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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 alt
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 mfrastructure, pipelines and riser systems are still required. Accordingly, the

35 pumping requlrements add to the conventlonat fi eld capital expenditure and also increase

the operational expenditure of the field.
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separator housing. Due to the conductor 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 reqmres
two small pipelines, one for gas and one for liquid, instead of one large mulhphase

30 production 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. Oillwater 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 bubbies 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, itis 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 ';he

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 delivery
po:nt requirement. Turbulent flow will continue the mixing and therefore a large volume

30 is required into which the flow passes to allow the fluid flow to stabilise and form a uniform
profile. Alow velocity and a steady flow encourages such a profile. As mentioned above,
separation is typically dependent on mass. A simple technique therefore is fo 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 separatioh. Tbis

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
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30 for éeparating a multiphase flow, the assembly combrising:
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 phasgs;

35 and
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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 powér tothe
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 supplementalry

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 couid 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 io 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 fiow may be reduced to

below 25 atmospheres.
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fluid co | ' ] o AT A=Y VA ole lidd Ng
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system preferably conprises a plurality of subsea wells, each well or set

of 30 wel3¥REWONg an associ ated subsea process assenbly using a process
modul e whi ch gz subsea well for supplying a multiphase fluid;

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 _subse'a
' 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 point is 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 inventioﬁ 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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. supplies the recovered hydrocarbon(s) to the sane delivery point for
further supply to a delivery point. The delivery point is preferably one

of: a pipeline for renoving the product fromthe field, a water injection
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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 each
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 instailation.

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 locat 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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In addition 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 {o prevent waxing, asphatines»ahd 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 sysiem 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 characieristics. This requires a fast active contro}
system that can process the information from various sources and manage the process
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to especi $sisM by OPEEHAY ﬁ%c?]ﬁ'ioi E’epsa'?'%@ﬁ’r@fn%%&'mfﬁgb '8%%%%@@%% e

pr ocessespdrhgrsWahls iftnGaadidiagnestidsmdemmayantylshuttewyinagageddent of salt er s of
the field due to the surface installation requirenents, and it optim ses

its del i@'@r’&b‘elﬁ“ﬂled on the well flow ng characteristics. This requires a
fast active Copér@lampiy tHeepresérttinntiopwitess betescribest with referenes it tha i ous
sources and nmanage the .process. - 10 WO 03/ 087535 PCT/ GB03101254 system by
oper at Png@9REPRN 96?\“('8%91" 'Wﬁ'ﬁ mi sms, flow sel ection devices and pressure
barriers. ThisFignal sites &aecherattgavangenserdud seomvgotional shbseadpipduaiagenent
of itself and the well. For exanple the present invention will now be
descri bedS¥¥&™ reference to the 5 acconpanyi ng drawi ngs, in which: Fig. 1
shows a schenafige Rshowg ensoherndticacross vaattional atiew WWfse acopretinal sHbsed st em

Fig. 2 shows a schemati.c l.anal view of a conventional subsea
comi ngl ePREFY §e8ﬁr%188?3é§fé§3§§§§st%r§m. . 10 Fig. 3 shows a schematic cross

secti apal Vi ewFigh8 shows a selyematincaesseediiongl viewithreugpa sydem acardingitethe Fi g. 4
shows a schenat.i lan view of part of a field, using the present

I nventi On?resgrﬁdr_l\?qgﬁ)lpﬁl a schematic cross sectional view through_ }?ﬂﬁ! ocess
modul e accor di Rig. 4showsa sphesatietplamviewtof part ofiasfigid jising the presepl YOB: pl an
view of the mogiyl 80f s dRefhatip crdSh Sectibnbivid BFARIFPS procesaRsduleaédonding to/i ew

t sectionabvi Ccé _
t hrough a sandpf#’éﬁt'@s\?gaf&r?@gd?gmﬁl%%.- coul d be us%d in the nodul e of Fig.
5, Fig. Sthepresentysalioni cross sectional view showi ng one form of separator

r o5 et i onal Oy R B oo Chect or use. o he. gl e of
Fig. 5, Fig. 166 ¢iwa §Ehﬁ5¥§l°i%°§§ﬁ8§é°’%i&iﬁwgh%9'i}?éﬁm’ FBegh™e ﬁ’&“?)iﬁ%ﬁr '
separ at or o4 b 8ed Ih the ModmslefiRy.&; Fig. 5 and Fig. 11 is a schematic

cross secf T onal, Vicut L 0Ugh 8oSOL UM AES BleindBhE Rt bl w1

could be used in the module of Fig. 5;
20 Fig. 9is a schematic cross sectional view through a gas/liquid divider for use in the

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 relativelly
stationary production installation 10 is provided on the surface in the sea 11. The
30 ins{allation 10 is connected io 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.- 12 is a schematic cross sectional view through a process nodul e using
dual power drive nodul es accordingly to the present invention. Fig. 1
shows a conventional subsea production approach in which a relatively

st ati onaryO ﬂ’?@&ﬁéftlon i nstal atlon 10 is provided on the BGIGHIA the sea

11'. Th | I f
1L o Th e I hELL B O oG bl bR e et G T 11 oS
i nst (ilISI ?t isoﬁadé)mtsta:!atldri H®r base 14. Pipelines are prow ded for the fl (i\;v of
a or rei ctio [

gnz a producti qlpﬁgpﬁtﬁﬁﬁo&nggt&&té gf’éﬂ?gg%@%gt e mq{'lggwﬁlrnzc\fr@t he

|1 t 4 5] ihjeettandine &5 atah at o] f is
i vyt ety e e
ég/ 63753% 1IQ11/ 1BaH m,mz&.ea&arefconm@d Ia:e‘eea;iwelﬂ vaaozla ?raiffpldcaﬁ lgzatediod anat er
respecti Vse%B%fﬁpgé at eﬁ%]e to&ﬁﬁersggb ds.wface installation 10. Gas injection

wel | 19 i 'R ect1’dn line 22, the water injection well
i s connect ed td\lﬂnouglh eot showadn Figord 1,recpla®lityrod: pmduﬂmrt\uellsg%s watdringection

Pl Fe T ne vl g, 8 b MicEHONSENE Ho) RoBa e BilfldoRll iaTg skt ipritgigcogas
ar e cotthedcedrdingy thet plp@lnys 15,46andvBi 4nsl the poresponding PBRions “ﬁ'@rﬂslf@tﬂbt
posi ti Oneq]sglntrefsl%el ﬁgmﬁséaatloﬁ‘% hifo 'BQts,g?lm’c’:‘ﬁi g‘ i8rgbt Sdh Ehoke r@nrﬁﬁg'fr@ﬂ'l' t 31/90f

production Wwe ection gas_injection wells

woul d be dammearifold ta &%lrﬁl\myab\wﬂw f disdatbdhe wells AE%GPQ!Y'%@"V chokgd #nde| i nes

15, 16 an%oﬂlﬁect?t?“io tihe rﬁéﬂﬂfoﬁsﬂﬁé’f@' ﬂﬂﬂy%?étée%ﬁvély“%lv@& dridoBdrireetedi ®ethebase
14 to the i1nstallation 10, need to be S|gn|f|cant y larger than those

runni ng frr@snectmcwamoncnml% thig ds knewn a5 BaciRigld SYS My | the wells are

i ndi viqgial l'y Chﬁ@&u&nﬂ a CRBBES tiftde tmmabaesepsaﬁmfmlsi’smﬁ@shm i Ivehich a
sel ectivel y val ved

PG MR S T S T T
separati Omerﬁﬁmtngmeamré&l@m sinfliapko @iose inrthé sigtiasel Bigprer hiaod liRE refergnoevi ded
CErer B St b BB pd el 7] S MR RREY,
used. The tlnmugni ehith26nuEmbertdf thesepelines prase, Bugh mairmﬂnenifcma@d themgpaltator%
the_sefhr gebbe TpRieS seBuraliioc YL En RS imcay. Snbihe hot BRRbED 200
wi t hout t liee eoting Subsepcgiiusiirag Arhelesiiici pawes aypply 3t F%EEQYK@C’ tAndfé'l""e ric
Dot 33" Btk Aoty soigeadia) prcee, BUD D2 S0 el
separator, alt ﬂ@ l}gﬁ example, the separator Is a simple gravity separator, aithough more
complex separators could be utilised.
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 manifoid 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 sulfficiently
high to meet the needs of all the wells connected to it. A choke 56 is also provided on the
gas lift line 25 fo 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 present invention. Like reference numerals have been
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. compl ex separators could be utilised. 25 A choke 29 is provided between the
output fromthe production well 21 and the inlet to the manifold 26 so

that the flow through the manifold is at the | owest conmon field g{gessure
from t he Wa038%S3br oduction wells in the field. The chokePSHGBaHPRZeL ¢ he

whe d .thi d ] d
Pher of or e ised EaamGPN Sbygg betyRpthe Reseayt Bvsiet 2 BB Biner e s, ang
_55_ are al ﬁpFlP?@glz']c@ﬁ 20 on the gas injection wells 19 and on the wat ert__
t especti vel [ u iy ction
oi hel i e 22 andne RubEt aperst radeye i 7' o8 reaFBR. T aPu iy PR fbEC! 00,
tEe needs @sf]:uttu@ddd athe poiat betvu@enrnm:bemutofau:uemhm!hmmxﬁm ioff ling 8. Peweriadled on
t he |

| c r some
wer 1 s 18, narecigfipvela.8n USRS stk st B EleAby Sachwish 21 BRb ey o1
i s choked prbvided with its dwrl ihdividudl peoce8S mudaledOt | Biislindjvjtiuslvedil syStegueasiidbe s
directed t roduct m which utilises a preferred subsea process
assenbly géteglrtﬁﬁa%crpjefd;%o%?aggem i nvention. Like reference nunerals have
been -12 WO 03/A3%ahB6 s@@%@ﬂ@um%acumnplamrzmmuudmpmmiwqﬁpmeea t he
present inv and ' d The
subsea prﬂ'@gé’@s%@&ﬂprée%%w @@%‘@ﬁé@é% Asinglegk &%oﬂw@!{?ﬂ%tgn%an be
posi ti10ned sitgle vgaiemmjd:mwmmeﬁ ZtUnearobe pused dbr mone (tharaone PMUGWOW?"@'II line

18. Sevefﬁlqn{.éiﬂ{ ?.gﬂ +é§or%%c&§ Og%&“m's\acﬁ n%tﬁavsurfgﬂwsﬁ@e BRihe 30

but each rovi 1'vi d process
nodul e 30buidie doi theli suria:amandequsws aesat cfufiaw ties den lnéﬁriQUHbtqwr&ats flow|
approach. As can-ke,seen fromFigure 4,.each tenplate 28 may include a
plurality of process nodules 30 connected to individual productjon wells
21. A single gXigureg Sand 6shewine schematic layouiof ene gl the process May %ﬁ?@np‘%vel | 20

can begusggh BQEeéﬂ)fn%%J}é% ﬂ@%dﬁﬁtﬁﬁ#%bs@ﬁ ﬁﬁ&iéssmodulerwlyb&bﬂoﬁaemﬂ-ﬁéms 28
can be connected together such that su:;)rg ﬁJa Si ngm @df{')ﬁ]l i.ne undI e
o he. comToals SeISGYa Brag Camet 16 he erestam slrs SyEnBaIED L
flow companisahd \QQy tﬁé gwc@as fpodulés so shobe umoﬁmﬁom tﬂat;em;ﬂlateﬂBpfoe of

t he process m)dul e seen_in F|

I
subsea pr §EBB eﬁBdﬁP'@"%g wan, b‘fi’éré’ae% QF damaged oF lfor mge wf:tgﬁ"lﬂl ‘8% Ir"\é ?gﬁ t hat
connects hipveld oﬂﬂmbeea/stmcnmesahonmmt Basic ROV (Rarmtk QperatedVehinle) hi s

J f
L B 57 R0 PR RO bt S |
the need isolativowithéfid flayf linese Terlowerpart ofilee Drosess module 3@ consisieof thastatic RO\/
(Remot e BGhBhgH: 1 I%ﬁ%%lr%%:or?g%d){heqn(]%f%nﬂ@&in%eplpév?&k Haviig fURbILESS RORLOR t he

i pin
PLPINg valves. All the active components and moving machinery will be housed in mini modules

to allow simple repiacement from a service vessel. 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 wel 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 rehova! module 35 takes in the multiphase flow at the wellhead
pressure so that solids, in p_articular sand, can be removed prior fo separation of the
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.isollation wwth the flow lines. The | ower part of the process nodule 30
consists of the static equipnent for separation and the interconnecting
pi pewor k, haV| ng fail closed isolation valves. Al the active conponents
and novi nY &ﬁ%ﬁ%ry will be housed in mini nodules to aPfEEBYYMIPE

r epl acem,ga.gg,g%@@gocf@. i 5 4538l icharodlfe 88 Bled il Remebadiodaieal 25

units wl 0 ena e st npl e repl acenent e basic
confi gurahulﬂphasedmwmtmlghfplmhﬂe%of m ni m)dul es as follows: a solids .

remval modu erg .‘.ﬁgﬁw@k@gé apl&/S Rithantaf dhidved Eg@g%amﬁﬁ wiHltie ©

fluid hydraul a serres o
punpi ng eini gedi nil dod wederpipaiinesl aph asproreddvithin tie tgmp!ﬁt% 2By TMOQ%SS A

t th
ot ved opBRdiE SaMGEH o oo ikl 48 ankl AU iinfinptiad FHE BaSe rpduRSE O,
recei ves protidedmwith armumt)emftcbanecmanpaw fopcarmaetianito ferenpsrae waiRl 8Bettient | y
th b t h

e su 5331 A%fzsénl i ec id %ﬂﬂ: )ﬁdéiiﬁ frPfF\eﬁ nﬁ“?ﬁé%hls QUIBHtHe iR fiukd is

connect e I C po drive unit 36 is provtded to
obt ai n enmaggatérr ibis |mpmaar§|t0 kegpetbeidove g ling Sggepan,cgn the vategline &fto _ 37

rem)v aI n%%ﬂ?rﬁ%ggeféaégn 6fln &%lf&ﬂ)l@%%ﬁg %\M@\/&‘ sﬁ&ﬂ&”ﬂ%’sdm@ﬂﬂ@ﬁe&@é otk

e nultiphase flow af the well head pressure so
t hat 40l |waterfrnmﬂuetﬁﬂcﬂlisa?er@mfobﬁ'ﬁ M@"?@W'&Wor to separ ation of the

-13 WO 03/ 0875?\%?@%%&9%3561%‘35%@ s g9, pIOOdﬂléhd ap ake w&ateﬁfmoeetheis
e

removal nodul es In the wel|head 8’ sfs nmul tiphase f t hr ough
pi pel i ne base mpdule 4 e 'Bﬁ'é@é‘é’é‘“ﬁg&b‘ltﬁe@ itfig OWtrﬁﬁoﬁﬁldoga%FB ‘%rﬂﬁgeﬁat 45
in which henid@idauBéseni | and water pipeli nes are supported w thin the

i nn odul 65 AmEam RS SoRAMaNe & 1t bes b Tae 76 fpe e e 38iad o,
poi nt g5f Ofenfd%ﬂm%ul@rﬁstéhdtﬂ‘ﬁ?n IRSeonto e wall strecid hydrallic [awerglsise BRIt 3Ad dri ve
1S o bed el SFeem Buprebu bt B pft 37 iy Kihebe8 40 e Fuhidie deparBRURL o

| i ne 50 t 88 afd &6k the hedraukegiowen spstemddodiictafieids, wlepcsmpI%mglgrgaS%oell d the
[ hes 1o e BT 4T eies 0F Hhilfsndd faa6; ofdtens be has "@fé%%“%f&f“eihzném
42 are | ofsetie d8,aScarel Giwhicheanpenda theoass ol andivater purpSIresBasively; Srvater

there tégﬁj uhc erro‘?iqggﬂlt gs%‘i’ﬁ%ec&fnegﬁﬁﬁGQhe fi drﬁﬁlfc\/lb&ﬁerr tenh @7EBES. As

can b hase inlet Tine t}n into.the
sol i ds 1®mmmmwermw@ﬁép W‘?dﬂﬁ"f“ﬂ\‘@' BURRS aRf i F%j A é'&?ﬁ" IR%ir aul i c
power dri kg, H&'h utleTtPﬁouyalthe %feewédwﬁ mwbw @m@ﬁmb rdcﬁeum ammbut%m s
connected to sta%@l ar at or % g ha SO tovt & % n&ﬁp' C_. power
syst em 47"\ﬁtwaiﬁrﬁl{§%§1 A senigal gragess modHig 49, yRich sy raegive lgirighigy e 41
punps. The,fadetinstilRgion SERaYRI frE-programmelBis pravidddto eentsal fize subsea ptocess
25 module 30. Not shown is the chemical injection system for injecting chemicals at cjifferent
points in the process module 30 for corrosion inhibitor, anti foaming, hydrate reducer, wax
inhibiter or friction reducer.
The solids removal modute 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 voriex breaker 79.
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. feeds 48, 49 and 50 which connect to the gas, oil and water punps
respectively. A water 20 hydraulic power drive unit 36 is also connected to

the hydrauli ¢ wer system 47 for supplying conpl enentar t he
i ndi vi dua‘V()ﬂE{Pr%?Sand is fed by the water drive line 53 a %ﬂﬁﬁﬁ ’%lﬁg“out | et

through the waggf héHeEﬂbw @Rgéntifly efterdd gﬁsﬁdmgﬁqﬁgwq&eﬂmwm dftim t he
wat er punp 41. A(E,

ontrol process. nodul e 3% whi Cﬁ?ﬁsﬁ‘y z |nstrﬁuct|ons
froma sheusigevhese centrituopbserarationnseus: dNisieres lics °§P
control tégy hmfs‘ﬁg U RRIESSthe VelRAyHRPS Qhe ¥lids ptveovm thwarde mcmas ex1t
I njection systemfor 1njecting chem cals at dl{ rent ha
process , i@ fide %@f)"ﬂﬁlﬂﬂ%@ﬁ?’&ﬂr tishawn) ligws agopjro etgaﬁﬁcﬂﬁg LFSP %l"ea aé'bqjcer
wax i Bhi Qi ifG sidrﬂycrhil&lhtd ssbigfsughTthe solitsicioke ezrpr«salbtemmeldeat RGastaiwn i n
Figure 7 1s a retrievable nodul e consisting of a passive vertical housing

60 with amimumsosAs tedrevest 2 olskade0 down stream of the 30 solids renoval
DFFCGZS an;:l a g!@Hultﬁ)ﬂb‘sQﬂoﬁmﬂkﬁwﬁie provigedwitls arghoka F 0gank taaximise the al |
cylindrical sides with the |qwer nt o rt 63
v ng. o Ghergy Gomdis wobsiasp. 1t ReraerpisRahis Hoke FiukErnb g
housi ng 6&aftapgelnte abliy and td bentid ﬂq:reakeﬂmdr fifor &6 ehfesind theswall)stream powiest ance
bel ow_ the upper surface 66 of the housing. The multiphase flow |ine 67

exi t s WPned®E3% he housi ng 60 substantially along the 35 axis of the
housi ng 60. Thghefdd péverfdriveentts 36y 37iasesh6Wn inFigure Srconsistspf Bolation valvesy t he
entry pofnt 65 of he tangenti al red
coni cal thq TRaR0 a‘??&v?'i}ngﬁ} oV J)qu? ﬁﬁﬁﬁr\x}%?r?é’c}fxahﬂ&ﬁ%r?g VM.?%Z&

03/ 087535bé’(ﬁT¢ RrdradicioNet diive unjpHaeedte avhighaprgestire hydrpubic dévesivid grply one 69

at high n tr
2 S8 el oA SR Lt
as the5ve‘stmam podengrive unhéTss)tq Tﬂaleﬁéhﬁévwa levaniey ip fee Sy piRamanf to| | ne

sl d lid
64. A so Sg{&%,%%ﬁ?ﬁ;{oa Ba% a?dtblo&ﬁaréhrgop%éﬁlré egvieschRasdhe sol i ds

ina liqui 0 an hrough the sqlids choke

rati o I nt
62 pr edet easei Hecheke 744z fullyopen bH\y aticeiaingeriads whets 2 balitd amBHER AOYEr The
mul tiphasg rBhlﬂYéd' tHéech@Ke Wil 1Y @dhﬁ&ﬂtd%dd&oﬁth@hl@%&:a?ﬁhngnd to maxi mse the

f t t ha h hok
but 1 ut i 11 selntbhwey stear ppwetar@aRlianinafior ruoyby b SR Reetiulyihe Y of "
to entgg[3 | n%ms'm \tﬁ-bhgﬁ-bnﬁ@’fmp B pisdess Kstdrrisy eTciachiev@ thisT aeby-passdpatiowéris dr i ve
units 36, . a own, | i qu ONSsi d A means
of converP'l"’t"ﬂj"afsjI‘i‘fi-t @ﬂ@‘”ﬁ?sgpgfhgkqsﬁﬁwwg? ﬁ’i'@e??@%z% @E&f"ggﬁgw‘%’"\ﬁéﬂ‘éﬂ coul d
be in a hyghepfunctionsdmniie pbweradrivai t, to create a high pressure hydraulic

et B g SRl LA U iy et el

respectlvely I've o ower drive unit 37 is to
mexi m se hhe theviiiw efiflui threiolyihe drivehenit ¢ari ke eantrolied bnils clapke 73.

25 in Figures 7 to 12 the gas liquid phase divider 80 is provided with a vortex mantel’
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 belng
formed. This occurs when a fluid has separated into two clear phases, either into different

30 Iayers 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
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.cause a pressure drop to the required separator operating pressure. Wen
this is the case, the choke 74 is fully open but at. certain periods wher e
a Iiniteqﬁgmgﬁgt of power is required, the choke will be reﬁflred

control t P¥PDartially. In the well stream power drlvgca’ﬂpygﬂﬁ‘the

br ocess. SgamennG AeokmRehaR e, oty S Halfehebn e dhatite B | 2
val ve 76 Bt @rhpd.@aﬁs?e W@sslhe\mddlrehmntmerat ed in close conjunction with the
th f t t 36 d
o oS A i by P WA e 55 pr o ce
the flrl ve uni tAQ@gn be ge@mtnrmglhree the gastiqaidalidderB0 i@ Blsora rattnyayabts nodule 12 t he
as |i e di vider EOV r a
Jort ex Bor ued by g parskeverisal i of Rt b het g R inCBB, foaxief WiRHE .
?gz ?gg ilgmﬁﬁgeénd)ét therdpper p?dﬂtlﬁem‘r andh admdtemtazer(trfah nwfﬂp@ase. llqultg ling 87,
: 0se ,0 items is to prevent conin
cundl by BIPRE SRR St 49 : ]

occurring® frorme iis occurs when a fluid has
separated i nt oThmuﬁiphase phatsiesy erdérs it housing &6 atadargantigentaperH2ifiony

"st andi ng fl onment or into cylindrical or conical
boundar i e "8 Eﬂﬁﬁ’gﬂ%gl ronment. In this case, there is a tendency

when doge p h as eAs withh rtlaavaoltdfsfremoval repdute35 tee mukiphaseantrparbishelo 8 1Rs i hi s
pressure 'EQE % Alyt! gggg% ﬂ%eiot%chhgf thﬁ tﬁggﬂéﬁt}qme %%bmb Jé@vélu\@r phases

is drawn rea t o "occur @%h an
occurr enceap 93 dmﬂ:em alrabnté thesparpiiel Pi\r&jjlﬁeéﬂ%‘ (VQH@‘ é'i@d‘ﬁl) 89.ofThig ‘fﬂﬂ '9? %’be

separator g r%esﬁﬁ?ﬂ @Rifuddl abitirson @@W'éﬁenﬂ‘leréfbrel furthef bé@@e
aV|

separ at or © I rst stage conprisin as/l ui der 80,
b s fiEe

a second st age Quedpim of mtpreidel Seppiar is f' ugg 19mpd § is Hiviog é’l%éﬁ 15 WO

03/ 08 4553 gl 5@4@@% QUHher gaPEdHIbAT00, @éﬂrﬁﬁﬂm&ﬁpﬁéﬁi ijuicBectiah 0NN ch

can maxi mse t flow rate and meet the burst and col | apse- pressure

r equi r emeAdewerpyater $aclie d02ges have the ability to remove residual solids.
As can be seenwdl ghk Guhfthe top 6fthg aaéliquid divider 80 daterﬁmelmathrramrmwe‘t’the evabl e

e 86, ~geaieraens And fave Gentar idgnifie Gatsboltn Tt loReed lficrericay
bot t om ¢emhe #ifuidwithinthaset bagjisiforckd netodlie ouisuwalb and edllegs. At csein Rointar
" andBn; PHDe BB i b5y oS b ERRRS b pihg toF ey haEsdeRRicaly 0, B
t he sol i diiquié flowsitiowoduthe @piraksestion®1.phase entry port is below the top
gf gggevglogs'opg ThE H';ué@ﬂgﬁé’ Pid?&whﬁhﬁ p%ﬁ gtaQ gr?gﬁﬁg Bﬁﬁém |of ﬂ\% gablﬁ@ﬁ;ﬂ lgviae | owi ng
mant el ) 880 emtarstl'mjmi'q fipwr ing Bis into the central sectlon 101 W%e Iarge %ore torogcYa? 16‘?
allows partial separation of the multiphase flow into standing layers. The remaining gas
25 comes out of solution, forming a void on fhe 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 whieh 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 iower 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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-encourages liquid centrifugal action on the wall and, therefore, further
gas separation. One formof a toroidal separator is shown in Figure 10 and
it is divided into three 15 interlinking areas, an upper 8as section 100,
a central WRWBOBTA%se |iquid section 101 and a |ower wat ePCHSBOIBIRSA02. et

f the t f t /| f
the - gas tor ol ﬁﬁ%fagpaﬁﬂﬁﬁw'sﬁﬁéﬂ%ﬁwér% oyp Anf FasffiaL Crliapnel GBELARRISE D
gaf out | lG}ﬂoiﬁ tgé oﬂ.JOflvel:[h&'d%ohslqgmﬂ) isiprdwided inle which f@agll ling 1%?%6"&&%0?%%.
outer wall  and, collects i
traps 105 Siags @ypiia 58%[?% e&f%% ﬁ'é;é] TB% 'gé &r‘érggi\'/%'lﬁégﬁ %ﬁ é,\?ééa{?\“yle'vglpqw d
fl owfs dOW{!rrl]éré%)t bmxsn@ra:f cetrlrt]nfawilﬂowmrﬂm& walltof theuhausiigase |iquid with ent Irapped

as fr e tom Q e i ne
g S, &JjCOLTAUET gﬁ?i‘%&élﬂqﬂhg; 9% Gfect BOthE RbRES ab& Efﬁé'i%h’eHoQ&ﬂ

113 intb the c oretor0| al | ows
partial sdpni de o thioughe nmtucalpmasamal mnnehﬂ&.swhlﬁuﬂhgrurasiw the, gas

T 000 38 S0 Bl P A8 PSR et s

is regi-on allows e gas to
be forced exjst thooughndsisriaeii26 ant fieinswthe rgain gen outiet line tf'ﬁ’én ﬂ’!ecﬁﬁ’PB“ PePs) s
down and thr the central section 101, the oil forms in the top inside
bore area S5R e water in the |ower outside bore area., Exit lines 110 are
provi dtal from tThe dompinessgatefiow sawdiowsHbravgha demigtardiito183 PJeroue Yt o a
common | i ng, f%h%ﬁ&ﬁs‘éfe%d%d@ﬂ ihid ti9d AR SR GitAE toféldal Aepdratorl over
end of th PEFG dal' Separator, a solids renmoval pipe or pipes 113 are

provi ded thore #bve any additional solids which has entered the toroidal

separator. The J* BRSOl 127 ldled camrianoh tad oohtehl Bogtiondataliow wat er
whi ch can be |rect

ped off alq a ter pi ine 112. re 11
shows t he waler fb’ﬂpléﬁltegﬁ dg\é‘?fh‘?'-ﬁtof)ﬂ‘eé’éﬂ‘ggartd%eﬁ ‘H?lfﬂﬁs? ha‘és"éq Lﬁh gi?co«g%gt#at i on
processy %e@d%ﬁ@&ﬁ%osﬁ&ﬂrﬁ@ﬁm&ﬁﬁfdﬁmelsm refaimirgolrapped gepapantor i s
to renmove any resid ﬁntragl ﬁ 3 135 water fromthe oil. A vertical
housi ng 1408 9@5)5?‘6\??\?@’& f 983 g\/ﬁ Uﬁ"‘? H‘g vil line 121 fromthe second stage
(toroidal) sepmarurﬂat thbSuririee1mtssfomgdlt<anmﬂt:ewrfugallwl$lt0 tbelcenire atthgas/ oi |
| evel er | I{ﬁg@ 5
Thi s enco[h“éﬂ %YB%H%MQ?S‘E‘ Fagi 8‘8{3\% c%@ﬁ%é@ééer%tﬂe ang t hi Is“allgs
r emoved fmmﬁehmmrénd i2ofgvhich mdowte;hlustgweam the farnehd26.122 whi ch t hen

di h |1
r1(234| E)f rs1et n g L SHter ggﬂ;%d]l%%tg 93111%5% iH%toﬁ zBﬁ@a&Pa%o‘t’t%r@oJ«ﬁ@artdW fh&lﬁ‘g fURREY1 34

12 exl st throug i l'i ne %Zeg p'f‘chj'QJ oi ns
e main gapravmeti@uclh tm&ar]mnﬁlm Pﬂétss‘@ﬂ@fhﬁ edp H'G‘é"a ’é egriceqy
conbi ned gag of LOWL. MY AteMxitk MOiddRr endlsnthe helising 1 20 thisughta cemtral/anrautyt
opening 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 fo 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 sensir!g
method, as the individual vertical measuring fubes 140, 150 have their top end connected
30 tothe exiting gas line, clear of the separator. The tubes are fed from the respective oll
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 would

effect the density of the oil column.
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.condensate. The condensate is drained off into the liquid section of the
toroi dal separator bore 107. The liquid in the housing 120 rotates
centrifugally in the central section to allow water droplets to be driven
out of th®OdP08B8hards the wall of the housing. The oil cBFT/&BIF0128E ynder

a downwardly facing funnel 126 which funnel s any renaini tra S up
into the gas Faidiabaiapitoting ifgs Preposss thas@n@raf%éﬂ.O%gaﬁaﬁs%ﬁa'gf‘?ﬁwgﬁf unnel
126 is fo t 4dof i MiRu6s PaddeoLdof t riiculari levg!.

thor eby p{egg,?e&ﬁlﬁe 8%@5 fe@&l 1dof YR Win givel Pcéritdu Heepa

I di [ Separation before exjti t he separ at [ h the
oil line Taﬁ&kthigapdbip@m@gad thadhigh/high; 14 -h'ghlﬁéj{;gﬁ"é&f‘? 08@%"83?%9’6?%9
funnel 120,30 M8LRNide T WAGHSiRER eRIGY réfbroncs bhaawan tedioatalig.
downvar d §7Faci n unnel 131 is provided such fhat IgAe]! lets
Whioh Bre it Aiier uba 880 BrrrowdbuE W weiR droc ReBl 1hos BiRcieed e, €Y
exits the [ SWer éridoargthexdtsthroughla exdinineat52, ni n
132 whi Cheétg}rgrqéﬁﬁg% ﬁ]oe{dg?fﬁlﬁﬂilgﬂ?zeg. eA urth v ;’nnul grtao | ge'ﬁggg;undg
the wat esprrsendof whighdspesiianed apovgiteEn QP'"EEQ ?Q%'r%ﬁ'ﬁ 3@%% eh away. The
exit fr 0%%Q€om%fio@éshﬁiﬁ§in1§fﬁué RAES colnh. THemeasiees themas/eterievehidhe
second stage separator. sor.s é40 and 150 are provided to aid

> C Two | ?ﬁl sgn
control ofromiwhich the @iiwsterdevel 185 5an 88 e¥@U2t§dn, der that acceptable |evel s
of thegi ndi vi dypd 2pprdash Absaed ciérsanthulliphase inte flow velich isvrademinstedhout -

t he process nodul e 30. The |evel sensors. 14 . Of ' | evel
sensing Haditwih a highprRePariny) %l"‘@lﬁ%ﬁ E%W.%Ee&? ‘Qrpiiggl ﬁigﬁgﬁ?@géféﬁ%{{ﬁ? Ii%(‘)e have
thei r t opiRREvemeRsligaidIider upbseean bf thagve stretintydraslic ppwest driveanadiflar at or .

The tubes are fed fromthe res i i - i i Aad, 128
such t hat 289 Mpsitead hayg ﬂ?eg?rg?ecﬁﬁ't&#é%nﬁogv f ggggﬁ?drel@see_{&qaﬂgﬁnedm 1%1. éfléll'ae oi |
t ube feedahbther A Ihe hopge:nThisl is o énpreve thenefficighey tuebtaial Rower fiem Bk Ve

desi gn | evel and LtsS. A Aid liuidg. | ne
145 Prie,” Hfeerd e b diherl Ao SRRy Bherklify patihelefbéihedofs Addjeme.

t her ef or e Saols &r fystem isshovmircBige A2 ithathe mdtiphags fivid f{P'G‘u@ﬁ Vel 40 + o

prevent an | iqhR! [ dTRME thaQyab tiquid idiviier 80 flewslensi ty
5 °the o PR e e
i s pr oposdrdo alpas hydraulispowen drivenmadule 20Q.and g of flows itgya [iquid %%g‘é'tc rthe

gas| o | '%Yigé 180 2001 Fhaikils ftiny Gasariguidhyasaulie powendrive inddutespamforal ar

| evel. To arélk tﬁls up, it is proposed th@b hi gl%hi Q}c&??q hi gh 147, |ow
148 arkp | dhe inlsis tosbe spsqnd ﬂ%%%‘%}%ﬁ 73 R IVR AN H?%).vm Y-orovide a cross
ref erence check on the float reading. 5 A simlar tube 150 is provided. for
the water feed except that the feed pipe 151 enters the tube 150
tangentially at the lower end and exits through a exit line 152, the upper
end of which is positioned above the entry point to ensure that any oil is
renmoved
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.by a vortex action resulting in a pure water colum. This neasures the
gas/water level 182 fromwhich the oil/water |evel 181 can be eval uated.
10 The approach descri bed covers a nultiphase inlet flow which is

pr edoni na\Q’QI"Q’“BWS?ﬁui d with a high proportion of water. FoPCHGBI¥RM with a
hi gh gas content, it is preferable {Rye the gas liquid divider. .
upstream of the well stream hydrauliC power drive nodule and instead have
a separate flow stream power drive nodule to handle the gas and another

for the ljquid, This. i [ BCh gNe Vi b N emblyom t he
wel | 15 s#'r eanf‘cﬁﬁ'gsé% p?%éggai%é@éﬁtﬁgﬁgﬁé%gﬁ ?cf‘iﬁlggﬁ%%gflﬂ'i tr'?gq%%r arre)?ers
bet ween gesm@isthg:i qui ds. Such a systemis shown in Fig. 12 with the

mul ti phase flujd.fr i £epoval  nodule 35 flowing into, a
gas/1iguid di v?'b@ietg@j.é"tfﬂﬁ'éﬁg%ése%re%%m?he_ gaslliquid divider 80 flows into a
gas hydraul i ¢ ppressuereducinguears Ro®duaing thepressure phile muiRhage fow fie

hydr aul'i c,pa i e exits fromgas and liquid hydraulic
power drib@;ﬁ%ﬁﬂgﬁé&%@ﬁ%{?ﬂﬁe%ﬁeﬁ%ﬁi nlets to the second st separ at or
as per 109 anda f@tiphespeenarator ipr seppramodby mukipbasy lN@tw@P"ﬂdmggj PRasERL. A

subsea prérgdass assenbly for separating a nmultiphase flow, the assenbly

conprisin an inlet for a nmultiphase nmedium a pressure reducing. ns for
reducitig t he painmnilag"éystGWefoﬁUPtqsﬁhﬂ%ngcﬁX/'?ﬁ%r?lnetqgl:'? ﬁpgqedgwaﬂdf% ting a

source of ﬁ&%ﬁ%{ a g%n\f@f%hbmw GHIBMRAIF MeOENdrgy froMAAE 8bireg of beergyl| t i phase
i nput i nt B ndi vidua ases; and~ 10 a punping systemfor, in use, punping

at | east one of the desired individual phases to a delivery point by
utilisingpof tAQUBES ShocddsBsbiBlysRUb@INgad cRimgyherin the prassera rpdwing s

assenbly according to claim1, wherein fhe pressure r i S is one
o 5 hydr BPNG S et AOTE POMEETovTcs. SISHEIE TR Hnie e A B ondBRPS | & "1
3. A sgbsea process assenbly according to either claim 1 or claim2,
further, conprising a control pr ‘ €. t | i h ssure
reduci ng ﬁeansAaﬁEPsgﬂepm‘be(ﬁ?p??f&P@@g?g(?ﬁrg'gg%h.e'f&gét?%@g'a{ ?{rodééei@sé’a@'ggé ly
accor di ngchifpiskyy @toritiotprocesstodge tirabmimliinathe pssure sedicang MeAns ap8NRE dri ve
uni t that @en.eratets hydraulic power from an external energy source. 5. A

subsea p'rB TORIR0 SYR'EM y according to claim4, wherein the external energy
25 source is either in the formof fluid or electrical energy. 6. A subsea

procesg) agsenbly, 3cCOil s H3sShBly BceordMiCiotAry dftfe PRYGIINGT diaiths| fuirther

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
andjor the pressure reducing means is driven by a fluid which provides energy in the 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. Asubsea procéss assembly according to any one of the preceding claims, further
comprising a drive fluid inlet, the drive fluid being pumped to the moduie from an external

point.
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and/or the pressure reducing nmeans is driven by a fluid which provides
energy in the form of liquid or gas. 30 7. A subsea process assenbly
according to claim6, wherein the wellstreamenergy is achieved by
creating a pressure differential in the nultiphase flow PETERIEIE inl et
and the“gég%W§% r. 35 8. A subsea process assenbly according to any one of
the preceding clains, further conprising a drive fluid inlet, the drive

fluid being punped to the noduje fro b Rfdhe pRiteting claib®s, WDelan 087535
PCT/ CB030125 I stibsea srob@ﬁﬁﬁ?'ﬁ%‘éé%"%@'}s@%@ dai' i

ccordi t 0 .any t he
precedi ng cl ai 5, \f\Qﬁlcﬁ{gnmeh% fmlwsmmpriseau%i'ﬂ%aﬂ‘ﬁe%%scrﬁ}ﬂah%ﬁg}ggﬁg?i ses a
nmeans foftPERT g a pressure dlffe&ggt%;aéfdrmew&jréébﬁ/mefgwl d and thereby
creating dﬁfe‘reﬂttahi*ﬂhSdﬂF%ﬂu‘g]angw . A subsea process assenbly
accorgsing to either claim4 or claimb5, wherein the drive quid_iépwater
froma water injection supply. 11. itREPSIaRE 4 @8 slaith Bywhesit ¥eng t o
any one ofo.thekpubmﬂfﬁeeﬁ#ﬁ@%]y\ﬂﬁ’é?@wﬁslé the pressure of the multiphase
flowis redu | S fith dwvadrmjetivarsspplyl2. A subsea process assenbly
accordi ng‘quS%g%ylgg\ﬁég of the preceding clains, wherein the nultistage
separator can be forned by at |east one of the fallow nd._ a.cenfhéfioal
cont ai ner,, a vgghgg@,atﬂb&ssassemﬂimordlm‘P)?“EBH‘FSﬁh%weﬁa%g%@%'a gravity

verti cal H hori zont al 15.tank S lddfcedtosuiclv 26 @tmpspherésousi ng, toroi dal
ring, 10 t theqgiressure gf thgm Wﬁg?\lﬁés;}éorcg spiral. 13. A subsea process

assenbly according to any one of the preceding clains “Q-ereéﬂqu%ﬁn?re@%
separating process can separ iddrymelof ihegracading & of
the fol | od2ng: Asé‘b%??rﬂgegﬁaﬂ?rg‘%@?‘yggcs@g?l and vat arne Aiodihg: & centrisedal
process agseriitstaiecssphratgr can e joremee Ry 2k 152s p‘%ﬁ%cec}l ng clarns, furtngqr .
conprising an_indivi dug\l}kﬁpg 1dr2! h&ReBnRires or auper, agravity yedica) o BREOML s o ) v
accordi ng coptainekiahor X eréeln the indivi duak)orggg,%iral%gnﬁmara&spiﬁl.ven by
the engy gyark, gelie & dondudterpllesevsing torg al TR0, 7 FE2% process assenbly according
to any one of the preceding clainms further conprising of a solids renoval
unit for renoving a solids slurr riof 18 Brecading dlaim® WareBa
process ammlysmm%ﬁ%ﬁeﬁﬁ{fv%9?8rdé)qétt8ﬁ§9§gé§gttgi E%S?M{%efﬁhkf\fih i
conpri sing, a ne%gﬁ%ég{,cegsrbah%éparéﬁtbemm@hm jteyak! 0a well. 18. A
subsea pr dPREEPEESEDIY accor di ng to any one of the preceding clains,
further a solids slurry, gas, oil and water:

® i i her
14 A subsea process assembly according to any one of the preceding ciaims, furt!

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.

ssembly according to any oné of the preceding claims further

rocess a ;
16. Asubseap r to separation.

. . . '
comprising of a solids removal unit for removing a solids slurry pr

. | i i her
30 17 A subsea process assembly according to any one of the preceding claims, furthe

. e . 0
comprising a means for, in use, injecting exhaust water info a we

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 moduie.

35 . - ' -
19 A subsea process assembly according to claim 18, wherein the retrievable subsea

i ini les.
process moduie comprises a retrievable base module and refrievable mini modu
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conprising a tenplate, a piping mat and a retrievabl e subsea process
nmodul e. 35 19. A subsea process assenbly according to claim 18, wherein the
retrievabl e subsea process nodul e conprises a retrievabl e base nodul e and
retrievabl 1.0i..modul es. -20 WO 03/087535 PCT/ GB031012544%:pAntidisea
hydr ocar &Y)(ﬁl)%g%\?ery system conprising: a subsea well fé'r suppfyi ng a
mul ti phase fluid; a subsea process assenbly according to any one of the
preceding clains, wherein the inlet to the assenbly is in fluid
comuni capi on Axubsed hedraedrbon eacdvery GESEOGAMIEINE for receiving the -
recovered hydrocarbon f : fpigocess assenbly. 21. A subsea
hydr ocar bon ré‘c%\%é‘?i/wgﬁqrgw‘g@é rgdi n toecl alm 20, further, co E ?érgg 10 a
well into whi mumapmeeqsmdmblsae;forg!n@t@éw&f\apf@ﬁP@.?ﬁd'BE"'PEﬁ'%FV Y 15
22. A subsea, hydrocarb I, ShiCARoAGHET Hiegelt ancei t her clai m 20 or
cl ai m21 the 'I"lf"ld%%'? aéaﬁlﬁﬁws'?eﬁ‘g@%ﬂnﬁ?‘aﬂﬁﬂy of subsea V\rﬁ| l% eﬁghs'ﬁgg‘ja ng an
associ at ed subsdaiveryopeist formeceiviag e cecayash hydrogarboniak BB,
hydr ocar ggo?r}é,elssé to%'%@? same delivery point. 23. A subsea hydrocarbon
recovery ) ding to any one of clainms 20 to 22, wherein the
delivery point is one of: a pipeline for renoving the product fromthe
field, a.,wates_inj ' Ferd aGstbi Rebidiny torelaim 0, fartimreduprisiggvel | to
achi eve &ti fi%f%%gﬁwﬁe?)gﬁh recofery 85 ) Hiccted

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 kft.

20
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