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20 both to monitor and bleed down pressure during production and to circulate fiuids

down the production tubing and up through the tubing annuius, or vice versa, to cither
kill the well or circulate out heavy fluid during completion. After the tubing hanger is
installed and before the drilling riser is removed for installation of the tree, plugs are
temporarily placed in the passages of the tubing hanger. The free has isolation tubes
25 that stab into engagement with the passages in the fubing hanger when the tree lands
on the wellhead housing. This type of tree is normally run on a completion riser that
has two strings of conduit. In a dual string completiqn riser, one string extends from

the production passage of the tree to the surface vessel, while the other extends from



WD 2004/ 044367 PCT/ US2003/ 035554 the tubing annul us
passage in the tree to the surface vessel. The plugs
are retrieved on wreline through the conpletion
riser, then the conpletion riser is retrieygq s%)o%sscn

WRIPKABEE it is time consunmi ng, however to asse

and run a dual string conpletion riser. Also,
drilling vessels may not have such a conpletion riser
avai l abl e, requiring 5 one to be supplied on a rental

basis. 1n another type of tree, sometimes called

' hibe inthinng aahilug paseage inHbe wea tg theshgfacg vesspln Jihe plugs arergirigved on
tr Cc S
| i gPupE okl B b R BRnRESy HHay ERl whil
t heotkeliie, rigis hmg:ensunsng, bawaverto asrdmbigragé o arﬂuah@nmg wplﬂﬁon
The tu . .
R o b DO LU LS LSSl
r Lkﬁhetthb@si@bhéd‘ml etmhnahgsxhanger runni ng string and
installed in the tubing hanger. After renoval of the
t ubi ng hangker rypel i MQe,tsomletlmmcallnd éhq:rizlontﬁl’ etecec Hprd B only a

| ower,ed t hr e dril rlser st
L Al Pl B St 8o e, o R il pere
avibk hﬁhigﬁhah@i' (L igtaltdd plsen lﬁe dlbkigllianger isdswatd irfidastied i ihagree.

rlser ﬁmf%g%llg‘gm er glgoﬁg%gnot @ﬁ@?%gatgn H’%Hdser A

10 t h@xr&un@qolﬁglsammh@ugp&&embmg abOhr AV ity blh,tbhisglled in the

15"

20

25

30

g This void space nnﬁnlcates mntp the ¢

g hanger- ddfier ygmayal of dhedrbing hinepr RIRS kool 2a inip é‘r’c'fﬂ &P is
t hewhidB ioReudtARe afiltn Qﬁéﬂﬁdﬁﬁs‘idﬂ@& in 8 tbi¥ 6F tﬁé/ﬁ&@ MccdsBeo the
tree is run on dril whi ch ﬁrevents th

drtilbllﬂg ﬁgnuleglswmlawthmugb kol it il dinst af Frgrdrilkptoier. The
%Hﬁée?@gs o) ha@@%rbﬁﬁulﬂ\@béssé@@'th%u%hﬁ bHe£ biSass extends

belngru Is is also the case
ctbroveln tlieotresl to 2 wod spase loogled pbovesthe ubing kpngero nplie voig fpace

[ | lmicaflk Wilh (B Bifice bl BAARE A a?%b'bmuﬁg%%?ﬂﬁmsed on

syst em a concentric I Ng | ands
| nhé hbinganperadniiggisiing Tnrthistsystemntbe trae seun 23 daill pipe, which

conventional..wel | h d 1 3938 '

a pﬁf"()‘“’&{?cﬁ? 3ﬁ‘”ﬁl§s‘%%§ sh i‘%?nglﬁ%‘]‘a‘? }Ea q%gcg?%dg%g bgﬁg%\%[@\lfgga on

t hpopeodtl tihila thepasedgbeihg o The ¢ alse thaichde hthedkorsrentional”

the tupin r at her nsllghtly of fset as

|W?0W€%Hﬁft§%§%nc%§ﬁﬂomﬁ%%rrw & tree does not have
vertical  tubing annul us, passa t hrough it

dual gﬁlé’m&%‘ﬁpi‘”& ThePE%t “&)’5 3‘?“‘%1“ agiqffs ee 2 conbditfe fibing
%éi‘llﬁfdb liy the hﬂsllhéaﬁ&mﬁﬁzyg inethé sHmeQnamenEO@Orentiohs avellhead

Atu

I [ | d th
ARG e bR BReh b WOy SR 1 o pl s passage.

?mwe{vef rth@?ﬁglrzéetfeoﬁ"ﬁaﬁdage {sUdtn Bt with UBe RES9AGR Mbiah hanger,
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vertical tubing annulus passage through it, thus a dual bore completion riser is not
required. Consequently the tree may be run on a monobore riser. A tubing annulus
valve is located in the tubing hanger since a plug cannot be temporarily installed and

retrieved from the tubing annulus passage with this type of tree.

Normally, the tubing annulus valve is a check valve that prevents upward flow

that might occur through the tubing annulus but allows downward flow. A

2



30 Normal ly, the tubing annulus valve is a check valve
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operator moves the platform a short distance to position the derrick above the second

25  well. While at least some of the operations are taking place on the second well, the

operator lowers from the same platform a production tree onto the first wellhead

housing, using a Lift line.

Preferably, before disconnecting the riser from the first well and lowering the
tree, the operator runs tubing, perforates the first well, and sets a plug in the tubing
30 banger. In the preferred embodiment, the plug is subsequently removed from the
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Figures 1A and 1B, but shown in same sectional plane as in Figure 2 to illustrate a

tubing annulus valve in a closed position.

Figure 5 is an enlarged sectional view of the tubing annulus valve of Figure 4,
shown in an open position and engaged by an engaging member of the production

tree.

Figure 6 is an enlarged sectional view of the tubing annulus valve of Figure 4,
shown in a closed position while a tubing hanger running tool is being connected to

the tubing hanger.

Figure 7 is a sectional view of the tubing annufus valve as shown in Figure 6,

but shown in an open position.



25 shown in a closed position while a tubing hanger
running tool is being connected to the tubing hanger.
Figure 7 is a sectional view of the tubing annul us

val v shown in Figure 6, but shown in
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4 WD 2004/ 044367 PCT/ US2003/ 0355 [ gure
is a sectional view of the well head housing of the
wel | head assenbly of Figures | A and 1B after running
casing and in the process of receiving a BOP
orientation spool. Figure 9 is a schematic horizontal
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tqioub@hﬁergner vvel | head housing. Figure 17 is a
perspective view of the well head assenbly of Figures
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Figure 15 is a schematic view of a drilling platform in engagement with one
subsea wellhead assembly, while a lift line on the platform is in engagement with

another subsea wellhead assembly.

Figure 16 is a vertical sectional view of an alternate embodiment of the

portion of the tree of Figures 1A and 1B that connects to the inner wellhead housing.

Figure 17 is a perspective view of the wellhead assembly of Figures 1A and
1B, with a tree installed thereon.

Figure 18 is an enlarged perspective view of one conmector of a flowline

jumper for connecting to the tree of Figure 1.
Figure 19 is a perspective view of the flowline jumper of Figure 18.

Figure 20 is a schematic view of the flowline jumper of Figure 18, shown

being lowered into the sea.



25 junper for connecting to the tree of Figure 1.
Figure 19 is a perspective view of the flowine junper
of Figure 18. Figure 20 is a schematic view of the

wline junper of Figure 18, shown being
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fheotigwiine JJRG o Figige 18, showing
al t e
o ORGP RIS an G By  Dufl REATTR!dtin
sgoapet. connector of the flow ine junper being
connected to the subsea manifold. Figure 26 is
scherratFuguw%w ofchemeticf Yiewiof ithe flaywiperiwepermif diguee 1% showing
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co P gs o ne j unper ang tree
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flowine junper of Figure 18, showing the
| nst al IMW@QS toapdhetett wed of Hi@ Rexlinggimmperrafthiguey 8}, showing
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VItENVren‘fot@qserﬂéd vdhicls eqracaing tle enplings iof theFlaydine ng'@per and the

ng ure 3 s an enl arged schematic sectional view of
t e§%ﬁa§ th(?f of Figure 30, taken along the line

. igu GHE L, Sembtid el R Hod IR J&%séf oT HEHE 18, showing

separ at of"
the installation completed and the ROV being retrieved.

Figure 28 is a perspective view of a second embodiment of a flowline jumper.

Figure 29 is a schematic of a production system for the wellhead assembly of

Figures 1A and 1B.

Figure 30 is a schematic sectional view of one of the separators shown in

Figure 29.

Figure 31 is an enlarged schematic sectional view of the separator of Figure
30, taken along the line 31-31 of Figure 30, illustrating the coalescence separator
portion.

Figure 32 is an enlarged schematic view of a dielectrophoresis separator

portion of the separator of Figure 30.

Figure 33 is an enlarged schematic sectional view of the separator of Figure
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a di el ectrophoresis separator portion of the
separator of Figure 30. Figure 33 is an enl arged
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line 33-33 of Figure 30, illustrating the
di el ectrophoresi s separator portion. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Overal | St ruct ure of
Subsea Wl | head Assenbly 5 Ref ing to_Fi 113 a
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H)toﬁL nOr 1 ow pressure wel | head housing 13 that | ocat es

e sea floor and is secured to a string of large
di anet er conductor p| e 15 that extends into the well.
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suspended on a Iomer end of outer wellhead housing 13
by a hangets shcruloorduies Welkdddgssembdnd hanger 19 are
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| ocated therein. Casing hanger 27 is
s esa$p@n|d6\dn from e puterwelbieadhlpusiag 47 arfl ¢ag be Rimingisd in mameCaggs.
a string of casi ng 29 that extends through casing 23
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ethBder 07 hafa Ibathihogldbed8dedated hvichirglitd lhaee dndmwl.of casi ng
hanger 27 above | oad shoul der 28. A split lock ring 34
noves fi this anmcelﬁmaﬂtzembugdmhgérdﬂ is dmiiied, llocked) tand sekl¢dowithin
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wellhead housing 21, or an adapter bowl located in the high pressure wellhead
housing. Referring to Figure 2, tubing hanger 31 has a lower end that lands on load
shoulder 28. A seal 30 seals between the exterior of tubing hanger 31 and the bore of
casing hanger 27 above load shoulder 28. A split lock ring 34 moves from a retracted
position radially outward to lock tubing hanger 31 to an internal profile in casing
hanger 27, or high pressure wellhead housing 21, or an adapter bowl. A sleeve 36,
when moved axially downward, energizes seal 30 as well as pushes lock ring 34 to the
locked position. Tubing hanger 31 is secured fo the upper end of a siring of
production tubing 33. Tubing hanger 31 has a production passage 32 that is coaxial
with tubing 33.



25 hanger 27, or high pressure well head housing 21, or
an adapter bowl . A sleeve 36, when noved axially
downwar d, energizes seal 30 as well as pushes |ock
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32 that is coaxial wth tubing 33. 7 WD 2004/ 044367
PCT/ US2003/ 035854 Referring to Figure 3, inner

wel I head housing bore 25 has a |ower portion 25a that
has a Staftriing todfigure 8 apnar AveHhend hepsingohars Shhassyoweyportion 25a
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32 of tubing hanger 31. The |q nd .of oduction

w6 s5bs e §19 OB OR BIS5REar 9 fbaTe Rfé&?ﬁfﬁiagﬂﬁmﬂrﬁ@d of
]prB&%ﬁBlg Fre® 99 @xtehdsaRI BokOD5 SLEIEOReIRRE] hdusBig ) towards bore
Referring again to Figure 3, an orientation sleeve 44
i stramsifign secipn 2dFigdlends 15 upward from tubi ng hanger
31. Oientation_sleeve 44 is nonrotiat abl y, nount ed
the e ReiTing agn tonidews dy 2 prienialion glervrieis agprt of an ‘extends

PhbANRhEEM B MO SenitiBE ble6@l 4408 norra@R6KUnounted to the
tour formed on its upper edge.. A mating orientation

sI @réemwé tt berlyaof whine Hraﬁ@er Adnt Grienteipn; sleeve didies dghlical or

t
EREE BRI LONEpRE B, R G Blbead 4o v
ormsnmg Faows log éts dowks eégﬁglag@strqdrte @dowre@ﬁ oA Broguiton fiee 39.
W% &Qé?éis%wérkae&ro \{Vé]ﬁ[e&?h& gra% s@&etraee%g;%g%s the

gtcurat ey or1 1é esrre irection
r ahab]nmg c@rmottrlmlﬁnngatdrtmngsheveém fbrretacf‘amt)@uceon e3P id acherately

hel i c ed.i.nt [ af f '
ook BBEGRr GH-Eph TR i BBt 3F s Ay DERHEDE e

eflfeﬁﬁdl/tqfereﬂhht&rfmtdﬁebﬂ)Eaﬁapﬁstthﬂhelgﬂlteaftthaemmnob gleeve. In order

nom nal |.
to

-

reeei'f%rlztlo%rghelg onto the system, the tree can be nominally pre-aligned
via a supplementary mechanical register, via the structural sub-frame 133. This is
achieved in the same manner, typified by a pin to funnel arrangement, as that

described later for registering the correct orientation of the BOP orientation spool.
Tree and Wellhead Housing Internal Connector

Tree 39 includes a connector assembly for securing it to welihead housing 21.
The connector assembly includes a connector body 45 that has a downward facing
shoulder 47 that lands on rim 37. Connector body 45 is rigidly attached to tree 39. A
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via a supplenentary nmechani cal register, via the
structural sub-frame 133. This is 25 achieved in the
same manner, typified by a pin to funnel arrangenent,
t hat descrlbed | ater for registering tgﬁTE@ﬁﬁﬁ 854
ree an
Wl | head Housing Internal Connector Tree 39 includes a
connector assenbly for securing it to well head housing
21. The connector assenbly includes a connector body
45 that has a downward facin 30 shoul der 47 that
| asaals4%sealsi brbgen x@grﬁﬁre@tdoqho efy474 5 Comnepto ibatly 45 talsecpidends
t gjé,t s d?’%t xﬁ‘el gﬁlloﬁﬁﬁ%gg ?299?9/ 18324 the lower
IRECseal 8 meen 47.
Canndet tmne&md;odﬁ 85 fdreogaputgamoile 350%0@1&?%%% Shepnidbaaf a

housi n 1. Iockln el 0% _
480 35, o LB T g Sl LSS o it i
35hat i€ K initging pesfikato Gdovedisl dA Ipturalfty af degsrS3dpsatesif on the inner

ty n odj pent ocki ng el nt ..

o Sipreescat e e T st fRse ool 31 ity oprand when
prz@cﬁdeh% L Qafil spRVESS3 5Canf~slﬁével’56|mdv)ts aﬁalijoegxﬂ 153ydrmaﬂgddnven
on the | nner _ di apeter ngkl n ement 51
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C 3R kRGN Bramivo o sl eeve 55 noves axially and is
hydraullcally riven by hydraulic fluid supplied to a

pi st Ongﬁ% cgﬁ{ectlﬁf %e@?ﬂ 'hg.dﬁn éﬂ&gﬁﬂtﬁ@(ﬂeﬁxﬁe@&t&fm ﬂ-MtTnglctends
nmount e raulic cylinders. 10 The connector
hak)“@ﬁ’a@xg'@md‘é’énﬁwr@fl&lﬁe@ tBisr PR R ¢ %fg?fg‘g 9 is

dQUVAT fold B SRRRESS BfierddAidY shave 4.t N SIRMBON tRdided to the
Extended portion 59 is_ |ocated_ above and secured({&gss3

orquéqn dizmietn of lexiended pattion S0 JpY taingee Josking FlemiRiP | &
&{é& by 95, ﬁi&éﬁé}@@%g@ﬁé b&ﬂﬂi éequg*e@ ko &fphed %}bﬂﬁa 35 and
I oc [ ng el ene ¥

do gs C 0 nnect or
45ocking dement &1 pmwgs I@Qlatvzﬂamvm@wal bs pEeYadRgor the dogs in

profil & @V liE0k intddrdlHaErmed
acggn“%r%gd&agjd cou?ﬂé&(ggd%&gw Cgrﬁ t@rﬂ,dogs Iiune%r E} e
C anifteinasctdrddyy 45, and extended portion 59 and coll ar
60 woul d be integrally formed wth connector body 45.

Referr lRmﬁprmnrg o Bjgvre 1/)\ 2 @ntrolrpassige fastegds broughttend to an

¢ TRy ik RO Sl fo Sl forfp RN not show, there

S hes\i nuhibe o€ theROpasazes amijthbja tead to cdnescéorp:a‘% @gébe loaml end of

they le t o _connect or ubes t he omer
Y Rt Y T DAL
t hRngHP BEr TB&E patkadel ad @ hydraulic and/or electrical control lines that are not
shown but extend below tubing hanger 31 on the outside of production tubing 33.

These control lines lead to downhole equipment in the sitring of fubing 33, such as a

downbole safety valve and downhole pressure and temperature monitoring devices.

At least one valve is mounted to production tree 39 for controlling fluid flow.
Tn the preferred embodiment, the valves include a master valve 63 and a swab valve
65 located in production passage 41. A safety shutoff valve 67 is mounted to port
41a. The hydranlic actuator 68 for safety shutoff valve 67 is shown., Valves 63 and
65 may be either hydraulically actuated or mechanically actuated (typically by ROV).



hanger 31. These passages |lead to hydraulic and/or
el ectrical control lines that are not shown but
ext end bel ow tubi ng hanger 31 on the outside of
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€ equi pnent in the string of tubing such as
a 25 downhol e safety val ve and downhol e pressure and
tenperature nonitoring devices. At |east one valve is
nounted to production tree 39 for controlling fluid

flow. 1In the preferred_enbodjnent, the valves include
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prgrq{fﬁc%fis wQﬁﬁ.SMdfei--SIAiSS@EiﬁﬂMr Sibedt erf redead¥iM@ aBdornsetor for
mounted to port 41 a. The hydraulic actuator 68 for
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PCT/ US2RQ3/.0378mé4-28f erring again to Figure 1A tree
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shown in Figu . [ . I: |
ool o p sl sSFER Sl 2 O fer and lower
s eids ofmbing phares gadssge 8hatey bb elightly madkillyunfisst fidn aadh @her, as
Tubi ng.apnul ys passage 83 ext S rii tAr

¢ [BPHG e A RO 1O aber SR i SRn el tShi e
eNghpeidh@rof tubing héngsn Ovaud alosar sidtdf trae B2bi ng annul us 85
surroundi ng tubing 33. The upper and | ower ends of

t ubi ng Anbitlgusmas ssge8BR memtdddn sibinphirnyine pakisadel 88 to block

of fset frgom each er, .as . shown.in. Figure.4. .
O AT EEE B0 P PV d FHE FBep, By Jefoming fo
betip@en, bRy atRDey vaeBodias b yhingshangear is3dcuasichyt tageads 93 to
| oner end_of tree_39. A tgging Ennul s. val ve 89

&Pyard; from, F‘a@kb%iéf along the

t uRidgr t@iﬁ%‘hﬂﬁlﬂ@?ﬁ&%@@%&s%ﬁdﬂ?@eﬁ lv@Mve hehdei7t @i the u%p_er end of
direction when closed. Referring to_, Figure 5, tubing
arftein 0% Valve Bead $7rhas a secendapy rsailigntgeal ah ¥Ell pya sdwanydip $591 99

tHﬁ&ﬂgﬁnﬁﬁﬂhﬂhmkﬂﬂbaﬂwﬁDnU|US passage 83. A stem 95

extends upward from stem base 91 along the axis of

t ubi
ubl ngtpﬁgﬁ\ﬂhé@lemsgtﬂgfﬁ égi{)reoﬁﬂlag{%ﬁ&gﬁﬁmﬁﬁigvﬁmhﬁﬁ%a%zge 83.

forms e upper en Val ve head 97 has a
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99101 is a short distance below an upper end portion of tubing hanger 31. While in the
lower open position, shown in Figures 5 and 7, sleeve 101 is in a lower position
relative to valve head 97. Sleeve 101 has a reduced diameter port or seat 103 formed
in its interior. Seat 103 is sealingly engaged by lip seal 99 as well as the resilient seal

of valve head 97 while sleeve 101 is in the lower position.

An outward biased split ring 105 is mounted to the outer diameter of sleeve
101 near its upper end. Split ring 105 has a downward tapered upper surface and a

lower surface that is located in a plane perpendicular to the axis of tubing annulus

10



20 made of netal in this enbodinment. A shuttle sleeve
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83. Wiile in the upper closed position shown in
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pt%%?"# et Bogted) Hftwreh S e CAR e TWer i leptéeve 101,
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dQUERIddint Qeel B8 ORGRAROBIT ik Qﬁholl%vsﬁ Rdulg lﬁélﬁbcr%ﬂ? BpdB¥nds
be a plurality of Belleville washers, is |ocate

beevipserallytcericl i & thmeAmEulphRassagR 18 BritpedP Elgedy eA‘?PE‘ﬁIOT 117
SRk ??15{.'011% HASR i lSeM6: sl&]wzhﬂhitri?sc%@% ﬁpﬁﬁ&ﬁmth hydraulic

posi ny pressure in passage 83 assi st

20 s pfhiidh for 1BG/ingaqtuAidrng 7 Hebessl UPPEE ang 1@% R@Fl@g@‘d Tubmg annuhus
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pOS| S r lt&w £
44210 SORAR, IAETRE 290 oty foebl Ryt
Ambnmmn fol ¥ tubsngaarimoluk ding thag ﬂmlda typimelip &r 2 \sitsea @pmfold or an
er}l%lsbilical that serves the tree. Tubing annulus passage in tree 118 does not extend

axially to the upper end of tree 39.

‘When actuator 117 is moved to the lower position, engaging member 109
engages and pushes sleeve 101 from the closed position to the open position. Figures
6 and 7 show a similar actuator 117’ that forms a part of running tool 111 and works
in the same manner as actuator 117. Like actuator 117, actuator 117’ has a piston
portion that is carried in a hydraulic fluid chamber for causing the upward and

downward movement in response to hydraulic pressure. Passage 118° leads to an

11



reciprocally carried in a tubing annulus passage 118

intree 39 (Fig. 3). Actuator 117 has a piston

portion on its exterior side wall that is selectively
W@g{;&%m th hydraulic 20 fluid for movinge@GEdadsREssss

17 etween upper and | ower positions. Tubing annul us

passage 118 extends through tree 39 to an exterior

side portion of tree 39 for connection to a tubing

annulus line that |eads typically to a subsea manifold

or an_ unbilical that_serves.%hg free. Tubi ng annul us
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upggeig. end of tree 39. 25 Wien actuator 117 is noved to

the | ower position, engagi ng nenber 109 engages and
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position. Figures 6 and,7 show a simlar actuator

11ipcludingsettipg pecabbsbwean tging Ragger 3y and Bore 23 of wallheag hpusing 21
51 n{liigezg? A RnRNOA"113%a8 GLHAL Rbmibdk 119Lth#Sis R&HMBL A1 Jubbardly

actuator 117" "has a piston portion that is carried in

a expansiblf ilatof 4 mating tEEaeve rfomesd iBaths iniior Hwwapsiextending slecve

g

POTngS280 3hie 588ug 32kt bein lowspgdeintpthetwadh &bck membergll9 is

t ! A L1 Rg; tubi .
i1 o el bRl K7 6 ARG SE G 181 L, ARty
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be en tubing han 31. and, bore 2 I 1h
notioTRgeitr 35° SIARE Ths AbafRine e & 84 0l MRk pyssase 2
nmefitye proit&idnpatsages3 @if. 4) nyubdmpchanpdr®dr dl y expansi bl e
into a mating groove formed in an interior upward
exOsadativg sl eeve portion of tubing hanger 31. Lock

menber 119 secures running tool 111 to tubing hanger
31 whi |Refdrtibg tagFigide i8sa bieg 2P Isonwmntd to tHe@xtehor vibduter wellhead

Lock menber 119 | energj zed, and rel.e by ,a | ack

15 oS LR = aepiERE naptg R D5 teed ifhyn e fumet
dr ip?ﬂeﬂldl iR¢eletvglyt ﬁﬂiéablela% gﬁﬁlf' azelsﬁeg@\heuse]ﬁgsm lﬁag orfehiisle fubing
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PasmRaRnB3A bt ginptﬁloﬁﬂﬁ\t W20 wilp S8 eifeld dodidHigh 1% inl the desired

t ubi ng hanger 3 Oientation Referring to Figure 8,

a BosHignl 7o g brackst A3l tsgmededstertalg P 167 reiog therewith.  Arm

20 “ehrhiRath1 JmildPatShfithrid 3 hdlzRallyeb@iit 4R @3, BAm 133 has an
conductor housing. R ng 125 has a dependi ng fi unel

upward facing socket on its outer end 131. Also, a guide mechanical register 137

protrudes upward from arm 133, depicted and typified by a pin.

Ring 125 is normally installed on outer wellhead housing 13 at the surface

before outer wellhead housing 13 is lowered into the sea. Arm 133 will be attached to

25  arm bracket 131 below the rig floor but at the surface. After outer wellhead housing
13 is installed at the sea floor, if necessary, an ROV may be employed later in the
subsea construction phase to rotate ring 125 and/or arm 133, to a different

orientation, typically towards a manifold connection point.

A BOP (blowout preventer) adapter 139 is being shown lowered over iuner or

30  high pressure housing 21. BOP orientation spool 139 is used to orient tubing hanger

12



127 and is selectively rotatable on outer well head
housing 13 for orienting tubing hanger 31 and tree 39
(Fig. 3) in a desired position relative to other
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ectively lock ring 125 in the desir
position. An arm bracket 131 is nounted to ring 125
for rotation therewith. Arm 20 bracket 131 cantil ever
supports a horizontally extending arm 133. Arm 133 has
ld@Joward facing socket on its outer end 131. Also, a
Liekative bl ammelgds BOF opigntationy sppeliid8 ds urplebly Ipwerad on a
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2 R PIEHORIPO /“PJS?%%?’U%B%‘H% “?i‘g %“%‘3‘01% [z il 9 axdpin

aryay 13 REBVRN6T IhpvilPhe 5200 asl;ﬁleh&e RicRbter48bh Yligning with
lowered on a |ift line after the well has been

drgvidedi Bifd casi ng hanger 27 | nst alled. The drilli ng
riser, along with the BOP, will _ have been renove

the upFeP aHkatagen .sm?éw s 8 h‘é‘ii‘%}tyrfbflf?lgﬁé %@abwﬁéwd%a{ahcaﬂy

| ‘éﬁé‘gize& t@@ﬁg@ée‘ ﬁﬁ‘te%iekﬁhm p?éﬁ@'onlﬁﬂel‘ ﬂvelﬂh@aﬁehoémg 21. BOP
AlternatlveIIv1 he BOP orientation spool

depiertpiEan giioph 13 elspdps spads fmog éhOW@ﬁ@teml g%éyr@dp hoge 25 of
r 'v&llﬁ@i&%dgﬁﬂg { Mat ]?e‘hbaﬁ %ﬁentﬁ slo? ﬁh'?%ﬁ@édté?lnwﬁtﬂﬁﬁle bhidof BOP

has a QUI socket IS mounted to It
ementmmn savold 3Bo Skt 1%18 pamtlgwrl bybekrieheadiby allaahngfpm or lug on

1
e U S) &P WBngGectsr Sk RhbdiOhBl il Ao sool
[ rlﬂllarto \md&ﬂt lneldck haagsi 3ﬂgm2ﬁﬂ.desﬁed: kaentib8 rﬂlﬂihﬂ'e torthe ptienBEien of
10 _oriLen ooI 9 . 1i.0 endi. n n ..
¢ RaR g p T kRt AR aid hely e p B8 o ARERGAP o R M vic
S lngeas), usmg |an RO Vs esdmbuntaiswithih the BOS eientetibn $gkidl,i that engages
aI i in 137., BOP ori entat 00 }
s, it St e e Bor e sl e e ob g IR Bgepapive
method may be used, would be the use of a “slim”™ tubing hanger (typically 13-5/8”
nom. OD) inside a traditional 18-3/4” BOP and riser system, such that the “reach” of
the pin / lug of the tubing hanger running too] would be unable to bridge the gap.

Figure 10 is a perspective view showing BOP orientation spool 139 in position
on inner wellhead housing 21, which is not shown in Figure 10 because it is located
within the bore of BOP orientation spool 139. BOP orientation spool 139 has an
upper end with a mandrel 146. The drilling riser and BOP will connect to the external
profile on mandrel 146 after BOP orientation spool 139 has been connected to inner
wellhead housing 21, unless the BOP orientation spool is deployed via the BOP and

13



energi zed to engage an external profile on inner
wel | head housing 21. BOP 15 orientation spool 139
al so has seals (not shown) that seal its bore to bore

wi\%&m J,I head housing 21. A helical ori entﬂc‘]‘ﬁrs%do%ssss4
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ocated within the bore of BOP orientation
spool 139. Slot 147 is positioned to be engaged by a
mating pin or lug on running tool 111 (Fig. 6) for
tubi ng hanger 31. This engagement causes running too
111 to orient tubing hanger 31 in a desired
ori¥REEEMN rel ative to the orientation of 20 arm 133.
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b 8ﬁm816 lggf é& @[ e%gf?cgﬂhﬁﬁﬁég%) tﬁ%ﬁ gﬁeg QADE%C%C%‘ llg?scould also

t e afoyedi mgdqumﬂysﬁemis arisnted pd thpeds ﬂowlmmmnﬁﬁﬁnqlﬁd will
13 VO 2004/ 0443675 PCT/ US2003/ 035854 riser system
ofegsEP L IPEReBon spool 139 has oriented tubing

hanger well will typically be
perforﬁ’@&%’ﬁ%ﬂ{%@%]@ﬂ“}?“fﬁﬁi ng hanger 31 nust be

oriente reI |ve t t he, ar cau orientatio

o eove b oot gty R ARG D" Be Pt Fonh g
f ngaﬁle OIFSUelﬁba’.i%d e.ﬁﬂh amombmgalaa@ar HS ash;hmgmuﬂ Hfgtgalal nes RlAg 159
and 1B, Tree as 48 that sli

oA BFestHEs TR VIR, 33 fﬂgﬁéﬁ)’% fign tﬁ%%loﬁpﬂ?jdﬁ%@g 10)
sat edmoved uﬁ@;ﬁrﬁoﬂt@iﬂéamg n@é 30 (BL.130 Plagqon mhw&ubm and has

flow line | oop 9 that . ]eads aroundtreeicfg_ ﬁ
|03\ OF impfEe é@%b@t Bt segh wishinredugiigoRastage ¢ tofing, ey 31-

' fpflué:wy hs é?mﬁhgvafhadit&gca&% 063 &3l witl Idové @ odt®ard

1 ne typical 10 |l eads to a manifold

orbebiss e setpetsd and pmertendad mmwp Lpeking¢lemenip LRfi qrgege a mating
f lg?(‘%vle'uflﬁ'oﬁle 157.

Preferably, rather than utilizing wireline inside a workover riser, as is typical,

an ROV deployed plug tool 165 is utilized. Plug tool 165 does not have a riser
extending to the surface, rather it is lowered on a lift line. Plug tool 165 has 2
hydranlic or mechanical stab 167 for engagement by ROV 169. Plug tool 165 lands
on top of tree mandrel 81. A seal retained in plug tool 165 engages a pocket in
mandrel 81 of tree 39. When supplied with hydraulic pressure or mechanical
movement from ROV 169, a comnector 171 will engage mandrel 81 of tree 39.
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153 is nounted to a vertical guide pin or mandrel 155
that stabs into guide funnel 135 to orient to tree
39. O her types of connections to flow |ine connector

Wi) %049%939 al so be enployed. Consequently, cﬁﬁﬁzbo%mz,sssas
I en
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so that its flow ine connector 151
register wwth flowine 153. 15 Plug Retrieval and
Installation After tree 39 is installed, a plug 159
(Fig. 12) nust be renoved froma plug profile 157
| ocated within tubing hanger 31, as shown in Figure

115inplaly, gopgectom At spm de E%féffﬁir by thydraulic pRFssue (P pRhagoal

33mafdntint RGBS iR @0, spool 139 (Fig. 10) is
renoved and prior to installing tree 39 (Fig.1A). Plug

159 i s mEMRNiéPRA! anqﬂﬁlﬂﬁ Aovaile S8R 198 HRLoRLALShY Bdrantic
that seal within Ero uction passa%g 41 of tubing

haprgeareupplied) g a§tah 13y rfa FeUESyIngs topb £ ﬁglocated on the
el guRLsL ok%gbn; i foWrétllle Viug Y. adih ta"@ﬁ:ﬂg t&ﬁtl"?’??rﬁ be

a retract an exten Ed posi tion. ocki ng el enent
163tacirdctgstem i Fangetiige obieel S9rin fheofentofi & Frorkover that requires

P t t
PrPUS D e 52 Slnd DOt 015 s 05 A s
pI afghe @nh01111651S| shown ichincetdd bplshepr ool 791 ®5pldp 4 §9.n Gnch dogking

\J-:rge% Ié@ﬁa@? g#%:lgercf pqroﬁlg EF“? %f g‘%%df%gt H%{exﬂ {73 c% es shear pm

Iomere on ‘a iI‘ne. as a arad
or179ec Hear, tsaving phig 139 ih flae. engagement by ROV 169 Pl ug
tool 165 lands on top of tree mandrel 81. A seal

r et.ai ndctnaving tog 1t76,0dhod6 5n Biggegé3 and pbak®t alsorbe ofmm&eiy of

o b i BB R G SRS o

1 %dsentk [partiallgdge drpsepiadle 333 of pIulgeE939A lodator\V¥eeve 185 on the

B s D] TR e et il sl A GRRPREPE tocated

NBgifRM 16ator sTERVE 1B bnd pidfthdes hefoind M sBeded BB tankd, UG/ HeR Tbcator
165 has_an axially rmvabl stem 173 tha{ilbl s..oper at ed

byflasyitafias eandest baFiEn S Peacotlst B e aligred sidys sroove
1740 wAmiehE bpyisg tool 175 is located on the 5 |ower
end of stem 173 for retrieving plug 159. Simlarly, a

setti ngoligolg7lahd sEBYe 18 R4 joaedaad atpst&t M 1171§toﬁ @91 is supplied
setti nggapl ug 159 in _the event of a workover

r efqth hydeaulip Bpighfram BPVt 168 £Figol 0) sisrong pfjthe slgps 117717 Wﬂ& &93 is
gﬁ’e@ééd%ﬂle%h&&%ﬂ§ fof5 &K elrbibRt PR, slﬁfwntlﬂ @"1%11&: 13.

pr|n I pl e, is shown connected by shear pin ug
@yrmg)h%%ungmﬁﬁ]g 191 to a lower position. When hydrauhc pressure is reheved
at passage 192, spring 193 will cause body 181 to move upward to the position shown
in Figure 14. In this position, a wall portion 194 of body 181 will locate directly
radially inward of collet 187, preventing collet 187 from disengaging from profile
189. Once retrieving tool 175 is attached to plug 159, ROV 169 will actuate one of
the hydraulic stabs or mechanical interfaces 174 to cause stem 173 (Fig.11) to move
upward. Collet 187 causes dogs 163 to be radially retractable during this upward
movement as plug 159 is disengaged. Once plug 159 is above free valve 65, tree
valve 65 may be closed, enabling the entire assembly of plug tool 165 to be retrieved

to the surface with a lift line.
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el enents 163 have engaged profile 157, an upward pul
on stem 173 causes shear pin 10 179 to shear, |eaving
plug 159 in place. Retrieving tool 175, shown in

wa Rfiser> and 14, may al so be of a vari et Yp&fusao0303s854
conventronal types. In this enbodinent, retrieving

tool 175'has a body 181 that inserts partially into a
receptacle 183 in plug 159. A |ocator sleeve 185 on
the exterior of body 181 will land on the rim of
receptacle 183. A collet 187 is located 15 within

| ocat orfielldayeom st and protrudes bel ow a sel ect ed

di stance. Wen | ocator .. sl eeve 185 has | apded on the

rimof EHg lﬁégl}err@w?l&lﬂasg?few |Hf°fﬁe‘!5am?tb?fgg>r%?¥%°%ng a field

O A% 2 13Saltiyt B Blokdle sPAcd8 widiBieadCadsk@blick8Y1. anthis n@BNGRY is

185 are joined to a piston_191. Piston 191 is supplied

wi pastiowjastaseiub inf waterdhat inshtieintlyalyen micl that g)flogting pjaiorgy 195
5 theusitRbSirkéd- PhrRBhi 09 vil3hd Mainfbhed QoSRSE Svidhtnk Svells by

retrieving tool 175 is in the released position, shown

i nvarioys cenveationgh meas, P A BEstent of siponngs. t Blafoyp U8 has a
PO i&iOrY7 B diwrr k{9 igf Qﬁﬁ’iH% God perk VeeHain %eraﬁons on
passage 192, spring 193 wi || calse body 181 to ve
upthamells. oPletfernp Ui alsodms g ldolling tiser 291 dlat és guployed forndrglling and

G g A w e B b A i B e ekt B 21 of
10 cotrleatellh&d dssamhlyll §ePeiipeniyet 3 hapa dlivoet REvESH 20mdthin it
L eVi | 175 i ttached o] 16 .
i Pt O el e M oG Bl i 20 s A e
i nhenblces 207 hitd the eallse stem 173 (Fig.1 1) to nove

upward. Collet 187 causes dogs 163 to be radially
r et r actRdifoemdds ialsg pteffirably haver danerp Widrtme twisch 207 dgr depRying a

i s._di.se oy .plug .159 is ove ee | V. 5.

PR A AR el dogaser B A AsUPRE e ok 107

15 ass ?Bﬂhﬂlygécﬁw&ilﬂ _tr]geafailml Gﬁpﬂfgamv\% liﬁggiii/vﬁﬁﬁﬁ%);%ulﬁmeﬂ&ﬁted on
surface wt ali|ft I ne. . .
pereiiep s des Bmically-ward npblaye 18?13 Eigyg 14, atree 39 is

scierRblinidwerdd dnust Ktes. a preferred method for
developing a field having a plurality of closely

spaced pyalihbhendcasaamlopsnibt. This method is

particularly useful in water that is sufficiently deep

such t habpaafidn adrérfifle B Bk 8 odSbhdusig B Adhglibit] #ZL W5 and
Platform 195 wl] be maintained in position over the
20 werust 3gyare Joyyeredh igtoctha et PBigalousiignls, 18 derefed & the upper end of

t NoH@TcE S 5OWhRR W JeREBintd e ehn® 19 HBR thPSrsBportion of the well. As
conductor 15 nears the seabed, the entire assembly and arm 133 will be set in the
desired position. This position will be selected based on which way the field is to be
developed in regard to other wells, manifolds, subsea processing equipment and the

25  like. Once conductor 15 has been jetted into place and later in the subsea construction
program, the operator may release lock pins 129 and rotate ring 125 to position arm
133 in a different orientation. This subsequent repositioning of arm 133 is performed
as necessary or as field development needs change to optimize connection points for

the well flowline jumpers.

30 The operator then drills the well to a deeper depth and installs casing 117, if
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derrick 197 with a drawwrks 199 for drilling and
performng certain operations on the wells. Platform
195 also has a drilling riser 201 that is enployed for
and casing the wells. Drilling ri
v&io\b\#d@%r[mect ed to high pressure housing 21 15&15{15%80]3/055%54
wel | head assenbly 11. Drilling riser 201 has a bl owout
preventer 203 within it. 1In the particular operation
shown, a string of drill pipe 205 is shown extending
through riser 201 into the well. Platform 195 al so
pr sichcadigy/is heigg atilizedn £agng 1§7 will Gerremeitpd in tR@Well. oThe operator

Io t

nelieR Sl e 'aop Ui ik bl 2p UG i Mot S 338a pien
nopressutey welitead ézdusmg 12h arﬂcsmt e drillptipo amd bgmeﬂtedf in placee No
w nch, 207.coul Iocat n.anohhen, vesse
CVBreRy i RE AP PR 05 S ey pertorm
5 a theeama3 Stepssfor $he v ithpei adficend weile dy ®d$p0h1t161i1n¢ th&eiriﬂﬁ@ platform

Drillin nd Conpl etion Operation In operation

r e#de‘ﬂrdl:f& éﬁt

o Figure 8, outer housing 13 along with

ring 1 and .20 a 133 ed. 0 d into
oot o et ot s i R ot Pl BiRing 21 and
c g«ﬂlﬂ%&qﬁﬁﬁgﬂﬁser i fbhhd: ot edpitie ::Imemlﬁratdieta@aﬁstmstcamﬁgmpwmch
the first ortlo e. wel u 15,  near s

t hig 53@888‘8 y 'Ffﬁlélg é? aLSomE |°§5°5:r?8 a '!f’%%‘“{?& pf caging would

10 S€e mﬁanéaamm&wemﬁelﬁga&meu@man Jeh grep@sddption Wi I 1 be
sel ected based on which way the field is to be

devel opad opBrafoe Bahéh ih 90@@3&5 el tﬁbmgmgéﬂ 1Cthg SRDFRAL, the

processi ng equi pnent and the 25 |ike. Once conductor

15oneeborsieancststdEimerissr Ml dabanddp@F 203 ard@ispapds #p1 to

COBRIfde G lihcal LABMBIAN 11! N8e gs&ataat BN BOF Sleafifisn éfa,shag on
pins 129 and rotate ring osition _arm in a

d| i Bpe?d ayef apeardlberd hWﬁnsg Zly B%Jél@}ﬁr@tﬁd ip Eped & i Wﬁh Hy aid of
15 av %@kétsltl?% g %1 to & ﬂﬁﬁ‘lﬁ%‘y BHP %ﬁeﬁtétﬁ)lu 001 139 is
ang tO op

ve op frent nee e ze connection
f dpckedhed oaaled té inmon wﬂléleqldlhvp@ng 21.3B0F leeicpiianzspent lﬁ%my have

g Bevidfal Blabofvt 5RGH B%?ﬁ%ﬂ?%%ﬁ ["Eﬁ%’%ﬂd"ﬁ%‘ﬁ oh
ca3| ng g o?glja{%g 1tk h&cﬁ@éjdnlﬁﬁih&g gr f,ip &%&xﬁg 9 @-ﬁge‘is) to

in the wel e operator s to" a
depamlrei nde I(Fxgemé of &)Pr@ezfatwm sol h¥9. Bl apeGis |1(n@r231bmg 33

e [ . o
20 S LB R U LRTHLOOHE R0 4T,y
nesgegdfiora tuhing rhamgdr [rivendiel Stong i wigct? is. a Sihell dperctt eiserragnce
t hen . e{fP[{?. . s
nmmﬁg 00 is connected to tubing hanger 31, actuator 117’ is preferably stroked

to move engaging member 109° downward, thereby causing shuttle sleeve 101 fo

move downward. This opens tubing annulvs passage 83 for upward and downward
25 flow. Running tool 111 has a retractable pin (not shown) that engages BOP
orientation spool guide slot 147 (Fig. 8), causing it to rotate tubing hanger 31 to the
desired position as it lands within casing hanger 27. Alternatively, the pin mounted
on the BOP orientation spool is actuated by ROV to engage the tubing hanger running

tool.

30 After tubing hanger 31 has been set, the operator may test the annulus valve
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5 the sane steps for two or three adjacent wells by
repositioning the drilling platform 195 (Fig. 15).
The operator connects riser 201 (Fig. 15) to inner

wpﬁé&@g@ housing 21 and drills through ri Sl)?fr/l%%’oslbﬁsgsa
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depth. The operator then installs casing 2
which is supported by casing hanger 27. In sone
cases, an additional string of casing would 10 be
installed with the well being drilled to an even

greater depth. The operator is then in positiagn t
| et by ftrokingiaRyatRg hte PPYAdy Gisegzaging engpgpe mempg el 09 from sleeve

OPRY1 3k Movil] BIVNREE.! Spridieith b | meg 41606 180% thhyfper éléaea %Bﬁtmn

BOP 203 and suspends it of one side of wellh

astgélﬁﬁ;msltm vatyeehesg sgah PO will WQ@WW ek O |blmk1§5 @@W in
1%9&1 P&sm darrh%w%%dquﬁaudnn nw#%ie{ha %@Qer%%‘ﬁbﬂ,gde?eh split

as | ated in Figure S. ai d of 15 an ROV,

S crmgeHOS @n@gﬁsgrpw 1OV asgnting 2y dowoward mogement.37.  BOP
orientation spool 139 is |ocked and sealed to inner

vvel | hedde lopergion gien Eppigexiluisk pressiiegt tp Assagrobld” paGinapming tool

| '\TIlﬂ J
g JARRPEEHIAR AT clogh A Bl S GRER 201 on e
drsirlallj digmetes @iser2@ioye |r|am1mgzlftwg IBCDP 288 uppeFi gpd abpassege 118
A gL

TraRaicAEd i f f apdit Bhoeizg A RME T ABRARE il beloy, e
t mi@mcgin prhventer ingi.rjﬂingemerZZM dhisrannulamspateoie Iaisd jxicc(nﬁngncatmn

Ol i AR SRS B B PP RE R g

t mevnlﬂelchoke et kit dihedviich flavh dogmhanges 1 XL andiadisiadabist sleeve

117! s pref ably stroke t ve engagi n

1061 SBitinend SrabrSniRESere b1 R pPRtz oty gﬁowg the
rrweraﬂ@ Y drfkine WHetheP@id6schls 90 B valRe lidad 97 pRSIsade:, 8

for upward and downward 25 flow. Running tool 111 has

a retr agé alll enagithen(bePerfotadand t:étﬁﬁleté@ﬂﬁﬂ@ﬁwﬁ%nal manner. In
orlentatlon Sp oohHEU|de sl ot 147 g ‘% causing Jt

t &1F drehpiguss iy wgar togpstaling e 3% ¥ilo FePariogAting Lun
| {ndtanShn) V\ﬂhHIh'gH tiAshdNOdiRanaeised fn A drﬁl’i:[g'aﬁéel/ @by ®ikhes) and

pi n nDunted on_the BOP_orientation sg i.s_actuate
byhrresh fbingigagkher snallen Brmpeferiases &2y cghenatly inglylg| 2 subspa test

Allethal siD20 iR &RBSke BMidlASePeen set, the operator may
test the annul Us val ve 17 WD 2004/ 044367

PCT/ USZ0831:08 38> perdSt ﬁﬂy Shéudiil BEt RGLVY AR cobdalned in the well
upwar d, dlseng%g$ng engagi ng nmenber 109 from sl eeve

1 beformpesforaimnsi imgiibe dene tgmpienige UbmpnsHes ety stoking
t %cttu!}Sr WP Ghd é“degiﬁQmQﬁﬁé I'Ogndovmward. Engaging member 109° releases

split ring 105 from groove 107 and pushes sleeve 101 downward to the open position

of Figure 7. A port such as a sliding sleeve (not shown) at the lower end of tubing 33
is conventionally opened and the blowout preventer in drilling riser 201 is closed
around the tubing hanger running string. The operator may circulaie down the running
string and tubing 33, with the flow returning up tubing annulus 85 into drilling riser
201 and up a choke and kill line. Reverse circulation could also be performed.

After perforating and testing, the operator will set plng 159 (Fig. 12) in profile
157 (Fig. 11) in tubing hanger production passage 32. Tubing annulus valve 89 is
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In this position, valve head seal 99 will be engaging
sl eeve seat 103, blocking flowin either the upward
or downward direction. Wile in the upper position,

Wgrzé ﬂ]t 3§_P|It 5 ring 105 engages groove 107PCT/US2 33,335854

Vet I'ng any downward novenent. The operator t

applies fluid pressure to passage 118" w thin runnlng
tool 111. This may be. done by cl osing the bl owout
preventer in drilling riser 201 on the small dianeter
riser above running tool 111. The upper_end of passage

1 1Bbsed cothmposition eSFiginef Bihstinking) aghuiatop AT WA GAIHNESPIIng
t e

pridsaigre PRAFANF hpk P OISyl By ichladiiths ool 111 on he
alrﬁﬁmhgl stingnhroighahe blowowd priveotve and diiltiag cibrlé81aride Kiopnhole

| s of drill ri ser.
B v ik bl RiTRTg P ds Mo cRE pRAGAIGIRE 1L pititiay

1303036@&6* pi®lide adibtnmtssatecikarder; j)Dl‘g 158pini tubingnpng@Sproduction

prevents_ shuttle sle ve 101 .from povi n
D R8N &2 PRICITg A o5018) PIUrs Jpareh O i B ety would
S Qaks n® Brediiird/ ahd Ribhgadmfds wibe 39qakm@ a sbﬁon'ﬁi(tempetdry)rtmmer
t hen be perforated nd C # in a ducti
RGOk it e RG4S MeHPE® PLStEHApY PBPE d Production

- f’:ﬁ&ﬁ% {tihntl R Ja0Me i e tubm@&bfn@leﬁﬁn f},@teglun (not

10

shown) through'the small diameter riser in the
drilli Age do&@for 8R4 réthiehs rdingdRel 111h(mg1gij dnuibé BEald Fiameter

The smal | er di aneter rlser opt ncl

s utssba The gperaip Eleass il wiva 20t %ﬁéﬁ 4‘%@‘ ﬁ%ﬂ’e Rgentation

r '32861 1390 ng)%éie&?&es 11100 oﬁ&ﬁi@h@ﬁomw &1 it UheRe® @14, 15) or
ui ontained in the well before perforatlng

Tmes%w&ﬁoﬁ@f@@ﬁﬂ@ﬂo?%wéﬁuqnganﬁéﬂp% welin dibe speyatprmag giep lid

_ Sé{\}%@a@ggs E&[ﬁ‘g%it‘aﬁg OHE% &ﬂ& vﬁé'ilg 2 pBForBRAE saktdfunctions with
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releases split ri
1GBOP lonmtfgm@p@l 1@%&1@11]@@5%@?, 2Q]| e ¢ diffepent welhn Waﬁfai%b@g 29
en Q E
oiFaRg SR ARy Pl ol Bl el Bl S TnERoRt for e
33-1s252<i>1son:dnmém97oﬂ?ag 11$) epthraeldcatiod. thven thoygl platform 195 may

reve in.deil.lin t
p Bﬁqﬁéeﬁl g%ult f ﬁjﬁ%[mhegt trﬁ:‘?ter]eg 88’%&1& v%llogig gn e%lﬂyfﬂ@ dto Jaﬁtmue
c | cfp@idﬂtlaﬁsﬁoﬂj anvadjadeat wahdddaton)s tu ROY amlgmdm lifidi@R0%vdowm to
t he fIOM/returnln ubi ng..annul
r j C0gRee 3Bf ietsa?]vg of, fjtoge gf?%’ko&eg gorkspp?ﬁ]%9 W ord, et\gl ggﬁsﬂlé J‘eh&%ry to
Cl gufrdd ey le 3B nioQerhéht & Fed alithep adjhannwell, Wﬂzﬁmxﬁmgfpmxatntyl g
and testing, the operator will set plug 159 (Fig. 12)

i N profiihk @perdr 5bw ini f@sitidid Yori rnnﬂm@tw@%m]gﬂﬂme 209 (F1g 15).

V\qurg%%tgl/qglnm Srg%-eﬁpgégdg%%@ggyg nU‘Ilmaf' evg%ggn%en fJ t]S;le onentmg
members 44 and 46 (Fig. 3). This positions tree conmector 151 in alignment with
flowline connector 153, if such had already been installed, or at least in alignment
with socket 127. Flowline connector 153 could be instalied after installation of tree
39, or much earlier, even before the running of high pressure wellhead housing 21.
As tree 39 lands in wellhead housing 21, its lower end will move into bore 25 of
wellhead housing 21, and isolation tube 43 will stab into production passage 32 of
tubing hanger 31. While being lowered, orientation member 44 engages orientation

sleeve 46 to properly orient tree 39 relative to tubing hanger 31. Once landed, the
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closed to the position of Figure 6 by stroking
actuator 117" upward, causing spring 115 to nove
sl eeve 101 upward. The operator then retrieves running

“%ﬁﬁ&mﬁ%%7on the running string through thq, RS 35854
§ e
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venter and drilling riser 201. The downhole sarety
val ve (not shown) in tubing 33 is above the
perforations and is preferably 5 closed to provide a
first pressure barrier; plug 159 in tubing hanger
production passage 32 providing a second pressure
b asyrerater. sufipliss hydradiefluidpigSurede waih Isleevgotf, gausing\dogs 83 to push

r u t bl [ .
PSR PrmSllor o PR el hotob WM e 35, Flowine
batanhenta 1650 (Higl 1B) of tepdLaipns with flowline (ohentort138, and the tubing
production tubing itself..and th [0 ' ST
P i Pgpa Sk e G5 2o A fonhedenlt R BB G PRIE elily
retrie r.unpi to Il (Eig. n_the. . .
i et dyteripE B A0 0 1h i A e leoiads S T fine 200 g
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8) and.retrieves B lentation s | ..139 .on,|

" man T e etiorey Pige 154 B hBipe Paeae? 8F i cpSA ep oz Tree
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pl atform 195 sequentj oyer er s for,

PP IR, oGS Sriee RONCIEo Eeb bl ipr Sntition
spool 139 and drilling riser 201 for a different well. .
Once t&??%ngz@%%%kﬁﬁg‘gﬂg Pofuction. tHPs "éd’f’%ﬁ %—1 mnay rematn
Padidded, Wublfs tWikally hbla@pen fob mdRitdiizehd weduican tibidg dnhflgs 85. If
riser 201 _or derrick 197_(F|%. 15) at that %gcatLon.
EVBRing BRI BlvadPds rosesls itiray be pespsd ey dBee BY siring actuator
alj1gnIpnt5Wof Red B R AnyWakdsulea®itan @¥AEInRuIué 85 is
conti nue ‘operations on an adjacent wel] [ocation), an
ROvnuzmnicgisH deonghitebing srauig gassegen 18 én ves Frgd dea megitoring and
rqhﬁkgﬁ%mg{.nove BOP orientation spool 139 in order to
enabl e rechery to surface or else novenent to yet

anot hem,ad] BGeMer WplihtionMHah ifes YR KiRrePhlldd bl 398 tight

operator is now in position for running tree 39 on

| ivieight iriser VAOICbI¢Wouy preyeiter may; kecse@@edioitisn mendrgl § I eAn umbilical

delﬁlie rv?(gﬂcp %'1&&1 Qoxﬂ%ﬁaﬂg r‘{%ﬂ:ﬁ% la:zxé{ﬂ%%%%@@%}ﬂ Q1feet3t§eto the surface

ortenting - menbers ; i'S positions
t rvessek oWitebtoiools Sdayite lawvengdh thwertghwhe tisepSreelpasdagnél and tubing

Comneth Pl i By L S DO G oo

Cc airing tatuldSBalen 89.d Giecuilation adah det mbdechy puspmE| dinotheafiser,

tree .39 . or,.nMu ear]ier ven .be t.he runni,ng.of .
nicheg Bhiod 3 A oAb RoReT Hamaime +F REuppEahn e 30268 suia
| RetnBis iieath thibg hit@1ud basshiess3 Mdpassegec] 18iih tres B @ thértnbilical
bore 25 of wellhead housing 21, and isolation tube 43
willie- stab into producti on passage 32 of 30 tubing

gﬁgggg gg’% 'pnio\él\galtwlarte p}?ﬁ%tpo 8 ltl?aYt\e r%c?uqr’e 1()) : 'Egnttu%gl{gog?:,nggo % l‘élfé‘t be

removed from wellhead housing 21. A lightweight riser would not be required if

tubing hanger plug 159 (Fig. 12) is reset into profile 157 of tubing hanger 31 with
plug tool 165 (Fig. 11). The operator installs plug tool 165 using lift line 209 (Fig.
15) and ROV 169. Plug 159 is attached to stem 173 and retrieval tool 177 and
lowered into profile 157. Once locking elements 163 latch into profile 157, the
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sl eeve 46 to properly orient tree 39 relative to
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3 ﬂlhﬁﬁﬁov%%o%%ﬁrdQPhydEﬁl‘E@)ﬂ%gsuHﬁﬁ% wel I head housing 21.
MEIg ht riser would not be required if tubing

hanger AFig. 12) is reset into profile 157 of
t ubi ng ange 1 MAth

Figure 17 shows tree 39 installed, tree 39 typically having a confrol assembly
225 mounied to it for controlling various valves (not shown) mounted to the tree.
Altemnately, the confrol of the various valves may be handled in a confrol center
separate from tree 39. The valves control the flow of fluids within and from tree 39.
Flowline coupling 153 is aligned in position to mate with tree coupling 151.
Couplings 153, 151 may be of variety of types including collet, clamp, flange or other
types. Flowline coupling 153 is mounted to one end of a flowline jumper 226. Tree
flowline connector 151 will have been previously oriented in a desired direction as

discussed in comnection with Figures 8 and9.
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plug tool 165 (Fig. 11). The operator installs plug
tool 165 using lift line 209 (Fig. 15) and ROV 169.
Plug 159 is attached to stem 173 and retrieval tool

\\éqz%oﬁﬂlgmﬁo | owered into profile 157. Once I%gg%mm&‘

enments 163 latch into profile 157, the
2004/ 044367 PCT/ 1JS2003/ 035854 oper at or releases
retrieval tool 177 from plug 159. The downhol e safety
valve in tubing 33 typically would be closed during

this operation. Tree 39 is retrieved % lift  line, 209
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u p&wlﬁhses LAdisemd dogs oﬂﬁﬂls 229 thay vetate dthal Ho}eswtlwalems Cam
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f 1 S GhIR 0@ SSHp Rite AR 88hUk Eibbrn aWEHiD cmbwgna:;haigaezzsm be
forces piston 219 downward to free dag s 21

r elpre-hent into pp SFERlgSODIFRION 9h drmayeh ]ffiglyaﬁom’e into
dogs arddte 'céﬂf%u{aﬂ&lf Wheh IRRE. Farthdidores ﬂ%ﬁﬂ%um%@r W6l dould be

not nove downward if hydraulic pressure fail
FI fowhédhef fexihie piveritgtipie madesH auidtinle agiculgted ﬁgmapqle@%f that flex

trrgr%ﬁ%lgg to 4P 8@%:1] Yri@hd ﬁ%tlﬁéy ha®e ﬁ%ﬁ?ie\/i)ass%géthrough it or

ed to1t for contr I'ng various valves (not
shmmpleumungesd to the tree. Alternately, the control

of the various valves nmay be handled in a control
cent er Eowigmpamate 224 olie thaeat dmst Fipertieal thelsisclyipyady In this

t heemgoldnﬁ%ngf I)fuﬂh%? o%ﬁotili! Quo?rgxgc Jeénﬁéﬂtg h8E artdsecured over flowline
jumper 226, forming a buoyant jacket. As shown in Figure 19, segments 231 need not
extend the full length of flowline jumper 226. However, they should extend
sufficiently to cause the arcuate central section to float in a vertical plane. If not pre-
bent into an arcuate shape, the length of flowline jumper 226 relative fo its diameter
will cause a portion to flex into an arcuate shape due to buoyancy even if the conduit
of flowline jumper 226 is of steel. The flexibility of flowline jumper 226 is preferably
sufficient to avoid any permanent deformation due to the buoyancy of buoyant
members 231. The buoyancy should be adequate to provide buoyancy to the arcuate
portion of jumper 226 whether filled with water, hydrocarbon liquid or gas. Segments

231 may serve as bend restrictors to prevent excessive bending of the conduit of

22



Fl ow i ne coupling 153 is aligned in position to mate
wth tree coupling 151. Couplings 153, 151 maybe of
variety of types including collet, clanp, flange or
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151 will have been previously oriented in a desired
direction as 30 discussed in connection with Figures

8 and 9. 21 WD 2004/ 044367 PCTI US2003/ 035854 Mandr el
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m%ﬂéh &f 2 BaHE ] Rbducabl/infdslia! 86w QmRRSals, hiRlphhiNow meters,

relative to ‘each othef. Flow ine junper 226 may have a
sﬁﬁ@loél IPAHIOHES qorrpa;a!g FOIOIFE ang AresSigP étmé) sesaneipdere Ipqpitoring.

cbﬂﬁcﬂlmovﬁ ]lﬁié% gél?o beséa%eci 95115]519 ?1 EE@H occur

uoyant. In't I nent, uralty 0
b@oyamt: aﬁ@gmmwﬂwpmswgwdmewhmg 18] ow i ne j unper
226, formng a buoyant jacket. As shown in Figure 19,
segmeniTbe k3gthneleimpst 22@is gredtet ieanf the |hotizonggtl Hligidnce between

P LRthdadSsdeHBRFT 1 28PmakiFYSS. Thd SRR e et N Efcient for the
lazy wave configuration shown in Figures 19 and 27, however the precise
configuration and the additional length of jumper 226 over the actual horizontal

distance is not critical. The distances between wellhead assembly 11 and manifold
235 may vary and could be typically as short as 30 meters and as long as several

kilometers.

As shown in Figure 20, lift line 209 is secured to one of the ends of flowline
jumper 226. In this embodiment, it is shown secured to second connector 233. The

negative buoyancy of first connector 153 has caused it to assume a lower elevation
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sufficiently to cause the arcuate central section to
float in a vertical plane. If not pre 25 bent into an
arcuat e shape, the length of flowine junper 226
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I'nt’ o an arcuate shape due to buoyancy even

conduit of flowine junper 226 is of steel. The
flexibility of flowine junper 226 is preferably
sufficient to avoid any pernmanent deformation due to

t he buoyancy of buoyant nenbers 231. The buoyancy i
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ﬁ%dﬁg&ky%s Qaudeld TREHdre? 265 WO SRR ofer [th 68 WidnhtivRiRfallel with
ydr

cafbon liquid or gas. Segnents 231 nmay serve as
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for connecting manifold 235 to ot her subsea
C GRPAFA Eppmectos 2330 geuitablesmandee] op pnidolf 2o e 3WSFAYeRiRy fs shown
fﬂlﬁ‘ FEREOP] ROVTBONBRVesover BRHdagth®ft Wi BROLARECtor 153. ROV

' owmine, or a daisy chain to another wel|. Mnifold
2387 pedermpdhe dctustion fooansg fiatipprnecten 1 Brto sealBely epgace ndsrgure

;ggtgg‘gc&u?gﬁngpﬁlcmgt%further processi ng equi pnent. The

onent 5 could include such equi prent

nor mal %}é%pg@d%*gﬁﬁ&rété& fidwifie ABndeF 8 il desinSYHELIRD, Fith lift line

choke, tion/inection flow isolation valve, _
mA0P irerpéneed aandl [being wettieved as wallasiREAV @B hi Bypyangmembers 231 (Fig

0 B3R B ETCAAR ATIRE NP 3P ASTREL iy

suhsdhtiow| | head assenbly 11 could occur 20 any tine
after running of |ow pressure well head housing 13.
In the embodiment of Figure 28, flowline jumper 241 may be constructed in

the same manner as flowline jumper 226 (Fig 19). It may confain a buoyant jacket
(not shown) over all of its length or a portion. Both connectors 243, 245 are vertical
types such as connector 233 (Fig 19). Consequently, the buoyancy of flowline jumper
241 causes the single arcuate configuration to float in a vertical plane after

installation.
Subsea Processing System

Figure 29 illusirates schematically a subsea processing system for the various
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The I ength of junper 226 is greater than the
hori zontal distance between well head assenbly 11 and
mani fol d 235. The additional length is sufficient for
wave configuration shown in Figur
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orientation in Figure 23. Then, as shown in Figure
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5% E’) e@g‘iﬁnﬁﬁ’g{@haﬁ%ﬁe‘} 8‘@%@%@ to tree coupling
151 ( FIS%paraAg)r vessel 253 is designed to withstand the high external pressures due

to the very deep water. Also, one may not reduce the maximum theoretical external

pressure by anticipated internal pressure in the design calculations. Generally,

25  smaller diameters will allow a thinner wall thickness for the same exiernal pressure.
For example, a 2.8 meter diameter cylinder requires 140 millimeters wall thickness to
withstand a selected pressure. A 0.5 meter diameter cylinder will withstand the same
pressure with a wall thickness of 25 millimeters. Consequently, separator 253 has a
fairly small diameter, preferably no more than 1/ 10™ its length.

30 Separator 251 may be of various types for separating water and oil. In this
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Figure 27 illustrates flowine junper 226 in the
desired position, with lift line 20 209 renoved and
being retrieved as well as ROV 237. Buoyant nenbers
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to float in a vertical plane after
installation. In the enbodi nent of Figure 28, flowine
junper 241 may be constructed in the sane manner as
flowine junmper 226 (Fig 19). It may contain a buoyant
jacket 25 (not shown) over all of its length or a
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s epaymbilinel lusds suteisbroughslaw valtege, wigs 248 éxo mwﬁn@@é fepgrator
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separator vessel 253. A low free gas percentage in the

fluid Iateglpseehbomet Hiskie nof adehents typeacht e dositsd etatar seppeation
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however the field is configured to force the water droplets into designated sections of

unit 267 and thereby form streams of water. Electrodes 269 in the form of undulating
sheets 269, as shown in Figures 32 and 33, are used. Electrode sheets 269 are closely
spaced and arranged side-by-side to define constrictive passage portions and widened
passage portions. The constrictive passage portions result from two adjacent valleys,
while the widened passage portions result from two adjacent peaks of each electrode
sheet 269. Sheets 269 force the water droplets to move towards the stronger section
of the electrostatic field, which is at the narrower portions. The forces imposed by the
electrostatic field is in the order of magnitude two to five times greater than the
gravity force. This phenomenon is used to guide the water droplets into these
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separation occurs easier at higher pressures. This can
be caused by the fact that high pressure causes the
i quid hydrocarbon fraction to be lighter, hence
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hydr ocar bon fracti on becones |ighter 2
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Ge @t mitiops thesimemeithally ngedsdaracgnyantipnahgiawiy sepapiohner
wal | thickness for the sane external pressure. For
exanpl eReferring ggaie teFigaiedRet byllkdesad 24 Y extendsppepdsirarg geparator

5m Lésgaeisgr%a}g@g'dowmgeaﬁ tgulkmaahﬁ apgd @Pﬁgﬂt%&eﬂw the

pressure i ameter cyl |n er w wi t hst and

t héiamater of papexston rvesseli 233, thuavdefines lj loweressstian fop Sollecting higher
m | nseg kL

S n%rﬁqep(gon%&gn {é;{&% Fﬁ w g{r]%LLﬂI%t 27%%9 ﬂ{(r‘%ttrecg b ﬁn%%o?% (9? ﬁep%%gcrr véssel
| eRdf Upstr&fin SEmilthaddz71251 may be of various types for
separating water and oil. In this 25 WO 2004/044367

PCT/ USReFerif B badk4o Figuxo2dl, mehdke 256 pepreferblyZlbsateinduivayiseam of

0 08 SHRTISE 0l B TRl e D e o
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b e&di@oﬂing qmesﬁire gddr flovadatep dh ertpriak art, aaihoké is lm:tmfaﬂy dubaicd on the

ure 31. volta electro i

it dusripstvadh B P A BREoHoy by s G ofiteal hale 275 i
261bcatBY dSHRASIN of ERR st 51 0d pieit sharidg @hd mixdngof &l and
el ectrostatic field, the dipolar water droplets

c ofi#t&i ned in the oil phase are oriented in a way that

kes th l]id I h Thi s.

makes ol ] ide Qr coa esg%\gg tqg&gl? gé?egﬁlaﬁ?ﬁgmper
Ceperahy e c@ﬂsﬁﬁ&éﬂ fhe Qﬁﬁ@i&iuﬁﬁé’x@%l’dﬁgsﬁﬂ%& flngper DAIS{FRS. 28) or

than snaller droplets, Consequently first

s epay Be iohmgre GRTvratenel Fen oCholiea?iJéscou}sil b wepmppipdaasapayt of
af §&01irfe0 cengesitll 1hal 10is Toteted %ﬁaa c]ﬁmgaeuatﬁqu@ﬂ 277.

retention Otinme to renove water fromthe oil
prAtiersaiely.osheke 27 5mgrld bgmppnied teapriodd 275rpr ofler ShpRFqUpHISOL.

separator vesse|l 253 dianeter and volune to be

20 ¢ Jefarifadd 273 isshepistediag amogypnBom unip et basapair ¢fdipey 481 arb283
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sugp!iL dﬁqﬂ ftﬁédég#d or HJI{ s f¥WePoep BRed B bid £ enbrhil€d f& therein.

route OW VO e wres 263 into'the interior
ofJus'@purHﬂowf cagle of dhe vBRUS Aepptatnrai2bt Jeadfto tpaifedo? TPer In this

%ul}or n&l&,%@%eaygﬁted%téf%hﬁ&gﬁ3 of e!iéﬂesepirgtgr connects to a flowline
284 that leads to a valve module 285. The various flowlines 284 join each other in
valve module 285, with the combined flow leading from a line 286 to the intake of a
subsea purop 287. Water pump 287 disposes of the water in an injection well. A
variety of equipment may be connected between water pump 287 and the injection
well. In this example, pump output line 288 leads to a hydrocyclone or centrifugal
separator 289 that separates sand from the liquid stream that has been produced from
the wells. Hydrocyclone separator 289 has a sand output 291 that leads to a storage

27



15 voltage that is required for the electrostatic
field. The sanme | ow voltage power supply 1is utilized
for other functions, such as operating the sol enoids

w@%@%ﬁ) 7ors i nvol ved with control 225 (Fi 5’1‘&@009/335854
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sea well 11. If coal escence unit 2 IS not
adequate to reach the desired water separation
performance, a second separator unit could be
enpl oyed. The second stage could be 20 another
coal escence unit or it could be a unit of a different
t yyessel gﬂfabfw apsriqﬂdce]a@c dispnstloFes F@Dmﬂﬁ'r the2nd cayld be p@iped back

?lﬁ%to ol %m% o\f%llé %gﬁ?rgl f the st %ﬁ\%lﬁlegd S blieF1 DY Fdssel

onflgur wat er droplets
i rpoa Idﬁﬁmgrcahmdted echimofedd 263 viulind 2936 Peaorﬂcallhshehgghﬁamsmme

st reans, of El ect.r ode . N

CRIGA e P 2de tenkf it 3328 e ificalg o3l P segpomyfated
arsenmeﬂovelﬂueﬁgumﬁe%heets 269 are cl osel y 25 spaced
and arranged si de-by-side to define constrictive

passageahp il 0nipuisd ofihyliestyclongepaaige2 §foedds tnanothEheil/water

constric as or S, re uIt fromtwo.adjacent .
C Ppge 9 e o i RSB bt R st Rtk on
f rReplét b cadil ACB twate sikanO f TiRasharak & 61l ladethralge tihe 269to the

Sheets 269 force the water drople
t reandfolddinges s dee Pt gpu of sepgpige e B é&%ﬁ@y%ee of oil

W%& ealiStodh it Bioh AbWRYEIO7HEY delid§ to aliBjebt@maRSL. | Nposed
by the 30 el ectrostatic field is in the order of

magni t wde:$amy1 iPcdnhattedtth FBAe mﬁﬂit%adb fan tﬁd’lﬁ.ltplﬁ bﬁpﬁhﬁplzs’?
force. This phenonenon is used gui de the

dridps ¥sbragehes injpesgparats fgpcrash @almat&@ torone of the I fines 284 leading
PGHSRO08L0 é’e@&%fbrs me%b@ﬁﬁe §B0haR ASERE S0 OOEéIﬁHgSvalves 301

where they formh g'b wat er content sections

t lad 30H |enaté@sth¢ iasé heipa Pampefay PuER 257 &b%ﬁ‘gtha@aw@r through
Ut o fﬁ% waldr gh@ 155&%@ TRt Wil ouﬂ&% FRPIQERHRE Sdrddand

nor ma nee a conventional gravity separator.
R@ﬂ@r deprgitagaimulats iFitpaubscgGepaativn| vesrelad52.7 Thesetserdisand/or

fro
eRGefs Rl HERATAYER Phon Rl 355 RPe BEARLAE tnection through
t higes 2B4a Efednjecifonsd p/ateabmatewmﬂmé&ncaﬁrﬁluntehdssegaﬁﬂon eessel 253

tion f oll.ectin

c Shmer G 1 Reed ool oipt St a8 sepRBE 201 fo flow it the
betddusedobil sepanaifold iesszd] aitb383ipsNoramlly, oiﬁackxﬂnhshingaﬂmd is
271 e r back t re 29, a choke 275 is
pﬂ%@@?ﬁif ”13’(5’%‘85‘3’6“5’5%@1& of 10 oil outlet 257.
Choke 5.is a c nvent. devi ce at vi.d
oAl S biTBS apenfhul RSB GHE rafiage ThE el BE I pjant wee
I 3tl6ws & BB 1O bé Afedas lowed tihRdentdStht Wl ibakl Ihyuding atleduse of

on the
the hft line frees up the derrick and drawworks for use in drilling or completing

another well simultaneously. The ROV actuated plug removal tool allows plugs to be
pulled and set without the use of a riser. The tubing annulus valve allows circulation
without removing plugs or requiring a dual string completion riser. The orientation
equipment and method allows changes in the orientation flowline jumper to be made
after installation on the outer wellhead housing. Locating the choke downstream of a
subsea separator provides higher pressure in the separator, which enhances separation.

Selective back flushing of the separators permits discharge of solids and deposits
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tree, thus upstream of any separation process. In this
enbodi nent, choke 275 is |ocated downstream of each
separator 251 to prevent shearing and m xi ng of oi
r. 15 A flowine junper 277 conne
wgggﬂd‘{“\é\ﬁ?’rﬁni fold 279. Flow ine junper 277 ?‘g;n%gﬁklﬁ‘ssss‘t
constructed the sane as junper 226 (Fig. 19) or junper
241 (Fig. 28) or nmmy be of nore conventional form
Choke 275 could be incorporated as part of flowine
junper 277 such that it is lowered and installed with
j ufinqe theZPFtem i\ camtmbede npn-disneritiere 2Boegoul d be nount ed
to mani fold 279 or other subsea equi pnent. 20 Manifold
279 i s Whils the duveationshas dpsrethowo fm oy fewtdidls fhars, & shewld be
of lin A o : 4 .
AP0 3o Al the il {5 o BB pRt it WL varions
t hehaegen withduinleparéngiyom the secpe lof e intvieeiiopar i ous
separators 251 lead to manifold 279. In this
enbodi nent, the separated water outlet 273 of each
separator connects to a flowine 284 that leads to a
val ve nodul e 285. The various flowines 284 join each
other in 25 val ve nodule 285, with the conbined fl ow
| eading froma line 286 to the intake of a subsea
punp 287. Water punp 287 di sposes of the water in an
injection well. A variety of equipnent may be
connected between water punp 287 and the injection
well. In this exanple, punp output line 288 leads to a
hydr ocycl one or centrifugal separator 289 that
separates sand fromthe liquid streamthat has been
produced from 30 the wells. Hydrocycl one separator 289
has a sand output 291 that leads to a storage 27 WO
2004/ 044367 PCTI US2003/ 035854 vessel 292 for periodic
| at er di sposal. For exanple, the sand coul d be punped
back into the casing annulus of one or nore of the
subsea wel | head assenblies 11. Vessel 292 is shown
connected to manifold 283 via line 298. Periodically,
the high pressure output of punp 287 is directed into
vessel 292, as indicated, to cause the accunulated 5
sand to nove through |ine 298. The liquid output 293
of hydrocycl one separator 289 | eads to another
oi |l /water separator 295 that is of a centrifugal or
hydrocycl one type for renoving any final oil droplets
| ocated in the water stream The separated oil | eads
through line 296 to the manifold |line 283. The water
out put of separator 295 nmust be substantially free of
oi |
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10 and leads to an injection flowine 297 for delivery
to an injection well. A valve 301 is connected to a
line 303 that | eads fromthe output of punp 287. Line

0 hes into separate |ines, each con
“%Hé“@?i@ﬁe l'ines 284 | eadi ng from one of pﬁﬁhﬁﬂmk%xmy

separators 251. Each line 303 has a val ve 305. Qpening
val ves 301 and 305 enables the Iiquid being punped by
punp 287 to flow backwards through 15 one of the water
outlet lines 284 into the water outlet 273 for
%ﬁ%shlng Sand and other deposits accunulate in
Sea separation vessels 253. These sands and/ or
dep05|ts are renoved from each separator 251 by the
bad k Al aethodwef drifjrgand ermpleing aghrality pessibses yvells gamprising:
injection of water creates turbulence wthin each

separ at, ?)Yf?%.sfﬁ:latl R Platfbidn, CRMIRiih: %1% dzﬂﬁ@ﬁ%r&@&dﬁ?a?dveﬂhead
ot her deposits in separator 251 to flowwth the 2

p r bonstnscidailing e capin p st avefli thesrupeise asEME 98 bNEHRE |14D§1mg a
E%ﬁﬁﬂ%ﬁgzﬁé gwaﬁmm@g&kﬁgred to only one separator
e I nventi on has significant

advanta The use of a light weight tree al
lift G%éwnﬂb thseflogkiag p%a&fonwg?com?étw& e dbiims Hive Trom fhe firt

we | 19 QrfPling fid38 od bfsbednil NRIhERLRoRe, and
thglgﬁﬁgﬁgggﬁ%gg F%&%%rks for use |r1iﬁ| ling or & o
c oppfemingppestiensonieecopd Wellsindul t aneousl y. The ROV
actuated plug renoval tool allows plugs to be pulled

and set meg&fﬁﬁﬁ U3 Realipait oF BB (b), E%nﬁg%muamab&désma

val ve a Irculation "w thout renmoving plugs

101 elifiiline dgrathe semne Seating glatiowp pet sapReding &, trevﬁ% the first wellhead

15

20

orhgﬂ %tlon equi pnent and net hod al |l ows changes in
the orrrentation flowine junper to be nade after
installation on the outer well| head housing. Locating

t he. Bisonahofagpesding islem la WBgreibsea separ at or provi des
hi gher pressure in the separator, which enhances

separ at ::pfhg stepClaf @ ldeMRkDFCHe platkshh Ag10Rkted BQerSBp Frat welhead
permts discharge of solids and deposits 28 WO

20basega367 PCT/ US2003/ 035854 fromthe systemin a
controll ed a non-disruptive manner. Wile the

i nvent i @B pASmP LMo SdIONEn ithe Sudltiondn kR (9 aftet thef D1ty riser is
it should be g parent to thogg skilled in, the art

t héiscqupeqted ta ppsiden the Arrigkahoye the sccopd welljepd pensng; and

various changes w thout departing fromthe scope of
the inveg (Gnis peEoMd26RdiAd4ady HBMTIHISABGRMORRRS $erforming

operations on the second well.

3. The method according to claim 1, wherein step (a) further comprises perforating

the first well and setting a plug within the tubing hanger.
4, The method according to claim 3, firther comprising after step (c):

lowering a plug removal tool on the lift line and landing the plug removal tool

on the tree;

removing the plug with the plug removal tool; then
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Clainms: 1. A nmethod of drilling and conpleting a
plurality of subsea wells, conprising: (a)with a
floating platform connecting a drilling riser to a

\%F@Im} J-l head housing, drilling and casi ngegyubobsidsssss
wel I, t

en running a string of tubing and landing a 5
tubi ng hanger in the first well head housing; (b)with

the floating platform disconnecting the drilling
riser fromthe first wellhead housing, connecting the
drilling riser to a second wel | head housi an

I ng, d.
per f or npcing o pRe grmavad dedd fepm e 1ir‘“""a'i"F% te&yevipg the plug
pe&%em 061 Alind B@fbe part of step (b), lowering a
production tree on a 10 lift line fromthe sane
floating platformand connecting the tree to the first
we Pt Hesqae %E%@Wﬁ@quﬁm¥hb“ﬁﬁFﬂbd according to claim1
wherein: during step (a) a derrick of the platformis
| ocat edstgy @) filrter EénisiseyBilolidigdhe tubingihagger Witht ibing annulus

5P P A LTS, Bl LA, S5 She LAED e

demhhgﬁeﬁg@wgukagmﬁﬁﬁ?ﬂg@melIhead housi ng; and step
(c) is performed sinmultaneously fromthe platform

whi | e perf ' operatigns qn the second wel |, 3.

The et HERIh IR FHEPIS® SIHNFY oPGHE BF oipg,anplps valve after
f UeNRE 12008 hs st Penkead Bhisig. 20 the first well and
setting a plug within the tubing hanger. 4. The nethod

according to claim3, further.conprising after step
(cf:{mﬁﬂ%WFHﬁc 3%E&yﬂ?gh£yf ™™ol on the lift line and

| andi ng the plug renoval tool on the tree; renoving

10t he pl ugepMa) furthee cqrhpriyes providing thotubingtharger w8 ANDbing annulus

15

20

2004/ 044367 PCT/ US20Q3/ 035854 i sconnect.i ng..L he.
RS AL e T g Eeoa o Pt PROPE P Rt Hom the
I efpy akliica®homei & | i ft line. 5. The method according
to claim1, wherein: step (a) further conprises

provi di &Qe’% Ect} %Léﬂje?lcgglpxqgag ?crwi&“mftg Qheatrtteeualitﬂga ﬁ?&é’lulh%glly powered
actuator, and opening the tubing annulus valve with the actuator after the tree lands on
the first wellhead housing.

7. The method according to claim 1, wherein step (a) further comprises:

providing the tubing hanger with an orientation member and rotating the

‘ tubing hanger to a desired orientation; and step (c) further comprises:

providing the tree with an orientation member and engaging the orientation
member of the tree with the orientation member of the tubing hanger to rotate the tree

in a desired final orientation.
8. The method according to claim 1, further comprising:

providing the tree with a flowline connector and rotating the tree to a desired

orientation while it is landing on the first wellhead housing; and
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5 val ve and cl osing the tubing annulus valve prior to
di sconnecting the drilling riser fromthe first
wel | head housing; and step (c) further conprises

\?ﬁ':&)%h‘!@/' y opening the tubing annul us val V§C%5ﬁ9_3ﬁ035854
e

e tree lands on the first well head housing. 6.
nmet hod according to claim1, wherein: 10 step (a)
further conprises providing the tubing hanger with a
tubi ng annulus valve that closes due to a spring bias
prior to disconnecting the drilling riser fromthe

first wermseing sdlexiling jumpr tettap fowiing Gpansalpr @pdyie jaddional
pr ayihgh Bglifh&et ree with a hydraulical ly powered

actuator, and opening the tubing annulus valve with

the actuator after the tree lands on 15 the first

wel 9. Reaaethad ascagling o chpine 1Btk QOEREHEII ng to claim 1,
wherein step (a) further conprises: providing the

t ubi ng bangeig hé bk with RbwRtebhadioraABer and rotating
the tubing hanger to a desired orientation; and step

c) further conprjses: .providi the tree with an .
Sor ) ent mEPBRCRBTR AV B P 1B° ChETas camedet rd tgdditiona

e rsiBsea @duiphent; the Elowlibd)juintpRr Bavi inddrbfe PRAGEHhaDTs siffRiently
tubi ng hanger. to rotate the tree, in a desired fina

or ibeAYaRt fodlpat ig 2 vericalplang gferdediaiohy to claim 1,

further conprising: providing the tree with a flowine

~ Conpetieafiethdlhct® g itd\gaithg fimfiRecdn@pridingesi r ed

orientation while it is landing on the first well head
housi ng; and. 31 2004/.044367_ PCT/ US2003/ 0. 4. .
Connect PSR bAeFb ARG S 4 Ao PHE B inec fepplines

10andeddingasi g sirfaoe plocessinp faeflitgqui pment . 9. The met hod

according to claim1, further conprising: providing
the tree with adlowine connector; and.5 conpecting a
1ol | e ouTi bifec AP RE Rsio B HE5EHR:
addi ti onal subsea equipnent, the flowine junper

havi ng emmnestingatcbolpdietwasn thelsepariter and tiei subsea tiayifold; and
buoyant to float in a vertical plane after

install ﬁé\!&ﬁ Weilglr%cir B6m TR R0 ARSI sdprafibPhedBitr and lighter
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further rising:
components of the well fluid in the separator, and reducing pressure of the flowing

well fluid product as the well fluid flows through the choke to the manifold for
transport to the surface facility.

11. A method of drilling and completing a plurality of subsea wells, comprising:

(a)with a floating platform, connecting a drilling riser to a first wellhead

housing, and drilling and casing a first well;

(b) running a string of tubing and landing a tubing hanger in the first wellhead

housing;

(c) lowering a perforating gun through the tubing, perforating the well, then
setting a plug in the tubing hanger;

32



connecting a subsea fluid separator to a subsea
mani fold having flowines 10 leading to a surface
processing facility; connecting a flowine junper from

“gﬁ%,ﬁ;,&@g.,to the subsea fluid separator; copRREdhdd3&sRss

5

e between the separator and the subsea manifold;
and flowing well fluid fromthe tree to the
separator, separating heavier and |ighter conmponents
of the well fluid in the separator, and reducing
pressure of the flowing 15 well fluid product. as the
wel Tt 1 alswn&e%mﬁm%ﬁglw&fﬁ@%%% fir wetlbearhavsing thep o
transport to the surface facility. 11. A nmethod of
drill'i n@) awith ¢enAbstingnglatforl uomlecting e &ullisgaiseeckd 2, second
conprising. . (a)wth a floating platfor connecting a
dri e{lﬂleﬁﬁ ﬂ&s a’%d\(l)g”gﬂ?g aod asiig g s%%‘%& Waﬁ'n‘oﬁﬁ ng, and
drilling and casing a first well; 20 (b) running a
string @ whildperfprnaing ot daastipag ofl step lf¢)npywheng e hrddociidadree on a
first. well head hqusing: (c) |lowerin per f or.at i
ou B F GG oF s BRAG Plags o EPReritR e s e elthead
sehbustig. a plug in the tubing hanger; 32 WO 2004/ 044367
PCT/ US2003/ 035854 (d) disconnecting the drilling
riser..fromthe first | I head.housing. then (e) with
b TR R et o B BT Eiogt {1 ng 1 ser
to a second well head housing, and drilling and casing
a secondweetd g plagen{dvyl todlidnghepléfit fine adrigndidg the plag rquaovial tool
of SE&&%%E)’ | owering a production tree on a 5 |ift

i e the sane floating platformand connecti ng
the tree to the first well head housing. 12. The

10 met hod removingltheghtgowith thé piug tsmdval toblethesonpri si ng:

20

| owering a plug renoval tool on the lift |line and

| andi ngs: . ep: ..
renovi %iégctH eee%!;l% 8{ e\?\ﬁ“? % ?\th%aevgg :touo glg (Hraelﬁ rmla%a‘frget %lc()jl I]eg%eﬁlélﬁ the plug
di soomaddedl ion ghetlftligel ug renoval tool fromthe tree and

retrieving the plug renoval tool on the lift Iine.

1313, ThE mithbl QbR UMY 11 Qntich@h:m 11, wherein:

step (b) comprises providing the tubing hanger with a tubing annulus valve;

step (c) firther comprises circulating fluid between the tubing and a tubing
annulus when the valve is open, and closing the valve prior to disconnecting the
drilling riser of step (d); and

the tree has an actuator that selectively opens the valve.

14, The method according to claim 11, further comprising providing the tree with a
flowline connector and rotating the tree while it is landing on the wellhead housing to

place the flowline connector in a desired orientation.

15. The method according to claim 11, further comprising moving the platform after
step (d) and before step (¢}, and step (e) is performed by deploying the 1ift line from
the platform afier the platform has moved.
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step (b) conprises providing the tubing hanger with a
tubi ng annul us valve; 15 step (c) f ether conprises
W(Fb(foflﬁh%' ng fluid between the tubing and a tyhife 2P03/0358~4
us ‘when the valve is open, and closing the va
prior to disconnecting the drilling riser of step
(d); and the tree has an actuator that selectively
opens the valve. 14. The nethod according to claim 11,
further conprising providing the tree with a 20
f § @\WtieBethof BeRkdihg & ¢laifOl 12 Rirfigr th@pisingafdisted (d) | S
| andi ng on the mel%head housing to place the flowine
connector in a desired orientation. ,15. The nethod

accor deqrRecting ithe Mee o # grhsserwelb ipid sepryaten s gsepator being
f
AT\ s G L | b

pﬂaﬁffmrsmﬂflbﬁ totderrfabeeprbcassing &xilipyadl 33 WO
2004/ 044367 PCT/ US2003/ 035854 16. The net hod

according.to claim further conprisi.n fter ste

e chiisie wel! B v e trens e AlBg hRaTIE i ighier Cotiponents of
SfﬁE@l?e%lt Ahid iGeSepanet, Qﬁerpfédﬁ&n ROPRGHAE dfehé fls ell fluid
choke, which in turn is connected to a subsea nmanifold

tpradudy amd flowinigi attelsaat lsamne |ofdbie tveellafluidr thaenghpthe cugsfold) and the
f C|I|t and IL fluid fromthe tree,

éhans F%Pmﬁ 5ﬂg W% conponents of the well
f|UId |n the separator, then reducing the pressure of
the flowng well fluid product and flow ng at | east
sone of the well fluid through the manifold and the
flowines to the surface processing facility. 34
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