26/ 02/ 2007 SUBSEA WELL PRODUCTI ON FLOW SYSTEM This invention relates to a
subsea wel | production flow systemand to a nethod of producti ongyest/ingo7
and recordi ng downhol e characteristics in a subsea well. In 5 particular,
the invention relates to a nmethod and system which assist in the

determ nation of the qualiggy EADPBHEGDHC , 4aS gaseous or
| i.qui d hydrocar bons, produce%arwgy t he vvePI T&?Pﬁt"ﬁ@%ﬁ?@%m time | ogging
the well to identify the rate of flow over the producing fornmation

sections. Wen | l,.0s drjlled and. conpleted, it i
necessary to flg\f/]v&fi }ggﬁu‘agl38;%%%%\%,8‘%”933%6%1 Wgﬁﬁdﬂngﬂ%ﬂ‘%?'ﬂ;ﬂﬁ'éé" ﬁﬁ'&estFPgw
char act er i &ft prosiutliomtestingeamh recortimgvddwniodle tdmaracieidtics lim saBulseEastEing In
field, gh > .be connected to the field seahed infrastructure and
f1 owed Soadetiuind ik eriioarantsSia 2 fottpe abd siuSEvtich sbist Mthr deteihiagon
surface prodthequaiity andshedhtaf priuets, blch s8ddseeas bArjurt hyalrb&@boridsroueted
fluids can be separ t'ed nd anal%sed for, anpngst otherthi n(%s, flow rate,
densi ty aby BEMWBLIAIGA! fIk B timerleogiag e Wek (2 lepgiyiihe taies flow axer fhe

I nt er vent pasducing®minkién E&@ioflewnhol e characteristics using a separate

I ntervention vessel. There are nunerous di sadvantages to this approach.

Firstly, the suibenamey produgionaselfigdrilled apd gomplatedy it is netessaned flawdest
separgbe fRsbell fotRaiars: a4 P 0 a
field connect?on Sglﬁg’%%%éﬂ%ent @»Eggﬁygﬂggc%rﬂﬁg@ég%ﬁF'gergé’gﬁﬁ%’t
connect i offelholnn exigtingdield, thenwelwean berpennariadiodhé fieldiseabedinastyucture sngp| y
the flui : f ' rried out. Fourthly, a
separ at e%%%%?gﬁ&gf.@& ia?Hé](?t tﬂ? of%g%%gjégﬁﬁh% ‘%g‘ lfnae hﬁgrs"gﬁcﬁﬂ' ?ciﬂ? 'oﬁn
whi ch it instaliaicmenathesusfacoinstaitation, the welllids aan besepapited aid alysedlfbs,

i sal I opnment wel | s to.evaluyate. the productiaqn
bt 11 ariEnes e Bba O Ee RSy afeto e R TR L e e BT SrBaBR  on
vel | d5nhent a hveslk itementiormtanfonitor§ ihewdowanate| tharagievistbsalibing skparatd hese

may be si.ttuatigns in vlvhich there is no field into which the fluid can be
suppl i ed MENEERT MFSSF n order to flow test any of the above wells, it is

necessary to prHgfe Gee ﬂhmbﬁfusadigédddnité(%s\&éstﬁ@a#?fmé’chY‘DFﬂ@[t Ve %’lfb%ég 'fie[)d

together.\%vitha ri ser system.in_ whi the fluids fromthe we can be

del i ver et THAEIS IRAUEER AN RIS ARY sepratatesidingr Seeandl thnew poduetisire t est
separ at owef st BedRsde 8% ﬂeﬁ@céﬁmsfn Ip¥ht ;éﬁﬁ%ﬁb%%uue}@? ndb %Y B0 les & the

known_ arrangenents are that the well nus ave cient energy to flow
to t4R Sifet Gernegtign peintaThidhn ithe welhmust hiave swficiant energy td supply the diwid to

nat ur al | phelsurflee rSht anBlysishe B8 ORI B LD ?ohﬁﬁlg(,GQSeparate operation is required
to access the well.

Other situations in which it is advantageous to flow test a well are on exploration

z wells, appraisal wells or early development wells to evaluate the production capabilities
25 prior to instaflation of the flow lines or for production wells where there are no means fo
flow the well individually. All of these may be situations in which there is no field into

which the fluid can be supplied. Currently, in order to flow test any of the above wells,

it is necessary to provide either a drilling vesse! or a work over vessel, together with a

riser system in which the fluids from the well can be delivered to the surface, where they

30 can be processed by a portable test séparator on the deck of the respective vessels.

' The disadvantages of the known arrangements are that the well must have
sufficient energy to flow to the surface and, as a significant number of wells will not flow
naturally to the surface, these cannot be tested. |

_ Typically, the duration of a flow test depends upon the required degree of
35 investigation, but last for at least two to three days, but could be for as long as several
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Typically, the duration of a flow test depends upon the required degree of
35 investigation, but last for at least two to three days, but cpg)dabedey
as long as several -1 26/02/2007 nonths. Quite clearly, the |onger the

flowtest is carried out for, the better the fields reservoir performance

can be estrnomthed Quid cibhH . cgst | ong
test, a surface vesse(I; i sﬁrtgﬁg??éé%r g\/\%ﬁf’:ﬂﬁf%&gsx%élg\%k ¥?rr ﬁie %%tﬁeéﬁfﬁrﬂédgnd
entirely JdEHRIMOIERETRMNINGA ean beiestitedubat tis canp nlicourseshoexttdmelscodtigce f or
t he durat ipgp hg & s Y, r.is.to nmonitor. the draw down of
t he reservoi_ra ngQfé%égttsnuoutng\,—EP F%wgr{sal?iﬁéecp\'}@ﬁcﬁ,'s SHPTIE dMgFenspipingsand
cont i nuou&nkishl denendgnbon hpwogtsuitalsip evedditbricondititves ovedhle sOFfaBY féraid dirBGorpur

peri odigc ' | i operations. According to the present

i nvent iso n*ﬂ eetgé@ftﬁép&%cfla&gcgqgg&oﬁgﬁbﬁ 33?‘68'@%06 the ?qsswq*fdoyapog%m!ma l,

t he [)ret hotlowiogine Weﬂgamdilpaﬁéﬁaaﬂy o usé@ommky hf&lit@ﬁrﬁ@'b&tﬁipﬁﬁﬁ?%&ﬁ@ﬁ#é&ﬂ,{ L om

a subsea §y 0 .2 renovabl e separator ackage; ~separating the nmulti-phase

flow int thgﬁlgel%?rrﬁ%céar%%%ggr B?”‘F‘ﬁ‘é“@@ﬁr? t'B?gWﬂ%@?erat'%-pressures bei ng

control | ed by AoeordingMor @iePbREEHT RMVEANSH, Ghefei F8RdoN 2Rt WrSdu&BhLet S
p

fromtherﬁq(;:rparat ogﬁgackzﬂge; and 15 anal ysing each of the one or nore ases
to deter mIa"Y ASUGRHDMEathe mEthod Sompsising thasters fi oduced by the well. In

“this iy, the JUpPHARG o MURIBHAR AR frbAta SHH itfé@{ L Lo e
fluids produced byﬁ% wel Iq%o be conti r{ugﬁgs %e\és ed Oa%g&gﬁgﬁsﬁésé ée}f‘{qmer
subsea oP35K23%e surface when a vessel is on the well. 20 Wen there is

fficient fi ' ' t.d |1 _oroduct
est system t o rerno e AL Sl ige P iRt A B e et o
(cjiépa{ t  aH® MESSIres peing=tantrolied b?meaunn:nrppreis?dﬁ cviarol thﬁcéﬁf aflluns& beMofest
urati ongd L net _Ls _nNo Installed In e well.
Pl e B Par B ee: B

Al ternatively, re ce as an early production system For
subs#d thi s aaoaliisingleachesdhé one o atiré phasss Bldt@atine HeaMBOGE 4 quality

i nstall gtgd whi ch.,.as,.descri bed above, are costly, conplex and not
al ways %ﬂ@g%ﬁjégpf)ord%ﬁp L‘fyltg'fE é:'[ Preferably, the nmulti-phase flowis

separ ated by Inathisiwgy,tthe greswitiinvéntont MoRisdas irﬁﬁﬁ&f&ﬂ%ése?%ﬁinﬂhé fLfysdal
separatorog%ov 'S)ZS a @wtabl e separator which can be nounted in a subsea
a

separ at &' 2 WE fo hsatortipuiqusty; testeshang ppalysedh gltberisubise arcatithe
sur f ace sufface WhehQ GaNEE RBPHWEP either a rigid riser, flexible riser, or

one Z%r ore f\}v%\/n there is sufficient field infrastructure in i
place to connect the well production
test system to, it wilt- allow the well bore surface intervention vessel fo depart and possibly
retumn at periodic periods over the production test duration if monitoring equipment is not
installed in the well. Alternatively, it could remain in place as an early production system.
; For subsea this avoids the need for a continuous surface intervention installation |
25 which, as described above, are costly, complex and not always suitable for all fields.
Preferably, the multi-phase flow is separated by passiﬁg the flow into a toroidal
separator. Such a toroidal separator provides a suitable separator which can be
mounted in a subsea separator package, such that the fluids can piped individually to the
surface, or can be commingled into either a nigid riser, flexible riser, or one or more flow
30 lines. If the well does not have sufficient drive on its own to the seabed, artificial lift, such
as gas lift, can assist the well to deliver the multi phase fiuid to the production flow test
system.
By providing pressure control devices on the outlets from the separator package,
the separator can be operated at below ambient seawater pressure, or below the well
35 - fluid's hydrostatic pressure at the seabed, but will therefore require one or more pumps
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30 lines. If the well does not have sufficient drive on its own to the

seabed, artificial lift, such as gas |ift, can assist the well txs;dgbi/Ngig7
the nulti phase fluid to the production flow test system By providing
pressure control devices on the outlets fromthe separator package, the

separat or e@carbethamedididad] pHasRekOWeaTRLED tmrz%}é%ﬂg\rg a%g%@yhﬁpe;%ﬁseéjagk %{x@t he

wel |l 35 fluid' s hydrostatic pressure at t
requi re on8N®A Meicdeiaipd analysis of 6w PoBTMance ofthe yellh Additdneily] baing gbisies t o

t he surfac | ] f aration an re

det ai | ed a%évle;ksﬂessp b Ht"r?gédﬁgr ol BabHnd Sl o BRA et ?’&E?%gﬁﬁd"%'m e
to |ower iUid’shydeastatc pressumbeatihé geddeldowilltquickheationt e vashb B8 brayaBsHIfe, Or
bel ow tde lLui.d . tatic_pressure at t seabed, will quickly

o1 ow the Sl e s T RPN, TP GV PSS SPAG ber 7 prasnts whishyy.
For | ow preesssameetivobs sakehsevearalitialsh espeddlgaesie whil 6Bs praliopBbéBfed Bl
sever al d%ﬁ e%Becial ](%I f the well has previously been killed by

bul | headi ng B?"f' 9{Pgceh MY %‘é - The present invention also provides a
system for use The plesntinséntite AsSproFiaas 18y dtem féhﬁew%ﬁ@sﬁﬁggﬁbﬂeg%u}o a

subsea trge for, in use, connection to a wellhead; a separat package’in
fluid conﬁ?%?’f?é?’i‘r'd“‘r?'wrﬁ‘f“% fluid take off fromthe subsea tree, such that,

n useo a mul tix e GESIIGHGAR, EhcieRB 4 heyselgea tree into the

separator for separation into one or nore phases; and a pressure control
devi ce on each3adepgratobpagiage i fitidaommunicationavithep fuidtaie off Fomahk suteseaor
al | owi ng &8 sept@®at b 1 | [ | head pressures. The
separ at or package msi;ﬁt')jeggf g@ﬁ%‘@ﬁ ga?té%%ﬁérﬁﬁzﬁgrioﬁéy ee%LH’<§P?stree nfo t};e

al t er nat iSep@yator fanseparatiumintadorsdovmoteghasesand o al | ow vertical access

t hrough the se and into the subsea tree. Exanples of the
present i nvent?%&vﬂr?%%g@%ggeﬂggc?ﬁ%g fiane ?%Wf%ﬁeﬁetfcf’qﬂ e ggoarator
accorfSanyiacyage fwialigwing thend)istdm td-be opératdtPutdifieepb RBMid Sredsurds ew of a
st acked confi reat i on ‘of t g?acqpr esent invention with an intervention riser;
Fig. 2 shows a SCHEMATICCPEDIRASIARY Weipsriad sriacant e subsetrerar. sliemafivelys esent
| nvent i omayie ioginted atsovee theheahio dllod véfichl ¥ess tHrofgF R SEpErAi PacRigat | on
using a | oW AL et\ﬁsurte)
and into the subsea tree.
Examples of the present invention will now be described with reference to the
20 accompanying drawings, in which:
Fig. 1 shows a schematic side view of a stacked configuration of the present
invention with an intervention riser; '
Fig. 2 shows a schematic toroidal separator suitable for use in the present
} invention;
25 Fig. 3 is a schematic side view of the stacked configuration using a low pressure
drilling riser and a maximum well operating pressure internal riser;
Fig. 4 shows the present invention in a side-by-side arrangement but flowing up
a intervention riser;
Fig. § shows a further example of a side-by-side arrangement flow into a pipeline
30 bundle; and
Figs. 6A and B show external a:d internal caps for a spool tree for use in the
present invention.
Figure 1 shows the present invention in a stacked configuration with vertical bore
access 1o a surface vesse! using an intervention riser. An advantage of using an
35 intervention rise is that it can operate above the maximum well operations pressure. A
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drilling riser and a maxi num wel| operating pressure internal riser; Fig. 4
shows the present invention in a side-by-side arrangement but flogwgg /uRod
intervention riser Fig. 5 shows a furtherexanple of a side-by-side
arrangenment flow into a pipeline 30 bundle; and Figs. 6A and B show
external ardphRtéiiRkagens, ih@l[ldﬁ'n SPRPdicLI ePakbr Pﬁ%nh%sg&gat Brsgﬁﬁ%ndui

i nvention. Figure 1 shows the prgsent InvVention I n a stacked con I'gurati on
with verti d&l THére maented areundea spod hody 14 skalingis bnge exiendngfromiie smfadeser .

An advant a : | ' venti i | h .t _can er at e, above

t he maxi rruﬁfovt\gf'?w@pg? 8 o%@a;t)érrg%@tfﬂngrgeﬁﬁ)g’-%o}g'/%ﬁ?%ﬁ%y d'g%oﬁé'leﬁﬁgafk?%\%?(g’ge

10, i ncl.udéprpl ®odyridi the sepsatonpacksgk, aaﬁchta&sqmcb%ttmé s&)hn@,ljulmﬂﬁfdlyl In$oﬁ2,

13, are:no a_spool .body 14, having a bore extendin romt he

sur f ace® (HSEEAAE T e RR o e 7 veRel eit ey weTesd RSB Ao

di sconnectcpuektgktoltiie spspldde thdy 14, the separator package, and into a
subsea well. The well is provided,

spool tree 18 ul timately, int 5 . : .

at its upper e%g,éﬁﬁ’?cﬂ bggiﬂgf‘l’ﬁ@‘ﬁf"%@‘%’%ﬁ%?@”&ﬁﬁmﬁ@C'W'tt@anﬂ BrRiHeg

spool treeadd.21] Revaramls 2204hd JpbdrShBaMMIndAGmA 23) THEBMEHEMSIBMaYBE ¢eii NY
ng rans 21, lower rans 22 and upper shear/blind rans 23.

U tubina o :
The | O\IIJvelr hiflg, g%'?n%? Vo bng rams.y fha pheadblind Gmaveredesigred auh thahevhen
shear Hol | eerAEH, tAE péeﬁm&ﬁﬁfélgﬁliﬁé‘cﬁgﬁbing%‘%@?ﬂn@; BRS cﬁ?vﬁ.‘ézlin%*}ﬁ%inctﬁg rsHf

e or wre-l the riser an

through the coil tubing 9 Iogging cabl Ine within
provi de a@8fRjp¥idsra single pressHen Meshanisal isolatigg Hwarmérdretieenviten pteseurised

e o soPRoduRlGRHGY AR the HufaiCan Bindill 52 5hu o Myl Bl & 5% Brodida PP 0
barrier vabenss the eamsarid dpperdHeutd lontey 26 pradiation haniey vdhes arslocadThi s
confi guratj | f intervention vessel to run downhol e

gut %sé@c@e%%ﬁo&eha&ncf%élpﬁgﬁ?

noni toring equip an el | , yet in an energency can seal,

cut, thut downThisheonfigruratioml afibvesy tha dsutfazeomtaventidie vesset iy eRin @swhhaler . A
asses through a nulti-phase

productiaon fluid take-off 29 fromthe bore 15
Datve. 27 eateing iiSpfaarcin S ey Sl fres orlPeber PRt Bt dpuhat or
11. 20 Fitige varticahfiows afd idiscohAédt the iédbAtior dsdravi ng a main bore 40 which is

provided with ,exit Lines 41 and 42 for heavier _and lighter fluids
respectively. A psodugtion fiuid take-¢ff 29 from the bore 15 passes through a multi-phase

valve 27 and a multi-phase choke 28 into the main bore 40 of the separator 11.

d

20 Fig. 2 shows a toroidal separator 11 having a main bore 40 which is provided with
exit lines 41 and 42 for heavier and lighter fluids respectively. The exit line 41 is
tangential to the bottom circumference of the bore 40 and is mounted on the lower cuter
portion of the bore. The exit line 42 for lighter fluids is mounted tangentially to the upper

b inner portion of the bore 40. The location of the outlet is, of course, dependent on the
25 actual flow which is expected to pass around the bore and therefore the location of the
connections of the exit lines can be changed without effecting the operation of the

- invention. \
The separator 11 is divided into a2 number of different interlinking areas, a gas
stabilisation section 43, a gas toroidal 44, a liquid toroidal section 45, a liquid stabilising
30 section 48, an oil separation section 47 and a solids removal section 48. The usual
~ medium would comprise a combination of sand and other solids, gaseous or liquid
hydrocarbons, and water. In this example, the multi-phase flow production enters the
~ main bore 40 through inlet 49 and is separated into wet gas, that is mainly gas but with

- entrained liquid, which exits through exit line 42, and sofids, liquid hydrocarbons such as

35 oil, water and a little entrained gas which exit the bore 40 through exit line 41.
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tangential to the bottomcircunference of the bore 40 and is nounted on the
| ower outer portion of the bore. The exit line 42 for Ilghterfjgvgg/g@07
nounted tangentially to the upper inner portion of the bore 40.

| ocation of the outlet is, of course, dependent on the 25 actual f|OM/MhICh

i s expected to wew&rga@%aw@ WS R Ehrb G ﬁ{eo{;ﬁso @% ?&?&dl% Qr&i L Biral

connections of .the exit lines can be ’changed w ectin
oper ati on €RNAUHeS0, wita theopresswe/fiow ata @pnquﬂaCE byliay chieke |5r1twhiah s wpetheof

di f f er ent a@,p,esrt,léankgiag AP SerBolS 8@&%@&4& e§@5&u&?@9§kg°‘fh‘e‘?‘ﬁuﬁvg@ \the o,

toroidal 44, a liquid torol sect il1Si
46, an oi IW%feW & foﬂe@e@iplfbﬂ alﬁeamllaofsibblgis hoe;mtalaM amume)norfkaut Shendsual

di t
o0 S atgflec TR L8faif AR e etk BEe TR 5 anfl Sopdti sl 335 o
product i omlrwst@t aret peylv:dmﬂ o dimt\'ea#jblnﬁdnﬂ@wgm hﬁ% Bléeﬁgepdmdt\xi}]d?frcﬁﬁm@d ?éﬁg?]wnt 0h
t , a t rai i qui ich exjts throu
ot £ O e taak itd & Rk Yol 8 ithe MuEahash by bpviag Gaphedias, WEEE SR d- o
littl e enthreugieeaxigise Wh| pAssws, Viat Rqii@ téroftfll 60T Rt hetiguid StaPlsdtibn seftion

26/ 02/ 2007 Be wet as travel s quardI¥ t hr ough t he gas spiral toroidal 44
and a spi F&i W l‘}ﬁdﬁlﬂf' EPEGPPHIAME! Br & candyibQi.r Asethe dtidosnirals gown, theok e

51 whiloh &énduiit, bhﬁenﬁam@atga%’q‘%ép&%t&i el ﬁﬁéﬁ%@r E@méﬁ%f&e&?o%dhﬁ%@ﬁé on

val ve 53. The |i quid wthi he wet gas is forced into the outer wa
the gas tiRRAegA 054’*%1%* Hﬂ% %@mﬂjﬁStdtrseteahatosh%gaﬂs toroidal 44 Asdhe fliid pgeser s i n

t he out ersuRkt d&n IHSuGRIR tﬁ:ﬁ"du‘% r\%ﬂﬂe#ﬁ% ettgnec?v%d i IsQH& gd %ﬁ?h%ovgﬁ%g\a

aré provided to direct any en Se ara romt
fl ow bac,upnenmeapommamdttbtsos deparéted df’ﬁmaraxitllmespﬁ&mo hcqnnmbrimlh\n@rm apped

?ﬁts o] theqﬁ qui st%ﬁwg% ?éégntwse{e{):!] ?%%S]Urﬁgssé\ﬂﬁia o '§°’?V@1 ﬁ%ﬁ%ﬁéﬁﬁgbgﬁlﬁ of a

spirald coildhoke 6. As the |iquid spiral s down the 10 conduit, any entrained
he c nduyi t and i s

gas is separa t he inner rt

separ ated of f ;@ﬂg&ag ?mqsﬁgg'dé)g%g"ﬁﬁpﬁ? aii ﬁﬂ'&gé& s /lsﬁ‘édsg%’émf deptaRinga4.
As the fkaine rpaslealshqulmandil eny dana ok bbmwéhﬂ'éhﬁad?ﬁﬁﬂé flbw, pa<k blROFURSspifal
renoved, it upper inner portion and this is

separ at e8°'6‘?‘+'fsv? Ey Sé’)%ﬁts"'fr{yrfg? %g Ha%f 859 %?ﬁﬂ?ﬁ" Bthselifsdsplatiofyyalye 70 and

subs equemrdaqgrpasams choi@ P1.| TRE RsREmirRPwals lsaihaﬁhblléoetﬁl'cﬂ}g'hcg‘w‘él@r ¥sit @'@e
15 oil choke _67. At the | owernost end of the spiral con t

thro
t e S8 ndT BRSHEET PRRTS 78 PardieHEolonwaeSHAR thraugh e rtorshpke s or
solids entrai pgeh s '8 vEHRM wdPSTSdAorPest QRAGREESH to a surface vessel being

either a drilling vessel or a dedicated intervention well test vessel. This configuration can
be installed using a intervention riser 16 capable of containing the maximum wéll
: } -operating pressure by using a drilling vessel or a well test/intervention vessel.

25 Each of the exit lines from the separator Il for gas, oil, water and solids is
connected to arespective pump 76, 77, 78, 79 for delivering the separated phases to the
surface depending on the separator operating pressure. The choke line 80 can be
connected to the gas pump 76 to deliver the separated gas to the surface. The outlets
from the water 78 and solids 79 pumps are joined to deliver the water/solids, via the

30 intervention riser line 81 to the surface. The se'parated oif is delivered via oil supply line

- 82 back into the bore 15, above the upper production barrier valve 25, for delivery to the
surface.

If higher levels of separation are required, the separated phases can be admitted

'fpr further separation using a second or third separator. Alternatively, additional tubular




conduit via a solid slurry line 68, past a solids sensor 69, a solids

I sol ation valve 70 and through a solids choke 71. The renaini n%%g/zl(ﬁ)7
channel l ed through a water exit line 20 72 past water sensors 7

i sol ation valve 74 and through the water choke 75. Fig | shows a vertical

wel | prod n_test conf.iqurati ntoasur ace ves eing..either a
dri 117 ng Ve8I BS dighred sipart BE bherhy ety Inee erg . eBficing, pdiioral
conf i gur atseparaton béleréflﬁiﬁilﬁaﬁ?dom@h&g a intervention riser 16 capable of
cont ai ni ng the paxi erating pressure by using a drilling vessel

or a well test/ ”rﬂ%rle\/%Tﬁ %’F?'U Sdpoosteriige f3 on the i %Y?@“qnl"r%'§uﬁ?‘6ﬁ?lﬂ"ﬂ\§de
separ at or drivefflid @@powet khe painps, il SBbisidrive ﬂ&@%}ﬁﬁﬁr@fuﬁ kR FREH4, Ve
punp 76 77, 78, 79 for delivering the separated phase o the surface
dependi’ng Scl)thot'ﬂéf%%ﬁ‘éma’é@U@pékﬁmﬁﬂbe’br%wfﬁedﬁ'@tw%ke line 80 can be
connected to t e.
g @AShEWAT: CBnfiguraiidd Rl ﬁén% Wiy %l S2ining el SEHbAE

The outlets fronlthe wat er and so are JOIn rver

t he wat er hesvy tow presgurehdrilBag riseréi9/that does nmtsrequfree Aalegicatas] mtmvmtipﬂ aiser The
separated4gi|l is delivered via oil supply line 82 back into the bore 15,
above the upper production barrier valve 25, for delivery to the surface.

| f hi gher | evelTheafsesepintds attackedtorthg enmezgendyltiscompaciidrngthgikhgs ¢ 8 iscalowbe

adm t Qr further se ation usinhg,.a se nd or third s at.or

Ao 18 lstbul D sREPBE Aol B $0ch b iR 30 n bY eihadfiBd baTtA they as
part of Qmelrodinlmg:rﬁbe?xmmriﬂm rédwrr@Wsayme@hagNMemaﬂizng,s:améroaw:@n
beforet iral on uits. In a preferred exanp bhooster. Line 83 on the

inter vent R we $ePARIST ke Pa3FING Breugh A W'?mm 8B mathinhpgiseny t h
exhaust drive tha mbu;a&tpi;s@aa @aHPeldif piges ﬁrbuhg a.eca%‘?n%of% it GambRe 2RHMPS

coul d, alternatlvel be powered el ectricall g shows a configuration
that can 9582 l@p%g?@a!awgaaapw e, gnaxirara) welk pagg areSﬁ'ergvmi%mﬁt@B@w%et

dri | l4isng sy&epd cHPbk hah aﬂ@%nﬂ@&teﬂ%‘“srrf‘g heeflingaisefsb nfrﬁé%ﬁ%g%sgéu g8k 16

The riser which is attached to the energency disconnection patkage 17 is a
low 10 m%bgm@ncﬂhcklthcﬁglbui@mlpﬁmﬂw bedy efiibh emdrgenfyi discdringcibaskagde

exhaust ed pﬁg&d@?ﬁo%ﬁ%wgﬁfl %(l'ésgg riser, rather than requiring a

separate |ne |ng, cable or wire line 9, as well as the
separated oil Ommeﬁ@!dsfnlamha sucface eessel, teeyBarevilandled in e sarse manifiee

ind- capap P BRI R Mot ole ot RrsiR vel | “hore pressure. The
prodaeti on teJhe riserlines 80, 81, 83 and 84 are shown as part of the riser but could equally
be flexible lines hung from the surface vessel and connected to the emergenéy
disconnect package 17.

Using a field support vessel with lifting capability, the test module can be
positioned adjacent the tree and connected up, either in the stacked configuration in Figs.

s w{.

25 2 and 3 or altematively and as shown in Figs. 4 and 5 in a side-by-side arrangement.
The appropriate flow lines can connect the test module to the field manifold such that,
once instalied and flowing, the field support vessel can depart.

Figs. 4 and 5 show side-by-side configurations, with the separator package 10,
emergency disconnect 17 and riser 16 mounted on a firm base, such as a pile 100, within

30 the sea bed and connected to a spool tree, in this case, a conventional spool tree 18 or
any type of subsea production tree via a bridging line 101, through which all the
necessary fluids can be caused to flow in individual lines. In this arrangement, there is,

clearly, no direct vertical access to the well. The riser can be removed as it merely
provides the means for getting the nécessary fluids to the production test vessel and,
35  subsequently, passing the separated phases from the multi-phase medium back to the

-B-




15 system can be run and connected up using the drilling riser 89. The
drilling vessel can then run and |ock the tubular pipe into the hody29fdhe
energency di sconnect package connector 87 to achieve full well access.
Once the fluids are on the surface vessel, they are handled in the same
manner’  assarfased.f vl EaRVer Esirse! B8idondtvid ddattionar @bﬁﬁ%@rtﬁmd@ fﬁtﬁewﬁﬁﬂer

| ines 80, 81, 83 and 84 are shown as part of the rP er but could equally
be fl exi bl EOPRerintathegmaindiald.iéa gunanield (net shownn Susbransatangement in shown
ST 9ency indaCcoNNAf cHR AR oW SaR el i bf ded 4511 NG
capability, %e t est (r:m e can [:?e Hositt@?%'h%dg%{ﬁl}{gb?gé\rimﬁﬁé rsédgbg&?\edé 18
connect ed @pother typerof subseseproducienires irfdegendentaf the well psoces8ibg 2penation. or

alternatively a ' | i si de-.by- side arrangenent.
The. apptopri ot o F ScpRARERatkede 88 in o fruiy e hedluiuntir FRD Grtifgaeen
mani f ol d sticetly kabnecteditoehe spbal tread1&nThik lalivive the §ysterhite flow sa1p gaideavizss el
can depart igs. 4 and 5 ow side-by-side confji ations, wth the
separ a!to or %éﬁr'ga’e“si’&ﬁag%w%g’éw&f? 'HF?@éﬁi@EE'd%F"Qhﬁgﬂq%’é'Pe Wiaes RSnaEtBRT a
firm base thedefingsigar pitt@edDlessel ba Bepatttd frodGG il RRfvEaRBNaRt Mdwiy a
spool tre in this calse, a conventional spool tree 18 or any t){pe of
subsea pr g?ﬁjﬁ't"if%‘?? Ygssg! tojdeparty  Eheynal RyrRese ofithis i te figw towtitlhdsysiigm which

neces3ar Yid indegendedit obfeCaibsed thd flow in individual lines. In this
arrangenment, there is, clearly, no direct vertical access to the well. The

riser can be rdWs/@nples of srRachtrges whishi apade yiilised imtherasrangementig Figsel,

necessary i ' v e nf g
passi ng t%fglr?eéggr_sgtg gﬁ%ﬁ%?&%doﬁgt E?% 't%ﬁ-ﬁe%?gse m%%?ﬂ?ra]lﬂgg'gﬂ&tﬁgg s,ltt ﬁ%ool_ 6
26/ 02/ 2007ee andFig; &8 shuve aminteroal capufloe tedbepdarteeeri a addi ti onal pipe |ines

bundl es 110 whi " ' =] I a.a ni f.ol n own) .
Such an arr anggg Hﬁﬁﬁgﬂgﬁ%ﬂ‘ﬁ%’ﬁe’&% @@&F?“&%‘ﬁ)"?&&#’ﬁ%‘&w tﬁ? g%,{(%f?%? ?Qct :
vertital teethle separatoertO, do aahievee vepioal flowetwd ariatiorst bethé yspeolofres wps ea
roductiqn tr i endent. of the well praocessi operation. .5 The

g epar at o%”ﬁé% g%&'e [Hl%% Q’Y”ﬂerﬁ%de g-:ecs(?mobtr%ﬁ t%’r')' %‘ﬁgﬁé‘é'ﬂﬂg H‘*%ﬁa"'ﬁ? lisolatiog BAMRIT at i on
direct|y todmneellddwt 0 t he spool tree 18. This allows the systemto flowto
a subsea field, system qQr. usin a%‘fLexi bl e bundl e instead of a rigid bundle
110 to the sur@i@éc"bté‘?%aae'ist ecterbagd isepiedqtor 2 vl head g?\FQH‘cp"%gs‘EIa or a

separ at e cphaette 12Nand 88pbSitodyeree|A afichtalddaubiRg hahber £25 ifs%\%;:ﬁpbfﬁeﬁﬁﬁ'a to

depart. The nmain purpose of this is to flow test the s%/stem ich 10 is
i ndeaéndglﬁﬁaﬁﬁel?y@og@bmmquy 122. Alateral production port 124 provides a path for

the weill fluid to flow to a production master valve 125, then through a production isolation

valve 126, and into a pipeline (not shown).
In the main vertical bore of the tubing hanger 123, above the lateral port 124, are
o two independent closure members 130, 131. The tubing hanger is provided with its own
25 mechanical locking system to the spool body 132 and above is a second mechanical lock
~ system 133 providing a dual independent lockdown system.

| Below the tubing hanger 123 from the annulus, between the tubing 12 and the

spool body 122, a lateral port 140 connects to an annulus master valve 141, an annulus

| isolation valve 142 and to an annulus pipeline (not shown). A crossover line with a
30 -crossover valve 144 provides a fluid path between the annulus and production pipework.
'An annulus workover path with an annulus workover valve 145 communicates with the
.spool body bore 150 below the top of the spool body 122. A production port 151
communicates with the spool body bore 150 between the workover port 146 and the top

~ of the tubing hanger 123. | o




Two exanpl es of spool trees which can be utilised in the arrangenent in
Figs. 1, 2 or 3 are shown in Fig. 6A and 68. Fig. 6A representszsapoz(2007
external cap flow test spool tree and Fig. 6B shows an internal cap flow
test spool tree. To prevent the requirenents to renotely connect flow |ines
fromthe spool g =10, i i 1 qw,
two variations %’P %}%ﬁ%%%le%@gﬁgﬁpgéEéggg’g&%de.)&%ﬁ'?g&vﬁ\éﬁm\éﬁégIcgrﬂ'[%c)ie'hgpool
tree to prasg st@lidoddthe hak psofile af thesapenl body B22r Memitoring ahdhgentirlglpofts e A

spool tre LS C wel | ,head 2 sl ng._o
connect or PIded e ARBSEURABROVE AP fad SndubTraqtih el Hinalr H5%T 16

su pgor ted pamW@es?ﬁ:Atfqﬂrseal @She lspmaalibioﬁnfbbre 19;]uamnflilﬁtefr1w¢§p 35821].:1'64 prévieatsdfluid
producti on _port .124 provides at or,.t he we ui owto a

pr oduct’i oﬁo'%gg‘{rlé‘fa%k?gﬁiﬁ f@%,‘""ﬁﬁ‘g‘f?" Fto{ﬁ?na'&j pegyeian B‘Htig'gﬁl ation valve
126, and into an Pigued i Nhe(skPlratboY®has & RohREctémiith & RitéineParrdtfethef sitiiar
tubi ng ha %&123, above the |ateral port 4, are two independent closure

12
menbers 1 sree THRP t IRfT hahallgws verfisabundrrendeph predudiign and fswdismi cal

| ocki NG SyshRiintcatibh BeBo tHOsPbol §e A8k RIA¥ SepsraorsREONd Mechani cal | ock
system 133 provi di n%aa dual independent | ockdown system Below the tubing

hanger 123 fr ofiigure Sarhgmssthepgiserichinteraat tier aap 130 dhet loeks ancherslls tedline 122,
a | at ggal; \L 4 .

ol af] oAl beGoARTES0 ROl Mk, PRNon TRk Yap Do fas i roddi RIS,

| i ne wit Hselatdm seaj bepween the produdtorppont il and tihe andulpaphribidbuween t he

annul us and pr I i r S rkover ., path, wit nul us
workover val velﬂclj%? %%ﬁ%ﬁ%’ﬁgﬁfe@evﬁ@ﬁl ?‘%glu"y%%ﬁd%cﬁéfbbegwqé@%ﬁgﬁﬁgﬁe top
of the sjpxuddtidooafithé 23! Borprwithuot withoytahé trék taps ABOLUNTE i Biaceviahl whiea thgool
body bore_150. between the rkover port 146 and the top of the tubing
hanger 1§§Par?t7°r2%f/°?869te\ggi g 6a shows a external tree cap 160 with a

ext ertsal connawhen dir6dt weiNAEEdss Y rédiiresic d AGsUre ridifabdrebi3n); 981 havedlo bdie
spool bod ZC?. Monitoring and ventin Borts are provided to access the
2 o

1
wor koverO%%f?% remgye d N heo@ine anehrgs Parmessin the separgtord9yvil becorpe 818 des a
total seplimt@sdiforspaakbrddody bore 150 and a internal cap seal 164 prevents
fluid 5 comunication between workover port 146 and production port 151.
In Figure 1, the separator 10 has a connector with a internal arrangenent
simlar to the tree cap 160 that allows vertical independent production
and annul us




comuni cati on between the spool tree 18 and the separator 10. Figure 6b
shows the use of a internal tree cap 170 that |ocks and seals taghe2/3Q07
internal bore of the spool body 122. The internal tree cap 170 has a
production/annul us isolation seal between the production port 151 and the
annul us port 146. In this arrangenent, the spool tree will provide double
mechani cal pressure isolation of the well bore with or wthout the tree
caps 160, 170 in place and when the separator 10 is connected 15 Wen
direct well access is required, the G-6¥% e menbers 130, 131 have to be
opened or penovgd and. the.valve and rambarriers in the separator 10 will
become the prine 1solation barriers. 26/02/2007 CLAIM5S 1. A system
conpri sing: a sHEHOP! BRAVRAG Perg tharelrughit her et hrough; 5 a first pressure

i sol ati®g bar ri®firstpedspire Bolhidg satie cs@pnalto Laripoanedyape bpdpae th Rolkgol at e
pressure wi thi bRl b HORYBN SRSUIEL B! A A3 pA I ShaR] £344T € | 50! ati ng
barrier; an second pressure 1S0 I'ng %arrler coupled 10 sald spool body
and oper abl e t ¢S€EANd PESSSY; igclaling kartigr conpled theidsepd bedysrd preeablede sclatBove sai d
second pressur epréssak athimthe bark froe biessurd dbdvdlsdicdetarg pakfurd Boldtihg bahier;
communi cat i on i dfy bl S RidREHMEALSANH hd ERS pRL&ASHE e FALAL BBing 10
barrier and said second pressure isolating barrier; a sedhra or Ttnfluid
communi% at 12815 HRdSaFoRe Plesiuee tokalies brder: and a plurality of outlets di sposed
on sai d separ ataceparaitven tiidicoaathicaion &t chiqfuitrtaleicffyanaf outl ets has a
pressure contraql j , \ im1,
wherein said s%g%ﬁﬁggggﬁﬁgﬁghgg %hﬁﬁﬁﬁﬁggéﬁW%”aqg%ﬂzyﬁﬁﬁﬁkn$g§£@%§}nll,
wher ei n sdiPY? 8EPUFo8IC! dpirgrrwled thefetd-east one toroidal separator. 4. The
system of claim 3, wherein said at |east one toroidal separator is nounted
aroun 2 sai : ; ' wherein said second
pressﬂﬁe ?éo|a??iggﬁgﬁfﬁgﬁ1;Q“g%?%%ﬁ%%@?géﬁgﬁ5M%%gk$ﬁg system of claimb5,
wherein said second pressure isolating barrier is an annular seal. 25 7.
The syst e of Thasyatefs,of vilimriewisadidsaidyepratpor Saphisds 3t leatt agrabies sépiaorsai d
spool body. 8. The systemof claim1, further conprising a wellbore in

fluid comzuni cation wwth said bore.
. The system of claim 3, wherein said at least one toroidal separator is mounted around

20 said spool body.
5. The system of claim 1, wherein said second pressure isolating barrier is a flexible seal.
6. The system of claim 5, wherein said second pressure isolating barrier is an annular seal.
25
( 7. The system of claim 6, where said annular seal is integrated into said spool body:.
o}
8. The system of claim 1, further comprising a wellbore in fluid communication with said
bore.
30
9. The system of claim 8 wherein said wellbore is substantially vertically aligned with said
bore.
10. The system of claim 1, wherein said first pressure isolating barrier is operabie to isolate
35 - pressure within the bore from pressure below said first pressure isclating barrier when a

tubul_ar sfring is disposed within the bore.




30 9. The system of claim8 wherein said wellbore is substantially
vertically aligned with said bore. 10. The .systemof claim]l, v@gygizryza(ﬁbql
first pressure isolating barrier is operable to isolate 35 pressure within
the bore frompressure below said first pressure isolating barrier when a
tubul ar string is disposed within the bore. 9 26/02/2007 it. The system of
claim1, further conprising at | east one sensor on each of said plurality
of outlets, wherein said sensors are operable to determ ne the anount and
qual ity of 'prodb¥Eeprb®Rinddfumipr eanprivieq 3t leas oo senppion gy ob RGBT m 1,
further conpri sbutlgtsawlemivesaidrsesers gpagicat)ie t¢ endmabkhy =60 upkadqiatty ofsai d spool
body above sai d;3&r@nhdBaty Heeh SOl ating device. 13. The systemof claim
1, wherein said first pressure isolating barrier is a ramisolation
package integrated into said spool body. 10 14. The systemof claim1,
wher ei nSeadh of Thelrgstgh af ddim tl yfutiter @urtphigvgsa lbwemsdr pecksgpamatably coupledeonnect ed
to flow lines !ghs@spsglga@@b&elsaﬂséeahaa?@ggu&figo@a%ﬁgf&% re. 15. The system of
claim1l1, wherein each of the plurality of outlets fromthe separator is 15
connected to individual flow lines to the surface. 10 ABSTRACT SUBSEA WELL
PRODUCT| ONT¥LONI@¥SHEMDT chimmityWhedinahidfiitsopressgredsofatifastesarienss lalrar solptioovi ded. The
et hod conpri sesackdd€ intlyRiRS int®baid HeARbY N9 @ nul ti-phase medi um from a
subsea iree 18 to a renovabl e separator package 10; separating the
rrulti-E) ase flowinto one or nore phases at the desired pressures, the
pressures bei nglhesystanpdfickin byvheneis eech aithe@lupiip 96eutiets fontheskpaigeiices 51, 67,
71, 75, 76, 77, coffected & 1R iAGn Hpre TR g Qb LhBask- it he separator package
10,y and anal ysing each of the one or nore phases to determ ne the anoun
and quality of products produced by the well. :

15. The system of claim 1, wherein each of the plurality of outlets from the separator is

15 connected to individual flow lines to the surface.

10






