Aeﬁ{@gﬂﬁe Broseht VAN Uil hidwi e BESPIBEE B defefdiRenbaness

nmodul e processes | streamto neet the constantly changing 35
par ametber acesimpangingi dspwingsdn whichhe surface installation requirenments, and

It optimises iffy dghdwehysdhmafc Aahfmul bf 4 lconiddionbiagubeba produdtion Thi s
requires a fast "active control systemthat can process the information
from vari eysde®our ces and nanage the process -10 WO 03/087535

PCT/ GB03/ 01254 £ s y5piBwaYa WRAEMLHE Erédde sbdtonac oRiv of arectantionas , subisea
sel ection devices and pressure barriers. This includes self diagnostics

and ener gep@ningied seRARRALARRREGRIIGBYSEM  t sel f  and the wel|. For exanple the

presenfy i nvent irgy) 3wihblvs BAhERafeS6sd Sationaliiew Bfaigarsystem adverdisg fo the
acconpanyi ng drawi ngs, in which: Fig. 1 shows a schematic arrangenent of a

convent i oREFSEBLIB¥RAIOPy oducti on system Fig. 2 shows a schematic cross
sectional vi ewmy. 45HoMa\westhematt plan bieeof paerofiariglde dsisg teer present investien;i on

system . 10 Fi 3 shows a.schematjc cross, secti ' system
according to tlfgg' 533 asehgm at%?‘ﬁsls(?ﬁ{,'orﬁ v, hrsoHéltv'\g%g&!seg lg%g{‘ Hy cg?'grﬁh i ew of
part of atfid pledentudigigionne present invention; Fig. 5 is a schematic cross

sectional viewd hrough roc ' t he present
i nvent1dn: 15 g8 -%cﬁgggﬁﬁﬁlﬁﬁtv@%ﬁtﬁﬁﬂgo@%d%ﬁ%tﬁg nodul e of Fig. 5; Fig.
7 is a schemat iRlg.(tisaschembtiocabs seatanalhiew ioughsasand remeval meditewbichhi ch. .

could be used ,in t feEl.Os. 5; Fig. 8 is a schematic cross
sectional M eslﬁsg\?ﬁﬁ'ﬁgwegﬁé&f'gﬂnﬁ fs’separ ator which could be used in the

modul e of Fig. Fig. @ éahendrtic srass sepiianal viewshewinosea oBn &F sehasaior Whistigh a
ross secttolae e e o g, B ) ©separ ator far gse in the mpdue of
Fi g.S > 5;0 and Fig.9isa schenl'|Jagtic cross sectional vigv?/rt)r%ogghoa gas?liquLljds cﬁvi}:ler for usee ir.r1TR1eu €0
module of Fig. 5;
Fig. 10 is a schematic cross sectional view through a toroidal separator for use in
the module of Fig. 5; and '
Fig. 11 is a schematic cross sectional view through a column separator which can
25 bé used in the module of Fig. 5.
Fig. 12 is a schematic cross sectional view through a process module using dual
power drive modules accordingly to the present invention. ‘
Fig. 1 shows a conventional subsea production approach in which a relativeﬂly
stationary production installation 10 is provided on the surface in the sea 11. The
30 installation 10 is connected to the seabed 12 by means of ties 13 to anchor it in position.
A series of flow risers connect the installation 10 to a riser base 14. Pipelines are
provided for the flow of gas 15 for reinjection, water 16 for.the injection, a test flow line 17
and a production line 18 for the supply of the produced product from the wells to the
surface installation.
35 On the seabéd 12, a number of typical field wells 19, 20 and 21 have been

installed. For example, well 19 is a gas injection well and well 20 is a water injection well.
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Fig. 11 is a schematic cross sectional view through a colum separator
which can 25 be used in the nodule of Fig. 5. Fig. 12 is a schematic cross
sect i onalwoioems1shs ough a process nodul e usi ng dual power PETIGEI3 00U es
accordingly to the present invention 1 shows a conventional subsea
product i ofEasppfdhese are vubed to eelmje¢taaas\/@m£wa§ecraﬁ$mvegly ﬁﬁ@%ratﬁdi @it on the

I nstal |l ati ed on the surface in the sea 11'. The 30
|nstallat%gﬁa%%"&gmggﬁﬁggted to the seabed 12 by neans of ties 13 to anchor

it in position.Casipisctienswelf 15is gopnectasite agan idaation lire 24 teavatgrinisationgvely
riser basgg J:‘olnnéoc't&?gd Q%t@rr ﬁjecﬁHrPH’rﬂéjQﬁi ah@'a fyBRaf J};é’é’“hffé‘d ;Si%&ué‘tﬁnf\ﬁéll 21 is

rei nj ecti'on ection, a_test |l ow | i ne

pr oduct’ oreonheeted & a@rocturiborwp@ nsktorgasdiftdnacsd Preduesets ?fJWqWQS\]& s to
the surfage 1'7”1% QMI QQ | £4) 243% £ Mﬂeé@é ediivelypvia dharifof 26 bBatedlonfd el d

wells 19, 20 a have been installed. For exanple, well 19 is a gas
i nj ection tmplat%lﬁﬁ PﬂEF'P"eL‘bO’P thegeahedi2i njection well. -11 WD 03/ 087535

PCT/ GB03/ 01254 p ?h?\Bt shsaein Fguird 3 €4 Fﬁﬁalit)ed)ﬂ}jr@dﬂctllﬁlsvewm Wadter injection
arated out onthe sur installation 10 tion

respectively s ? I &

he To06 | Sl sl Anacas MEcyaE Walsels Waly Bresoanocied yiad, roie fauta 26,o!
I's gon?@c"ﬁﬂzof’(f?n%y\@ﬁé Qubenﬁasel@t 16%4hd 18)and &ew@&eﬁpdrwmmmcgﬁsmnlrﬁg feom the
proaucti on, we

I 70T ne st base 14 iaine eblBRon 1650 o it SRt Broer Mg inhBghodf™ o

are COﬂneCthédnéﬁﬁ:ﬂ@QbIthéhrs(de@alaNéTBnl f A daIIZtGeI\mllatad iadividuallye cokedearks
oS O7C, Sl BRSSatia e Y B SO IHANE byl Y5

product i on®SE as injection wells 19
woul d be c:@@paﬁived:omn@oraplpelmgl thlsnratknbwh ds%ﬂnacr&d‘ieldcayetem ngl y, the pipelines

15, 16 d 18, d-t h 14
to thqunstal I :(']' 5}9 %)%O glc?}%t% h Pgnl Q%Ean%wnkrgr!%%;gﬁ]ﬁgrqﬁ‘t noggfcpﬁﬁ?ng
from the matiphasel separatog 27rislipravitles] bebwiern maniold| 36 antbthgeflqwsling #8. The

I ndi vi dual J%aqmﬂ\éggata%g art MRS 8%6&%%!1 ’@Q{é‘rﬁlo?l FIRRE 9 kN Feference

sel ectivel y" val connecte ective common pipeline, this
i s known asumenaiscare ubed| Thesyanifold 26.and wefsag@na@r? age Bguaied Onﬁrté@Pm%%

t ded
separ at i N3y L@ﬁg‘. %%a g-mr]bﬂhé\’ﬂbmnés pél‘%l EuM§ﬂhéWf@H<§nd3ﬁe k&papatevi de

bet ween. mani ow || ne . rennl ni %ure are
si mi | aR0t ocarHessteeated @mer@y%*?a}ﬁdaﬂeswhgqhw@nPeé‘?maqqdw”ﬂ%m%é}?Eg AEPQI s

are used. HaCedRE|duBbéh %ﬁu&ﬂ%thRnW@bQWeQZuﬁ:ﬂﬁ 310l nrevded ta drieamthait e 28
t hrough whi ch a nunber of the flow li e ass such that the manifold and

the separ afWHiPHase BWNBS21andyYalel PUNRS: “W%‘Hul es whi ch can be repl aced,

wi t hout the neegh tHi e&@@b%} i) se;bératoeriélar einyikd Yeavityt sepataior althougt exre i ¢
power supply 31 is pr lve the nultiphase punp 32 and water
punps 33 angpglazg@g a ors cofdd E)e ugfsed

25 A choke 29 is provided between the output from the production well 21 and the
inlet to the manifold 26 so that the flow through the manifold is at the lowest common field
pressure from the various production wells in the field. The choke 29 reduces the
pressure where necessary and this leads to a loss of power in the flow and therefore a
loss of energy. This energy cannot be recovered. Chokes 54 and 55 are also provided

30 on the gas injection wells 19 and on the water injection wells 20 respectively. Again the
pressures in the gas injection pipeline 22 and the water injection pipeline are sufficiently
high to meet the needs of all the wells connected to it. A choke 56 is also provided on the
gas lift line 25 to the gas lifted production well 21. Again, for some wells, the supply
pressure is above the requirement which is lost after it is choked down. This follows the

35 macro field approach.

Figure 3 is directed to a production system which utilises a preferred subsea
process assembly according to the presentinvention. Like reference numerals have been
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In this exanple, the separator is a sinple gravity separator, although nore
conpl ex separators could be utilised. 25 A choke 29 is provi ded between the
out put frwmoBlgrsps oduction well 21 and the inlet to the mamidRIBLM12ZE so
that the flow through the manifold is at the | owest common field pressure
from t he used ionsompmod fieatiren belwiers therpresent inventipn and éhaarenadiments despivedt he

pressure ry and this leads to a | oss of power in the flow and
thereforeY}g‘g ﬁ?)eggcgr?@%nergy Thi s energy cannot be recovered, Chokes 54 and

55 are al so pr Jhesassppioressrodde 30 rp aseiisantainads stagd alene gt thak can Per
I nj ect Mp rZedZ% 5 %?Rﬁgeb&é%hythe AR of BEvelPARS T 8@oitibill IFR fBiSSévl&kQCt i on

plpellne I njection pipeline are sufficiently h to neet
the nedds pcﬁdL@mm wals 2iksansuppiv Hesaate Rrecess modulgdfkiut sach ‘§e|bﬁ1§ﬁp'i?rf gP¥ed on

the gats Ikdviddd \ﬂifh @o@ﬁunﬁﬂ%uglap?oéésgmuw 951 Uik GHilividial wéll systshdcouldber some

wel | s, Uﬁﬂﬁtp pressure i s above the requirenent which is lost after it
is chokedcd hemp@ﬁezw PBRIBGMMe 35 nacro field approach. Figure 3 is

directed to a ONYd RBnFYHMIFRIrEA] dthibmplatess Map meluge BpilirslipoRRocdss0Cess
assenbly according to the present | nvention, 75 ference, num?I gl s have
been -12 WW@B—’F’S‘QSC%W refivjaya) prasiuctionuugls; 2%%?%‘@8?‘[9"&3 J&@en t he
presenig i %Vﬁﬂélb%atéﬂ%ﬁél%n%pm ERA R d@@:fdrhﬁdre thein fong Ysresuctioawel221.The
subsea process no

sel f and al one unit that..can be
poSi t i oned“‘%{Y'd%\alﬁﬂ?‘H'?t%e?ta\ﬁ?B%efﬂ%n‘?ﬁ?ﬁ%ﬂge@ﬁ hqq(a'éﬂ(fuf’ﬁlé agm@rqlp%qn line
18. Sever aundfe # fdustifave wed bessidly casetsupfiby lifes foarimividuat demplate dibe 30
but each well 21 is preferably provided with its own individual process
modul e 30.COTHPWERIRNYi dual wei| systemcould be called the micro field
appr oach. As c aFiglres Semad 6 shomthe geheenatic ly@ohoftomepif teer@@ssmodules|30désa
pl ural rocess I I IIs
1. A $ n @a@ b%asseephr} Flgﬁ) d#: 1 |m‘} glfggréﬂggéa‘i%okgsé rﬂg{i&fé gb’% ba%{ri]’gggtwg E)aﬁl I
can be usanodue comfigaratioarthatrenmeaisliocthe oacessary mne atrmememmin th%tﬁm%{@@s 28

can be co Clh‘?ﬂsgpaggfh'%%{)?ée‘ég P éohf‘#. ﬁ@?&éﬁn oSl %hﬁ Sfblafeezs, Rondl e

to the surface an set of f nes or In tenpl at e
fl ow conmxample icoreplategiiver, sorertedeorsdaipgedeorsfion elearing: W'ﬁ}%‘bi eopegshi® of

the pr OcesrﬁO\FE)QFBf?? %se@‘%tru%?ﬂ‘eﬁ AMHRRUFEES Béblé: RW(Reﬁloté bSerbeél'V’é

subsea process no ased on a two-p nodul e conf |%§oat|on t hat

connec2@ t@ dives mm@és%qlahoa.vsh!eaafea'ﬁd%ﬁmry ’Fﬁt ¢fifke tempintg28 to BBOW PAME,; s

way, the n&&s&&ﬁmmglﬂsﬁl liR&s. q%l&@e@a&@ﬂwé@&sfrﬁwm@mohamwm stéiﬁ:, f or
exanple to replace if worn, corroded or or, ck eani ng wi t hout

Che heed (B Tal FoROralbREng IS RETCRIIECH R BBoMrs hevied I ateet isleony
(Renot e Opgiivse il iedhagtive corBomdntslanemotiag witlchinesolvid be ousea i ednianciules t he

pi pi ng mtto%llo&vr]s?méleen‘gglolgct:gmen frto(r)n g lsgr(\)/yge vesgé? Within the mini modules, individual
25 units will also be retrievable to enable simple replacement. The basic configuration
consists of a set of mini modules as follows: a solids removal module 35, a well flow
hydraulic power drive unit 37, a drive fluid hydraulic power drive unit 36, a series of pumps
39, 40, 41 for pumping the individual separated phases and a solids slurry pump 42. A
control process module 43, shown in Figure 6, is provided to control the active op’eratidn
30 of the subsea process module 30. The control module 43 receives information from the
surface so that it can manage independently the subsea process modules and the tree
to which the module 30 is connected. A water injection hydraulic power drive unit 36 is
provided to obtain energy from a water injection supply 53 . These units 35, 36, 37, 39,

40, 41, 42 and 43 can be classed as mini modules.
35 The solids rehoval module 35 takes in the multiphase flow at the wellhead

pressure so that solids, in particular sand, can be removed prior t0 separation of the
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I solation with the flow lines. The | ower part of the process nodule 30
consists of the static equipnent for separation and the interconnecting
pi pewor k,wbhasiosig3s ai | cl osed isolation valves. Al the a(PCiTxmaOGmmsmnent S
and noving machinery will be housed in mni nodul to aI oW Si

r epl acenenultiphanepiodustion dew.vEeselids MayaHIPEde 17 1 e?rﬁdﬁ?\é’? Ihead %ﬁ%&[ﬁal 25
units w I%umhﬁ&e%ﬁﬁ}édgﬁwghﬁega enabl e sinple replacenent. The baS| o
I O

confi gur at consi sts of 'a set of mni g@ges as. f ol

renoval nodul eTlBsubseadrocess HPduig, 3 SunPYnted RarvesR P\Pén%'ﬁ'laﬁ%'f‘ Wé'cb tth‘?/e

fluid hydrgyl %{T‘ B ¢Rd v&ia'térV;ﬁpéHﬂb& ab® suppsredd ﬁﬁmﬁfthd)wmate% Tiie prhbe‘smr
punpi ng the indiv

separ ated phases_ and. a s u

contro pmed@l§§onﬂat§|q£a4@asesfn89\me i48.ang @Gr'@'"BmOBE'e J\E‘F:}?&gt"go@% E(ﬁ t he
?g E gveegpgﬁ?{fg%emtﬁgnr%}ugfnsft o%uhémnmomm cmt ik tien BQhe Fésﬁectmwat%r §0pdill et |43

i v | | ce,so that i e ently
t he subse@lpaascesandgryg dud a‘ﬁcP'P‘ﬁ@eF e dhe P'B'W%th‘@hg’v ﬁ%’?j@% d'lé\% filg e
cg[mect edseaﬁlé‘l?‘: flis |hﬂioﬂt§ﬁt| 1G] lReéb’dfe%ﬂvbﬂutddWUS%ﬁép#@t&lme tBé wiater lipe 50 |tQI$d g (9)
obtain energy froma wa i, N s
40, 41, 4Preypef the satone! updeighle e WDVF%’E s@Su'gg‘ﬁg‘Fﬁgé tﬂa'ﬁ% 'e%gr#%@al
rroflyquoS.waﬂ;Iﬂn@m |n1|et5w|trﬁlbémﬁﬁa5?rtﬁedwmhes kebewrlitedead pressure so that ’13
solids, in partjcul ar sand. can p r f -
WO 03/ 087535 P@P?&%@@‘?‘@i °§H|etse"pﬁrn§§ éipggd%%ﬁ%érﬁ‘%ﬁ%e% '%alt ‘?‘I ds rermval
nodul e 35pagkeddils 46handvel fluitceshnectorsineswitnifariephiasmdvabin Qeﬁf-‘@ugﬁmpgﬁel i ne
24. The subsea. grocess e\r,rxgdul e 30 is nounted above a piping mat 45 in which

the mai nOGBYVCBIPAINTH'NaY er pi pelines are supported within the tenplate
28. The pr oces&s Gnrimceden froomBigsites 6.0the anwtiphasaniel live 24 fepds infrthe $alids

modul gﬁne \%ﬁ‘?n 0 Sncf'ﬁor#'nsthé’ire%ﬂ lﬂqqggdeil Qtr@arﬂ%@uln@fvoﬁ@ﬂm A oI nt s

for c e respective and drive fluid
53 pi pel i ibe wel sttnaemmypraxgc pavendrivenmit 3% s soppecied foit ?H“{"éStagﬁéﬁ&'{"éFor it is

| mpor tant 5 h%{mﬁ%f‘sB t&hf‘e +a cE:J)\Hér%y's.te?r%ﬁ@h&ﬁ?@édet@réiahﬁblé mmgl@g@gsg ioile 50

to prevent e creatl undesi'rabl e salts. However, shoul d rive
fluid be “8apdiwaier ﬂbpmserﬂfer'ﬁmt'ﬁﬁaﬁé ssparafar syslemei81as taEperssPat %o't' ‘I'ines

to be m xgthysUac49 Qﬁd % WHRh cBhrtct fHE gas, o'ﬂ%nd&%ier%ﬁmp@%spﬁ&twe@. ﬂmdteer ar e
| ocat ed above he base nodul e 46, an |n%(“0e gf?élﬁ(:tlon tsh r%\/\%.}g
easy r@nn@dﬂraiuhc pawer giveduiadfzis o SaPRAL {5\3 FYAFALIE POWRE SYSIR een
from F: gursgpﬁglymg Bémﬁl(ejéln'}dnlﬁiﬁlﬁ@/véﬂb e lhdmﬂualdpmmd iisnfied by ttiee watker diive b6
renoval nodu 5 an rom t I r
drive uni to3%nd hagRa %‘Ftlthrg't‘grég'ﬁi"fﬂaar i 9!“3'5‘“%8 wl‘!ﬁq %%tmue %X{%g% ‘ng’ug@%\ﬁect ed
to the nulgké w&teﬁ@&m@elpamaédmrol ﬁ:‘Bcessdn@dLE@43,ovm¢femhythcawle|lmstrplgbms feym@em 47
whi ch feeds, for e e E SassThe
mul ti st agSugagainge ﬁgt[%% m#%g %%@Sf%n’;ﬁg%d gééélg?"g] %?dg%n%tlﬂ sﬁﬂse%‘ﬂi‘ﬁ{g 49 and
50 whiz$h anodue30.tNotishewysthe cidmicaldnjestionsygiamder injectingchetitals atAlifigy
points in the process module 30 for corrosion inhibitor, anti foaming, hydrate reducer, wax
inhibiter or friction reducer.
The solids removal module 35 shown in Figure 7 is a retrievable module consisting
of a passive vertical housing 60 with a well flow control choke 70 down stream of the
30 solids removal process and a small solids choke 62. The housing has generally vertical,
cylindrical sides with the lower part tapering down into a conical part 63 having a single
exit 64 for the solids. The multiphase flow enters the housing 60 tangentially at the upper
end 65 of the housing, at a distance below the upper surface 66 of the housing.
The multiphase flow line 67 exits the top of the housing 60 substantially along the
35 axis of the housing 60. The end 68 of the flow line 67 in the housing 60 is below the entry
point 65 of the tangential flow, but above the top of the tapered conical section 63 and is

provided with a vortex breaker 79.
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20 hydraulic power drive unit 36 is also connected to the hydraulic power
system 47 for supplying conplenentary power to the individual punps and is
fed by thwowawegrs3zrive Iine 53 and has an outlet t hr ough PCaGBOAN €254
injection line 5 ei v

also re in e 1. A
control proces¥u ﬁﬁﬁﬁ?"’e qygtang,ﬁp Iy &9 r§ 3@@?\7 ﬁéffﬂ]g? ﬁ%‘y\?trtﬁ%t(gyg@néf ace
i nstall at hé\fhlﬁwﬁm%nﬁﬁwé@gﬂaﬂmcu@ 'ﬂf@farc&alhésomdmlbrtbé otfee pedibseg

e e e

|nject|ng°
cor r osi onjing¥u.bA k6lids/liguidisehearthoaigsholwd aﬂmﬂs a eshioied eseape df sblidsiin adiquid

f t d

Lot eBanraG s UG 2R TR g RO HBAE JRIGR Rl Blabiee,

fl ow cont ﬁmhlrm:uhﬂ&eagtb ptevwnt:atbled«agef the 30 solids renoval process and a
|1 lid h | |

Sides wi th the ERITERE TR BF B3 RRRIR.A thdl 10 Rl o HakRid 681

single e&nérg@#ohmheww streamdli is ;iﬂaferarhlé thqbﬁngdwmeow\wmpeels butie utlisediong 60

argent | = 5 08 08y 00 el DB Byydlncn sl 1

upper sur ase owline 67 exits the top
of thetChodsvengnié87.substantially along the 35 axis of the housing 60. The

end 68 of the f‘rlh%‘ﬁ]uid cgﬁﬁleg [[n}entrﬁljg%GWéé QQ)V@IQnF uRes 98Y1§|§1§’0ﬁ§'6|éﬂon et 65

of the tangentia ove e tapered coni cal sectjion 63
and is prdyadesngiof bonvertingtths eperaxioé fherituid mlmmmwmw%?#vac@s@s&dmzm

Mul ti phasg fil aw \M{;mﬁ@ B\lvérl c‘,ir%(/u‘ﬂﬂ-flleiogcr%a% h@ﬁ'b?es@ﬂr@ﬁyrdﬂém& cﬁﬁéfﬁdldaéupbfye top

of the housing ere en ri separati on occurs ces % oI i ds

to the outasd E|36¢W icomfrol meqhﬁalsm(@ioh@) 69 ndespestivele Ve 89199 veiPhipe we Ihe

sol i dsLW‘é?reQﬂ%ﬁe‘PWé’émf Lis 16 hhkfmis tHe availitfe éﬂergﬁlﬁmblflﬂl&f dtfezwn andsensor
(not s l'ows a controlled escape of solids in a u%ﬁpﬁiolutlonln
t

a slurry r%ﬂﬁ%%ﬁ'iﬁ?”%@mpﬁ%%ﬁquﬂ@d §8P?@E°r(998 n%fr‘?ﬁsﬂfﬁa 518,118 east

at a m nidaya) the cAskd B4 iarfewedsﬁenabuhlaoe&@epeﬁm vahere iafdinsiteel drhawat lof pew&7 i s
provi ded V\nthaghoe the energ fromthe well stream

it is prefiereayireditha cheks ‘g'ﬂg’ﬁdﬁ‘é“'%)&f’SPFS/OI(%%RO‘%B? ‘utilised on start
up, close down |armbwa|stmawmwadpeakmfm\quravuhramhmmﬁmgptme@twwhestream

ower O drive upit 37. The flui ri '

EI gureé dB??gmé'F‘s{P‘Bcf”q%sWté{’] %E%pvgg?;gyﬁ%g ;r}éer%;gl%ég?éconé& §§ﬁ§hp)ﬁ§ ener gy
of the fl yrdvided wutmmahmmamd groke 77 Whickhiilt be operated umelosse]cqumpamth thepower
drive unit sure hydraulic drive fluid suppl and a
fl ow cont r%ﬁ‘e‘ﬁ%{'@ n@f&wl% ?ﬁ% ?/espect ivel y. The obj ecﬂovg of the
wel | 15 stream Pwfid mbwerelrlmumltSﬂp"pgldﬁéaﬁh&‘iqﬁ%’@ paver % Hie pipgess @sulyy i n
the flufd sty RaTbaRe b inGaYE heufbaiah Hi@RrbRd A @pkbred separat or

operating pressure S 1S case, the chokKe 74 js )}/ r? P but
at. ceBSain perindiguremaieiatheigastigwd phasmeiviger SR iperovided witt'a VoitaX maRe

89 and a vortex breaker 79. The column separator 82 is provided with a vortex ring 83
and a number of vortex plates or shrouds 84 (funnels in Fig. 11, 122,126,131). The
purpose of each of these items is to prevent coning occurring or a vortex from beiqg
formed. This occurs when a fluid has separated into two clear phases, either into different
30 Iayérs in a "standing" or plug flow environment or into cylindrical or conical boundaries in -
a rotating environment. In this case, there is a tendency when one phase is drawn off for:
a low pressure area to be created. As this pressure differential increases, the boundary
layer between the two phases is drawn down or up and a break through is likely to occur
and such an occurrence is undesirable. ‘
35 In Figure 8, one example of a multistage separator can be seen and, in this
embodiment, it is a three stage separator having a first stage comprising a gas/liquid
phase divider 80, a second stage comprising a toroidal separator 81 and a third stage

-15-



Is required, the choke will be required to control the flow partially. In
the well stream power drive unit 37, the flow through the unit nust neet

fully thewo2B/0sm33 mum t hr ough-put of the process systens. PCo/GEobese this,
a by-pass path 75. is provided with a valve 76 and choke 77 which will be
oper at ed ggmptishsga colnfarsepactond2; hll ohehichcaremaximries therlow raterand mesdhe dri ve.

The fluid,_power, drive any additional power to the process
nodul-e H'g( re’éd ??"83? E'%ts% geglﬁ'rou ét he drive unit can be controlled by
its choke 73. Aﬂthraeﬁtagas(have"tl’tecﬁbili!ytd'l@f@dg residial golilease di vider 80 is
provided with ?‘s§$ﬁtbg§egﬁm Elﬁure@ tﬁ@gaﬁh g&l%elbé(?@"aq‘éo d PetridV2BlecAbens

separator 82 i oVl a vorteéx r and a nunber of V@‘s‘b
pl at es 50r fertnedurysa Batssiveventicas hprsiRy §5 having Eowetiges, exifiline Spn goaxi)

each of tﬁgé& LGSt | el?{?pe?r \ﬁqgéreﬁp%'nﬂga 9&% F:ér'il%ﬂ?ﬁulﬁphé%btli%&ldf Ilrfén&'if)e' ng

formed. - T curs has separated into two clear phases,
ei t her i nisorrdiridedroyre loger puigeaanylys %P"d§1eé'ﬁ§§ ng" or plug flow environnent or

into cylindricgl %ul@?ﬁb&ﬂm?@éwg%fﬁﬁeheus@g $@LEH {aRge @iy eftp N2 from thi s
enc

case, there is ate en one phase is drawn off for a |ow pressure
area to b&%s@dﬁ@@fﬂov@mcﬁil@%ﬁessure differential ‘i ncreases, the boundary

layer fpetween t@%n&%e%ﬁ&ﬁ%moﬁ/aﬂﬁ@me@Q\Mhe%umﬁha@arén&ybbﬁ%bélmmm s
|l i kely to occur such an occurre one

exanpl e ofof éht—hlnnqsmt B@@%ﬁéh%i’@ﬁo'@éﬁ “l%mg §é¥t\ Plé%dltlel'ﬁhy ?“?V%'"g 8@38%8[93 it
IS a thregasigade féﬁrﬁ’ﬁf&.fn@rth@%wé%l @arf séabnswm mamamagl nmace@f@wdltmun d

phase divider 80, a second sta tor e\ and a
third st a@cou@geﬁ/@qﬁpﬁﬁff@ggl @gﬁ‘? ﬁ% 3}1%@&%% 5rrrralﬁémepar at or
82, all of whi chineRfmBR4itooRRI éé;sarétbammam irafigureet) andhieis dnunle;i interthiree
collapse pressure requirenents e

r enovely ednigrligking Grgass an RgpgﬁSﬁgAt%LM % %ﬁ%ﬁ?@i@‘aﬂ\éﬁy‘g@ﬁ {:’)ﬁdcrfII u{log éé‘a I vi der
80 i s al s; pweeiwaicteedtlon 102dule 5 formed by a passive vertical housing 85

18 e G O A g e

end t hereof, ase li1quid line 87, surrounded by
a | ower mgasrtommaumn%mnravdls meardﬂaroumh&ergﬁlstsﬁﬁtm\s@qtﬂﬁﬂﬁsP‘Pﬂﬁkpl@ﬁt 84s the

h 8 |
hous |18gAs .@4@ p}e d\fg}&r m).% HorB 4 l}??hef SLRER wélhéhcﬁ%llggtgs e gﬁfﬁ&;ﬂ@ﬁl e

bel ow pbe intie omérwauehq\msapsgm%nﬂ 095@%@"51%‘6 PiRHG 1A Fe Prayidedshchiatany ne,
thereby alf (E'm &@fo\@%%ﬁm al seafbrdfit 0 form around the parallel wall
ex_nman }‘. |

section (vélr s configuratjon encour
centrifugal act Thempltiphase liguid W'éhﬂ‘t’atpﬁ@ﬁ’ gagirem the betigm o afgggggﬂﬁtﬁ?cg??‘@‘f? One

form of a é@é&bf&ﬁh@@ﬁ%@tlmé 18 .r&b%lcéma&@u@mw MIan-ge bore doreiddetd? nt o
three 15 interlinking areas |]1 ect|8 Jr . aTh %H' %n as
nul t i phas eallowgragtiay ée@aravpmeflthéﬁaﬂp ase flow int6 Standing Tayers. e 1ahafting g

25 comes out of solution, forming a void on the inside top area of the bore 107. A vent line
108 from this region allows the gas to be forced up to combine with the wet gas in 103.
As the liquid spirals down and through the central section 101, the oil forms in the
top inside bore area and the water in the lower outside bore area. Exit lines 110 are
provided from the top inside area of the bore to allow oil to escape to a common line 111
30 whiéh feeds the third stage separator 82.
At the lower end of the toroidal separator, a solids removal pipe or pipes 113 are
provided to remove any additional solids which has entered the toroidal separator.
The lower end of the toroidal separator should now contain water which can be

directly piped off along a water pipe line 112.
35 Figure 11 shows the use of column separator 82 as the third stage of the

separation process.
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a lower water section 102. Wet gas fromthe top of the gas/liquid divider
80 enters the bottom portion of the gas toroidal 103 and travel s upwards
t hrough twe ogaesrssection 100 to a gas outlet pipe 104 ThecriGposd12s#t hi n
the wet gas is forced onto the outer wall and coll, ertain PO' nts

S.
20 in the out eMheaise of & celuma sepafiorip RMPVESHY & P%’aqﬂeﬁ 935 °1Y8

provi ded ?ﬂéﬁ‘th&%@tA%ﬁﬁcallHﬂth1§b%oﬂ@é@midhvﬁl&ﬁtlﬁ@’lmh@h215&6rhltI®élse’ldbin The
mul ti phase 11 qui

entra ﬁasfromt ebotomof trsl glll ||d
devi ce @taget(éqrgld@hrsgeg@tqrmmrﬁ. @ hpyaing ﬁ?’@et"ﬂ%' Yol belpw E%gﬁ A 1%@ The
! a[ g€ ?O;lghéreﬁ)f’bé{%hng@&ntﬁhbﬂ%\np&‘ il’leahallscﬂmé Réusiy. of the mul tiphase flow
into sta I'ng

ayers e remainin s out |t i, M ng a
void of the i ns'””@ee'icé’ﬁr%eéa““bff’e'f‘ﬁ@ﬂ@oq t?(??ﬁecge Higrcani” ﬁéan% t@@ {%l?ﬁt\%ﬁl s
ngg't on ﬁ' |f@ﬁ§ tﬁé‘%u%ﬁ)u A PeefiRECoEs wﬁl ﬁ]mwrrhlzgsewmwhtwfheremectga‘beIgasllo&

e liquid spirals owna e r cti |
forns in t%@tr{fl&?")’ ARtp e Q’ﬁ‘f‘r‘é" IOQH%UP'H%”\’/@'(@F‘ q?h" é’slnégvﬁé'%ﬁ)ﬁ'att shlré a%bore
area. EXi teyst Bftsughl@asiire 128/ and jdlﬂd theg @Eint ¢es dutipt ines1Gdiefram dlze sdcontistager e t o
allow oil to escape to a conmon |ine 111 30 which feeds the third stage

separ at or $$Paralgr- t he | ower end of the toroidal separator, a solids renoval
pi pe ofg pi pes e édrebingd gas dew rto(w flevstheoughya ddohisterourit 18DId tesnaMsi &Y has

dth d
Shoul 6 nowaBeRTsAe e Epaamath =il ast St o Riadd shotln PP PleabRparRo

pi pe |Iine 501:3.1035 Figure 11 shows the use of coI umm separat or 82 as the

third stage of Ug’gﬁ‘%%wr‘@ ﬁ?& fotates céﬁtn“@aqzl rpﬁig ﬁtrglggcﬁﬁpﬁf QW‘l

The use of a co O renove an entra %?
wat er fronvateedoplets ta beairiven abit cbfcblusmh@wgw the V\f@ﬂ@flﬂ‘@é@“ﬁﬁﬂo'rhﬁpt!ﬁm ts 0|I

l'ine 1?%('1' ,1"8{“],-8@[% %PW aﬁﬁbﬁgﬁr) 6 Whildl AinREPah Plhaifing Bappdd Gash@iptdg

t angen ' evel , thereby causing a centrifugal
fl ow on thmemblvodfbdmtﬂmlaW' f@nﬂﬂ& encourages any remaining gas to

col lect in the fﬁ@é&@nﬁf‘ fhd el 126116 R0 rhérBehful inth e gghira orerd | cal

gas axi al funne en redirects the ai '?ﬁbh pto t he

gas voi d 1bdusing, tmeehym@#d%fwa'igzﬁréﬁowt}?éorﬁsﬁ@ﬂ ﬁ‘esS&’Eﬁr ‘Hé'f"o tégg N%xi st

through gagpd 'tﬁl@uﬂ;?e?eﬁaqm%lf%mhhﬁlo&aﬂeﬂ m&eﬁeﬁthﬁe fuhnel 1284 fromt he second
stage separator. he conbi ne

f th
unit 188 to renW?éeréWCO'&R?Fﬁ)t@rﬁ@ g‘é a%h@“@@ﬁ ane ?'é qvg\w&rr@yﬁag@%ﬁ%@llf‘ o the
l'iquid secfsigpsyi@dd Suea tﬁélraﬂ dlall S BA0PRItO Which e i the WateFH 80 lareyguided wp tnke -

i opl o's t Bish 2apeyEHe 86l ersr%a'hs 5 Bt P4 loolf2B hloh A gBrdl Shmitl L
oi | col | echpening 132 which surrounds the oil line 128. A further annular opening surrounds the
water outlet 132 so that any additional solids can be taken away. The exit from the water
25 line 132 feeds into the water line 112 from the second stage separator. Two level sensors
140 and 150 are provided to aid control of the subsea process modules 30 in-order that
acceptable levels of the individual phase of gas, oil and water can be achieved throughout
the process module 30. The level sensors 140, 150 offer a simple dual level sensmg
method, as the individual vertical measuring tubes 140, 150 have their top end connected
30 to the exiting gas line, clear of the separator. The tubes are fed from the respective oil
and water exit lines 112, 128 such that sample liquids are captured via feed lines 141 and
151.
The oil tube feed line 141 tangentially enters the tube 140 below the low/low
design level and exits at the bottom of the tube 140 using a return line 142 into the oil exit
35 line 128, using a venturi discharge 143. This therefore ensures a uniform centrifugal flow
down through the tube 140 to prevent any droplets of water collecting as these wouid

effect the density of the oil column.
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15 under a downwardly facing funnel 126 which funnels any remaining trapped
gas up into the gas void below the gas axial funnel 122. The oil under the
funnel 1280i08/08m8xed to nove centrifugally into the centr@cCofGRoB®I25MOUSI Ng,
thereby providing final separation before exiting the separator through t he
oil line 128, Férhfiay prowitosmy] |tJJESbrq$oseh|tbd!t a foatolidt elajtiayel srnseR(AS vilk

downvar di PRI OTAREvel 0. S W Eh dottes) %a%&“%fw"é‘f“eﬁg?%é?'opyet s
whi ch ar eTé Badtris U} i€k piSiidbsad majblguﬂnt;hmlﬁi higb 147 Hew 448 aa@lwllowﬁé fxedr

exits the |l ower en A peni ng
132 whi chS"s‘lﬁ"Fst)"i‘ﬂ'fi(§’§°‘f"#‘é1I hﬁT'S W?f'fPe’Q‘%&‘%%%KE %g téﬁ%]réacﬁﬁgg gﬁlthopenl hegidlsnl?? rounds
the wagter out A@imaa?ausmmm praviged dati the wader feed eyeent Hint tee foed e?\P%\Xélc; The
exit fromthe Al find 15mNthée
second st Sﬂ@rss\\g‘ﬂé&?ﬁ igo ﬂa‘?ﬂé ﬂqﬂgég%ygféﬁd %Qge%ﬁ’é ﬁ?odgh;’ér?g provi ded to aid
control ofppdrendwbamichis pWadmwe&%\twmfﬂﬂtd@ﬁnﬁqialthatéé'&%isarﬁm"? vel s
of the individuya ha ggwegt tiBvelughout
the pr oceg 'ﬁ‘fﬁaé:[egﬂ?ees'l"ﬁfngl EVR rngﬁé}ggghﬁﬂgﬁlfggH&gP%g?@;@ Si rrplee dual |evel
sensi ng n'retrhmhichthedllhuatenﬁveh‘kﬁ]eﬂan\mrq\ﬂabﬁte%asur| ng tubes 140, 150 have
their @op end ﬁ'ﬁa%ﬁk’% dn 3 stibddGoverd é'rﬁlﬁuﬂh%?,e idiSEove WARR |§brddbmlmwlgr ator.

The tubes are f he respective ol l wat er eX| nes 128

such t hat ligaidpits alhighsrdeortiprolyaien Fega §Y~°ée'?‘é‘é*8 ahighgascpy eé‘hdt 1S R@%e]raqlﬁe oi |
tube feed JJ, W gﬁgg( ia%femw.aéﬂ JpsfBbAcH tHeRell stk Hirbelicqpowenariveombtole

d | ts at t tt f the tub
142 't o' e iosteacshaye azperae fevesnend pever YBRTPAUR & AGYE A B4S e C°

therefore SRR 7 the lnau.aorm§ RNoTiiviprsal thé letfitishepno bbtatugbwerieom tbe wello t o
prevent any

ets of water col]ectin t hese I ensi t
of thel®i Istige to thedifigrepiangd £9 é!%t' %@nga%imgéeg"efﬁ] ag%ﬁ?'?@??ng i %/
i's propos e§h6hhé‘§6§erh| ue%hom4n qug al2 Wil ehe meltiphase Agid\iidn the golidsemonal

gas/oil |evel i ar
Pavel . Tamet e ipinapios pas iufafgtal iR FaRheUhetyd ApaBOdS BT
148 and | onld shﬂlarahlldpﬁlmer&mnemcﬁumeLand\tlnej@UIOWmNQa/liquld "rYFjEﬁH"éIBO‘ﬁercross
reference chec | oat PhéWicted. for
{he vt or qrbeaediaan et E57Sed pd Rady Bt pchith dioddedng

t angenppal {hy iméts tidrthel smoend etageaaplaretqrtaé peni@ugnd A0 sgspestively- 152, the upper
end of which is positioned above the entry point to ensure that any oil is
renoved by a vortex action resulting in a pure water colum. This neasures
the gas/water |evel 182 fromwhich the oil/water |evel 181 can be

eval uated. 10 The approach described covers a nultiphase inlet flow which
is predomnately liquid with a high proportion of water. For a systemwth
a high gas content, it is preferable to nove the gas |iquid divider.
upstream of the vvel | stream hydraulic power drive nodul e
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and instead have a separate flow stream power drive nodule to handl e the
gas and another for the liquid. This is to inprove the efficiency to

obt ai n powero3fsmast he wel | 15 stream due to the different Pem@RIGMOIISHCE I NQ
operating paraneters between gas and_|iquids. Such a systemis shown in
Fig. 12 with the multiphase fluid frékf solids renpval nodul e 35
flowng into.a gas/liquid divider 80. The gas fromthe gas/liquid divider
80 flows into a gas hydraulic power drive nodul e 280 ar}ltfj) tkhe Qi l félgws
into a |ituid AysubseaiRoeRsrerssembly, for eparaling ¢ muiphags fiow, e, At ng
liquid 'hé{&lﬁ;t?ﬁgirjlg‘? power drive nodules now form 20 the inlets to the second
stage separator as per 109 and 106 respectively. -18 WO 03/ 087535

PCT/ GB&3/ 01254an mletfemn multiphasg Bediuft ocess assenbly for separating a

mul ti phase fl oynrddaBreAaBEhg Iheah® AP Fédiichy: thd prssinelof thef mitiphass! flowdias e

medi um - a pressure reducing nmeans for reducing the pressure of the

mul ti phasﬁ‘eflﬂléff\?'fqErﬁ?t"%ésgwlcéto SRT9%r eating a source of energy; a

nul ti phase sepamaiifhase separattr fdrisegarbiiey thie Intuliiprase inpapiato individualpitasesiual
phases; and 10 a punping systemfor, in use, punping at |east one of the
desired i AB¥vi dual phases to a delivery point by utilising of the energy
from tfge sour cg pimging ysten? forAinsudes pampireresieasiserebf theadesirediindjvidealcl ai m

1, wherein the pressure reducing. ' Lievpower devi ce,
el ectric PBARSS tgrai 'V?arﬁ{cPoé{'q#’P'é\’\'ﬂsd%n&ratﬁﬁg Ieé'?fgg?@"g{he%ogﬁ%s@;gngg&ess assenbl y
according to either claim | or claim?2, further- conprising a control
process dule for controlll el | IR &diffe ingUNPI Ng
system 26 4. ,&‘%‘l?ﬁggQmﬁ?a%%ég%rﬁags&gae%@'?%%c%ér@%g}h{ggelany ofe thepéaraglggdi ng
clai s, f umddnels on®opa hydraglicapgyendevide, alectie peweriiive gada Baveeonifpderaul i ¢
power { om an external energy source. 5. A subsea process assenbly
according to claim4, wherein the external energy 25 source .is either in
the form & fl A dubsesepmeess @aserabliraggording 10 sitbarcglain. dc s slaii Lo fhither

accor di ng bkl 3 %ntr&é%?%c?sg ridiieBMRIntrdiihy helbdsuravdlioing rizanpaad e e

reduci ng neans 1 rv ' urd which provides energy 1n the form of
i quid or pyapinggysiem.A subsea process assenbly according to claim6,
wherein the wellstreamenergy is achieved by creating a pressure

differential in the multiphase flow betyween the inlet an .
20 4. A subsea procgss assembly ac‘corc\ﬂﬁg to any o% ﬂwe preceging claims, further

comprising a power drive unit that generates hydraulic power from an external energy

source.

5. A subsea process assembly according to claim 4, wherein the external energy
25 source is either in the form of fluid or electrical energy.

6. A subsea process assembly according to claim 5, wherein the power drive unit
and/or the pressure reducing means is driven by a fluid which provides energy inthe form

of liquid or gas.

30
7. A subsea process assembly according to claim 6, wherein the wellstream energy
is achieved by creating a pressure differential in the multiphase flow between the inletand
the separator.

35 8. A subsea process assembly according to any one of the preceding claims, further

comprising a drive fluid inlet, the drive fiuid being pumped to the module from an external

point.
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the separator. 35 8. A subsea process assenbly according to any one of the
preceding clainms, further conprising a drive fluid inlet, the drive fluid
bei ng punwped3ngrsthe nodul e from an external point. -19 WPCORIENS/PESS

PCT/ GB03/ 01254 9. A subsea process assenbly according to any one of the
precedi ng clains, wherein the pressure reducing neans further conprises a

means forg creag hﬁ‘&»e% 8?6(%%@ H%&mbw édccgfc%ljtb%hy bRe bftRe Precyding tibiis, whdreirher eby

creati ng a furt urce o enerrtg' . A subsea fgroc .S AdSS

accor di nghe cpressurerreduging) meajis &4 PFnCQmP\F\'/ﬁ%?éﬁ AE2RE 1oh "$Iq.upﬁeﬁs§’¥%vat er
froma nﬁ‘%rﬁhf'él%{ﬂeodhv%%i& ahd thdrebf cRidERg @ fORBSIRRBIrRSF@NbIgy. according to
any one 0 e preceding clains, wherein 10 the pressure of the nultiphase
flow i8 reduced to bel ow 25 at m)spheres 12. A subsea process assenbly

accordingyg o ,stuPQ@a Bfocbgﬁeaﬁeﬁfbﬂﬂédt@rcﬁh@tdﬁltthl410r didim Snwwherain dige
separator can be torned | east one ?f the follow ng: a centrifugal

cont ai nerd"V&ﬂMﬁtSé'Xat?mﬁ@’n aaW%i%'N?ﬁEmﬂé? % container or auger, a gravity
vertical or horizontal 15 tank, a silo, a conductor-pl | e housi ng, toroidal

ring, a toroidal spiral conblntlon or. ira A S
assenbl y Abcor BiSHESEPrarRsSETEed |ygwr$p%p£]yﬁaegftge rec&gﬁgcbﬁﬁﬁs Wh%Féfﬁ
separ gpi NthelHréssiiné of e fiGptiazk dlowvhe retuctd phbelew 25 ataospiieresat | east two of
the followng: a solids slurry, gas, oil and water. 20 14. A subsea

process assenbly according to any one of the preceding clains, further
conpri si ng2an jArgibyéaiprateguasperhioly aecurding kearey. oneBf tha psedsdieg clgineadereBsenl y

accor di ng towghlsggeil%p[aw & &l n%?@me?%’yviqg% & ahe folloRHEP S éérn?nf%élVen by

the ener gif sea process assenbly according
to any oneonthinehe wbﬂex&d:engcydmerﬂmehkaonﬂamer omqur,uasqrﬁ\gty(yem&alﬁl"P'i!I%O“ﬁ%rmval

uni t f rag%gvv'v,gggggg%ag@ngh&m RirbiBhi i, & ERGLAHRA cofBinkon & epara

proces 0 any’one of the preceding clains, further
conprising a neans for, in use, injecting exhaust water into a well. 18. A
subsea pr qges S ABIAR b%ﬁc@gf&rsghﬂg dcBordihy t9BRy She bifike ﬂé@@(ﬁﬁb ﬂﬁn@v@hdﬁm
further hprising a

Iping mat” and a r eva e bsea
process mms@aramgmocessga@mraieémgﬁla ' “E’(ﬁf 0?{5'5 VYWQ_LS

wherein t £ ofi 4Rg RAterPr ocess nmodul e conpri ses a retrievabl e base
nodul e an esorl r| e\%g% r?1ﬁn| nodul es. -20 WD 03/087535 PCT/ GB03/ 01254

14. A subsea process assembly according to any one of the preceding claims, further

comprising an individual pump for each phase.

15. A subsea process assembly according to claim 14, wherein the individual phase

. 25 pumps are driven by the energy created in the assembly.

16. A subsea process assembly according to any one of the preceding claims further
comprising of a solids removal unit for removing a solids slurry prior to separation.

30 17. Asubsea process assembly according to any one of the preceding claims, further
comprising a means for, in use, injecting exhaust water into a well.

18. A subsea process assembly according to any one of the preceding claims, further
comprising a template, a piping mat and a retrievable subsea process module.

35 .
19. A subsea process assembly according to claim 18, wherein the retrievable subsea
process module comprises a retrievable base module and retrievable mini modules.
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20. A subsea hydrocarbon recovery system conprising: a subsea well for
supplying a nultiphase fluid;, a subsea process assenbly according to any
one of thwopmBee®as ng cl ains, wherein 5 the inlet to the 2ET@WHBP1358 i n
fluid communication with the well; and a delivery point for receiving the
recovered hydrocarbon(s) fromthe subsea process assenbly. 21. A subsea

hydr ocar b recavery ,s C I Iosiad; further conprising 10 a
wel | int oé)(g\hl cﬁ sglgsreéh %c%@&&crggé\%'ﬁ%%&ggﬁg atllagn can be reinjected. 22. A
subsea hydr ocaa barseaeraler supphinceamadiipbase fgdi o either claim 20 or claim

21, further conprisi J : 88diRg HamisN@harin
associ at ed sub®8 Sﬁ?&ﬁ%segsB%m'yeé%%ﬂgﬁgﬁ?ﬁtbﬁﬁmr ecgg\l/ered I
hydr ocar bihe(sit tbdhe hesesabty isde fiidsonnpatigation withdhe WellaMdsea hydr ocar bon

recovery syst eg: %ﬁgﬁgd@g ftgp Belaé%irﬁ‘ﬁweofec%b@fieﬂ%)%%éa%%) froli eheistbbéee

del i very poi nt I'ne for renmoving the product fromthe
field, a prmesyassejmbdiit.ion well, a gas injection well or a producing well to
achieve artificial lift. 20 -21

21. A subsea hydrocarbon recovery system according to claim 20, further comprising
10 a well into which surplus products of the separation can be reinjected.

22. A subsea hydrocarbon recovery system according to either claim 20 or claim 21,
further comprising a plurality of subsea wells, each having an associated subsea process
module which supplies the recovered hydrocarbon(s) to the same delivery point.

15
23. A subsea hydrocarbon recovery system according to any one of claims 20 to 22,

wherein the delivery point is one of: a pipeline for removing the product from the field, a
water injection well, a gas injection well or a producing well to achieve artificial lift.

20
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