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+ 22 July 2003 5 This invention relates to apparatus for dri Ibiggygag
conpl etion , of subsea wells for controlling fluid flow from an vvit?ﬂn ,
such wells and for subsea fluid processing ' operations. Background of the

I nventmwmmmmm\m,mvent ional |y,  subsea coripl etions are carried out froma
drilli platformprimarily designed for well drilling and

i nst al | atioaeef the subseaSUBSEdSOMPIEHON AFRARAIUS hi ghl y speci al i sed
and expensive to operate. They have wusually been used to performthe

entire installation sequence of the well head and conpl etion. M\“ﬂm\“‘mn\mm\
key conpongihg oﬂh thﬁl | head and conpl eti on designs' nust

or renoved I1nh a set" sequence, as the installation/renoval of one cqgapenent
i s dependent on the prior installation/renoval of another. Fox exanple, in

a conpletion including a conventional Christmas_ tree, renoval_ of the tubing
hanger afdTBisosyention Telaissnty perpsptEedor dpifine, andy (Gogpletions 0k Isubteat Welly fere.

W th horizont.aly. .desi gns., the,tubi. HES i RQ: s - he
pul 'ed pr i St 3R cindafom i kR SpR Gl 308 ol Subtld RS Bkt
be necessagyerhiénsi®i nt enance or .repair of the valves and other equi pnent

i ncorporated i'n the subsea conpletion, including the tree. 25 GB 2320937
concerns a horizontal subsea Christrmas tree in-which a separate tree bl ock
is | ocat edgoglfand urrgu ds I& substantially cylindrical wellhead housing.
Hydraul i c Barkeraund;ofdie layention, o1, a corrosion cap at the housing upper -
end and gn internal cap provided in the housing. These |ines pass through a
tubi ng hanger to a downhole safety valve. 30 There are several known - .
sol uti ons Conventionplydabstanompletihs aredcagred oub fionhe dritling rvessel nplatéum ne

favoured sol.uti.on.is e several single.wells.are.drill.ed and, conpl eted :
and 1 SUBSPATE AR AT s S et o St Bad chitbene. .
FP- 08- 1042yre 1ghidUb¥cidiidd aAd expensive to dpefitd. | TRSy Rdve BuAIBIBRE Jst@tB patdimel | -
al ong ‘'the ‘seabéd™ 0 a centrally | ocated--manifold :
' the entire installation sequence of the wellhead and completion.
15. ' '
The key components of known wellhead and compléfion designs must be installed or
removed in a set sequence, as the installation/removal of one component is dependent on
the prior installation/removal of another. For example, in a completion including 2
conventional Christmas tree, removal of the tubing hanger and production tubing requires .
20 the prior removal of the tree. With horizontal tree designs, the tubing hanger and its
tubing has to be pulled prior to tree removal. This is a time consuming procedure that

may be necessary for maintenance or repair of the valves and other equipment -

incorporated in the subsea completion, including the tree.

25 GB 2320937 concerns a horizontal subsea christmas tree in which a separate tree block is
located on and surrounds a substantially cylindrical wellhead housing. Hydraulic control
lines run through a cofrosion cap at the housing upper end and an internal cap provided in

the housing. These lines‘pass through a tubing hanger to a downhole safety valve.

30 There are several known solutions for the production of oil and gas from the bottom of the

sea. One favoured solution is where several s'inglé wells are drilled and completed and
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-02- G
u%?‘tozp?%%geb-@nm he seabed. Such a systemis disclosed for exanple in %E?

* 1271. The subsea manifold thus collects fluids from several 2gaiulys2003
equalising the pressure differential. between the wells and punps the
conbined fluids to a.production platform It 5 has been suggested that a
subsea mani.fold al so may have processing Zqui pnent; e.g. Troll Pilot.
Mahi fol ds are very heavy and conplex and are usually installed using
speci al cr Aaelipas gesextbmdeddiormi eaoh well sloge theusdabed tof a temvdllyniesateddnanifold
connections are needed. Process, separati on_equi pnent is_conmpn

.g. |

pl acgd onhﬂnit@éﬂcﬁépnﬂh?%abﬂ@ pgrlt‘jhgcﬁg’ﬁtéﬁl liéissloa%dffsﬁrﬁﬁémglﬁéhql?p%%l@glll ¥hfhi ds -
[ t t , :

rom t ne nosg el T, Bupdis PROAF RGN, sbvclr, bAfls°CHRIRM 1 prdBhRd

_ | Sg Font ol Processing can 0|
equi prent  §afer&ail beRvERY dhe wells BhE phmps thetdombin sl emdsHo, a protiedticAl pladisrm. It
injection, "artificial lift".technology or chemcal injection. 15 Fixed or
f | oat i ng Sphag beenravggestedothathesubsss manifeldyalioanaehavie preesssing equinmeyt, aee Eedbr y

B O be bl JPiek MAaE SRS vty bed TSl and Epo ARk SRR o8B Bkl e
there is abéljﬁg%thlté?ldﬁc}%, £ ndRBE o AR ek RRY cSiRctiths UeEhkedBl.0AL | NY

pl atforns cai be used at -any depth, .but they need to be held in position by
anchor chains, tension legs or dynam c positioning against the heavy 20

wi-nd and wave forces experienced. Al ‘this e l.ii nt. .i ncreases the platform
wei ght | andPERSREh 68 (5P ARRET RAVRITER! FisCOmmARY hiaen ol Bied: 65 fcating praddption
| and ” . iy g
el emen ié&;bfa*efoﬁ%eéuah g{esg;‘ﬁelﬁmmsheeé%a{;ﬁxm HeCoiRfade A6 VR ?ﬁc&m&,eeﬁg't%engn

gas fiel at” gr €at er s are t costs connected wth the runni
retrieval edpardiiongef watenfrohethedydrdclbonsiaddigas feor oflh Preemsbiag cah alsb dheade

| onger tine to make a "frip " nd, the lLifting equi pment nmust be | arger
There i s . COHBMERbIPE sandesatpveh ¢ @W@Q%fld%vegr Yal; WllET clygap dnigotiony "arfificial

, expl oi t at ;g 157 ¢ reat depths; e.g. down to 4000 neters.
Al ong w thh@hités&?ﬁﬁeégg%?gﬁé}glg?oﬁéeg%&need to be able to place nore :
processi ng equi pnent on the seabed, so that the size of the platformcan be
reduced. AVENDED SHEET. 22 July 2003 3 From (B,2285274 is known a subsea
syst em cbnBixed; oy foatipgrnlatierms are o AFGERSKY VERY AUEE dBt PORF IR (98T RRASBSFY of-
outwardly prolge L5 anMUlifY £arde WelhtiRrehiing HEdthOtH bt Hei ARtforiP
that the t g‘#%lb%t%eg%g% ?éa? nstlaﬁ'l ed through a rei g'ési r%O'np.gdl The -arr?ns ° .
i'ncl ude neawst boincseaspboonrespondinglyl Fohifixed platformns thiert ip ladineit toothetwaterdsptlr e

section can,process | 1. flulds.fro |l the wells, On roblemw th this’
ar r angement” t@ﬁ}éfa‘?\,\ﬁg P@e‘{/\#](fj’a%‘ég_ H‘i%ﬂgﬁ 5%’:?’3 ed %Wh‘geé’ﬁf’ S’I’It &?XWSF@“ be
because a el inipositidndby hcHas kBNns, tBidH RES oP @)HEB poBitibnAB helmMEl fhe!Havyst
therefore be flexible and have connectors. at both ends. Such an arrangenent
t hen mea?is wiidand waveiferces exprnisnesl. ddkthig ¢quipment dncreasep thefplatforth weight et t o
conpl ete the system GE.Z 19795 di scl osg(f a subsea tree in which is | anded
a' t ubi ng hSPgRIEXRG Vih AN BURs Feans Moeicd P8 bore. A-tree cap is provided
that includes well fluid flow control equiprment. The discl osed arrangenent

does not permt i ndépendqnt installation/retri eval of the flow cont r ol :
equi prent  Amdthen elendrit rwhink meakes itSmoereexpensive keexplorsrandadevelop mabseadeil addoped

wel | head and | eti on,_copmpgnent roviding greater flexibility as r rds
nstal | ati 8% A & Fearh doBiE bR coua oateqe PHE dhn apENEe 8 BEIEERT ey
conponens pQMghﬁﬂt BLtveR HREARPICE Aind THRSsAREI OF BES 1AL &XIAE tOWaRES "Rip "R -
wells to be“connected te subsea flow control and processing equipnment. This

may be prottiediftingrequipmentmustberiargesr i tti ng great er -st andar di sati on- bet ween
i ndi vi dual. conponents. A given nodule nay al so be readily suppl emented or
repl aced by another when appropriate, as control and processi'ng needs

change thr gugho tieifotd A% fo AevdlDF MEROEf IR sydlrhs for the exploitation of -
. hydrocarbons from great depths, e.g. down to 4_000 meters. Along with this there is'alsoa .-

0202 0046

30 need to be able to place more prbcessing equipment on the seabed, so that the size of the

platform can be reduced.
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In a first aspect, the present invention provides a subsea conpletion
conprising a well head from which extends a production fluid conduit; the
conpl etion conprising a barrier package for controlling fluid/plyés from or
to the well, the barrier package being renovably | ocated externally of the
wel | head and containing at | east one production flow control valve capable
of containing the well pressure in use;3characterised in that a 22 July
2003 4 continuation of the production fluid conduit extending away fromthe
wel | head is releasably coupled to the barrier package by a subsea matable
connect or  wWhef@PyptRes DAL UnBHn B%ﬁ’dﬁé’zﬂ@st_@ﬂ%ﬁﬁﬁ%%”ﬁﬁhglaw Wil Dsdulle cuife! head
respectively can be installed and retrieved i ndependently of each other.
The barrier pestidmayith seninghernof avtwarddys proiesied asms, twiiclf canchy dofp during

Christmas tr {18: -Ar &0 ' i it I | of
LSS L R et TR 85 e iy B B P18
i ndi vi dual coejude ewsrs, foresuppirtiag & wgll while nevanifbldrpliced ge thenwnicoseoti@xcahior gi ngs.

At the same tjne this .permt t il iby.dn design.t it t.he
Feaqui rement s Pioposs A Ry BEG T b S o RSy s S SRR Bl g
f1 ow control bedinmpasient snidniatiea fechexamplertacaisees wellr isi stightlyaaskevaf THehgipayai n
wel | head structure to barr.ier ckage | pcated renote fromth | | head
leads to a dg%t?"’@e_r‘i‘ ‘V\?i]i‘ﬁ’a I‘F?é‘l,f%lf‘it%f ?S%?esbes@ixf% g hays C%gectqr%atab‘\ﬁ] Svariety
of operat i ngSgMVinafMEBREHS thed RRarR AN b AimBAGK ABSa TP atlfRs s bd pbrRAM&T in
retrieved i ndependently of conpletion conponents |ocated within the
wel | head. Mopweite complee be systed i | | i ng vessel or platformis unnecessary for
such installation and retrieval. For exanple a smaller and |less costly to
operate diving support vessel can be used, freeing up the drilling vessel
for use el setbel3d979Calisclosps aankpes teeain avhichriplandadartubing hangerehading atvetticalg hanger
may be conse Y2 LN l.ed. i I i Ihg f nove t he
HOP st ack anﬁ%%%l? xlé?g?lje'o%h’gr) C@o‘%@ﬁ@?&@%#ﬁggﬁycﬁ %dgggév(‘:’ Egﬁg/t}eol %%@a%ééﬁl ocat ed
at the wel | h@addiscdosed amangymentidods nonperinit dmtdpendent énstallativalretidval of thedlowr ees
have to be posit{oned on @@elgen re line of the well head; the barrier
package does “HEP! CIBRRY ARG BAMPYRIMEYT horizontal tree serves one wel | head:;
a single barrier package according to the invention nmay serve one or nore
wel | heads. Preferab&y an annul us conduit extends fromthe well head, having
one end in carmmareefitholavention a t ubi ng annulus and its other end rel easably
coupled to the barrier package by a subsea natabl e connector external to
the wel | head. A workover conduit may extend fromthe wellhead, having one
end conmuni c3¥e hage dévelopel wedlgeadrand sopletipntcampengnth areyislingrgseater Vlexibiliiytdsi n t he
wel | head, ang j LS. e | | y: GO i ckage by a
subsea mat ab éhggﬁﬁé@%g? %@t%&%ﬁﬁéﬁg‘vﬁ% %g+§ﬂg%§?&ﬁﬁ§§%5%%§%%§% %@nduits
thus permt témpodents dueing adch@rocedurdsi Thet domporentslaBd ialhew wieaort here lbally foebe
package, equivalent to 1-02-2QD1 . GB 00000046. ' ' FP-C8-1042 22 July
5003 & t he 'FoBENcH ﬁooﬁ‘ib%@)?@?’vb‘l".‘é‘“ A PT BB IRP Gl 1 Y DR
Chri st mas trapduldhforiMapérRiting QRARE kRAhdardRYioP DeGRBR iRfieduaP Ubmpunehter Abl y are
conbined to forma unitary hub connector. Wen the or each connector is
di sconnect ed given pedule redy alsh de tpdiysenplessaiad enteplacad bivanotietohes apgrepsiate s
wel I head is 95n%%ﬁlpllo es?i?%ﬁe@cﬂ B @thi’oﬂ%%‘ﬁt th@fifé@clgrof ﬁ@ﬁ’ssocatfb%v&eﬂpi ng hanger
may contain an annulus m/passﬁge connectedto the tubing annul us conduit
and containing a flow control valve of equivalent function to an annul us
master ' val ye, terpatively this valve be,.positioned in t.he tubing
annul us, conxthitfﬁd%traspﬁcit 511?5 plréée%elpml 24 _prov%g atwggeﬁgco%)ﬁe&gp C%‘?”%ﬁ%g contain
a flow. gont mllhewg!fmm which txterded }irdiﬁuatlidnpﬂlﬁdiu_sﬂduﬁ;nthf:|cuﬁ1ﬂl_eﬁdn0wmpﬁ§iﬁ@ge

t t t t Lt t t t
Che. pr oduct | BFHASEIGEe JacWERNE AV BHEN IO B o IASHI PR on.
Al ternativel yelﬁok}%.b?y WRMUPeXERNIIP B O SHelhABGRH et RNQSURE igmauéﬁw ifgwecondui t
or in the 15 well head. The I'l head may be of unitary construction or may
conprise a fkowrospdet capabln ot candpiniog theseblapresserelinuks; chasddtérisedlinghatta and
contai ni ng the tubing hanger.




The barrier package may contain valves of equivalent function to the
production wi ng val ve) annulus w ng val ve, annulus val ve, crossover val ve
and -ot her flow control valves 20 nornally found in a convent?? had0%,

hori zontal subsea Christnas tree and even nanifol ds. These val ves nay be
separate subassenblies or grouped to, fgrma service valve block and a
prdducti on flow val ve bl ock. Where required, the barrier package may al so
contain a profildigh oAk GrodRURINAE bRl FRBRECHEY fétn e WRIIRAYGLT On
mast er val ve or w ng equi val ent, and an odt coupled to an

i sol ati on vateleasably qmapied tl the d)ammepackaged)y 4 kubsed inatebl@ Somneetoewharehy thihe

barrier pack conveniently be.used t use an nt
needed t b conties ReeEn g rusopine BRUBTE wfhenhSB-ARh Sy et AR
devel oprent , regi¢edd idepentidntiwof@atiestier. det ectors, sensors and chemi cal

injection ports. 30 ~ . . ' AVENDED SHEET 22 July 2003 6 In a further
preferred enmbodi nent, the conpletion conprises a many-sided franework

conpri sing STHe%ﬁxTonr Iﬁkka@@ﬁ@%hﬁs AL ARER IR FMARRIOT tHe MBriRARS thedlin RRRE ke
and/or well fluid processing nodules, characterised in that a plurality of

sai d wel | heagipletiens) is et aravides watrel of Auid dows from and/erderaaiell, buhid mayibe ng
construct OnasE’ mbtléaefr&ﬁ‘?i%\’z‘ﬁﬁ%i c%@]ﬁo&ﬂ{s”@ﬂﬁ@%% ﬁ?%eéd gdrdihr)ée GHg '18@%1%9 to the
structural ers So as or att e ranewor prior

installati onfongingshbt the srertingthis cpamnb greahiixibility in design Itcaslmnhesnﬂtplsmments

|nstallat|on ol and ropriate fluid flow conn rs is
inneabsanr v ofpaRieBafnpline o, FROIRRIGR f we bR conflFSERER AR T o
may 13e be i0hrRaiagtee firming ;fahe)fftlﬁeamawdnhdao sfr@dtm %4 & Wadrier pdckage Mﬁ@ nts

t hereof; so si I|fyl1 g he, frane truction, nag aV| ght and
material s, VREPE foprneNeligadeats o o agw k npyepllesB s suaRle Py e

advant ageOUS‘lfalﬁet?Q)fl@@ﬁtn?gS elﬂnrbﬁﬁ@’ﬁ{satlﬁe fb%le{fflzickhqé' ﬁa)WBé |1nsﬂ1[léd bt @Qr@l@@r at i ons.
Fluid fl ow connécti ons can be established heads and wi th

fluid flow cspewientingf completiansqomporeatsilonsted within the wp.l&,he@dr Mﬁéwaﬁwssw @errpl at e,
th h
Wi a very &mg@r%&@}'&eﬁ RS d e#@?&é@tfdps&lvﬂlﬂéf%ﬁatfdgl | SWQIC 6rcé52§m idhe

tenplate al so fornms the usua ion of est g e cor ect
spaci ng bet weemalichendusss ¢nstito. oneratcGBVRR GREBKT Vesseh bannbe wsedt fageingrup thenpl at e

frame. Sever&arp 11£’ga?£ e?tf@rsusgae'&egﬁeré Oéa@ﬁg qtdg%?s 5]1? fPiof! tdb gﬁld au@}’%%w!)?kt he

tenpl ate are ons for variolus no er conne
Since the rmldngcﬁsnaynbs toreuiivedt mtdtlkedl 1raﬂhe pekiced wrtlnnunbahdgdo: Mmcxymhei BOP he

tenpl ate, an e nodul es at t| ess to renove
s o “rosur CeRKERR RS She Do et baftler bielieg S E chio L AR SR F et vde o
plurality ofnerdm};a &G {zbmg ah@e@ivmglaiﬁal mﬁstmhbetréaahwegds b pesithmesd oﬁtlmheoéelﬂeé fl Ei d
processi ng npdul e ul e acka nd connge ocati ons have
a common conMcefi tﬁbwgﬂl?eé&ftgﬁgg@ﬁ’bwci‘%&t&ﬁgﬂ?}l g¢ ﬁ%ﬁ%‘ﬁ%”é YPOH 1801 B
00000046; " ervesofdBrelifidhd; 2ingld!batrietPackage aberdifg REME KHEROH T%‘ééﬁé”'oﬂéaﬁh ot her

and secured at ana connecting | ocation on the franmeworKk. IS system

achi eves a gneIaMe hegds gree of standardisation than in prior systens. For a
given well conpletion, using the present invention, fewer and snaller
nodul es/ packages may be required, so that they can be handl ed by snaller
vessel s. ' Ferefehbly apamfibs canduif ednds fem the evetliesd; rh'a\li@briaehd)'m/ cemmhnicatiber ence to

Egg C(rjlr S}[MI ggsgﬁw 'Pﬁlg)n%? %\%ﬂh% lgndi%s &Bérve%d ?&Pagglyngo%lsed ?0 therbarriep\{)gcrl](%gle ny a Bri ef
subsea matable connector external to the wellhead. A workover conduit may extend from
the wellhead, having one end communicating with a region above a tubing hanger received
within the wellhead, and its other end releasably coupled to the barrier package by a subsea
matable connector external to the wellhead. These various conduits thus permit fluid

circulation within the completion via the barrier package, equivalent to



22:1 202 20051 ar-®abvemati ¢ sectional view of a wellhead formng a first ¢B OOOOOOA_'G'

" enbodi ment of the present invention, w thout the barrier packags 2008t al | ed,;
'~. Figs. 2a and 2b are simlar views of respective alternative
embodi ments, Fig. 2a being a partial view of the wellhead on a slightly
| arger scale; 15 Fig. 3 is a diagrammatif plan view of the barrier package
installed on the wellhead of Fig. . 1 , ' Fig. 4 is a side view of the
barrier paﬂi’&igﬁcﬂaﬁbm@bisﬂﬁemsmg d:cgweﬁmnam op dwtizaitalsenistrny tré¢.g The ariodd
diagrammatically ‘illustrate varlous stages of a well drill,ing and
conpl et i onCORRICEAT Y bsissparatsebyf preferablicare combpined fr, form, aowntarszbuhmgmeq@r
shows apparatus of the invention underg0| ng a workover via a BOP;, ° Figs.
12a and 12b illustrate two alternative configurations of the apparatus of
the invent When tHede eRhNdnhettoma (ﬁﬁﬁohﬂedﬁaf kOl of thiecbraeadle dosmicRY associated
I ntervention package and riser; . Fig. 13 shows a nodification of t he
appar at uss fithrthg w mC@ﬂrsmr@feraglwﬁegl@dtbyrawab@ophlgprpapthe 25 event of bore
damage to the well head; Fig. 14 shows an alternative connector hub which
may be used, in-the present "invention; Fig. 15 is a top vi ewillustrating a
barrier pa?‘h@@@oxﬁ? ?er'rﬁé[}e%ﬂtﬂﬂ aB%nHI%@ﬂW]?b etc'oﬂh&t&fv‘{& the uﬁhﬂ% anmftag1
show various alternatTve Darrier package configurations and arrangenents
for 30 thecondwnast Cmruaming 4 flewexinitrob xalva od equinaleit ﬁmuomMENDmxﬂiHEﬁ“ﬁster

21- U2- 2001 GB 0 000046 FP-08-104 03 8 Fi 22 IS
aneomt o usle. Aimmativaly this Eele B g pogitiond i e Eigne samy %P%“‘%‘Htﬂid? |%
th 3 t f
e invepy wenhe{agT& Eﬁgf@ﬁg&:qﬂﬁpaﬁsl&mﬂ al fiSw! d@g@ﬁé%%ﬁgﬂg use |n .

use with a conventlona tree so contains a
figs. 22, ﬁﬂ;du@ﬂcn Ixnjd Bow ﬁalssag§2qonﬁ&temtb 84ybifg Firigg; this valve ﬂnangaI fupctidrows

flow connect 1.0 I bl e usin enent. of fi 2; . Fi .25 and
26, are si & éﬁr‘}‘&n}g@é e praspction. ?/afn%‘?oné(“f ]9‘31'?8 lc on. i gg.
27a-d il lustrate various possible terrpl ate configurations; Flg, 28 is a

schematic. plan view of a preferred tenplate; Fig. 29 i's a viewsimlar to
fig.. 25 shalfenptivelyt this vabteaimay; bet podifigned3in the productiony fleid canduitsmoiditieg t o

fig. 26; Fi 3] -33 ar ematjc side views show ng conbi nati.ons of -
ol es: el HBedvelibedd BB Pl B SPIRWORGH o M FRPRe o o

gui de baseggonnected to a separate lower wellhead part and containing the tubing hanger.

The barrier package may contain valves of equivalent function to the'proauction wing

valve, ahnulus wing valve, annulus valve, crossover valve and other flow control valves
20 nor_mally found in a conventional or horizontal subsea christmas tree and even manifolds.

These valves may be separate subassemblies or grouped to form a service valve block and

a producﬁon flow valve block. Wherg required, the barrier packége may also contain a |

production choke having an inlet connected to the production master vélvc: or‘wing- valve .

'equivalent, and an outlet coupled o an isolation valve, a manifold c.onnectbf or flow line

. 25 connector.

The barrier package may conveniently be used to house any other equipment needed to
“control or monitor the production phase of a given well development, such as flow
meters, detectors, sensors and chemical injection ports.

30
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Fig. 35 shows various different nodul es used to form enbodi nents of the

i nvention, and conbi nations of such nodul es with various tegglates 15 Fig.
36 illustrates conparative installation and workover tines f P“&ﬂ96npletion
including a fl ow package and controls cap according to the present
invention, and various known . conpletion types. Description of the
Preferred Enbodi nents 28 Referring to F6g. 1 there' is shown a wellhead 10
supported in an outer' housing and a pernmanent gui de base 12, both attached
to a conductor casing 14. Casing strings 16, are suspended within the

wel | head 10 Jaya hﬁfhgﬁpﬁfeﬂr?d erﬁbddithﬂn[]ghéto“nhprQthprlsSys mﬂylelded fraﬁeva)rlt ubi ng
hanger 22 | anded mﬁthlq mellhe The, tubin n dﬁﬁ
vertical 25 ©RPHSIERSEGHEl members srange &*‘BIPQ“ & parrigf ?fﬁ‘é@

string duri ngodRideaiGfules, chraREREY I théth ;mmaﬁty oP kA4 %Hl\e@dk Jré Whted ™ tAd ver ted
to a. tubing hanger side outlet 26, by a plug 28.in the through bore 24.

The side outdomerscsihafmmenpkandidutingcopstegiien efdhe framawork ara permanedtly Bad/i ng one
end 30 exte ot her
end (ot shoiae sBRQUA R scliat fumber 0% 1 08 N put PERC I ARl
connect or, domlb‘tlmthmsystﬂnmllbse@onnect or ANENDED SHEET GB 00000046 '
FP- 08- 1042 22 July 2003 9 ' hub 34. Chain dotted line 36 indicates the fl ow
path provided by the conduit 30 to the hub 34. A further conduit 38 extends
t hrough the Inethithesd tisd theer wabsea Bidtallation (sfuzbspfpa spiadladmkieapﬁropmlﬂémtdoﬂoxpart in
the hub 34, as indicated b ain do %f h H end %OTgU|t 38

wi thin the viORMORS UBRREERG atherequite ik gwcfaaaels esmAFL S8 T | o,

passage 42 fggyTRél be iiftegriRd tintoi the fAMBEEK tazfomT b@udtd%ﬁlcédn%néh@st erREY; tshe
conduit 38 and the fl ow passage 42 is seal ed a pair of sealing elenents

44, 46 cor neﬂmpigfyma dhet ftasmang i songiauction andrwamﬁrwh&@ndotﬁatmﬁ Whewd#aior 30 and
the tubing glﬁﬂ@%felll%'adjsear@ﬁwlﬁ’éd b ?ralfté%rk ) de%ﬁ@ée@?sly Eeﬁ%ﬁ]ﬂ%ﬁerﬂﬂa& e ; gal Ing

el enent 46 further seall ng ement . er conduit
ext ends t hr ongHple W@llvoblllnn@emraﬁp@e Flyid ﬂow,zcomreemna car@)@atest@bilsmOmeallt the tubing

by ‘Che chai rvRe RS AR R0 N SOANESAP boRBSihe LR, gitnd fomBhork W T 200

10 communic ammplam,avwli & veramidhawdupalseatfe nflle exsubsea ilowg carneationsatbhd templateal tree
56. F t i | at d f d d d b
GIAERAE T R T SR

W t hout. the tree cap 56 in place. The tree cap 56 is sealed . to the

wel | head by nment 58. ctrl cal ti and/ or
vl aul o sl GE a0 dt SR Shidsit mplas, v WETkAL G RAG BrLiop Rt e e
rout ed t hr ouggetlief éinfoudilager ndiig &h tRe? tehiplaté ragee lozations For vaxvusUNGdaRE iaad from '
there. to a workover,/ productio trol ) is achi eved installing
sui tabl e |1 rRIcFRIANCCtng RRSHOPo| Wngéo ReBpTUSR musiobe, Restle At i e¥eimmr~
production, BekigR Mohé t&rﬁ)‘l)at@%n'eicﬂaﬂgé 8f mBdliles WIMOM Qimek ffakk i ReceRRy s, and

i ncludes a stab connector V\:hl ch nmates with the various lines .
remove other modules, to gain access.

The framework of the invention may include a plurality of connecting locations for the
barrier packages an other fluid processing modules, and all modules/packages and

connecting locations have a common connecting interface such that modules/packages
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25 tn the flr-®904eap 56. During wor kover and installati on) a simlar stab

" conpector is provided . on the various running tools. From theycxuarol s
cap a suitable junper extends to a . controls/communication. interface
provi ded at or near the subsea well, for exanple a subsea control nodule in
the barrier package. 30 To provide isolat7on of the well required as part
of the conpletion operation, the tubiung hanger through bore 24 is closable
by a renpt edty teperctianged aviie eash dﬁmnambemuruhlat/@tnﬁwmuh@lﬁﬁm' on the

21-U2-20U1 .GB 00000046, FP- 08-1042 22 July 2003 s .unohstruct ed
access to CREEHAEK- ng%g@~ systqe fclisves ﬁegrei%tﬁﬁ IdﬁgreFI mﬁtﬁ%\i@iﬁ%‘%z 4 1 gnor
t ubi ng han C 8 lggienls fmbér

el ectrical exhéhyg@;%%t nlb?oflﬂlé%?i gé[?tg uﬂﬂ- @{‘eyﬁo I nd, Qﬁd srqa}ler
val ves, anthodekssgntkages ynalyWefrequifednsd ttmnt&epqan beciamdledtby shtublepvcsdﬂﬂt ion

mast er valve and annul us master valve in prior 5 conpletion designs. Wen
the hub 34 is disconnected fromthe barrier, package as shown in Fig. 1,

the flow canpect. i s i.n

e 1o CRIRBE!LERLRR st ABERURY ik BLPEEEIV IS SRR vl B,
a pI ug 57 NReehNesdembodiiRntsidithginvanger, t hr ough bore 24, above t'he plug 28.
A" ‘test port 29 may be provided,, having one end comruni cating with the

. space between the plugs 28 and 57 e.g. for ,noni'toring possible | eakage
past pl ug test port 29 (not shov~rn) may term nate at
t he upper éﬁﬁfﬁ;egu H?M?@b%ﬁr glg%ap 62 or.at sonme other convenient 15

| ocati omgf or connection to.an unbilical or nonitoring eqU| pnent .

Optionall'y, a tubing hanger secondary. | ockdown mechani sm 23 e provided
above the Fxgmlngs aasnlg@natzzseou@ncluvxpwsqf anawellbeadc nmdng eoﬁmbexabp%menbpf theke

flow pass ch cal strated at.-51.. fo provide fluid

comuni c_atﬁ'f?ﬁ 'an V@'W‘I’ttetgﬁgflﬁte’ep? geaxggt\gge >he tubing hanger 22. 20 As
shown in FF%S E@ana he & @ﬁmafrl Wow b tddp&cting Witbmafve B¥boBRRnisNFRUIN bR a
wel| head si 32.at a lower level than the annul us conduit 38, rather

t han vice mlshmweﬂtbmellheaztgxaaltghﬂydegmaky seal ing el-ement 45 may be
provi ded the se enent w t.h a est t, 47 hav ne..end
in COHTTUHI@ \ﬂ"ﬁf‘"“ lﬁ%@h;ﬁ’ ‘HS‘F’P&@H’ bastiGiRas qg?énggl 9 e e ]Bg%&) ftelﬁt‘

wel | head 19, and t he tubi ng hanger 22. The other end of. the port 47 25 may
be connected to an umbilical or nonitori ng g i pment in sim/lar manner to

port 29, eFig 4figp sifisraew iof thehramtien packageian easiof Fig.(3, ippartinkssstionsr | ous

Fro 1, tbldod TSl ERnioy TRARRE yHIAR dules 4P 0L oHRRE dulonal el o
secur ed tOoﬁé}aﬁoﬂﬁyiﬁgﬂ&edﬁpa?a%u@cifthélmveﬁﬁdxbead by a connector '76." The flow

spool .72 carrices the various . , conduits 30, 38, 50 and the connector hub
34. 1t rAyFigad| shewes apearaws of the 1%‘6°‘E£@Pé‘t‘ﬂ?f§°’;&&’ENDE¥SP‘mEEra BOP - 02-2001

FP- 08- 1042F1]g§ 320000 Ol%Gﬂlustratc two alternative configurations of the apparatus of the

invention, undergoing tubing entry workover.via a dedicated intervention package and

.-q

: nser, : ‘ o
F1g 13 shows a modification of the apparatus of Fig. 1, provxdmg disaster recovery in the
25 | event of bore damage to the wellhead
Fig. 14 shows an alternative connector hub which may be used in the present invention;
; Fig. 15 is a top view 1llustratmg a barner package of the invention for use with multlple
- wells; .
. Figs. 16-21 show various alfernative barrier package configurations and arrangemente for

30 their connection to the wellhead and a manifold;

AMENDED SHEET
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22 July 2003089pdsea wel | heads using a suitable adapter, converting them for
use with the barrier package of the present invention. A sepgrafie26daw
spool is also advantageous in that it may be readily replaced in the event
of bore damage, and can be installed after drilling operations are
conpl eted, so reducing the risk of danage8 5 An.alternative or additional
modi fication shown in Fig. 2b as conpared to Fi'gs. ‘1. and 2a is that the
val ves 66, FaB 22ris atsehemstingjdé aieyetnot b ssaled pf adrathework af teaspl@te@mBdying théie
production.fluj.d and annul us conduits 30, 38 respectively. These valves may
ei ther be MYEHI¥Y in external pipework attached to the wellhead as shown,
or in the I i Rfe 1 : A4S, LV
shown in Flpg§ 2t2;t?ﬁgvr¥§ tag%fi %@aﬂv\gxli F%%lggi Si dze3 \EA}gI’IQ‘I‘%I%P?\I'E %?ﬁkevl"@eaa‘?d“ﬁ“ t%agﬁa‘f 1
to be el i mamdbaled cotainsta Keyrto kpmbale assdandigeni2il, RB 24, 20n3(%134\82,i33,anli3g; 2b is

) 62 |s. _of soljd construction, *The construction shown in

h h i
tFi St t1 ieﬁiéfaiaﬁggmma%@h%ﬁi,lowémﬂlpwgpqsa@w%&e prrepeeraent 50 22 out

renoval of e - 4 j ' ' i.ons. Figs. 3
nd 4 shovt TERe2E 2 28 ab idind pIBS VR Epp Y S kAR AREIHREAE®) 7 Th
shown, . a -hBRigsc2Tuaé {ihatrattdvarioan padsible tehiplatooseuratidnsf he hub connector 34 of
the well head after renoval of the pressure cap 70. However, many ot her '
connect or ‘EigaPB gL sheamsicmlan vigwed apselpaedtemplaieie to provide fluid, _
comruni cat § t:he I baltle ckage. Hub connector 84

cont ai ns cig)f%?gr?rée%\?%%y?u513%\200#%?2%3%??’2“%@%@%046%&I uid tight couplings with

t he connmcpig'r,3p@¢risidefvi§w'|eoﬁ@ypbmgtmﬁ§,254.. Producti.on conduit 30 is

t hereby connected via pipe 85 to a production flow block 86 containing flow .
control vaFigss31-83 aee sshematic sitle virswseshowingcombhinations of medwlssy . 1 ui d -

i sol ati on and.,pr [ I 0k SeLying. a aba.rr'er_b.etweenthe'
produci ng ?@r ?rgtsl %‘ﬁy%‘ﬁgﬁ%ﬁéﬁ?ﬂ@ #)%aﬁ%oﬁ,?x;eﬁtésaéﬂ%. &L guidg bases o ve f unct i ons
equi val ent Figo 35 RBowE etl6hd diffeféis n&iduildised torondl enlodafients of tHe thl &ltivasard €e.
The hub connectors 34 and 84 |ikew se interconnect the annulus conduit’ 38

and t he BOromabingtions ofsuck sndules vth variows femplatei ve conduits 88 and 90 _
| eadi ng .0 L. I .92 ini val ves for. exanpl.e.functionally
equi val elﬁlst F&()§§ﬁﬂ%s%%&?%ucgﬁ@%lv%%éﬁggg%n%&g‘ﬁoﬁﬁvﬁg e2 fg 2 ¢ "Vlgu%ﬁ’ciudmg o
crossover yflovwepackagé ahd Gohigol dap\cogrdingytoatieliptdsemainvemion, afd ¥aRGUsOtnown
functi.ons required for a given conpletion project. The service valve bl ock
shov~m ANVERIEPICtpREypes. 21-02-2001 . . GB 00000046 ' FP-08-1042 22 July 2003
12 ' in Fi.g. 3 contains two such valves. A crossover conduit 94 extends
between the service valve block 92 and the production.flow bl ock 86. The

vari ous vaDessiptiod bftheRref@ted Enklagiments| ude associ ated-actuators 96, 98,
100 whi ch. ar.e hydraulically powered andl or may . have operating. shafts |02,
104, 106*%oupl-ed to ROV receptacles 108, 110, 112 in '' 5 ROV panel 114. .
Product i onpEfamhd o $ig.Of ttedde ik SRIWA A cifiRall NOOMPBoARed ! 6 .
and fromthere téo %1 flé ow |1 ?\é or mani f%l aconﬁéggpgr 1%@%%&3@%@&3@%%&% o
f1 oW i ne "1f@memesthgiide baseel ) rimdly attached ddelcendictardasingald. Cegimgstrings 06 are
project requirepents.. ,.The baryjer package 82 mmy al'so jnclude the

control s/ c&?ﬁﬁ?é%a‘ﬂ@ﬁ tpﬁ?"@}’ﬁﬁ%‘{ei‘?ﬁy fp"ﬁ'égefsbf% éd“}b‘f‘gét’g@&%‘& sugnepded fomdul e
-120. cont'ai Riish %é&,‘ (C:713 PRSP R 1L Yo I e Tl c ozl i RG. i f
downhol e egil?lmé?rrlént > such ag % DHSV aér)1 g%é‘gg& e?g%ﬂ%%%%%zgﬂgﬁ%ﬁg?Pas
wel | as Fsothrought baiel 24 getrhicting flk bok6accéd tor the 8ubidg strirgpdurdie evorlkdvierst hin

t ubi ng . han 22, wel | hea 72..Modul e 120 'so control

er 10 or fl.ow spool . may
t he val v_esg’i"’ﬂuftll@" B’é’ﬂﬁ’eﬁ’mg‘é@k"é‘gé“‘éés m"&%"fp 3 lubjpg hanger i‘ﬁ%%ﬁfﬁ‘?ﬁdﬁcw 8®4hoke
116 and-.anZS.ﬂHh%rthFo‘ﬁghBM4.Mi ch 15 may be included in the barrier package
for a given conpletion project. As shown in Fig. 4; a junper 122 provides -
t he necessary electrical and hydraulic connections between the . . control"
nmodul e 120_and . the .controls cap 62., Figs.-5 to 10 ,illustrate a typi-cal
i nst al | at i She sdfuantlet copumuniedes, vwith @nprodpetard iy cpaduit 30 having one end

"' 30 extending through a side wall 32 of the wellhead 10 and its other end (not shown in Fig.

)i

=42

1) terminating at one part of a subsea matable connector, contained within a’ connector

AMENDED SHEET
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20" wel’l hgdd8-2 and ' barri er package 82. As shown in Fig. 5, first the
conductor casing and PGB are installed. Next, the well head 23Juln2063 | ed

wi t-h the pressure cap 70 in place on the . hub 34.. A bore protector 124 is
preinstalled in the wellhead 10. As shown in Fig. 6, next a BOP 125 is
installed on the well head 10 and the casPng strings 16 are drilled, run and
. cenented. The bore protector 124 is then renpved aand the tubing string 20
and its hdnged4.2Chein detted: kine 3hindieatesctheiflow path peovidedhby tie cmdﬁg% foutlai ng
tool 126 (l*l):(}ir]?gsC 7). A service line connection 61 is provided in the running
tool 126, ( Ah mates with the service lines 60 extending downhol e ‘i nto-
the, tubing annulus, for exanple strapped to the outside of the tubing. The
plug 28 is then set in the tubing hanger 22 and the tree cap installed in

t he wel | heldfutther nondwit pdsixtinds thtomgh the weillheadl sid¢ Gralt B2 tpl aigebse8 m&dblar e

e
oo ASEUS g g hycn MR RERISSHT i il

connect or Sofiied 84 the toking angeay22je it junsten betyreerd Qhe cdaduih G8naridnthici flow 8,
the barrier package nmay_ be wi re dep) oyed, for/' %g(grrplégsfrom a. DSV, using

ROV hooks Passpge A28 spaleqd bgpypairof elements 44, 4 cared by ths wibinghapge2R7

package. ot RReAGR AR fond 6 Bha i e RateBl o) AP s Wil defed
Fi nal | y,j0tibgetherby tesedling iémentdo) andpcfirtierkealimpeléniait 4B ed, for “exanpl e

‘using an ROV, to arrive at the configuration.depicted in Fig. 4. The
present invention however allows considerable flexibility in the

instal |l atiQr ' | £ | ' : cted
10 the wel R HEESEHERCSHadiCto BRI froubline REMcES SR8 CHA0% B SRMGEARNEC, PO
out er housheeuting hilger 22, toAl subkérinatableyconhdveor.paitGn ke libe34, e didiguted by the e
separately installed either before or after tu_bi,ngbhan er install ation.

Fig. 11 scvendeed hge 52y (he endeaf the gonduil SP wihin 1he wiellhead 10 commmmicatesor o

access, DaIC i g,B?e I 1 &Gt §6SULl v far
above tﬁg f(iirllr&f g‘%w&‘ﬁifg& ggc 4agjgc§§cé’ Oa%ﬂeoé}v??%gﬂ-%lc]@re&?zcgaﬁt 26'enig:g{;gb§ﬁieéh¥gp'of
t he wel | hdastallatihnnardwolkevemsy ifidesirgh dhuidean bestirhilated. thidmgh\the flowfpadsage 5éd,
wor kover may, be carried out, without the barrier, package in. plage, Prjqgr to
i nst al-| at |89 ©RdpRSOpetheriith ehTpARLihe g€ gap S gﬁh%grmgamﬁg Kagalethe

tree cap L S j k@g string run within the BOP to
. P TR, + il B S8

initiate t ) e Installed |Iikewi se. The internal
configuration of the wellhead 20 with the BOP in place is then simlar.to

Bl et EUGEPMRRER PR et oo
shows. a dedingifthétt AARFRUEIrAYPRARS hibingl B sddSRde chp46C SRR RRichilh R Of

the wel'l head "10 with the burner package 82 still in place. To permt such
engagenentthetetto & workoier/pREinction eontrals sypténm is anbisved by initakigg snitable Jiokings i s

gai ned by remoying a plug 134,in the.tree cap,56. (Fig. 1), I Vi, N l.ug”
98 nd op TG Htnreo” oAS shawn i il dor Bioductiobyn BonEplkiceb A28 iadailony -
in Fig. 12hovexseRte td1P86, iald ifiMides iabiitroonh&ot ¥ wWhith md8GHARE R Y akhiSuShian .
renoved and the pressure cap 70 installed on the hub 34. 30 I'n the event
that t hashiorthe e che Sée Dhirsredvorkovanmgdustaliation w siprilar stabiconmeptinis prpvided

ts:“r)nl P-gr h? n ! e[rtléﬁNI\:/Ig.ﬁ%q m,-xgm;lB i Igllltgo L ASm Hms_e,eco?}ctro% I%Ilpogv S%Ptgbolle j%r%%’ef WRE a

; ' gontro'ls/communication.interface provided at or near the subsea well, for example a

subsea control module in the barrier package.

30 To provide isolation of the well required as part of the completion operation, the tubing
hailger through bore 24 is closable by a remotely operable valve 66. When open, valve 66

- AMENDED SHEET
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" 14 Fig. 2, as an adapter to recover the well head. The hub 342amE0z003t ed

with the well head ~10 is permanently capped and a new hub 138 of the flow
spool 136 is used to connect to' the barrier package 82 (not fully shown).

The barrier package includes, a nodified ¥ ow | oop 140 for connection to

the manifold/flow ljne. If the flan onne rs of the conduits 30; 538
50 | eak, ahfqvéfiﬂsdtﬂpbfﬁfr%t@eﬂﬁ‘ée¥4@ (G ADIEE Piho LIRPPEe, e PTGUES Ao Paseass 42
mellhead, n 14
shows an a er n %ﬁpgéﬁlg%bh@rgg Zal\é'/v%l6 dr%{,és%&dl%l;&gﬁ% %%W%al& &
repl aceabl Eycﬁ@ﬂidaqm adgeell tvalveb iofi kritvin kiR, rel s Koallf valogs, ngdt Respebeivelydfugfilt o
hub damage. "10 Fig. 15 shows a barrier pack e 149 capable of connection to
mul ti pl e whincHonsTequivalentetedthei profwgiondweaster pgw apd apmHug srAsEE Vel Uprior1 48
for connectio to respective well'heads . . 150 and 152. Again a

f1 owl i ne/n&MPP tor 118 is provided, through which the producti on
flowis led to a rova ine 119 or a nmanifold. 15 Al t hough the previously -
illustrated barrier packages are shown surrounding the well head 10 when

i nst al’l ed, Wisnsthe \labid4 #idisconiécted fromthe ibarrigypakieage a8 3hewnlinl Fegjulthy flowl |
be nodifi ed for installation to one side of e wel | head, connected to it
using a vefQInesionpats iIndAE seedby aPHSSBE c2P (f-fferent |y ori ent-at ed
connector schematically illustrated-as 160. A 20" production flow outl et
fromthé barrier package 82 can .be connected via a junper 166 and connect or

168 to aonEi Dy sihhews foblierifie amipplimemtdn which ﬂheumdaap SeisTreglacedisy mphxugzdnt al
di st ance bet ween t he connectors_160_and 168 be for_exanple, 10-30 m

Fig:- 17 shiswgivad pathe wpinghangerethrensh forg ?‘br?é’&"? Beqius %%3 d& 8t RATE29@ayihsad

10 and h th .
t hea\r/]vel I ﬁg%%&gugaﬁﬂogﬁg%%%m a?trruli tﬁi)g‘g kgg contpgﬁﬁlgs gb\r?gﬁve’ $\c,1\nck .o
170, val veforahoitorng possiblealepkapdimist pllilgfﬂSOVThe a]:hérlﬁhdilof&est Pogt 2edHot shaved) .

production fluid processing eq ment 174. Such equi pment -may_ conpri-se: for
exanpl e g@@ymﬂa@eﬁaathawperswgvés ofg}h% conrals GeR 62 95 PRI SHheN Gamvenigutnp s

and-the |} r
producti onﬁ)ﬁi tx&rp%r %&%t %‘ede%{mwr g‘?r‘i‘glrmtl %ﬂgﬁpgqgg%{ggﬁt (?p ﬁl@h 2 lﬁbﬁlgad
Pr oduct i onharfgeri sesbondaﬂyddcl{doum mlad:dnwm B& mqyehplqnguderBahdvaz the hitdng harigen2¥.al ve

égfosclogzg tggéq}h ?8 f Lc?ryg\%lctrc]: téli 7&18porl‘:~ or héNEN»%[a)ssggeEsEsEhemaﬁcaSﬁ' 1 39&9&45

51, to provide fluid communication with the wellhead interior above the tubing ha.nger 22.

20 As shown in Fig. 2a, the production ﬂufd conduit 30 may pass through the wellhead. side

wall 32 at a lower level than the annulus conduit 33, rather than vice versa as shown in

Fig. 1. A secondary sealing element 45 may be provided above the sealing element 44,

~ with a test port 47 having one énd in communication with the void defined between the

. elements '44, 45, the weilhead 1‘0 and the tubing hanger 22. The othé'r end of the port 47
25 méy be connected to an umbilical or monitoring equipment in §imila.r manner to port 29, . .

e.g. for detecting annulus fluid leakage.

- Fig. 2b shows various possible further modifications. Rather than the unitary construction
of Fig. 1, the body forming the wellhead 10 comprises a séparai;e flow spool 72 secured to
30 a lower part 74 of the wellhead by a connector 76. - The flow spool 72 carries the various

conduits 30, 38, 50 and the connector hub 34. Tt mgy' therefore ;tae secured to existing'

AMENDED SHEET
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Fi g+ 18 showmss-iom plan, and Fig. 19 in el evation, a tenpl ate installation .

“conprising nultiple wells 182 (only two shown). A tenplate |B4)swpgod ted on
a .foundation 186 contains and | ocates the wells 182 and al so supports a
mani fold 188. Miultiple barrier 5 packages 190, one associated with each
wel | 182, are supported between hub connediors 192 on each well 182.and
further hub connectors 194 on-the manifold 188. Figs. 20 and 21 generally
cor r espond subsda 9&l1lhd:ls amsingl @ ' sutbRe hdapedry colnertingh twnidor ke dvifd @ve barrier
connections béetween the wells, barrier packages and manifold. Each well 182
is 1 o dir@erkagecohthedqresgnt BIVEREOTra A SepRERtel Bgwispoel is édsgerdviantageits @dhhtelét or

respect i ve T, PEFoRRRERERAL R oo hgte afief. i e A SBRRhg Cpfor diting

di rections @eﬁmgmmﬂmea@&e@m@m@ rﬂgﬂafaﬂﬂagehe mani fol d. O her -l ow
configurations can readily be envisaged: for exanple a barrier package nmay

serve several wells. ' , In another enbodinent, the barrier package can be
| ocat ed on @ ffamework L _examnple .. a tenpla e and | ater di ,
from the et SUERENGE 8 acforek BFRifeatiof shSWR pEF G A PR compie il TR E e
to as.a bagg il FRIMIGes 95 b& ﬁ‘i" tIhE 1867y ChdngesS gt rcbﬁc&ch%y"‘@iﬂms"“?@%@ G Uh¢ ed.

However the barrier nodule itself may i'ncorporate additfonal apparat us I 2o
functi ons pnoductionaluit eing mndmsrcoaddumao c&&ttespﬂcumyul’létesél' lwalvbsa maiyezithen tell e

may be sup | emepted o | aced as fiuther, desg¢ribed
bel ow. Eqiftefgle ergmal Pﬁ)eyﬂmt%hgﬁ Qe W@%@iﬁé SheyR rsinfhe velifeast side

f r amewor Frm Lovani B lngﬂ CANIGB L e gle
hor i zontg‘f Iea%]glgFét&ﬁé é%%‘%ul 25 Pr e?era y t egframamg%( u?{adbse&ngélg up
of ,- two patlat;vlsehemhMof\Eig;tlaoitiebhmmdtechr ossbeans as needed, similar to

the tenplate shown in fig. 25. The beans can be | beans, U—beans tubes or
any other cross-sectional shape and are connected together e.g

el g o {0 04 e ol boipRRIIPRRRAA Y ! 25001 M e LS fsﬂéé%-fs o

At the end o mework. 1S perrranent |xe a cylin ari cal
housi ng 204ohshiction! Athexconithictiba shede in Big, tt ancespoaatwei bhga64h1mtﬁumg tubihg
cylinder defines.a ceg@r al AMEN SHEET é)it 02- é’ G B 00000046

FP- 08-1 042 °BBY 36eSPs Jateuy ismpyasolife sem -8 ferdightygi ‘t‘ﬂ’é"‘t‘?ﬂﬁ%‘? ARFTREOnSy Ui pped
wi th neans. (profiles, not shown) for hanging casing fromthe wellhead, as
Is well known i'n the art. The top of the well head has a profilée for a -

st andar d vvéﬂhgdaéaahdcfbalmtﬂwbam« pavkagend®/instatied ground theovdlthead 6. disrshogm, a -

e © 5" o ReGbh 82 58 DB R0 B SHich b : Biiegh h oF K Befinialle .
t he housi NgerRB¢al Srle Possure T FDE q{dM/é\J%r %W&%ﬁné&&%hﬁ@ﬁraﬁHﬁé“Mﬂ‘ Els%e |

When casing is cenented into the well, this will act as a stpport for t
fr amewor RQ bejoswitable thrqvnctyrrﬂuadr@mmnmcamgobﬁwegugpowcl&wadma lzaaperrpackalgc :

oot " R e G 5Pl somplefafibsy Sontit b Rhne brodiite guldlictd pitlines,

gas or ot hggith lthé E@nnddiér Eﬁﬁﬂ@f $hé %llhea@ heb r34ct Pratiuktion '&bﬁ&ﬁ@@ﬁdlsp@aéfebw
t he framework and act as beans his will ' increase the franmework

strengt h aconneated yig pipgeBytio .2 muh%@m&pw hloek |86 osantparing \law cbﬁtrobmlwt ors

at at | east, one enﬂ tj r co nectin efi éﬂ fllowtl es‘% for e le to
anot h er wel ona)er of gll.o g?r va ves may rovxde wel uid 1solation sSsure con ent,’

.25 serving as a barrier between the producing formation and the environment. These valves
. miay have finctions equivalent to the production master and/or wing valves in a christmas
tree. The hub connectors 34 and 84 likewise interconnect the annulus conduit 38 and the
BOP circulation conduit 50 with respective conduits 88 and 90 leading to a service block.
© 92 contammg valves for example functionally equlvalent to an annulus wing valve,
30 annulus access valve and crossover valve, and/or others having any additional service -

control functions required for a given completion praject. The service valve block shown
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Ih the frareaomk is al so fixed an- upwardly protruding pi pe stub 212 00000046

termnating’in a facing connector hub. This includes a nunbgz jagf 20031 d fl ow
conduits 214. The upper end 20 of the hub term nates in a connector hub
interface 216. The barrier nodul es 218 have a correspondi ng connector. At
the hub'.s | ower end, the conduits 214 arel2 n communi cation with pipes in
the franmework. Sone of the conduits are connected to the headers 208a,

208b. O hity Fipo3dintadnsotwd suvhsvatves. ah ssbever eohduit 94 exttendst bdwednothe espnigy e
electrical lines ' and lines for hydraulic or chem cal fluids that can

comuni cat ¥alye thoek A2 rangd; thepradugtionelow Dlpck 8he Fheanenmiskvalyss. in the tryger

f k_tenpl at i ngl ud i eqt i s, t dul es_int
cor rect anticage Hiidtnoctird pinilony 98, oY 1T Wikie Bigiatdapfied dadlory |
2003 17 Thﬁayqiams@F;@faﬁhgtsﬁaﬁmez&, 10 6 08 colipled a6 WOR GedepiRlds 108, 210,21 12 fohe

various conduits, lines etc, have their own predeternined |ocation within
t he connécROV paidl HddgProductian flay indireateds froml blocke 8@ dwangh ¢ prodrictior chdke

li I f d t ti | ti def.i_ned t-he, hub \
connector [t 819 e &R sy L3¢ pr Beaifl tonimois, ould b tatine ffb s
“dumy  coniRRHPI TheRBdR&idn cEele IsopiidBals Hﬂﬁénaﬂﬂ% ontpRojebtG¥QiitenBid, 0Car bons

| eaki ig i nto-t.he environment and to avoi d seawat ér com ng i nto t'he pipe .
system Also, in the conduits of the stub 212 there may be placed cl osure

devi ces, 'typi ¢al | k_yal ves, . . The, ry: of the
Connect or Tt bt asokass B greiaivor bfiulh i OproRGopmpRcagon iflggees i anform
f s bl ' : ,

T ameworylg. ¢ o sﬁl%%a %Gﬁﬁol%oguﬂ‘é Ghe goh%ﬂﬁn%gguﬂlgﬁént"‘fo% Fb]neo%gkﬁégg bnd )r‘&ﬂrcﬁfm ﬁ}?e

connector, an adapter can be used. Int ase, val ves na

pl aced i n épezaticingf downlithe eqwipinbrioshch as 2iDKS Yodd ipacssitre aind ¢eropirhtate stagors,Thi s
outl et provides fluid conmuni cation between the well head and the stub 212.
The out | etaspwoll & for qeatrgHmehe yalyes 66,168 578w BQ asspeiatedayith the tyking hanger 22,

possi bl v. 1 4BffediOf0 bt HodP shdbn O, | MlePtad Bla bl 48 vALEEH i Fbardibno
for power to the wellT. " I'n™f1g. 22 1s shown, as an exanple, one condult 224
for well fpaskdge B2 dtselfhes imelli asothe pdoduetion @hoke 1162 2afd khpbtlicd eqaipfirat @thidho
t he annulus.. This fluid connection between, the franework and the well is

.desi gned5a@ay bgdn¢ludsd inrthe bamaz arkass for 2 giyep completion peolegtd Assshonmsinggigi d.

Thi's arr ang has. e ket RO hnd B PG R
ther ey TI BEPE 2 ok, Bl SR et i Hhutifc CAMRGGHPLSVERE IR
bet ween weddntehdhotimid f24) ahd the cantoalsvgné2.onal conpl etion as shown in GB

2285274 a Christmas tree nust be -attached on top of the well head to“act as
a barrier to control well pressure. The manifold with chokes, punps and so

on is -l ocagy Vi ’ . sect | Wn
T thi's pagy "BV I BT A Splog MIRLEET.Gutle (IR (PHHIAIROGIRMEIRNT
18 | W t20 whihqadeHkand bamlies packagd 88ntyasishornt i Fighs, fistthefcondudter éasingnanidi nds

f Chri st trees i i mi pat | nst. th Il £l t 1ol
Punct | onal TEF tf Sraled, duext. 2 wWellbead selflion 3t i mosro R somap i wieps on e
pl aced on ffie34.r Aneoe ?L‘oteéﬂ?@l@@isiﬂ?&ﬂktaﬁ&pﬁ‘%e Wellhé} 10. - AssHYWRSIR Hig. 6] ekt | On

i.s:thus to integrat.e‘ he functions of the tree and the nanifold into one 5
, -singl & sa BQR 428 is Mstalledeop, tharweithead 0 and thaepsing stdugst 16 areadrilledphier ardnd |
faster access to,t ' well. This,arrangenent, ayqi ds, the ne for, -renoval
bt e oot Thie borsseep 124 el HEovEa afd Beiaings 0 i AEE Can
he, conngcss ' I ; usiho a ' 1 uRiag i s
g 11 o F e au FRA A2hde th e MERICBRG o o rupiReREqL 148 PR 7, "Rk §
havi ng a scohmectinr 61 i@ videdtindherrmmmingtoek 126, twhitth mates with the22dviceAlipds 6§ 234

closes of f the.vertical. passage -in the tubing hanger 230, abgve the side
out I et 232isping, doppaple; ke, it wbine amglise forwample sireppest fufher Gigeide, ot the

cl osure MegBingl Crfe pkil 288 tefl B A thbink REnfP YS! A ROfhod Bap IrsBuINARE frePR ¢
to close o the holsing's central . passage to .the , environment. An
outer cap ¥edbleadsl @ apihe2p@itidmostesvioirdt Fighd. t(@y thé phige 28p57 lareaskt ik\éhd tubing d

15 will thus fl from the oduction tuhii 228 into the condujt 224 and
into t hé?n’?ﬁ%&%%’&ﬁa-#hi‘ﬂﬁﬁﬁ is tBemreOYer): oTh REERTRSHP 70028 TOBHBS Fstoved,
barri‘er anghy "Gahiplé GsHRIROY 127, Fig 8. The barrier package 82 is then installéd on the

"~ AMENDED SHEET



1?1-303'?%0% eudossecessary to dv work in the well, the valves in the b%rBrooe)OOO%‘

module will . be closed to shut down the well. Next, a BOP %Ougszgggnnect ed
~to the well head (fig. 33) 20 after renoving the debris cap 23 A tool
can now be run through the BOP to renove the ~, internal cap 236 to give

access to the well under controlled condit3 ons. Afterwards, the cap 236 is
again set and the BOP renoved. Production can then be resuned Fig 23

schenat i caljeyhedstows Wil'the R @6k fts 38} BoaR rhdtig\aighf@acht (seOB. N®)204s
hub ' 25 connector interface 216 and a T pi cal barrler nodul e. 218.

Product i onstow dn dégd;i the bawriar packagecway be tvaee JepoxXede fqrmv@mpé@ &ome P8Va

Ponect oo WBBRR SRoKS BT bl Baoh iSRS e b5 pacide Y8 2 °
control | i ngffip Z%SHém&yéag Corte i Rg lﬁstmlwoﬁaelbaa{e@amgé 8066 Bc HERRGES

208a * 208b, c provided in the framework | Ow t 0 these headers .

' passes |lsaby udibilical ﬂtZB,L@OVt 1YY drudth@CGmeamsn Eutadiy, ﬁhn t:emti‘ois ea2 (% and jumper AMENDED
SHEET . ' ' 02-20p, 1 ~ % 00000046 FP- OS-1 042 éZ July

2005 . spnagledhdBr piaRle SHREAREOY6W sn&%ﬁweewaﬁwal%@we i Biget216

to an annu r

nodul e le&ﬂipF& éﬁﬁﬁvé&ﬁio@o&%\?gﬁﬂ%@@s esg1 gggl%ﬁlqe\kgdél\;@rlﬁ% %8&1 ({)l%rg{gct or

interface Bdbetainple, theibatridripatiegewah rbbepmtohmmdrtg tROwelhende mbevellh&atml
cap 236. A service line 229 passes up thr Ou?ﬂﬂ’ﬁt he connector interface 5 216

and i s conhaegieeassembiyehendraing, bipded it theoutes eusing 20¢ PGk 12n Altaraativel, item
val veé 23 [yor, 3 n o] c C t
36 o e BihcP M WP OGSl Bndod i RS il SR

bet ween vainsedlafigil, 233 to a point in the annulus fluid conduit 226

. between the valves 355, 259. A snmall bore line, e.g..for chem cal

i njection or.annuluys nonitoring, is connected to the interconnecting

condui.t 23 i 2 i

barrier E{ﬁ elglﬁ:\ﬁeﬁﬁﬁ&a&(hﬁi@g{ egg«e'hﬁ{o g)g%’alﬂgx?al I gneé ﬁﬁ %{%aaff‘m%qs t he
conriect or barithictddenisiag BGH 625 bdtte \Oémisaﬂalo)l profeetsnaffidie! ciafmrlaatﬂnav theebdriien! |

so that the nodule can be readily |anded in or retrieved fromits

connect i Hgpackege 83rto allowhthg B@R25 torrmgegspthaiter eh thecvellhead 10t with the baster
fl d i . t | £
o e S ORI B § R S B AU PRl

connect i onpadkage ¢ ptice Paior o5 myydtaauhloftﬂd BOB, therdntrdle chp i6Rds kémm‘e&l wiig C
signal transpmi.ssion lines. Al ternatively t hese suppl enpenta

connect i ondd ROY;. Thedeecap 56ds mqyﬁgeamgﬁﬁév% Ft?“&?@hw&hlnﬁ@ &d/?n@cma“hub
interface gl6yep @nﬁ?on CO fnc HstARHARWise3 S he intern cf?

line's, the product durt 224, 1ts correspon nnectl ons to ?zﬁie
header s 20 R@Bahe BTAbin pla&cis themesimilaktathat shawn #sFigoh anxbmgmiigeronstailanon) her
fl ow connection as desired, nmay be extended upwardly. through the barrier
nmodul e 218 to ‘an upper connection interface 216a, preferably substantially,

i denti'cal gyt t@%aum 5y ﬁgtrzfé@ tubmg %@k&v@ﬂﬁh?ﬁg&%eﬁﬁ@i&t&%& t(i?h\‘,d\g g%vmv be

connected t& = e nDdu e 218 in s ed 25 co on
access naysldwgoa Idedmatad lmekcwpp epparatnsn 430 amhrisantl82 fcng@mgﬂ;b ¢oulof the Wallhde 29.

The barri-er nmodul e | so_.cont ai n an endent retrie bI e bsea .
‘control s FTBG’U thes amE’b g‘fﬁszf?e“m?n BlageryitQ Hcgm %}hf’ gResment, 62,
Fig 1, Vis2cdp'BPGE again removed. Tubing entry access is gained by removing a plug 134 in the

tree dap '56 (Fig. 1), removing plug 28 and opening the valve 66. The reéulting
configuration is as shpwn in Fig. 12b, except that in that figure the barrier package 82 is

shown removed and the pressure cap 70 installed on‘the hub 34.

30 In the event that the bore of the wellhead is da:ﬁaged and incapable of receiving the tubing

hanger, Fig‘. 13 iilustrates use of a flow spool 136, somewhat similar to flow spool 72 in
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1-02- , GB 000000
3'81369% é?'%!ﬁmi-usebtsy, service |line connections may be via the well head hOUS? ng 4€

- side outlet 222. AMENDED SHEET  21: 02-2Q01 GB 00000046 FR2QByL83 ' ' 22
July 2003 20 In fig. 24 is shown an enbodi nent that conbines the present-
invention with 'a "conventional” conpletion. At tunes it may be desirable to
use a conventional Christnmas tree. As sholh a conventional Christnmas tree
242 can be fi.xed to the well head. Also as ' . shown the well is in this
case conpl FigQ, aé hh adaptelutalredover the weilhget. PhbthubBdaksociatedmsdith the fellhend 10
wll~flowinto the tree and fromthere into the nodule 218 via a bypass

pi pe 246. Ispergangntieeapped gad pachhubabi$f the dewi speal Eolsdisedin consechia the, |

fi 25 t ' ' . ' f
the vel | nosativ titRage7 TR o R iR TR votfier BhABEE AR IThRE S SufiE )
Wi th hub 2140 forlétmneétivh fouhe nmefold?fiéw UiE.C ONhe Flaage ¥drmeStORsA1 the canthits 302 t O
provide fluid conmunicati on between the hubs. In addition, there are

condui t s %38, 5@ feaks awisoldtiongdéavetld2ican boanstalled anddhgrled amthehwelthead, lxatwacn
208b, as descri be abovz Ih shﬁﬁl’n d hﬁ 3$t ed that one of  .the headers can be.
connect ed 5 NG RsREeE AP 2P e e rPeddPde el ectrical and hydraulic power
to the nodules. 15 In one nodule position, at the hub _216, is |located a
harrier nodule-218. In the other . nodul e posjti-on, defined by the hub

216b, is | bt b4 shops cmesiemetivé duB1Bi4 forTihe wellliad 30,8inchudiippr BOAiver

contain a separat.or, a booster .or, an_injection.punp. van ousl v,
several teffil34eaRICSEHIqY t“Wl‘HH%ﬁeHﬁrﬁloéiloﬁ@ﬁwl@j‘ﬁg?%ﬁﬂggnﬁgsychai n.
' 20 arrgpgenent, with the correspondi ng headers 1208a, 208b interconnected

by suitable flowines and~connectors. ~ ~ . .. " In figs., 23 -26 are
shown enboBigraist shovwer a dagiengpackagt 149 ldapablee o) cannettiors toempliipie mells.h&opthasent
i nvention can be devel oped for, an nunblg(g 3:6 ‘'v~rells, For exaq:pl e,..in.a
two 25 wel Fosbrip At pashohyt,gorpes and8 &rropreciondn despestyyer wrliheads
tenpl ate W f OR 010 ABEUA i - | w ed
at each e\rllméw Eﬁlrat r?ezf ,Agiﬁg)asyst emggl%ﬂlgled%u@ga&!\?\np% %ﬁyh&g’z{,&?'g%@&gm%kgrﬁémr e’
wel |'s. Thepraduciomflpwhis lédtoat Baiwlime  Heoraonamifedd.of t he tenpl ate structure
and the nodukes |ocated just inboard of each well..As earlier ... ~ |

expl ai ne¥ the connections between wel |l and nmodul e~may be~rigid and are

pr ef er abl y spaoligh tR0prebicul iflh&PRePbArHE! BhSkagAMFRRER P SEFundirthd WellheQP3
21 In figs. 27a-d ar'e shown sone exanplesS of "alternative tenplate . _
st ruct ur es 10i whemiséalteans shewmdh [Fig.THe theabatier afackige 82 oplldt egually well be

P 570y el AR ond RSt s e P Rl R 368,
wel | head h@psibéidsl §86 GRACHHeyend) Grichtitedl donhetal ShelatibdIR MILKFRUP LK 160 2ET S.

However, the nunber. of wells accommpdated is |linmted only by the size of
t he t enpRGprodustiontlow euletclsermdhe bamiey paskagend pak be goanestadiie adumper 16

204 are 11 BaIoR S A6 1CF iy RelfoleoFir HbotR ob IF ARSI TREO°
structure @britdiRal @sRhSS BotwibiethdWofinetidts 26Gadd 68 @y bé! fr exABPR! £0-90 neach . -

wel | head. Headers can be |ocat-ed anywhere, but are preferably focated such
that they pass underneath all hubs 216. In figs. 28 to ‘30 are shown a

f d embqdi t qf the j i h .
Vel | heads SO TOR3 adrre BarhAEe bt i 10 o3 SRS L bARABle 10, 8 hang s o1
a rect anggihab | coniERBE BoitMPE A tkeat JRerfab@AdiBecli) Cwith ke Wl BANRY cétiRclop B4, -
wel | housings. Every well housing has a side outlet 222 orientated inwards

towar ds a Baogeroparkage 83 mentinsse yalvertdosks 170, vabie aateatersddZoatpredustion floye
t of,. i i N,...di | .b ' Har | tal b 2 202b

D02, 2020 ke hFt-amietinons? RRR Bt iR pi0Bbeh bdbinmi ey Nph <ARRien:

wel | housi SMBrise’ PP exatiisle ; gadAvtiter sEp@ator atapes,NBas ﬁﬁlig\)ﬁlﬂeionb&%ioé%l ,

beams 248a, 248b.” 248c, 248d if necessary (figs 29.and 30). In addition
there may Ipenipssead thelikeythitewoufl ardipatiyrbe positioned furthier dews the produdiion flawy be
necessary -to obtajn the desired.stiffness and strengfh. ders a, .208b,
208c ar eg? is&ggntr hleﬁé‘n?ré%ﬂf‘étiyea IPEHRL to & gf?@gﬁa‘?{-hgﬁé‘%‘) Wfseka?ﬁo%rfﬁ? .
direction aaghdr ap£88 9{aSanBdlali6h ¢4104 176)RUSncdfor180 ahd BoWERELPg.Of the .
tenpl ate. O her ‘headérs 208d, 208e, 208f (flgs 29 and 30) are arranged
parall el - to each other and perpendicular to the first set. Each header
termnates in a hub so that they can be connected to flow ines 250. .
Fl ow i nes 250 can extend to another tenplate or to a riser base. Two header
hubs can for exanple be connected w th %cgi@g_léoop. As shown, this

enbodi mnent nay have up to twelve AAAERP EEbch header ‘may comruni cat e
with 21: 02-2001 ~ ~ GB 0000004E FP-08-1042 - :




2§1°.j')tﬁ f/(-)%-baﬁosz&zany or all of the nodule hub interfaces 16, dependi nGgBqu%OnOOO4E
the requirenents of a particular installation. On the tenpl2s gup0003 here

are in addition provided pipes or ' lines for hydraulic fluid and/or 5

el ectrical power. These .termnate at a hub arranged for connection to an

unbi lical 252. Alternatively, these pipeslisand lines may be integrated into

t he header hubs. The headers can be .an integrated part of the tenplate

fxarne structure. In this way they can be made a part of the |oad-carrying
frame of the tenplate structure. ' tor In fig. 29 i showrl header 208b -

that is pl Kol Sshewkiinatianyand &g 1hdn &loHation.ox teniplats prstallation ompisng

Headers 208a.,.. r oyt . i he .C . an

o de. The NOMEPSFIRLEZ MRS REET A (IR Y SRR OF A FRRAS B s,
stub 212 t heteinsRdAbEAR0BR weNL182 af @AY suppotfeta nimifoRt 8% MeiEisld bater Ay
of 't he conduit's can be nmade, to 15 communicate with any header. This gives

added f| éxpaikiages/19% onkhassoptatedrwvith each well 182, are suppasted; Betwpar butaeannshlown

two sets o hree’ he i n.the draw nas, idt,,mu be tood . . that
there can l%i gré\e;gq.bawglg?éga@cgggﬁpr ﬁﬁ%«g}nggtpr%lgélc?&stée Wlfélféjﬁgéwondi ngly, a
di fferent nunber- of conduits in the stub 212. 20 . ' The nodul es can al so
have an i ndependent fluid comunication with each other.” As showm in fig..

29,. condui Figs229and 21208¢rallp couespoad taFigsi b8 epd h8 eerpectively; duh slsave mypdifisd

bet ween stybs 212. Only two sets ondui'ts.are shown .ixn.t raw ngs, but
each nodul g%’aﬁ"?"c‘?&“‘?@rﬂ?&‘ﬂ"’% _‘i"?‘is' %Pﬁ’fés?a%eﬁﬁ&gﬂa?‘fﬂqg' \r%fg Wgﬂ 19?2;5 ~.
- T S8R EG HectB 6 Shd ARALBIC 188 bRRdRsI e ERuP bonncblo? okl [ THeVbarkf N

‘i.n the equl pne accomodat ed.and 1 n the sequence of installation

oper at i onspackhgesiluire snameed solelgoa the mamdyld dB3.aRespeetive imitary hilsiconnectors
comuni cation with eag ther, .ei.ther fhrough the ~ headers or . ' ~ .
through ~ t9H@ Ceﬁﬁa‘b‘iﬁif?‘élg ,“b.,b%h. ka?ﬁt’?nﬂ ﬁYF%ﬁé&% bagries packagee 190, apd he
several di : y nefftiions ah Hhdify b BhvibRRA! kN ¢ AN ©
a separ at oya?‘rgg[tﬁ e%%g%ragsﬁf%. 28 (?aﬁ be setl'yﬁél@o%‘gk%ggure ?fagt@ar?d we
fluid fronpakhge maynygrveskleaalcwellde routed to this AMENDED SHEET .

21-02-2001 FP-08-1042 ,} .~ 23 22 July 2003 GB 00000046 nodul e. One nodul e
218b, fi¥. 28, can be an m~echon nodul e, placed m connection with

In another embodiment, the barrier package can be located on a framework, for'example

- a temp'lat'e, and laterally displaced from the well axis and contained in a separate module,

: hql:einaﬁér referred to as a barrier module, as it will serve to shut in the well v;/hen
required. | However the barrier module- itself may incorporate additional apparatus /
20 functions such as a choke axid/qr subsea control module. The barrier module may be

supplemented or replaced by other modﬁles, as further described below.

- In fig. 22 there is shown a subsea templéte that is made ﬁp of a framework 200. In its
simplcst form the framework can c'onsi.st of .a single horiz.oxital' beam or éi:der 202.
25 Preferably the fral'ncwork will be made up of two paraliel beams with additional
' qrosébeams as needed, similar to the template shown in fig. 25. The beams-can be I-
. bea;n's, U-beams, tubes or- any other cross-sectional shape and are connected together e.g.

by welding to give the framework the necessary strength and stiffness.

30 Af the end of the framework is permanently and rigidly fixed a cylindrical housing 204
(which later will be referred to as a wellhead housing). The cylinder defines a central -
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o%za-ov:\aé??weﬁd)ﬁ&éla, fig. 28, used for an injection well. In fig. ~31 (?ﬁe()r06000046

i s shown anot her possible configuration. The well shown on Rhgulyefoo3hand 5

side is in the process ~of being drilled. Drilling is carried out using a
drill string 260 and drill bit 2G. Drilling can be conducted through a
drilling riser 264 or possibly as riserlegs drilling with nud return

hose~266. The tenplate 300 has no mpdules at this stage. The well shown on
the right Bapgbsnds. Hﬁ&u%@nm@q{&bﬁgeig cdippad with RBAR oﬁl@é,r-ﬁ&rshm? frgd d
nodul e 218c.i s about to 'be connected to the tenplate 300. 1 o .~ In fig. 32
i s shown ahdngingersipg fonbihe wollisaduasaisiveall kitiver wethe astholire top afithe heltheads
conpl eted., A barrj.er/mnifol ule 218d i onnected.into the tenpl ate.
ThIY modul BRI g T daad WFheaoorRtere n R N eI B ABE koS durine
choke. On "é‘eir}d SOARRLON chl el bdiabethd t %@WHCF&%&H@ BOB! PR

W ll he ne&é‘gg’é‘. The rm‘%fle 2018e -es own here 15 has there oﬁggéar’soggnaﬂ%ger
hub part sorotatidgehbadse F68 tiso gtidatg efiegquipmenn odolths weltly theechowdimg 204 can be
separation npdul e, . can be added Igter. The hub is protected by a cap 220.
Fig: 33 sheAwPRskwith@dsmpwpl ekerellikerpdul es stacked on top of each

ot her. The drawi ng shows a barrierl manifold nodule 218e with a separation
rmodul e 218f on top. 20 The tenplate can be placed on a foundation if
necessary - Wienagtdath #updmdrited lritonthe asdRrthis willeadteaspd siisposiaforthe dehii qWask,
with a centre hole 256 for_a pile 258 (fig. 32). The template can al so have
means. f or . Howevern thg framewarkean alsots suppettehpy ¢ peprrajed fandafion-stachusetagta on -
could be a | i de se). Wth the sane | ayout and di nensions
as a foul ﬁ%@%ﬁ%@ggmaﬁgﬁp&a%g ;%te't he seabed. Holes are drilled through -
funnels (not shown) in the PG and 30'.' conductor pipes 312 are cenented

in the holes. The tenplate is then |owered to the seabed and secured to ~
the PGB f oWithin frasevnrk jare logated heades piss 20841298 4o il ergasis otharfluid

s Boo

may be driyen_into .the C ' I 25684 N
T e SRR o BB e A o FRR RO sl TR,
" 22 Jicvead® e BdmeWoriod vivetipy andhisb Rave Weipht.i The iheaddpd Bret pratidedrevith
system makes possi bl e a greater degree.of finishing on land or on the
pl at f or MSpeommectoss datdeashene ensl, forpepnenting éorpxtamel flowlings, f gxamplefto another
example, th y be pre-attached (cf. fig. 34) and all necessary
pi pes,. Iin‘é’gl,lrsw(%%is%egﬁd so on are also pre-attached in that they are
fabricated as part of the structure. ,A 5 large degree ~of flexibility is
al'so provided if it beconmes necessary-to change, or- upgrade . . parts. ~ ~ ,

Anot her Boths Bamewprk ds alsofixed pp upwadly profruding: pipe wBIb 21 tRamigting i rde
| oweri.ng. '  ¢histiaub& £6RAPorRE A6 a fter
pl aci ng thiégat n%ﬁnzﬁegaﬁ.ﬁ%hgﬁgeabgd% iﬁo tin?er cfo'nduct o%ogﬁggsﬁ?éﬁﬂ%e@g%%@ded
usi ng hyadr efithiechybatekmimatestine ¢annectonbub stterfack 218hiThevtartierpmadiilebe? 18 Ievietaer
foundation before drilling. The.t | ate can ,have,a surroundi ng pr.otection
Seructur o SRIPORGRE cqgRten Aie SRRAIPHG Cids e Sope s LAt i CammERgaSR |

ipiga
As ' earli g,gthﬁiﬁggge hp?t%' %ﬁggw . €308 SFIRNDEGHARNLS afd cdihBcBR Y kﬁéh{)ﬁggﬁ% (pga’

standard inte S-makes 1t possible to nake standard
-bl'ocks. Pr20&y.alither comduite or tiaes catualsobe tierbidte the stubyefon Exdrysle feleetrital hines

ext ended u .ds addi ng neyw nodules. . Mdul es can al so . be, exchanged,,
For Coxanp BRQLGR T IS oF CHETHARL A5 Bt oB3 CRERYGHHOV I oHisF Bingo Ap LS
type. . EhiSimdakfsewdrk2@8si bl e to accommodate changes to the well flow..
during the field s-Ii1fe tinme, but will also nmake possible a sinpler and

cheaper initial "phase devel opnment. 20

D}

The framework template may include orienting means to orient modules into correct

angular position before they are connected.
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There are many functions for processing a well flow and the nodul es can be
~ built to . conbine (or stacked to conbine) any of these functions. The
functiaons may be: Master and wing val ve Choke ~25 . Punps .| #fé&tx308%
Drilling nud, separation G|l gas separation Q| /vvater separatl on 30
Desanding ' Sensors or other instrunents AVENDED SHEET  21-02-2001 ~ GB
0000004E ' FP-08-1042 22 July 2003 25 Fi ]d 35 shows an overview of the

di fferent nodul es 218 that can be used and sone possi bl e conbinations with
each other and with the tenplate. 5 Many other arrangenments are of course
possi bl e. As Thacenvesipriinterfageshave a steridardisedriay e, é.c pdlthehavieustchmduds, hinescitec i ng
o ARG PO L BRAAI L AR kST b A B S' OF 1
used for an orl7gas separation no He”andt e gas’sep out 1s

reinj ected i nilbnécesarilginiclubie alblides.t 0 mai nt ai n for mati on pressure, as is well
known. 1 o The common interface for the ~. connectors and the flexible
communi cation with the headers nmakes it possible to tailor the systemto a
wi de vari ety 104 mdefleSlot 5iO¢onBHBI IR atidnt definedBthe Bub 8fD cdnhedtdrl if@riieai Ngs
(e.g. fig. 33) a separation nodule can receive a, mltiphase flow (from

wel I heads 204BusEd Ripssome Aightcan 220 (fige ABepr Dlgmmyccopnectosnepndefixedicdbout t he
constituents EAM kes for
gr eat fl exi bi Wt%?’gﬁﬁ?%vﬁjetm??l‘ragﬁm&g%gqgf“%gl elegédevgpégggﬁgvéﬁgéag% em can

: be conpl et edowﬁrngthtomewipdwstbasj\kso haﬂteloendumdﬂlhesmb‘zm &emak@sbefmceé mal | er
start- up cost ¥ t hese sinple nodul es can he

exchanged forCFOB‘Fﬁg V'Cﬁﬁ@{?l‘cé@yc %?W‘@&HE%?E‘“'(?t)urse be equi pped with

nmodul es with all necessary functlons pre-installed. 20 This makes for an
initially nove expenS|ve devel oprent,, but may be cheaper in the |ong, run.

~ . Wen nodUihe geamairysf shecropercias interfaee is fied in teﬂ?étyn&sathe B@e$@daie$yltbs<changed
and thereforﬁalﬂéﬁ&kbqn&ﬁy&gg, fé a\éhﬁ/gsmodules %ﬁhlﬂ&h&&ﬁﬁ@&tcdnm/&&t znpn has a
exibilrty t

much | arger degree of f n systens known t her
nmodul es can dseptervag beiseg o thahedse, theshetk dalves may beplackddd theadaptdner . Ot her
nodul es can '

The wellhead housing 204 has a side outlet 222. This outlet provides fluid
communication between the wellhead and the stub 212. The outlet 222 may include a
number of conduits for well fluids and possibly lines for fluids to be injected into the well
or electrical lines for power to the well. In fig. 22 is shown, as an example, one conduit

224 for well fluids from the tubing and one conduit 226 that is connected to the annulus.

This fluid connection between the framework and the well is designed as a part of the
framework's overall structure and is thus rigid. This arrangement avoids the problems of
known "bridge" connectors where there may he be tolerance problems because of

dimensional differences between well and manifold.

In a conventional completion as shown in GB 2285274 a Christmas tree must be
attached on top of the well head to act as a barrier to control well pressure. The
manifold with chokes, pumps and so on is located away from the well, for example

on the centre section shown in this patent.



| b2e17£)f2 2aOOd1| frign@nt type so when needed a sinple nodule is exchanged fG'B 00000046

nmore conpl ex one. A nodul e can have one or several functiong2 JQ@%@ENDED

SHEET 21; 02-2Q01 ~ GB 00000046 - , re-as-~oaz 22 July 2003 ' 26 The
basi ¢ nodul e is of course the barrier nodule, which according to
regul ati ons, must have val ves to control ighe well, both-the t ubi ng and the

annul us passages. The nodul es are preferably retrievable usi ng

gui del i nel Bsith tiecpib&itlSdesdtilbedv ahbedimenits] tie B rfbe theabile kitide dfyqhiristhasy
| i ke the conventional Christmas tree valves, -usually el ectrohydraulic 5

galtle val veBes 1Shelﬁrama§e|&lf ghtslt@éﬁﬂlﬁu‘ﬁéli iftoy aﬁwqﬂzdbmeﬁmahbgef then eba%ulecamsldrl e
hodul 6 paaletskats om0 S0 it AR P1eRd o YAE febmeric), SR oRichh it 8F e

i ndepende ﬂe!exﬁfm{'éiﬁloﬁqg W to- mE?%té‘ tHUBNAIRS DfiBe tre€ aid ik AAniFOANAK! 6He
i'nterface pressure cap 220 and the plug 57 and .l o controls cap 62 could be

di ver i nstghfledtmetmea eThis aray, ambag bthdrt t}&mgsymiulbm asispl¢raind dasterdciess to the

package. Furi:her variations an di f tions escri-bed enpodi nents
are readi |y os@lma@rw&&rwt@vs’%éqg%as PReve |°$.tﬂs°gﬂstmaﬁ&reﬁ uripggomgs

shows esti %}1&% Fidri mgaia&xa{ﬂeaéopeaﬁ h@&%ﬁ@a@@ dif@ét tg/the Weikkalil 8), 15
Christmas .tree over I hg wor kover ight Inte vent| on (tubing.
access) and heavy i nt erventi on (full.bore access) fox a conpl et| on

i ncl udi ng the barner packa e and co troI S of the invention, in 1400m -
wat er dept hhe prd ueemﬁm pth W eaﬂéwuewa»?@m Yomgans af iukinesead

and hori on
rreduced 1?’n %‘gef g?%%‘ﬁ%gga&gﬁle?h Eé%h}%gtgg c l‘mtgl?{/]ﬂrﬂ"e u@ieJ&e}Z??
tree wor koylesest bffeke eonnieal pabsige mhmcctﬁﬁag hdager @39. abpvéltmémdalmitlbem An
intervention tines. ~, are conparable with those. for a hori.zontal

conpl et i oninterpal trep ARt arcHORPEF A3¢ ot griather tyPF &% Flopre myeans (G Yaleas) iscb‘ﬁ?RS‘nent |

manhuf act ur sO oved
resource u](":s\nage gélasgﬁngg%tedc’iq%u%w@h ererr ed&%%ﬁge (%S[rgff b%ﬁﬁ i fead -
and -barr i egnvifvnkege Ah dubse claﬁ(@a’mtns@ap)eaas qiaset bffth@tdpyofthe waltheadf Weldﬁ&id

wat er appl i cations. AMENDED SHEET 2 July.2003 27 CLAIMS 1., A subsea -
conpl et lénWb]@) s tlow drom {he Il’fﬁé'é‘&“’(nlﬁbmlggﬁs ‘2@4@“ F5mepiRRRe Hud interthe ng;dule

producti on ( "%F Jesela
package (8 U’Sﬂe gﬂg’g@é c}r8 lggﬁtgrgﬁ)?l ng fsw 1%‘\5/\&}5]3#12 or H?{rlom&h%\%‘ [
barrier package bei ng renovabl y Iocat ed externally of the well head and

cont ai ni ng_at ast, one odu tio w val ye capahl e of con ni ng
The nel | o i R PSR BBk TR Vil el ok B ier R GRORHe Sy be

product i ongibLdy ei» SRR Ydinn $hadQvelR2WexE6! BOSI 219 le\e@unécfea%tm@ Wl haa gl 53)
rel'easably coupled to the barrier package (82,194 18) by a. subsea mat abl e

connect @0 §fBet, re@wyingitby debwisecapiBB8t e tdnd can pow ;bacmagEOl(thhe [BY¥P toxesova tivk

t t t head 0, 182 2 b i |1 d
Sotroact ipbtmal et 254 uive Scest I8 thel v pfidey oo fiEE bopditghsr elngands bt | ©
defined i negd Fignskg ﬂﬁ%@ﬁ{d%bmfeihddaat PARUBMHA A hEOBE HishmbSS. 226)

extends fromthe We | head (10, 204), having one end in conmmunication Wth a
tubi ng annulus and its other end rel easably coupled to the barrier package

\(N2|2|’ h(zaz];g) Pyg &3 sC esn%gnc%t 4 lcv?vsc flow %%E)gercuggsll betgvier% ]fh2 we)l(li'\e rdrl gousmg 58? hub

'25 connector interface 216 and a typical barrier module 218. Production fluid conduit 224 is -

connected via the interface 216 toa productlon master valve 255 in the barrier module

' 218 Valve 255 is connected via a choke 253 to three valves 255a, 255b, 255c,

' controlhng/dlstnbutmg production flow to each or any of three headers 208a, '208b, 208c
+ provided i n the framework The flow to these headers passes back down through the hub

30, connector mterface 216.
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52.1"2\2'&9857%0&@@ etion as defined in claim3 or 4 characterised int Bat()0200046‘

 wor kover conduit (50, 254) extends fromthe wellhead (10, 2Q4)ju@0o3ng one
end comuni cating with a region above a tubing hanger received within. the
wel | head, and its other end releasably coupled to the barrier package -
(82,218) by a subsea matabl e connector (3¢, 84,216) external to the

wel I head. 6. A subsea conpletion as defined in any of clains 2-5

char act er i seghlid fltfdoridbR 206118 6hctd(A4 tiinZthte 216 t6 A RIAGHs tasthr i

unitary hub connector. 3. A subsea conpletion as defined in-claim?2
char act er i3¥édaridna crassover velysR59singhe bamisr mpdutengl. Ao inchtvairkovey agcess

| fl 42 ted.to . th | duit (3 d th
annul s 1 ISOABE22] 5 5h 6 ROSHERT ARtPitess B Aaiomsan §2 Yejead bopng 205
2003 28 4.,p8vs wRSHifer4Hah 8860 asvite linded9igasdel agm%ugmér%%%e(é%%ﬂ el hat
| nul us conduit (38). . A

a flow control valve (80) 1s positioned in'the a
subsea cHrilbedridois caanetdéd tvethei workoyerodccedsadonduil 287 vidan atérventimdvilne RRAt

the conpl eti.on conprjses a tubi ger (22) containing.a flqw control

val ve (66)31150@@?‘{%‘@813?%” °15?ro¥5€ﬁ ?Eggr f“g%ig@e PRRGCHRS §8@8‘“¥:3%é’étﬂé“d bapgiey
tubi ng strj . ' fo [ (e 1-6,
char act er ingé(}g.ﬂé %Q% ﬁuang ﬁz‘id%? ?%ﬁg%g&r&o’g&\% 1\% %?ﬁx}éﬁ&%gg??’l%%gql %%ﬁ{él%e
product i ornfhius dhid radutit (226) beSveeA thebabasIEPLRES. oA samllbbienkd, ie)g.afoy of

clains 1-8, characterised in that _ the well he‘adq\équ) .conprises a val uel ess
f1 ow spoolchemioal Byegtionios annglug maRisaFng.ds connested & this dnfarcannecting syndirit235,

cont.ai ni,ng,. | i ; ups l. et i_ped d.n any
of o1 ai 0 V¥ gh ERIcHBI RORIIEE 25 ahd p iy nALUORR LRI A2 B 0 REpte
contai ns @deplef 28 ialiptled ittothatefithe Toibctdr Wb tihtefade 1@, Bowditefetably BéRG
val ve, annulus wi ng val ve, anpulus val ve or crossover valve. 11. subsea

conpl et i osubsiantigllyneatical, s;ihasfthe madyle qambe raadily danded du @rirptrieved fromeits

L ANl LR SR B il

aracteri se

product i orofihedtioné.2 Hdesired, thk aamtitiore eaiplacicklicobd fikegdiated igd thaEdB@26tor
(218). 13. A subsea conpletion as defined in any of clains  1-12 .

char act &f ihgbd interfeseai216h@spean jagy pemnesdens( fao eleelical orshydraulicedings, ande| |

charact or (P ENARE B Sl CURASEIGO G ABeRE 667 MY e ool

22 July 2@6finections (e.g. 243) can be arranged externally around the connector hub interface 216,

in the manner of coupler 239,

20 Aé shown in broken lines, the production conduit 224, its corresponding connections to
the headers. 208a, 208b, 208(’:,' the workover access conduit 227, or any other flow
cdnﬂection as desi};ed, may be extended upwardly thrdugh the barrier module 218 to an

' upper connetction interface 216a, preferably sqbstantially.idenﬁcal to the interface 216.

'. . Thus, if required, further ‘modules may be connected to the mo;iule 218 ‘in stacked .

25 conﬁéuration, and workover access ma}}_a!so be via the upper connection interface instead
of line 229. |

The barrier module 218 m'ay.also cbntain an independently retrievable subsea ‘controls ] '

module 254, connectable for example to a controls cap such as 62, Fig 1, via jumpér.

30 'Aitcmatively, service line connections may be via the wellhead housing side outlet 222.
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2-51@@.'291\015;1&3@&&200an etion as defined in claim13 or 14 characterise BionOOOOO46
- that the subsea matabl e connector (216) is integrated into phguyeupbat e

(200, 300). 16. A subsea conpletion as defined in any of clainms 13-15
characterised in that the production fluid conduit (224,226) is integrated
into the tenhplate (200, 300). 17. A subsex conpletion as defined in any of
clains "13-16 characterised in that the tenplate (300) supports nore than

one barrieln pﬁ%kaaeis( S0 il 8mbodibent Athat! ko Ebines Mhlee pieehtatnvepfid 6gith ra any

of clainms 13-1/ characterised in that the_ tenplate supports a separation

nodul e. 19"conventienad’ eamnpledon. oAt Sismegdf ngp de idasitable tefuse jazonyentional christmas
characterised i,n that the batrier ckage 0). 4 SsSupported,an nifold
(188) 50, H86- ARRAE iTweRinan chisdren dhe 247 S bEFRRhy Siriind TR o

COMPY 1 S1 NG sifordrs EWRI s (3B chseclonfiiod dithl 6l itineherRRNAL IptalRAHAPNS
(216) for said barrier packages or "ot her nodul es (218) and all

modul es/ pafikahed] Ao intorthetet agfd fromatheremsto iasmodule tBwia xlypascpipa §46.

i nterface such that nodul es/ packages (218) can be exchanged with each ot her
and secured at any connecting |ocation on the framework. 21. A subsea = .
compl eti onisndatdiftlel b B a00E. Blsclibdl BbdaibkindShobul 1 ias OBTRA] 261A -
many- si ded [ amewor K (6300) conprising structural nenbers algranged to
support t hfatmaworler200acdnbe  extinded ab ethe sxtheri side lofitthe willhead hbysing 204i ghd

wel | heads (204a,204bh, 204c, 204d) are located in . the corners of th
framewor k BYRYIGRS Pl @oteeond, PIRc AMUSs ROk ShP VRN i 2 6p; gimy%ﬁﬂbma@d to

the strugtyr : S of . . Lon t ,
nat all o GieispRERE FatPalitis 211, 27718 riibe Bhid OninbBREIOH HeenPingiibe

i'n"claim 2k ghditiof,! thetese cofidiitsad22 R4 Siom tHeuwell toigltrtteranodilé bad bedlietsn a
regul ar pattern. - 23. A subséa conpletion as defined claim?21 or 22, °

char act er | 308m.i 208bnas daseribadaphansr k1t should hpquted Bat onmof el Begdersiranibry -
A At - neeRle ey EBY wift brovgas igcrioal snd vdranticpoper to the modules.

~A@. A@?2>KL)n"t) + G X 0 ~ . S
X2} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca callﬁca] ca] ca] ca] ca] ca] ca] cag calcalcalcalc
a] ca] ca] Ea}-‘l:&}".%?’&?@-’é? PaFIEAN.cathE A A 1P, U posEisa A module 218. In the other
" nid Z i a G ajc
- Leon o Zhalsapealanlagharhe phomkealselonkasl £ ploelanbatb otk e s

: 318 can for example contain a separator, a booster or an injection pump. .

Advantageously, several templates can he posiﬁoned parallel to each otherin a déisychain '
" 20 mj'arigerhent, with the corresponding headers 208a, 208b interconnected by suitable

flowlines and connectors.

" In figs. 23 -26 are shown embodiments for a single well. Ho'wevelr_, 'sy'stems embodying
the present invezitio_n can be developed for any number of wells. For example, in a two-
25 well implementation ‘the frame beams can be extended to form a template with room for
two modules aﬁd with the wellﬁead housings located at each end. Further, the system can
be used with three, four, five or more wells. I‘l_;e wells may be located in the corners of
' the template structure and the modules located just inboard of each well. As carlier
éxplaixied, the connections between well and module'méy be-rigid 4nd are preferably part -
30 of the frame structure. | |
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004 BBEF &&' " (X((P)r)) *{***+++,,,,, -..1@3} xsnid _Z]calca]ca]ca]ca]ca]ca]ca]c
a)J ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal c%]ﬁa% %g] caljca!3
304i 4x444, 6\Wby6| 67f 8>9999P: y: : - ; 22 July 20

o <e<p<<$=~==| wr nhc”"Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ¢ca] ca] ca] ca! =>L>>>?0??7?9 QUaatgAA+BBB
JCCCDD* DODDDFF@SG- | | | wr mhc”™Y] ca] ca] ca] cgﬁaca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! | JJL3LLLLMNNOOOOQRRTb
TTTAUUWWW! V. V, ) )

VzW VK6 Ye YY} Rl F7ofasshewn sopecxpropies of aligmatiye deprlaly steruss sdthaaqre HpR 4] ca cal
ca] ca] ca] ca] orlweh] PR ISRLEGHEALAAEs pREGRIS Rlofdinohbkit Shabe, e.o triangBbbLdd/ ee

effghchimiiii}xsnid ] ca ca}ca}‘ca] ca ca%ca] ca] ca] ca] ca) ca] ca] caJ ca] ca] ca]

ca] ca] ca] ca] ¢&8] &&).creptegdre dige AT ahexaganafiga? trh e actagonHiig: Qifytpresral sbsssssu

uuPv SvwwnCx x ' C cajcalc
a) ca] ca] ca] c%@é{%ﬁ%@?ﬁ%@%} %@}@gﬁlg z‘i"g‘%‘ ga %%’ﬁ%@%ﬁ%ﬁ@f ]Q~~]~Fx} n
Ex% XS ]ni d]_Z] } tha]hmabemf m%lm]:@ﬁ]hcdhladai timjtebdntpby the ﬁ'ﬁé ofithe ahngpidte ajdowliat a] ca) ca]
ca] ca] ca]ca]ca] calca cal calca I X# e * c"Y] ca] ca] ca] ca] ca]ca] ca
ca] ca] ca] ca] 4T E‘S‘}tg'j’@fré&ﬁ%ﬁd@gg@&f@g%@ﬁ ieél}e\g;] ca] Z]a] c!at] c!at] c!at] c!at] c!at] c!at] c!at
] ca! 7THNEf y1351 Zgj } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calJcal!j_Z*F
¥

VYh' | } xsni d_4} perhiprcddtech prch fhosincia] the Heasjngs] tha]vwelihead) ']@]ﬂa&sl éﬂ (’r%féifiﬂ!ﬂlﬁa] ca] ca]

LY .

A S e R R R A (A R0 (RS 1

] ca] ca! <M hshubbjd 8] are located just inboard of each wellhead. Headers can be located anywhere, but

rrh JAN

2] 6a] oal] ob] D BLTEL BH R GLFRNFI kSR RappEhiRlg] cal cal cal cal cal cal cal

gVE7% xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
I OX>' )7 #Jb @ id id Z

o Gl ca] Ca] CTERPE4T 46 SR bRy BaLaodrea) G e REU0T I} GRFER T ER] oa] cal c

a] ca] ca] ca] cRhadmehdBer 1AV&osinpy BG40 %84K, J204c, 268 Dochtkd finY the corners of a

109%&' () - S10%& ()-! FOS@O0%& ()- L&) {Y7! :" 1Q%§E&' ()-"'x$:"109808& ()-!:' 109%& (

)- s:'10% &regtynguimky shaned tomptatg 3 9§ and girdeysroonmect thg foworell housingsi 0o&' () -

|1 +109% () - Y3 1O L) - | UR )y | < O ()"t ) o

dE! 10%&: 8 Y)eg)g@ f'%“s T@é}%% @%@f&/gz@"ﬁﬁ%%tg’%'ir'd%g}&b%2-"sﬁcf’f VWX ~
(Y71 g#10%& (e sérfiqar 0, h} sitié @HEGYEN b partRli@r taMhed)in, dLRod:0 bas, >- 10%&' () -
X2} [9{ Y7 ! . L#10%& ()-19' 109%°P& ()-"10%& ()-#10% & ()- ' %6 109%& ()-!:

g#109%&' ()-s2?

3/(83{1 \E({WYI?' |+ ioﬁf&'iio)ltal bekrnd 068, 202612628, PVEA ek afrankdd & 4 fectdibuld Pltietn. Theyld&' () -
7#10% () - y5Pueddodheyihevaiogi20ds. 2040 30ge. 2P4d: Thargalo may derupprrdrorizanad 123@~_@
11 L10% & () peghn 2387/048H, hadd? 2481 fededsaryl@igd 99 and 30). In addition there may be

fixed any number of tie bars, struts, fillets etc. that may be necessary to obtain the desired

stiffness and strength.

Headers 208a, 208b, 208c are fixed to the template frame. As shown they are parallel in
one. direction and these headers may be continuous across the length of the template.
Other headers 208d, 208e, 208f (figs 29 and 30) are arranged parallel to each other and
perpendicular to the first set. Each header terminates in a hub so that they can be
connected to flowlines 250. Flowlines 250 can extend to another template or to a riser
base. Two header hubs can for example be connected with a pig loop. As shown, this

embodiment may have up to twelve header hubs. Each header may communicate with
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5 electrical power. These terminate at a hub arranged for connection to an umbilical 252.

Alternatively, these pipes and lines may be integrated into the header hubs.

The headers can be an integrated part of.the template frame structure. In this way they can
be made a paﬁ of the load-carrying frame of the template structure,
10 .
In fig. 29 is shown header 208b that is placed approximately along the centre axis of the
, template Headers 208a, 208c are shown to be about midway betwecn the centre and side.
: The headers 208a, '208c thus run undemeath the pipe stubs 212 In stub 212 there are |
arrzmged several conduits 214, as earher described. Any of the conduits can be made to
15 communicate with any header. This gives added flexibility to the system. -
Even if thére are shown two sets of three headers in the drawings, it n‘aust be understood
_that there can be several or a’lesser nimber of headers and correspondingly, a different
number of con_dui.ts in the stub 212.
.20 _
The modules can also have an mdependent fluid communication with each other. As
shown in fig.. 29, conduits 2093, 209b, 209¢c that are independent of the headers run
between stubs 212. Only two sets of conduits are shown in the drawings, but each module
can bc linked with its closest nelghbour this way '
25 ,
' This atrangement makes possible a large degree of flexibility, both in the equipment
accommodated and in the sequence of mstallatlon operauons All modules are, in one
. way or another, in ﬂl.lld communication with each other, either through the headers or
, through the conduits 209a, b, c. This design makqs it pos51b1c to use scvcral different
30 types 6f_m6duies at different lqcaitions. For example, a separator module 218a, fig. 28 can

. be set in one module slot and well fluid from all or any wells can be routed to this
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In fig. 32 is showp a further possible configuration. The well shown on the left is

. completed. A barrier/manifold module 218d is connected into the template. This module

compris'es barrier vélves (master and wing), pipework and a choke On the well shown on

the right it is expected that more equipment will he needed. The module 218¢ shown here

15 has therefore also an upper hub part or interface 268 so that another module, for example

' a separation module, can be added later. The hub is protected bya cap 220

Fig. 33 shows the situation with several modules stacked on top of each other. The
drawing shows a barrier/manifold module 218e with a separation module 218f on top. |
20 | ,
- The template can be placed on a foundation if necessary for added support. If necessary,
| the.tempiate can be equipped with a centre hole 256 for a pile 258 (ﬁg. 32). The template

can also have means for levelling (not shown).

25 As shown in fig. 34, such a foundation could be a PGB (Permanent Guide Base) with the
smﬁe layout and dintensions as a four well template and placed pn the seabed. Holes are
drilled through funnels (not shown) in the PGB and 30" conductor pipes 312 are cemented

"in the holes. The template is then lowered to the seabed and secured to ‘the PGB for
: ' ﬁlrther drilling. A pile 258a attachable to the template 300 may be dnven into the seabed
30 through a centre hole or collar 256a in the PGB 310.
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er placing the template on the seabed,

As ‘earlier described, the mateable connectors of the modules have a standard interface.
15 This makes it poss;ible to make standard building blocks. Preferabiy, modules can, dﬁﬁng
the life time of the ﬁreld, be extended upwards by adding new modules.. Modules can also
be exchanged, for example a éimlile type of module can be exchanged for a more cq_xﬁplék
type. .This makes it possible to accommodate changes to the well flow during thé field's
life time, but will also make poséiblc a simpler and cheaper initiai phﬁse development.
20 .
There are many functions for processing a well flow and the modules can .be' built to ‘ '
combine (or stacked to combine) any of these functions. The functions may be:
Master and wing valve
: Cl';oke .
.25 .Pumps
.Injectioﬁ |
brilling' mud.separé,.t.ion
Oil/gas separation
- (_)'il/Watér‘se;Saraﬁon
30 Desanding ‘

Sensors or othér instruments
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slot is used for an oil/gas separation module and the gas separated out is reinjected into

the _fourth well to maintain formation pressure, as is well known.

10 T_he. common interface for the connectors and the flexible communication with the
headers makes it possible to taildr the system to a wide variety of needs. For example, it *.
can be seen from the drawings (e .g fig. 33)a separation module can receive a rmilﬁphase
flow (from wellheads 204a and/or 204d and/or header 208f, say), and separate out the
constrtuents to separate headers (2084, 208e, say)

15 . :

The sjstem makes for great flexibility. In the first phase of field development the system

can be completed with only the basic barrier modules. This makes for smaller start-up

costs. - Later, if necessary, these simple modules can he exchanged for other modules. The
system can of course be equipped with modules with all necessary functions prelirlsialled.

20 This makes for an initially move expensive development, but may be cheaper in the'lo.ng,

run.

When modules are standardlsed like tlus, they can be readrly exchanged and therefore also -

be reused elsewhere. S
|

The present invention has a much larger degree of flexibility than systems known hitherto.

The modules can be very siniple and intended to be stacked together. Other modules can *

be of a different type so when needed a simple module is exchanged for a more complex

one. A module can have one or several functions.

30
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The hub pressure. cap 70 or connector interface pressure cap 220 and the plug 57 and
.10 controls cap 62 could be diver mstallcd/removcd or installed/removed by a suitable
tooling packagc Further variations a.nd modifications of the descnbed embodlments are

readily possible, w1thm the scope of the claims. .

Finally, Fig. 36 shows estimated times for installation (inclﬁding well drilling time),
15 christmas tree workover, tubing workover, light intervention (tubing access) and heavy
'intervént.ion (full bore access) for a completion including the barrier package and controls
cap of the invention, in 1400m water depth. For comparison, equivalent times for
coﬁvcntional,‘ tubing head and horizontal compleiions are also given. The present
invention offers reduced installation md'tubing wc)rk'ove.r times and markedly reduced
20 tree workover times comﬁared to the other desiglns: Light and heavy intci'\(ention times.

are comparable with those for a horizontal completion.

The invention permits greater flexibility in wellhead component manufacture, well
.- completlon, workover and maintenance operations, unproved resource usage and reduced
25 costs. Preferred embodlments of the wellhead and barrier package of the invention are -

, partlcularly suitable for deep water applications.
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located externally of the wellhead and containing at least one production flow control
valve capable of containing the well pressure in use; characterised in that a
continuation of the production fluid conduit (30, 224) extending away from the wellhead
is releasably coupled to the barrier package (82,194, 218) by a subsea matable connector
(34, 84, 216), whereby the barrier package (82, 190, 218) and components within the
wellhead (10, 182, 204) respectively can be installed and retrieved independently of each

other.

2. A subsea completion as defined in claim 1 characterised in that an annulus conduit
(38, 226) extends from the wellhead (10, 204), having one end in communication with a
tubing annulus and its other end releasably coupled to the barrier package (82, 218) by a

subsea matable connector (34, 84,216) external to the wellhead.

5. A subsea completion as defined in claim 3 or 4 characterised in that a workover
conduit (50, 254) extends from the wellhead (10, 204), having one end communicating
with a region above a tubing hanger received within the wellhead, and its other end
releasably coupled to the barrier package (82,218) by a subsea matable connector (34,
84,216) external to the wellhead.

6. A subsea completion as defined in any of claims 2-5 characterised in that the

connectors (34,84,216) are combined to form a unitary hub connector.

3. A subsea completion as defined in claim 2 characterised in that it comprises a
tubing hanger (22) containing an annulus flow passage (42) connected to the annulus

conduit (38) and the annulus flow passage (42) contains a flow control valve (68).
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7. A subsea completion as defined in any of claims 1-6, characterised in that the
completion comprises a tubing hanger (22) containing a flow control valve (66)

positioned in a production fluid flow passage connected to a tubing string (20).

8. A subsea completion as defined in any of claims 1-6, characterised in that a flow

control valve (78) is positioned in the production fluid conduit (30).

9, A subsea completion as defined in any of claims 1-8, characterised in that the
wellhead (10) comprises a valveless flow spool (72) connected to a separate lower

wellhead part (74) and containing a tubing hanger (22).

10. A subsea completion as defined in any of claims 1-9 characterised in that the
barrier package (82, 190, 218) contains one or more valves of equivalent function to a

production wing valve, annulus wing valve, annulus valve or crossover valve.

11. A subsea completion as defined in any of claims 1-10 characterised in that the

barrier package (82,190, 218) contains a production choke (116,253).

12. A subsea completion as defined in claim 11 characterised in that the production

choke (253) is releasably connected to the barrier package (218).

13. A subsea completion as defined in any of claims 1-12 characterised in that the

barrier package (190,218) is supported on a well template (184,200,300).

14. A subsea completion as defined in claim 13 characterised in that the wellhead is

rigidly connected to the template.
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17. A subsea completion as defined in any of claims 13-16 characterised in that the

template (300) supports more than one barrier package (218d, 218e).

18. A subsea completion as defined in any of claims 13-17 characterised in that the

template supports a separation module.

19. A subsea completion as defined in any of claims 1-12 characterised in that the

barrier package (190) is supported on a manifold (188).

20. A subsea completion as defined in any preceding claims comprising a
framework (300) including a plurality of connecting locations (216) for said barrier
packages or other modules (218) and all modules/packages and connecting locations have
a common connecting interface such that modules/packages (218) can be exchanged

with each other and secured at any connecting location on the framework.

21. A subsea completion as defined in any one of claims 1-20 and further comprising a
many-sided framework (300) comprising structural members arranged to support the
barrier package, characterised in that a plurality of said wellheads (204a,204b,204c¢, 204d)
are located in the corners of the framework and during construction of the framework are
rigidly connected to the structural members so as to form a part of the framework prior to

installation of the completion subsea.

22. A subsea completion as defined in claim 21 characterised in that the structural

members are arranged in a regular pattern.

23. A subsea completion as defined claim 21 or 22, characterised in that the framework

is arranged to form a polygon having three or more sides.



