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to provisional application 60/425,6377, filed Novenber
12, 2002. 5 Background of the Invention A typica
subsea wel | head assenbly has a high pressure well head
housi ng supported in a | ower pressure well head
housing and secured to caS|ng that extends into the
well. ne. o ) :
hou5|n§ﬂfgﬁ o ' e+t 2 = 5B
end of a strlng of caS|ng t hat extends |nto the wel |
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Chrlstnas or production tree nounts_to the uppe nd
of t he Thiseppiieatioth slismngriesly ©oprovisianghapnlise %60/425 377, filed
fbgngnmgpﬁszgguctlon tree is typically a |arge,

avy assenbl'y,” having a nunber of valves and controls
nnunted thereon. One type of tree, sonetines called

" Backgrunndndflthe buvehvient i cal ", has two bores 15

through it, one of which is the production bore and
the other_ i.s th t ubi access, bore. In ’
type of sttt sNefed iy 5B Aot R fger e aNELe housing

t RegpporRl|inearbwe weéstitte WdReid! Hbﬁ&lé@lﬂg%cufbﬂstot ¥8ing that extends
passa es through'it, one being the production passa

anigto tthe wgtlh Pndel mgreacpﬁsmgrlwlg@s prnslsiagbe miglhead housing, 81e casing
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bat dedper mepiht OrA astithgd lof edbidgvextgde sthttugh dihiei eiging for conveying
production and to circulate fluids down the
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orweY hE5d H&%sﬁ‘r% dcﬁ‘ co‘ﬁ'trroﬁﬁl(rg thEivhdl Bt W?nle rQ&L}gl;@lb{l Si'bé:eﬁé Qypically a

out eavy duri ng Conpl eti on.
héargehebwsy assersbly] hadngaduibedraf alvheardt ¢ontrolsgnalmset therson.
renmoved for installation of the tree, plugs are

t enpor @ieltyppbieer sometitis qatisd agasemionher t‘ultiog”, has two bores
hanger. . The tree_ has |solat|on %ubes 25 that stab jnto

e HgaBSHiEn enGRf Whithelsghe DB betseand iBe 9Eher &h her tulpmgrannulus
t Iagcetsg $ord. arTHSt yofl}gtsr@' W@ﬂlﬂeQ&aﬂ‘ésé?ﬁdl | 33 b héﬂé@ﬁ legfds in the

tree 1s nornal n on a conpletion riser that
t mellbead hgsing. dbadubing hangex ldisa;Wospassaggs dloopgleit, one being the
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exteendmeldnailus Surfand@AhO 436 K&Bé%&ﬁ@ﬁ(b@%ﬁlus is necessary,

both to monitor and bleed down pressure during production and to circulate fluids

down the production tubing and up through the tubing annulus, or vice versa, to either
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 tree has isolation tubes
that stab into engagement with the passages in the tubing 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 completion riser, one string extends from

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



the tubing annul us passage in the tree to the surface
vessel. The plugs are retrieved on wreline through
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retrieved. Wiile workable, it is time consum ng,

however to assenble and run a dual string conpletion

riser. Also, drilling vessels nmay not have such a
conpletion riser available requiring 5 one to be
su ed on a rental Sj S. ther type of tree,
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r tlmmre@ tl&bﬁg}ﬂﬂle drﬂllﬁgtherSaﬁ&tlmllddhﬁ thé B@rel ﬁ’ thél fre® r]Access to the
drill pipe, which g]grevents the drilling glderr

ﬁutt% gt gV berBrveR cHARD NIk ipogb theofrlling Tiser. The

I r hi
t put 12% aﬂgel(r) rdo}é’ﬁ nlo?clzlgﬂss g.ltrl] talﬁlghlgfpgﬁg%@ t}{rblﬁhh ;E bﬁt bsbyﬁ55§ extends
i flebegl & toee ompbek spape tdcsied abovel thel ﬂubmgpiemgd:rn This void space

CBoBREIES Ul fog PR gt LT e (R Pl hegAeneE is closed on

hewésiuBhg KinbherusAmg sﬁﬂ[gnelh @ Fs RN VIRNréORa N Wl drftefide, which
assenbly The tubin g hanger has a production passage

aptevants ghe wiling uig 2k ofigwe{leatingt pletipmo deen ibeimg employed on
pas&ﬁ é@ qtecdeé] £% gsnl\jl\ésnitlgh]a%lltq ﬁ" as)éllfs f%gsgzthéggserﬁér 2% conventional”
caayementhuetdwn agnplangeissr oerTﬁlﬁpee does not have a

verti cal tubi ng annul us passage through it, thus a

dual bef en6@BPhed 18 dohidn tﬁe@wel‘l&ﬁ&“s&@a@m a concentric tubing
Consequently the tree may be run on a nmohobore ri ser.

Ah@mgsar frpgldaﬁhmeugellhseaql beusing indbasage nanndrens tau@mmgltlonal wellhead

T T A ek pa—

t bloSvethp eh@prddueiton Béssiier Redonyentiid vithuibie i8N tHeU®bing hanger,
ve i s a. check valve that prevents upward flow_ that

nf@gjhﬁr thareeliehtl cdtgfastin sorvsniinpl AwHng hanasts The frgggoes not have a
doWReR" b oa\%luﬁs 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



2 WD 2004/ 044367 PCT/ US2003/ 035854 di sadvantage is
that one cannot readily test a tubing annul us check
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closing. A tubing annulus valve that is hydraulically
actuated and which could be tested from above is
desireabl e. However, these typically require
hydraulic passages in the tubi ng hanger, which take up

r ¢ g Y%e lﬁgl gg %& %ﬁéh% 'i%gltalh@bt 4o ‘?h,jﬁa]ge%glry’élvtedo determine
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| abeiblexitheo e pbatukingern réfdeesg MRy d&sns Potdntiall P enfedidBle due to
pl atform or another. There have been instances where

a Spacsaesidiongn by a lift line by a vessel onto a
wel | head housing previously installed by another
vessel Dl@elgénbselawelhmlén@rthe floating platéormumay completeomlyone well
¢ %Fg gme p/roldﬁc i;ogg rHc?ng%% Hn S?IB? ﬁgg bgé: aus aé%;alp e’r§1g[1{3 drill and case
I aQuiniter aafdﬁafblycwelam dndrdRnautdng Bd bfddﬁ@h(fh #edsl url later. The
runnj ng tubing al so 15 reqU|res a derrick and

d PERINEHNS tregs inayyhs &3 byt %SW@é’llqtf%mpP%ﬁ]F@h% hakergnpaye been
0 u i.0 e
pF&gstt Sﬁwgtgretﬁgﬁé gvvna%oruflﬂ t@ﬁ%{ Hft?ﬁ %Sr {?ests%l Sntd aomelﬂlead housing
dpidvidusty instalehhy ehother wsel. hé}ensﬂaﬁy\ﬁhdwmflerj trees are run either on a
devel ppnent. Su of . the Invention In _one part
© RPED{RBER Ber Grmat e bhiss DeE ataiarhe ¢ SGnabryy; Hofh of these
29r&@&‘iﬁ€§§éq9ﬁe %nyrﬂék ghid blabwebrid. ”Ehﬂﬁiéea?%hyorfrﬁﬂﬂh%lﬂﬁ)mg also
same floating platform The operator drills and cases
ardquirss avsinfickvand dtdvevarks apil tapigally,| 4 ﬂgatmgspllatfomm dms only one.
the. o 0 di sconpects .t he dr|II fromthe
¢ PRI o, oth 3G RORGRE 4850 & mfRuh e R AE thar the
Pp&ﬁi@ﬁﬁbé Filliag bﬁéoﬁﬁaﬁ@@me& @mwtshﬁlcﬂdweldpmnf i ser
fromthe first well head, the operator noves the

PahiiR4y oF thE Biventiot ance to position the derrick
above the second 25 well. Wile at | east sonme of the

oper at ![rprb?le V\gﬁt LKy J:tﬂ&ds ﬁ’i@ret h‘l@afn BEONILYE! byelit Reundergoing
oper at or from t e sane onn a pr oducti on
t cempletion ami/@r fdrilbng \aehultaaaamslyh cfnom titg, sars¢ lpatng lpiattform. The

 eShtor UG el Fininpl A5 RE it 1o ig e b e operator

r Ielﬁ@oﬂﬂé@tis ﬁﬁe tdﬁﬁﬁi‘g%’iééfr &font lﬂfé fitst SelWBld! begdRitopr@dtnd on a second
ug in e tubin
P ﬂ Preferably, after glsconnectmg the drilling riser from the first wellhead, the

operator moves the platform a short distance to position the derrick above the second
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

hanger. In the preferred embodiment, the plug is subsequently removed from the
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the assistance of a renote operated vehicle (ROV)

plug renoval tool. Also, in the preferred enbodi nent,

t he tubi ng hanger has a tubing annulus valve that is
normal |y closed and can be sel ectively opened after

the .tree nds _on the head housing. As t e

| S#hieg Bﬂlg@h Neshy the &ee WY wwﬁél?eregswf&ﬁcasof&ﬂe@mea?neaﬁe%ﬁ%a@? (ROV)
SRRCIAOS 0b] AiLd) G RIS ERBEBEAA EMS bl HahEE hab'h rbi
?13 er aspect o$ ’t%ﬁe Pdﬁveﬁtl on, tlhg reeul {sh%cong c:taegtublng
t @naulfg aaslivia ribat| is ashrmglly clvsed ambsaa bfslsaledtl'@joa)paladr after the tree

outI of h ubsea fluj,d s tor eads to .
R e B, Bt BB odeals. T4 ol e MR HALIERS hpusing, an
S'éﬁ%@téudi@ﬂﬂeﬁf%ﬂassa_dﬁtéd Mm@mm@mahger oriERRhAide. | N
m nimzing flow di sturbance prior to entering the

separ afp Enotﬁ&dasgk’cﬁwrtﬁesmvélgldﬁ b 8 t)hﬁéc?erac% aV‘ﬂ(g\Wlﬁle leading
the separation stem BRI EF SCRIPTION OF T
DRAMENGS: ﬁwglmep@atbA dhelouiBt obithersilssea éluubsdpama&jr leads to a choke to

Zgg%tlfﬁgg[ﬁ% é]\é:)ﬁ?% of 2 Viﬂlﬁ@ﬁ?g 6% %S%gbaqﬁrlgalg?qq E‘?ﬂs arraingement 18

e fhpsged 1r§ﬁ1@ﬁ1h@i1 ﬂMWQM\ét@fba@cegﬂfdr k@ Bnteingd e s¥Rirdtbeadd supports
assenbly of 15 Figures I A an the sectional plane

bepigua stfieieasit withiahe sepmagon sesteph and 1B. Figure 3
s an enl arged secti onal VI ew of a portion of the

wel | head asseffiipe Ip{‘) ai{ﬂE]d?R% 4 1is
an anot her sectional Vi ew a portion t vvel | head
assenbly of Figures 1A and 1B, but shown in same

sect i ofigdurgsl bhenddBi qmlrl-firigwae'eﬁicabseictidmﬂwim ef awellead assembly

t ubi I d t Fi 5
aFoR g Sheclut a%s%%rth%%w‘:vs%i?hep? i Ingnannlulgﬂ;eval 'VZ

of Figure 4 shovvnl open positign
ifH ioAoRHarBrd ToREOR SHRILE! ohpriy e%t%e e%@w@ agsembly of

an eng
f

' F gslgeso?l %’icgﬁ}?etﬁ@ ?édtl@ﬂ:ﬂ o\\;\:%\éil %dffél%%ttsﬂél %gﬁgg«lﬂ!@yhmnd 1B.

Wh I

i o' tehgléﬁ%g [fkgalﬂégf;quéd 56'%{}5“3‘1] Gie S/Z\p églg | ongﬂfeﬂﬂgﬁ aesg?mbly of

tﬁgut&tﬂlﬁﬂgndatmul us val ve as shown i n Figure 6, but
shown in an open position.
Figure 4 is an another sectional view of a portion of the wellhead assembly of

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

{ree.

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 annulus valve as shown in Figure 6,

but shown in an open position.



4 WO 2004/ 044367 PCT/ US2003/035854 Figure 8 is a

sectional view of the well head housing of the well head
wa@s®endidy7 of Figures 1A and 1B after runni ng cBSI/NR0a30OB5854

in the process of receiving a BOP orientation spool.

Figure 9 is a schematic horizontal sectional view of

the wel | head housing of 5 Figure 8, the dotted |ines

showing a flowine connector arm being rotated. Fi gure

10 is a, perspective view of the ead as
Fi gur e$igHAe e sqqgonalrigy of e Sehe 64 F@%ﬂ%&? e &ﬁﬁ%@ad&wsembly
Fi a ELEhb; ol fhdd
CoT iy POy e B e SRR I of SecElAdE 2 BOP
andertBiors$posi.ng an ROV depl oyed plug tool nounted on
the tree. 10 Figure 12 is a schematic side view of the
pl ug t @gdured ikiagichemdtic, hosizohtah squtiogal wew tof mige wellhead housing of
attachrrent ur 3] s cherratl c sectiopal view of
5 aFiusgSrbe fip%iﬂglﬁ@sa PuBR AL F’GFOF‘?F‘étOfﬁFIHé’e’tnédPtaE?ﬂ
Figure 11, shown in a disengaged position with a ug
i | [ ust Figusel 18ys 8 MSTSDEGVESACW OA dae wekhead ggseanbly of El%lres 1A and

{Bactﬂ&ttﬁl h%%fosrb?l{altlgﬂéﬁ%p\{'o?ﬁ{&% $R& Rldg retrieving

I N an engaged

p03|t| . _Figure vi.ew qQf i1 1in
D1 2t 1 of HFh 12&@35@“&%&%%0{%0&2 FBofgl GEY i nEllbted' dfembly of
agsRidy DA addi Beshawhingd in ROValeplbyed phigl tadIfrashtédor e tree.
engagenent with another subsea wel | head assenbly. 20

10 Figurerifiré $23s ¥ QERdneAic s&%%b@r@&hé/pﬁgt@él FFigltan n@hﬁ a plug
enbodi nrent of the portion of the treé of Figures
anetingattechmesbnnects to the i nner wel | head housi ng
Figure 17 is a perspective view of the well head
as senbFguwé 1Figuscdesmbic asetiondl Biewwof b phugt m‘e'evingsi@andﬁ for the

oREIECORRRE oot b9Vl ABeRE85] RGP PO LORRALIAGd by he

tgogté@hﬁers_ee of Figure 1. Figure 19 is a perspectlve
view of the flowine junper of Figure 18. Figure 20 is
15 @ schemahyc 1¥'1§W1ﬁ’5retdlaﬁll&h ibhe) 41%?rthé3f)lu§'rgtﬁ‘1re€m%Sattachment
shown eing lowered into t e sea
of Figure 13, shown in an engaged position.

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.

20 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 connector of a flowline

25  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.
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Figure 22 is a schematic view of the flowine junper
of Figure 18, showing a renote operated vehicle in
the process of connecting to the flowine junper. 5
Figure 23 is a schematic view of the flowine junper

of Figure 18, .showing ..the | apded on a su a

o R B ELERTD Y BT TPRERT G 4108 PrAS: shown
| YBREStabbbdihiethedreb HloW1ins BeRtiog. Vi ew of the flow ine
junmpeéer of Figure 18, showing the pull 1ine being

" et 1 aCkeihebys 18 RMrariC VY Boin MOwIRE Fiip & AITREIE 8 Ohow
the 1071 oW | nesj unf)lelr into ali gnrren?‘m\;\ifth th%Ltr -showing a
meemhdito logerafeidgehieleds thepracess hfeminecting tewheflowlee jumper.
flowine junper of Figure 18, showing the second
connectFagure3tihe sthawdticndeyw wipke flowiing juopuredtiigurt d 8, showing
the subsea manifold. Fig r& 2(? is a schematic, vi ew of i

t e ROYwlanded pyy &p@bswmwgﬂ énq gonngstsdi hga PHE lingripithe flowline
oﬂﬁ’\tﬂ?&?d vehi cl e connecting the couplings of the

fifow 1 ne junper and the 15 tree to each other. Figure

27 is &. [ ' . f:ne .| I .
2 s PSS Mk N9 AL RS NS s 15, govine
RMé pell nNiner Béing aeiesticdbguhe RBV| slrawipgrihpaetindecotinewtor of the
of a_second enbodi nent of flow jne junper. Figure
2gopvding JupRpRL AP At SRe VEJag EarEAldsy st em for t he

wel | head assenbly of 20 Figures 1A and 1B. Figure 30 )
is a sEBwRLP ds geehereniinl vigw oty flowkinejureprs of dpgiratl§r showing
S %cérﬂl co'r:lhgcti&eof% e 16w L béin E]orﬁ}relkt@{'l gcfﬁil’g.subsea manifold.
schemat ¢ sectronal view he separator of Figure

30, taken a

11 ust FrRg0iha sei R CaRt o fad iy Smi ot Figgp 18, showing

F't}@lah’feﬁloge?o%éiata@ veliitRI @efkctiaf e dupliMgL¥f BE fRwline jumper and the
di el ectrophoresis separator portion of the separator
ofreEioRAcB O8BT. Figure 33 is an enl arged schematic

sectional view of the separator of Figure 6 WD

2004/ 0F 1367 2Py £ 9spaic0368 54 the flowline jumper of Figure 18, showing

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



30, taken along the Iine 33-33 of Figure 30,
illustrating the diel ectrophoresis separator portion.
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Structure of Subsea Well| head Assenbly 5 Referring to
Figure 1B, a |lower portion of a wellhead assenbly 11

i ncludes an outer or |ow pressure well head housing 13
that | ocates on the sea floor and is secured to a

string of |arge.di t condyct or 1 hat :
cbefife sl e oEiE R P i GeBinB e il fintioggsis separator
E bifag. of casing 17 is suspended on a | ower end of

ter well head housing 13 by a hanger 19. However,
casing 17 and hanger 19 are not always 10 sus ended
from the outRETHLERJNESEBIBTHIN OF ENKENITON
elimnated in many cases. An inner or high pressure

U, pedseh@l DG by sRGR el enahprorted 0 Y

the bore o ut er ousin | nner mellhead

casi ng RoRrrngto Bt iny bUHUBEES 1§ ot Soetli P ittuces an

depteh or 10W Bresiied bvlaﬂﬂéiidh@uﬁhgl 43 2Hat Htﬂféte@ thh@se'éEﬂer hﬁd & secured
| east one caS|ng hanger 27 15 | ocat ed therein. g
hith geatmzvgr of darge w@%ﬁt% onflycteiopipe 15 taexdendsriate th@ wl In this

i %Hl%%d oﬁrs?ﬁﬁ% bf]gasﬂlf 10761§| H%g&%g}“@lo%? € §f outer wellhead

roug cdas eat er Sin
2Y10i‘nﬁﬁg a3| opad Eatnxgaﬂ (liﬁr HBWém,ataadlg\NllT haind halngelbw arcolnot always

bow hi s enbodi a tubin han er . 31 1is
| awsadeq RIRERE O%ﬁd’Vé{E‘SP%]&OWT{gM %BSP@“B‘feddBé’?% cases.
hanger 27, or alternatively ock into the bore of

h| gh prds #ies or i@gh/v@rqSﬁéadV%lagd hgupng 2érlands indapd és supported
|
e e L

elida byt elndn:(fsa gining cnfﬁd:asmg]dﬁl ttetr ex@8ndsAhsomgh c3€ing dﬁl t® a greater
t he or ,of bi n er..31 and the
ofenBodnhe wellied noheih 3l 52 B DePCRS Siitoit 1951 opé Sesiry hanger 27

| QK eehl tﬁgrefﬁ"r ORYEShideeM A id &hleAGhi@Hn bBRS1S hrﬂﬁsercéﬁﬁafb li¥e upper
outward to | ock tubing hanger 31 to an internal

prend pf & sirmgedshsigs 2% thas afendsafirough chingh? pioes siepter depth. Casing
|l he h 2 er. I 36,
WREHE a0 BaS AR Q%Wﬂ%%%% a”ﬁ”@ﬁ%ﬁé I8 G130 25 wel

I t.h Tubi
hanger 13 hif STl 3 Whiecgpert ninBR, JOLEH: Y et withn
PiRAMEE P BaditPhFeBP7 oTldﬁélﬁQtﬂ'@ﬁ gk l&;k 1Bﬁ)5th@ bore of hl%h pressure

production passage 32 t is coaxial wth tubin
7 Wlbhogio hp AR 8.7, pcmu@o@s/hmeslsaated 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 to the upper end of a string of
production tubing 33. Tubing hanger 31 has a production passage 32 that is coaxial
with tubing 33.



Referring to Figure 3, inner well head housing bore 25
has a | ower portion 25a that has a snaller dianeter

WO ban/oupper portion 25b. The difference in di aPEL/E8R03/035854
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results in a conical generally upward facing
transition portion or shoul der 25c |ocated between
portions 25a and 25b. Wel| head housi ng bore upper
portion 25b has a 5 grooved profile 35 forned therein

b [ h 1. P i 35 | | d hort .
G ot andHER eI FidHesd g allhral Rising o8 SLRth Dlower Agftion 252
wehdt Neacth BRUSdN@arddter AfanSHiHMR ?oﬁidﬂ 956.€ A di¥erence in diameters

Christmas or production tree 39 has a |ower portion
t mesmlts frs@ conicalrgenerally tpnard theing iragsitdan pdtior ot shioukder 26e located

3 as_a_pr.odugction S 1 xtendi ng through. it

* RatRn bR E AR 55 SR Ao b P ol oion 25b has o
outovved prd@le Aofuatd @itrdih @Bowidt RdhgksS 01 atPr&flet 30R located a
43 that depends downward fromits | ower end and stabs

s 6ot digtapce helow e ddoviiehisghe spres end obimner el Hgad hewping 21.
31. The lower end of production tree 39 extends into
bore 2%sothownneFigud LAeafhtistowis oy peiuttipwatress3 Dlasen lower portion

tr,ansition sectijon.25¢c (Eig. 3). . .Referri agai.n .t o

B P g S bR R Fih 207 o b 50 B £t passoge 41
exkRAdisg hooudhway thaf rigu bduligt RO e a Sdkteridinge Nhtatall9 Noutward.
sl eeve 44 is nonrotatably nounted to the exterior of

t ReodysHon Bee 3 Baswy inelater tube 43 dyat depoads dewrwaed\feom ifs lower end

o 438 Sl ity o o ARGl IO o R R 51 THRRGer end of

c pridmatiomtret 89 dxtnds irtd dord 35 o€ innee vetlbeddhieulsinged] ®mards bore

of HnoductLon %r&g 39. Wien tree 39 is lowered into
PPHERYSHH0R 2128 Sori ent ati on sl eeve 46 engages the

20 matchi ng contour of orientation sleeve 46 to rotate

pr oduc ReEHTIRg 8gaindo Highiredcit aeigtiongyeeygd4iip ajnqrt ofeand extends

desi ee (i .

c SR A BGhy Ahdof %, Cffentifioh YREDGAD AR quibl ounted to the

dexteddt pf dfid badys of iebitne ihginder &1. t Deicotatiem tskeevo A4 shagew delical or

r der inimze the ef t of this .onto

In o to n ec t he ;
s {APEESHh cqufuir ¢ ipEpe aﬂ_l‘iﬁél%hﬁ{l%ﬂw § PrEng Crightaten Qliegvea% with a
S HRRIBAR RGN ABENBRECalgei§ gcjﬁr_%}e%rto tid Bwelend bl Politif)n tree 39.

sub-franme 133. This is achieved in the same manner,
t Ylefi teek Hyisdowened tinfo fwaithedd boustngglnenentaiaen slheme 46 engages the

descri.bed | ater. for, r.egisterj t cor.rect

of AT oot ehiah? YR A e BB rage29, g accurately

Viétitdaash thedsding diret@sn@latice fnebin hahg&e3 13Phd &phitd mgd of the

connector assenbly for securing it to well head housi n%n 1
oraer

2helica¥ppered intseiaes disectly mbfegtsithe heighisofathe erimatetion slsey

4 ] Haﬁ i 0 r . .

I g)nggﬁ%nﬁ ri r%aegf}& E@ n%sg"él&%@e%g’étﬁﬁhg | séélr ‘rdagﬂ bcﬁ%o@g ?1 g’l}({: Hreeaahgn ed

t viat & @ep@OmemtaryBmechanical 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 wellhead 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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between rim 37 and shoul der 47. Connector body 45 al so

weziogndse7 downward i nto wel | head housing 21. Ap¢DUK1003/035854
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element 51 is located at the |lower end of connector
body 45 for engaging profile 35. Locking el enent 51
could be of a variety of types. In this enbodi nent,
| ocki ng el enent 51 conprises an outer split ring 5

that has a matin proflleto r oove urality
668 45 Sy RPOOR sER I fh ShouTie? et LbBteHdRobad s 1sd extends
eld%(?Vf’x'a/tzlrci5 é@ URMhlRCKI R 1€ ”Rnfocléﬁ%qe%‘leﬁlt 5y i@ %c\ﬁ%ﬁdat the lower

nove a cam sl eeve . sl eeve 55 npve
a>end|olfyomr®dt01r bo&hyydi darl angagihg prhfily 85 Lbykihy dieanght §1 could be of a

flui.d s | 0 a_pisto 7.. or. el se

L SRt Rhes T SRR g iRt tahSRs A gpter split ring
1@hathes aonsend @{)ﬁpe%eg{ieb% bas paﬁm@sﬁty% B¢ @dg053 u&ta&unﬁ{ the inner
portion 59 th extends downward from connector body

4®idnpeterhps leokiveed element 5 Exli'!lé‘hdlé@lﬂp@ reﬂermntsﬁzl raghallywdm@ud when
aboved nd L sec Eev% isz (9 tat n S| ee)é/lel}

60 TSN R TS glmgf B
POkt hyeRaGR fldd sﬁpplwdnﬂonzg pisttﬁkﬁ’ﬂ goreél&lTBilTrocﬁlcoamécté@@@ externally
53 wth connector_ body 45. Alternately dogs 53 could
b&nqysitad hygradgsydndsinfi | e 35 and 15 | ocking el ement 51
omtted. In that case, w ndows coul d be provided for

t he doddei qwmmn@eqmblyti@a;anmtenép@ op xetaingreporpon t59dhat extends
5 and ed nt raII for Wi : .
e IR RSP Bl Sty 43, it B ZmntolsRle ephdel nertion 59 36

pasaiedeatvl e extl apelged v otlgitatidiesled? 44 ancolﬁxt@rlls Qhreaded to the
side portion, typically. for supplying control

A deameie ofspdwnded PH’é*’rOé‘ 5Der getainipenlorkag 6&ﬁmqnﬁ é;l, émd dogs 53
p

PIEPIERc B ARBHER SRRDSEEN 88 (PByIRE pote 35
mabakivge q:iamsntgﬁsomrﬁteﬂhél thapeaseewdldofzvs tcoblidrbg proradefor3ie dogs in

C ARSI PR A WAL e PO AR Bl S0l B gggraly formed

t%{mnﬂ@&gﬁ;o lson the outside of production tubing
These confrol lines |ead to downhol e equi pment in

The str 3.
vl ve. SAL 008 1300 SHED A2l SPURIPIRORBI LY 2 10 n
dexfeciesside portiopatypicelhe forshmdying contueltfodd.t Althowghusttisbown, there

LT ot it ahd e dta i coppics iR GHBG i¥er end of

SWab 39al Y c&imebtof &ibed siah iRloadMeid dﬁd’ssr%%§ $A4Be ﬁﬂper’%nd of tubing

safety shutoff valve 67 is nounte ort
hmm Bilc T@esqms@gemadl ter hyslagudicyand/on ﬁl@ﬁmcvleqon@obtmqs éhat are not

360 P E¥ERd BR0R ot BReBT N 35 6 e YOPRUMER) tobing 33.

These control lines lead to downhole equipment in the strmg of tublng 33,such as a

étulacally driven

downhole safety valve and downhole pressure and temperature monitoring devices.

At least one valve is mounted to production tree 39 for controlling fluid flow.
In 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 hydraulic actuator 68 for safety shutoff valve 67 is shown. Valves 63 and
65 may be either hydraulically actuated or mechanically actuated (typically by ROV).
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Figure 1A, tree 39 has a mandrel 81 on its upper end

wWao bat/op3et r udes upward. Mandrel 81 is typical | BCHUE®A3/035854
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for receiving a connector for connection to a snal
di aneter, lightweight riser, such as for certain
wor kover purposes. Mandrel 81 al so enabl es ot her
net hods of interventi on 5 Tubi ng Annul us Access

00 bRl 11 08 SRR e g ot

anistiiRs RAsmAde Mand:sl 8ocat §fichy aiif forrepdiviver 4 Iceaﬁector for
sectional = plane than that shown in Figures 1B and 3.

Tebhmrgtiemria| asmatsdiageteg3 lightvisiaht nswerwbaasl fort h¢1‘t&mghvorkover
;%gl%p% haﬂ/ﬁlﬁ@: ?%1 ];lsg D) e YRS m V\A%H']ds I% enl % a | ower

ere’i conmuni cates |ng %Ahnul us 85
surrou 33. The upper and Iovver ends of
tubingﬁghW%Vﬁguégégﬁﬁg 83 nay be slightly radlally
of f set fron1e ch other, hown in Figure. 4
annul aF1818F 4 14sHakes g Fling £ %8P &1 Bhick %@t&bown in Figures
bQB"WbéJ&ﬁ Mgﬁgranﬁﬂﬂs %fclssggﬁbgj‘% REREET g’alf?c?éht%ﬁlcal sectional

| ower end of tre ng annulus valve 89 is
mplane gtlan that showy 1ar‘ﬁ131hms lPagishde B@bihg abhdok padshge 83 extends

t ubij | i fl i.th .
o P DR o BRE BAer AL ffd i pprt en Pl o lopygp ey where i
aRoMiisicaeds WA TBD ubask aamah@r@stsaﬁsu&ﬁng hding 3. Sk e Bid lower

threads 93 to tubing annul us passage 83." A stem
eghémefstubingangulps ppssaged Bas de gmglalmglaﬂlﬁ@ffsatxfr@n@ach other, as

{ SPRDe Rl REARAR IRy ofls 8P hARs KIS0 DR oween the

sappdradad i tubsid hiaagtr Heald tAslowek kndisf @egB9. mary | i p seal
99 20 made of netal in this enbodinent. A shuttle

sl eeve Alf@hbidgSarm@RisFabeadd ¥ maintéenh thbink Wahills PAKEELIS3 to block
passage 83. Wile in the upper closed position shown

i fbmng) apmsuvpaspagead3 fpe (oppdn ceher drechpraihen clgpedi Rederring to
S%g%}ée @Bﬁ%?lpmh %‘{[ 2%9111%93 te?r[‘gaé%%tth&fls gécutréiﬁll)osamﬁlr?aﬁls 93 to

position

Fitughi e snrmlanghssage S3e e atehD 35 IeStendhs @Waﬁd\lélforrp semt baza 92 Qlong the
relative.to val ve head 97. S eve 101 has a reduc
m Bibingggnulyis pagssee $4H3Apenieged Y V6 head 9 ¢ @inil%‘ihe upper end of

> W@svme Bea wgésya &eglwfreéu a%%ﬁ? @E?Mﬁb) lip seal 99

e resilient seal

16tde of imeta hethisemerodpositt i on. An outmard bi ased split

ring 105 is nounted to the outer dianeter of sleeve

101 near sinitde ls]:qeeds 16hds r&nbliot:altyi ogrit@5n tabing ahpwhieyadsage 83.

t er s ce.an
Whl[e n tﬁg Epper cPose posn?on shown in Figures 4 and 6, the upper end of sleeve
101 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



30 lower surface that is |ocated in a plane

perpendi cular to the axis of tubing annulus 10 WO
wQoMh9udB67 PCT/ US2003/ 035854 passage 83. A PEI/USIP03/035854

groove 107 is engaged by split ring 105 whil e sleeve

101 is in the upper, closed position. Split ring 105

snaps into groove 107, operating as a detent or

ret ai ner to prevent downward novenent of sleeve 101.

ure shows.an en ' t ool .or er 9.. ..
& B hribeimotnp ) Beuesssd PRERRG 10 Rbilggleeve 101 isin
ASSAGRr, Bhoskd hOsiBNY AYSTRHe 1W5tsﬁa£19ﬂsrlﬁtoug99@&fe ®Ndopdrating as a detent
sleeve 101. ngagi ng menber 109 is a downwar

ext estaihergo porveohdavnvofd moyemad ofElegve I8 and is used
for noving sleeve 101 fromthe upper to the |ower

p03| ti dliguréd\S shewsndn emgiagntgl toall or&nga‘garri@9 retdndingi6®' the upper end

in Figures 6 a i s nmount ed a runni

5 5 Behing snudit Passied b8 ifton g asanyan i Ceshgha oeh degve 101
1@%g£g1ﬁg %éxﬂﬂér 188 10D dbkawd éx@éﬁﬁfng%ﬁmpbﬁéﬁt dmte@%wm@ 1A) and
the upward facing taper on split ring 105. Lip 1
shs d@@i fovmpvingcslesyaskd Gpinj therunpgr i@shq @ansatmn A second

r u v 101

OB rERARR LR TS i kPERURD 6 SR HE miitied to @ running
meydlel 12 wkdit@khid subafe hddgkd 8Vi Bhngaghas hehﬂa,er I189 theeatipdi13 on its
bet ween stein base 91 and the | ower end of sleeve 101.

10 siewegndtbat pefes withdbe apwerd feging fiaper gpsplifcring é@5. Lip 113 slides
PQSLL érﬁir]gzgib\g@/n qu{t uf(% foe %ﬁab%?]ﬁ e]ngfl%@g égerfi‘bc’e?' 19 to push

spring 1 sl eeve

pekete bl chvrgwg‘d mngthasmp’me posiiéh. i A spengi BY] wihicl ey beweturality of

end. of. an act uat ich i unt.e ntre 9
ABRIRYBE Veiert a5 en b ecp atien BrserBrBirina et cpa et Sleeve 101
e 'Sgﬁng Hes 'ufg’eQ §1%le\l'ey 1 (HatB rthe,eﬁA’pﬁ eP cRsddMRsRnaniyy ﬁi%ssﬁ%%ﬁ@sage 83
in tree tuator 117 has aplst
15 pmﬂmsmhsnrms 1é§111emoamg§ﬂet¢@e Wl to therglosédspasiiomct i veI y
supplied wth hydraulic 20 fluid for noving actuator

117 betBngagingippabenitp isseanedioshe loves end ubamectaatonl 195 which is

passage 118 extends, t hrough. t n exterior
D PR T Bre o ¢ newas 13y is' £ GEHSE: FORTH gramprpiig open ends
aRQbrSally) da%lécmta fuBRGSnhyRk %Jsage I8 if oy @@qﬁlg@w Ae{uqtor 117
or an urrbi | i cal that “serves tree. Tubi ng annul us
pé@&@gl@tanpom@eommeﬁm snﬁtﬁtwelkth@ms sela&tmlly wppbeql tath hydraulic

er .end of tree 3 n_act ua
20 RS siafofhe b G’ 17 SRe1%E eBEL IR St bonliBals HEirk Gnnutus
ppadiesge alleeaxeenﬂelthfdugm ke3¢l tosad epefibit sl p&rtibheofopen 39 for
position. gtur es 6 and 7 show a sim | ar actuator
1 sqmnectien tq 8 iping agawlys dine thgd dpady typispllyl tora gRbpegapangfold or an

ac{‘%’gﬁgfﬁﬁ?% %gﬁlre 2. aﬂiﬂiﬁé Qﬁnu]f&S?paslséé%ein‘%éeuﬁtSOﬁoe% Tt extend

S a prston
axially to the upper end of tree 39.

25

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

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

11
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for causing the upward and 30 downward novenent in

wOo e®pomse’ t 0 hydraul ic pressure. Passage 118" PEHUS2009035854
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an 11 WD 2004/ 044367 PCT/ US2003/ 035854 exterior
upper portion of running tool 111 for delivering and
recei ving tubing annulus fluid. Running tool 111 has
conventional features for running tubing hanger 31,

i ncluding setting_a seal b|n er .31

SR isTioE UEer PR ot ok D EoT geteri® aad Toieting Hbing annutus
t 9Rlig. 111 has a |l ock nmenber 119 that is radially and
outwardly expansible into a mating groove formed in an

interi e t : .

) R 1900 SRS T g 5.

t tiilading battigea sGil b“’ﬂwebﬁ bty Ing e85 andmiregs opwellbekd housing 21
Lo

t ] nb 19 i zed
 Figasba Ripnine 98k T Hbmoen otk perder 15 G Gl ang guowndly
hygdpaidlb1& ghibYa :Hi)atiiiﬂg' g‘l%ﬁve Roangh &R Ghtekidd ulﬁ%rcﬁ e§!eﬁ§1¥1§ sleeve

123 that slides sealingly into the bore 32" of tubin
hangen F1tubBedunger1d3 Ledk mieabert ) sqspeas renningftowlwtiulntg tubing

SR LERISAREE =55 BV B MGEEE, Tl Gioor 1

Flegétefze8 and réliefd@d 1362 ﬂ&knm&ﬁbﬁda&@téﬁmlemﬁéﬂ or a1ed hydrauhcally
outer well head 15 housing also referred to as

céﬁé{%t Bunpigg dpelgl 1 1R Aeyenizs halgdiden araigeBLUmR mere 32 of
1 flfég hgﬁ%e?%tl' VQkel ﬂﬁfs@ﬁlﬁe‘é B8 o gbljér g\'@fl tlugﬁgga 1?@1!@ 'ikage 83

enti ng tubing anger tree
3)rommpm@ddeminrpassage $2 (Fignd yie Itldﬁng/hartger ®l.her subsea
wel l's and equipnment. A lock pin or screw 129 wil |l
s@®rmtativgl y | ock ring 125 in the desired position. An
arm bracket 131 is nounted to ring 125 for rotation

t her ewWiRelforrif¥ B BRuky Qckghg i-ﬁ-lsclﬁMﬂtéC?N)eﬂhe SURBBF b owder wellhead
hori zontal | y extending arm 133, Arm 133 has an upward

f densing sdakestreter te apucendueion hawsing. Aﬂl@g 123 hgy1p depending funnel
ngg’? %{}d 8 lsgle%%ae% ?«%ty p?]fe obb te{ ﬁﬁealép]\&%rs% fg%ragrr@:ntmg tubing

epi ¢ i 24°

N QR I3y ant sitealB0EHigNB) QUi 6és1ﬂbﬂ Iplohaaﬂl rél@tusa o GtHeE sabseta Reells and
surface before quter wel| head hous_éﬁbls is | owere
i REHPIREL sSaloclhmiy pyscig 129 wilhselgethedy fqsk g é?fmm The desired

RIS, BLeh PRI AR e 357 e i A

s beackétold, canfilaverc agparty a lmmzamma:ytehxhng aphdp8d Amh dB3 has an

IalﬂB;vg]ied %{%ﬁgis%gke%?oglslgsr gﬁtt‘e% g?%ﬁ? ?S eAlgg ar gltu g?nerc 1a1%ca:1|1 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
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 inner or

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

12



orientation, typically towards a mani fold connection
point. A BOP (bl owout preventer) adapter 139 is being

W@ bawt443emer ed over inner or 30 high pressureP¢iDuS1003/035854
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21. BOP orientation spool 139 is used to orient tubing
hanger 12 WD 2004/ 044367 PCT/ US2003/ 035854 31 (Fig.

3) relative to arm 133. BOP orientation spool 139 is
preferably lowered on a lift line after the well has
been_drill ed. and casing _hanger 27 installed. The

diili Figng) rq?f#@f@ﬁ? agndAg RQhorispiatisespoeli 3P it axpéerplds fowered on a

r t . i o
SRABE A 1 05 S OB SHELG DO S i
plraer . aldhgAvithr thatBOR) will thaee BE¥ oemertafromnths pgpkr 88y of inner

be | oyed with the BOP . and.ri system subject to
ri %ﬁ‘gﬁ& O i o tmqro%.loﬁeﬁi}%?&é%t%‘%l?néﬂmélpéﬁq’dlg@g m place.
h@ate@m@%@fe t%esgﬁwsﬁé&ﬁio&llh@m ﬁlamn&e%@q}leel\gi%ﬁ the BOP and riser

exterior a point for aligning"wth pi'n

f ypisten, Subjechito ribdahdling limitatiapks. BGOD orientatien sppospddhas a guide

139 .assi.st.s .i.n _qui di OP . orientati spool. 139. over

ST A el R BB B Bht T R Riate 157, A
1Guiel @at ahi he 169aotndlSPBOP @idd@siohi ?Boﬁﬁwi‘ﬂﬁiﬁwiﬂlglﬁﬂing BOP
the orientation of arm 133 and pin 37. An ROV (not

s RERRRQH Frochd 30 var imen wellhgaddigupiag Sde kackgu 43 will orient BOP

S0 W13 £ ALy HERR AL HENLALA SPARL 33 o i
ena7.giseRON (et ghgen)awilbké asadato gesief glide sotkenMd in aligning with
wel %{gead using 21. BOP 15 orientation spool 139

aldseREs1dkal s (not shown) that seal its bore to bore

25 of well head housi n? 21. A helical orienting slot .
147 i s BQJ arigfatign sno8l { i hpop elusplitpb dogs il dh tthatiagmhydraulically

frgﬂ iz%@.gto hlee 1 e&t%npa?ﬁérghﬁn gﬁi ﬁ@ﬁ %’fﬁ‘ﬁ%ﬁg glgu%?%% %1. BOP

tifig pin or"Fug on running tool
t obemgtidrasgerl 13D. alitihes eeds eoteshiowny uba ssenll itniboge t@dbre 25 of

111 i ent bi .h er .31 i desi d . .
LA oL T8 g AL ES5LSTn  ror r
Abtighiaddd ¥RbY 134 Sl@glﬂ@ {¥podiEibHat ©heRinga &Wfrxﬁgm@/ bfh or lug on

mechani cal” or hydraulic “nmeans, using-a
nmoumirgitoal 1 hi Fig.He fBORboE lengert3 lorlp endagemlatt capsayagesng tool

Wi a helix, on.the tubing hanger.ryunning tool. _One. .
et ™G GRGRiPEerd i R APTOE “riraliion el ble Wediientarion of
watth d3be Allfetatis€lyod ralialsl defiatddufin (epeRablela thédhBhieall drhydraulic
13-5/8" nom _QD) inside a traditional 18-3/4" BOP an
r PISERS, ISR RQ})(‘)hlStrﬁ‘a‘tnt@qn withine theBOBforieptitipn sppoln that engages
I i .0g: ' t | :
Sl e R A0 3RaEt: L 36" OB S SR
s hehodgnBOPe aséde ntaald be tispwel of k3SlindY tnbidictHagger (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 tool 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



on inner well head housing 21, which is not shown in
Figure 10 because it is |located wthin the bore of
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has an upper end with a mandrel 146. The drilling
riser and BOP will connect to the external 30 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
13538584/ 044367 PCT/ US2003/ 035854 riser system

Once BCOP orjentation spool 139 has orjiented tubing. .

hanger e(B@e% origigtion ?P@Ol $et has,grientadyibing hapsp el (Fig. 1B), the
P&F0 iyt E3GkatciUaN s AN IPbiRd I e i
o?f%lnfvggﬁlel%t?‘%g toatehe ar m8133 eég%sgﬂ%%ri%n?gtsﬁ 3?1 oriented
sireletiee W4theRirg. 13 bedausaubiicgativaingesve3it &Fipr dyvofiabing hanger 31
final. orientation to tree 39, as shown in Fi s 1A
e g b aPgyon Rl R, & i P DUt oY 1ol oe 39 has a
OViRE filrBPT48'Bh{ SH8sloVtd iiieR §/cffleadhouibing 31 hatdi Rddinghe

safety shutoff valve 67 of tree 39 is connected to a

f1ow | g shegpshtdr {Aa 67 beadss At QURtktdEs da?ﬁ?o& ﬂnﬁm\% 149 that
I e as sho

flow line connector 151 on the opposite si
i headFiagpung toeB. 39Ftooavfloivnkneccomeaboit 51164 the bppasdeseletastshown in

aflow. Line 153 that typically 10 | eads Lo a. ifold .
oF 1B, Blodcu AtpectE S Fonll copnedtip ® b dierion Bl spioalty
f ek kd BEnantfRd bS siBREN bRRedshgfeqi@Irhdrt I Gk SehbBHeN, flow line
mandrel 155 that stabs into guide funnel 135 to

ol P2t mewnteqd tea vgticaighule piy pewagdrecbifribet standntoguidediynnel 135
i : . d

IEHERIRERL 9, 8B B O RS TR Nk ) could s
c banreaplofed 1 Tonseddently,epdesit @tiemet Bofthaivits flewld3conbdetor 151 will
Plug Retrieval and Installation After tree 39 is

i FRsien e lawhnebe3t59 (Fig. 12) nust be renoved from a
plug profile 157 | ocated w thin tubing hanger 31, as

shown PhigReftiewd vrd InqflgtioR9  mai ntai ns pressure that

is wthin tubing 33 after BOP orientation spool 139

(Fi g. 2der tieg 3Papinstadlednal pgi 10 (Fie.i183 valst bagermowd Ben a plug

(Ei g1 Pl 159.i s conventional and has one, .or
e a7 Jobldh b 3SR ERkere S i lentiore dAadRgd s plue 159
O fnalitthing gredang @lat Elwithidl tbink 39 Jfis BOMbidmtionYspebl 139 (Fig. 10)
| ocking elenents 163 that wll nove radially outward

bt irpeNehandpreice dastalliae fae 8% (Badéd- Flug 13%is convetiong and has

e ' [ i] 7.

BTy SRR B, BSR4 38 oner 5.

WBTdgoVEY hid s enlyrahty oSlockipgodéments 163 that will move radially outward
between a retracted and an extended position. Locking elements 163 engage a mating

groove in profile 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 a
hydraulic 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 connector 171 will engage mandrel 81 of tree 39.
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25 an ROV depl oyed plug tool 165 is utilized. Plug
tool 165 does not have a riser extending to the

wa@enoaese7 rather it is lowered on a lift |ine.PE/UsR003/035854
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tool 165 has a hydraulic or mechanical stab 167 for
engagenent by ROV 169. Plug tool 165 |lands on top of
tree mandrel 81. A seal retained in plug tool 165
engages a pocket in rrandrel 81 of tree 39. Wen

SOVRHRE PR ow HBCERRGEL 4 DIFe Ipronygages mechanica

el feBlen B 8I1ed 6@ 13_@V_16@.4 WO 2004/ 044367
PCT/ US2003/ 035854 Similarly, connector 171 can be

retractped, Ry hysl g@%’ %%‘r&nx%(f/mﬁﬁe Qen T8 DM i%bp%rgtsed gX hydraulic

novenent supplie 169. Plug too
ayrebury suppladd © sﬂlgdnatlﬁcs stahdt74i sAap’ereatrgdtobyl’Vﬁ/w hichtie@ on the

essur e draul ii¢c stab. 174. A .
Fitrpn) T P4 e i ety 1% SHBIAK foginedhel b7 may be
Shﬁiﬁh%& 3o fs@im N8 rfbe¥dtife Pluddl 55 thel ehidst ¥ woRkS et ttl‘leﬁ‘ Sequires
tool 177 may be attached to stem 173 for setting plug

15<9nq>\ra1 ©h @reéﬁantseﬁmgatommon@r be pha vm@m iof &xpes mpdrforallustration

*p Bl R el {ha! bRy St pithd S Dopgfocking

C efenmtsekmﬂ)avs hﬁ@geﬂ ipPofilld 957 anipki\@ard.ﬁﬁ)ll o@@feﬁl | DCkdub& shear pin

nts 163 hav aged profl e 157, an upward pul |
gére fhyan gﬂ"ﬂ@ Pacgin 10 179 to shear,

I eavi n&ﬁg@e g 159 i n pl ace. Retrieving tool 175, shown
in Fig VI tQAk1 45 shewy imFigsrase 3oindal 4, ardyealso b of a variety of

RN Lod Dl Dy SRR o 375 oy 151 v

r ﬁmelp)at pattially§dtd B rBd:apgac]le5983 An lpDgat 9. SA QGNzﬁorlﬁéev%nlSS on the
1. will land on the rim of

t he ot @d%g%ﬁf%ﬁwnﬂ on thgriny of egepiade 1&35 Wi eleh 187 is located
| %tﬁhpfocﬁio‘?es‘f(%V%%%S and ;HB deddRgo é)g%h g%ﬁ%eﬁ d t“éléen locator

di st ance ocat or eeve
r blawef 1891 hag 1aied oo dhd wm of@mgv\n 591 cdiket asv g/mléble wligredawith a groove

thin the plug 159. Collet 187 and sl eeve
1%§& tglrﬁ]tgiaﬁﬁ%lg a piston 191. Piston 191 i s suppli ed

Wi th héga cfléfldfromRW169(F| . 10) via one
the st &Bs® iﬁVFﬂésfge&]ql%ed o RisiOpridd s dustomil Pk is Supphed

F QAthinS¥Hiagc fﬂgﬁi %&K%@)§ 16 (Flgeld) %he?&%eéh Osthild £ z%\gﬂ% 193 is

in Figure 13. esplstonlltoal
pcmnpnemd v\mmemedrr@ubolclvnem tireerelessadgloiseioagdshomtn in F1gure 13.

SRR sSSP BBOL Bl BB i e
giﬁt?iggiafgs 192, spaihl 1Pkl @fusd B4dP1 8 PRAMoVSEyWHrd ko 112%BEBon 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 tree 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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radially inward of collet 187, preventing collet 187
fromdi sengaging fromprofile 25 189. Once retrieving

W@ owhi/044367 i s attached to plug 159, ROV 169 w | PCHUS298%/€35854
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one of the hydraulic stabs or mechanical interfaces

174 to cause stem 173 (Fig. 11) to nove upward.

Coll et 187 causes dogs 163 to be radially retractable
during this upward novenment as plug 159 is

di senggg : Onslce pl ug 159 is above tree valve 65, tree

val ve gﬁlﬂf" 8P¥f¥sed, enabling the entire assenbly

of pl u%_tool 165 to . be retrieved 30 to the surface .

Wi th atigwe 16 sematisalipilbisiaies aqseiemp metissb s dssegsiag a fild
Fiel,; i g i .|l ust e .
ahgj\r]ﬁe1 eDc? @Jélgﬁgfﬁgﬁ ?%%y g%a\llgg? z‘g%lng a #?éen:l %hels hi’;\gi ngﬁg ethod is
plparteilatly wefut irowetey thep acediicviedtlyhdweg sasls érbhbifleatidgd platform 195

Thi s thod is rti arly useful. ipn.water. that is
sdinir B aliegt.c it 95 Rlbe Flulgine) b Patfion v oieswells by
Mygdiolke cotiviehtidl - méAnat fehmsl@dustérk lorbRosmidt aPReEhM95 has a
position over the wells by various conventional _
mdamisk 1 cwitlhe drwwerkerl99der dolding mgd . peFoamingraertaioHperetions on
a ' ' rks. 199 for. drillin ng....
o2 EE ity 103 s Bl MR 580 ol B ot i anc
185simd the wdls. Drilling HéeRQ0T issBOWARdniiddadd tb higdrirbRyRhousing 21 of
drilling and casing the wells. Drilling riser 201 is |
s ﬁBWeBg??@e@ﬁ%blf/d 1hiIgnllipg sisen ¢ hasiashlayontiprsyeniey 29 ewithin it.
I Lysel1. L [ 120 .
prby o PSR URbR b, b gl o Tt B RS B ML Sheending
s Howmgh ases 201 ngo tfe wiell.| | pi pe 205 i s shown extendi ng
through riser 201 into the well. Platform 195 al so
pr ef er BhitforinadSalwrpaferably hdsfa crhnené 19t Hadhwa@R 200rfor deploying a

depl.oyi a. lift line 209. Lift line 207 is |located
ngﬁrm@r?g’%sild@ Ige 267 ds f%‘?‘ﬁﬁ 1% Qi i flptier 17whiledersick 197
n I i i: mobi 4
Rl QR perey S RALy, S R ek 207 cpld dYBeated on
t ytherl Yegsaluthat dymotlyhesdd aodieaveiacderd€k7 197, ninFrigurieel 41 4 tree 39 is
atree 39 is shown, bei | owered on lift |ine 209.
DF}H‘YIW‘BH%#&V%ﬂ‘E?mgﬁgBﬁE%)er ation In operation,

referring to Figure 8, outer housing 13 along with

ring 12%7 Bgiandgonpielia8rgiedor ower ed into the sea.

Quter housing 13 is |located at the upper end of
conductbererationypeferingsoifagure §, prten hepring bt eleng gvithoring 125 and
t fi I . C U I nears

B 108 PR d D8, Y 1A DI B 3P SRR cn o
sednduntot N8, which is jetted into the earth to form the first portion 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
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.

The operator then drills the well to a deeper depth and installs casing 117, if
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desired position. This position will be sel ected based
on which way the field is to be developed in regard

wa 20080357 wel | s, mani f ol ds, subsea processi ng BOUUR2UBH035854
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and the 25 like. Once conductor 15 has been jetted

into place and later in the subsea construction

program the operator may rel ease |ock pins 129 and

rotate ring 125 to position arm 133 in a di fferent
orientation. This_ subsequent rep05|t|o of arm 133

i SugleeasBiens beinggititised ssasing b7 Wil bg eqnae 1@|tb®W@Ht The operator

needs e [ r

WZ‘%% ilIRrE e Bel BT, SBIAEE A, B Bl Ol ol 73, and high
Wekdssiire wellleapeiousiapt 21 aredrunnesi airills pipasardgcenlohted in plfee. No
WO 2004/ 044367 /USZO 035854 such_casing is being
utoreRiFEeR lm@ﬂﬂg ﬁmw Baél howsgedd The aneed %wemﬁy thgReperform
ORRY Y stepd) drlfrel Aol SRAL 1SR e

cglgeirn ; eliS ﬁﬁlt% drt ° %gsn ng 23 ang&h %ﬂé pr essll}n%platfonn
mﬂBEﬁ@gdHﬂou3|ng 21 are run on drill pipe and cenent ed

in place. No orientation is needed for inner well head

housi ngh2 lopeifdie mmec&t oisern20i (Mgl Pedfionen welthead homsing 21 and
ste s for two ree a acenghmells b reposgtlonln

th .
athPPgmgseaﬁQ% & totpbdentlis; Ghe qpgratory {3#ing 29, which
c n
2?@2%3‘“%%‘?‘.’ Pt re 3. bS] %dé‘?”%%ﬂaﬁf‘ﬁa? BRI would
The instadledtvath the evellihesigalrilied ¢@an egn2eatetviepth. i s
supported by casing hanger 27. In sone cases, an
addi t i dhalopstatdrigthefi ircpsitivg teonstal tubhgliengarstiaFlgedB). First, the

THEBI GRSl SHIRE Fherpid: (ior ) oo BRI fisbigends i off t

h %HQ %ﬁe 3t wetthéhd 25&8mbl F{j: hi Stl“he bh&atof R%c% BDPCHréﬁ%BBE 915&01 139 on
l'ing riser 201 | and BOP 203 and suspends

i ﬂlﬂdﬁfe 208 ovenmngi ‘delllmhd mmsmgaau ag glhwirpted il Higuehy With the aid of

Opeiﬁig,gso(gge\gel %}gﬁl‘c\?@e t | Onﬁigﬁg %’%Iggrieﬁthflotn spool 139 is
| Idoked ead @éilddﬁo'ﬁ!uﬁbﬂ%llﬁead\ﬂohﬁng he. BCOP &lentdioaRps¥M39 may have
socket 143 is positioned to all gn with pin 137. BOP

oPPRNRIEYioBsly dipiadled pggmiadjaceny cfi empasaily @bamslopether
wel | head housing 21. BOP orientation spool 139 nmay
have HOdemppratoritbersitiachessdrdling dsear?0dnineljdageBOPWB) (Fig. 15) to

R e (Bl 1o R SREeH T R 308, e pgegR JO PG Thbing 33
mand fdingl B geF3 Dthrdibh cﬁﬂlnE’Q?s@@O@%&hhﬂﬁ%WQM 438. 6), which is

The operator [owers tubing 33 20 and tu ]% hang;r 31
t Bfteabgh tera ubigghanieseFunpeie g uYihichds eowralli dismefer giser.  Once
6 t n
)funn\ﬂgg ﬁ%if]hfé ctgﬁg&gégria utn %}#&%?ﬂadggﬁ'ior &izeis%eferably stroked
to move engaging member 109’ downward thereby causing shuttle sleeve 101 to

move downward. This opens tubing annulus passage 83 for upward and downward
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.

After tubing hanger 31 has been set, the operator may test the annulus valve
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running tool 111 is connected to tubing hanger 31,
actuator 117" is preferably stroked to nbve engagi ng

woreosbes43609' downwar d, thereby causing shutt| ePGI/E82003/035854
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101 to nove downward. This opens tubing annul us
passage 83 for upward and downward 25 fl ow. Runni ng
tool 111 has a retractable pin (not shown) that
engages BOP orientation spool gui de slot 147 (Fig.

Q53D EO0% dchulrtad ™) B FariugsGikeRiis aaiipg GG 0% Fom sleeve
Altpenpahdwielyri tgﬁl@% R ng0uB tasches Qlee &1€0 BldH1O ﬁb}ﬁégtc?&sb@ﬁosmon

spool is actua ROV to engage the tubing nger
r l]ilmifhlﬁQOSItl@D Ivalvsdne saat 99 wivhl hg eh%agg@ sigvelseas ll@éebiosleng flow in

> B8a0%6 e r R abSRbaoTuRlg JEniint e sbbry Rstiom gient split

111¥1g 10pwaAhes gt@98d 0T ipieycangagydbvirede inole@eht om
sl eeve 101 as shown in Figure 6. Spring 115 pushes

sl eeve TR IopefitdBen Bpfles Cﬂu@& BfbsfRe 't(§ bRfage | 18’ t\*)l‘tlﬁn running tool
position, valve head seal 99 will be engaging sleeve

sdal. T my be Kiongyby clogingrihe blomest prewenteminedrdling riser 201 on the

rectio P osition ,
del}@fa}gfﬁlglﬁ%{e{ e% a%ov%ﬂrﬁ% g%éels ‘Ielgfr'logglée % T %1} é rﬁaisﬁjl&e 118
aBymeoMIaeds dmni’ome aBmilar sphee apeatiog thdefald Id[ﬂrrle@@ fidetbdlow the

pressure to passage 118 within running tool 111.

TRV Preoysnigh HedBying risen 4y - ¢ Hes prsumspags vkl copypunication

d t r

; uwr#rﬁll %rgég?ig ﬂé}lé %algli@gnfﬁﬁll llﬂfeg ro% gﬁill ﬁ%g??g e"fhfio%%ra@cg%%‘lps fluid

c dowurihe eltaks anid tkiill &ne, awhmh Hows fjawe psssagoUifiiang attegainst sleeve

anet ri ser bhel ow. the bl owout preventer in

d'ﬁh ST B BeictsmiRibnas 197 cpmopotios BrEEvRK: allowing the
C QPERH 6AH M inMvhBtheng ot séanh@giap{faqv@%dwake lchgs. of

drilling riser 201. The operator punps fluid downthe

choke [l .J ; S,

acts. agn ety LR bo PRlGHCe AR ERAE Al al Alther. 1

shog tdcbnsjuecthis 1% Glbné pony tmmstaﬂingomfwm ty leldvérmg mgeltfbmtmg gun

operat or t m ne ether .Oor no ls 99 q

B Syl Bl et et e dilineseser 201 Big 35) and
pelrbesphMtheasy TasRhANISMibRcRr SIRAVARY bR allfBRNRe a sBbsea test
one technique, this is done prior to installing tree

3Gepihat @&t@mdSﬁgroaglp&tefChsﬂhmg mgergun  (not shown) through
the small diameter riser in the drilling riser 201
(Fig. IBjesined, thtt‘aml’@lli@fhr mapicirgula®. ouf heagymilbldecondainerb irethe well

' ti | b { est { .
e S e P EPEEy o BB ryfut FiKe 89 Phgtroling
OﬂﬁﬁﬁbilallIMd%hgé}ghﬁg%h@mBéHlObeéWmﬁ/hfd! Eng@Rh@hRfbel 109 releases

the we
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 circulate 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 plug 159 (Fig. 12) in profile
157 (Fig. 11) in tubing hanger production passage 32. Tubing annulus valve 89 is
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before perforating. This may be done by opening tubing
annul us val ve 89 by stroking actuator 117" and

wWe@rwags43g7 nenber 109° downward. Engagi ng nmenbePC1/092003/035854
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rel eases split ring 105 from groove 107 and pushes

sl eeve 101 downward to the open position of Figure 7.

A port such as a sliding sleeve (not shown) at the

| ower end of tubing 33 25 is conventionally opened and

the bl owout preventer in drilling riser 201 is closed
aelogedita the noshiongpiaged by ﬁﬁﬁ?lﬁ@g aetuptg 11 Theveper gusing spring

r I

W7 4 BV Pl B 1B bfthtcs WG ROE oot 11 on the
dudolingngring Seougl &e lﬁinWowipprav@inerkmdadrdhkg Iriserl 201e. The downhole

DEHEDT AT BT @L iR AP R BRPHE dhe PITaGer didyly preferably
1§ﬁ)séd: Q- rpr&x%}le N iR QfrkdsBre §Q‘nél57p1{1é: 1189 ﬂalﬂubhfg hb&@ep g)roductlon

anger pro ducti on assage u I Ng annul us val ve
i passige mpmmhn@ms@mdmsmmwoshm agfubisedp nermably would

sition of Fi tro act u tor 117, wa

CBR Pt e i Ay S8 B et (HRERES) barrier
OREhAiAbn kb @i phbrlyedHRGers U Wdﬁmofeolﬁlessllﬂel tide takhg the production
runni ng string through the bl owout preventer an§
dybing mylﬁanéélge miuctmﬁ@am&eéublgaﬁ@wlevgl POt
shown) in tubing 33 is above the perforations and is
pr ef er Zbb ;op@ra@irdb@d retieyes gvidag dodli Ildt (Fig. ¢9 suw de small diameter
barrie

D354) B i 33 LRSS 4T RLOOH S o B rion

88pdif HHBI(E? Syl detrid 6B OP o ERESH @ooamb érutft Mige 209 (Fig. 15) or
annul us _val ve 89 provides a second (tenporary) barrier

i Aeplays BOBroriestating speolriappnivar adjasest vellwdhe ppgrator may then skid
- t
OhEEHE o5 SERRR SRR YUE O LR Hactions i

SWIEﬂﬁmIﬁﬁlo'ﬁf'@oﬁlpmamdrdrﬂ]mgﬂmmﬂm doresdifferani W@III (ﬁlice tubing 29

111 Fig. 6) on the small di.a ser
&% Begwrrup rea?cf PR ARG aerrw% fflgrﬁ & B@rm%sleﬁ(i dop, drilling

B%erofdle&t ad:diep 1|9‘73 gg%l 13}”% {nlat Q)ca@an apded %ﬁgﬁg@ﬁgﬁ@"ws may

orientation spool [ift Tine 209 (Fig _
déptosisdBOPow rdfeahtgamiemmwsb dlo¢ pagioulenwah (asipacsampleetd continue

Y R R  R ReA

Weh dhob anBEHiriovd Githadtd BOP DpieftatidsShoad 833 drlitme ehhlsiekecovery to
201 for a different well. Once tublnﬂ 29 has been run

anerfgreror glsamey eamntioyaf anjogher adjaggrt welly wihia waking Pﬁ‘i?ﬂ@lty
need for drilling riser 201 or derrick 197 (Fig. 15)
at t hafThb opataiasns neW én poitiog forpiuaning tree B9 linh 208 (Flg 15)

4530 00y B R S P G, i
V\@iejmﬁe@sﬁal 128846 @i, RV T pasitiess tréd tornebr 269 iflelinient with

flowline connector 153, if such had already been installed, or at least in alignment

with socket 127. Flowline connector 153 could be installed 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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20 engage and retrieve or nove BOP orientation spoo
139 in order to enable recovery to surface or else
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proximty. The operator is now in position for running

tree 39 on lift line 209 (Fig. 15). Tree 39 orients

to the desired position by the final engagenent of the
orienting nenbers 44 and 46 (Fig. 3). This positions

tree connector 151 in alignment with 25 flowine

c onprate sEpnlss hydraukie dRidprgssare aepm Bleevs §hspugingdogsor3 to push

at; ' i { | s ' .
oo bt BT e At bl BiRky ool o il 5. Frowtine
t comnecBR,150(FigutR) efirtd 3 alig evittoRé ol <tdmﬁecrtomh€:3;1 glé@fhe tubing
hi gh pressure wel | head housi.ng 21. As tree 39 | ands .

i ANREPT AssREcHBRIShAYID treer) i Gopmectefldp dmapiiig s airplpted facility.
bore 25 of = well head housing 21, and isolation tube 43 _
wi || sEeeriing o Frpiescti-o% ipas pretared Aeglmigy, milh ki line 209 (Fig.
h . boi rad. : :

cngaand ihe affiific 8 ROV 196" B okusGEL 0B JREIBE 65 o tree
3 tnaneteh il ead trembwdsi piag b dretubdile hadgee3 1 aitt ediriet fletooll B75. Tree
WD 2004/.04436,7 PCT/ US20Q3/035854  operat or suppl i es

hyalr%a& il cloped e P@%ﬁgés epvedint Ledag 16%5{1%%@%@% and a tree
d : i e ' :
o R O Tt P olld ey o plodiction
connec : i . : | 1t .
ow + Kfertid1d i 3 Blrifls phddR8iqlt b Aatdohive 89 may remain
paksed)duf saypiskibvield bpert foe emodftoting therpiesiredn tubigg annulus 85. If
mantii.fol d Qor.a re%fte fegci i t%g). 5 Referring to Figures

1 fubjrg apnjilus }Sarl?é‘? FetOtee Hrfidh (98, OPRPEhet dp'ttg R¥ stpeing actuator
(9. Figl5) 8ndeb D ASHhRLALCEARS Ha%%{ndlrréa%thihhﬁbﬂl%eﬁlﬁ{u%s 85 is

connects plug tool 165 to tree rel 81 and renoves
pommub@ated thuebghn tpbirgrapanlug passagh 1 I &iortres\38 anddola mdiGtoring and

Tree | ve 65 is closed once plug 159 is above it.
Ppgﬁd?%gFﬂ%§5 may be retrieved and a tree cap

installed, typically usin 169. . Tree 39,.shoyl.d )
ready f8f ap?%’g‘ﬂ_?f‘?ri ?i?vﬁratw g?@%Rgﬁ’/?ﬁ Agf ’cné’og'iegﬁ}&]é‘_l% t‘ﬂ’dlﬂﬁ nga light
PLRE Lk Qyith bt ﬁ}@{ﬂf‘l:ﬁtéiﬁn?égﬂ)é’&oﬁl%d B ¥eé BIARAM] 81. An umbilical

closed, but is typically he open for nonitoring the
phias syaudd itypicallyi ¢eeanegtribe (lebigS anfiflus pedshgeyomriregl 5 to the surface

3148, Tt i o by 0P uRBTGE Al B A5 Y nd i

ABy. priessdll emyy boikilldduby Rgolang WekistoBS 17SFiL W@ﬁr@% open
t hr ough tubi ng annul us passage 118 in tree 39 and to a

nihig PR uRvalve 189. pI(deyltionf i be made fyr pampingkdemar the riser,
BN . ' e | _
ggggggﬂ 8 Ing%, a&PE&n%%w‘eﬁ{&{ Mﬁuﬂ%ﬁg 3519 t&b&ﬁ?%ly ufif 852 The fluid

rorser wt owout eventer
sextunne thrbwglt wbmgraandlue padge Fhandngzistage dll8 in tree 39 to the umbilical

line.

For workover operations that require pulling tubing 33, tree 39 must 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

20



line would typically connect the tubing annul us
passage on tree 39 to the surface vessel. Wreline

wWo o443y be | owered through the riser, tree PEBEBEse3/035854
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41 and tubing 20 33. The well may be killed by
stroking actuator 117 (Fig. 5) downward to open

tubi ng annulus valve 89. G rcul ation can be nade by
punpi ng down the riser, through tubing 33, and froma

| ' bi ng 3 bi lus 85. T _
{ RBPBNOE elar sV E gL L BT Bl B BUS SRBEhE sy valve in
PaGHRES3 Jc%ﬁicélﬁz 508 b3Rdsed ubsng M bp&alon. ThdASB9 B3efRbed on lift
wor kover op 33

erations that requite pulling tubing ,
t lime 289 witlsthe bssistaero? BOY 16 Wedn, Aelioghises2Hy(F2d. . 15Ais lowered
li.ght wei ght riser. woul d.not, .be required if tubin .
ndrgerepeken st jhgr weljeahorgng My e gegppy ketees gpbing 33
t Rl PerHRANIBE wdikoMet h a @Wnkenticd@l md@er(Fi g. 11). The
operator installs plug tool 165 using lift line 209

(Fig. 4R)na08,BNaP. Plug 159 is attached to stem
173 and retrieval tool 177 and 30 |lowered into profile

157. Ong i . | | "
the 20 8k I50P0 FETERRE, bbb B toBERD cbfineb i portions
r elf eame 210 eTrdec8lis theahma 47 trb¢ BINHpL fig itd _591:11|16|'El’iﬂg melcléanism. Tree
d I fet I t ub 33. wou

P00t PR AfEdEg e, thah mor eadishy e fnchpien g, between
| ir_gt:irac_téd Al gﬁ&id@ﬁ?&g{%{&gsa%ﬁtﬁm CRfe mﬁtiitﬁgl- profi&N213 located

drilling riser 20 is lowered i _
e rvgthge tlenborgiof wellheask hausinghiddd Acawi 21§, Mhen Timeyed axially upward,

t tr t ubi 33 d f th
ORSL el £ Sy R g, 20 P e
the | nCaTha> CoREERdP ARPELBHGL TF AL+ AGSS 216 o togih annuiar
210hi52 191 SREE ﬁlgraiify‘ﬁ@f Blirariét cylﬁi_ﬁ&erb bStefRANY %df%h al;iston 219

mechani sm Tree 10 "has a plurality of dogs 211 t _
mirag arlack eidnyber 3ddhat cansks atitovaode bpvavdenhenOsuppliedwtithchydraulic

and.extended positions 211 engage an . nter.nal

o i LSS b e R R i DR i PifAE g8 also has an
h Qlﬂﬁ'cﬁﬂlg?chémb& TBMWAE suppBed Fixy effdaxiiekibid g@%ﬁfd;j the pressure in
causes. dogs 211 to nove radially outward. m 215 is

s aglpckinet eragbst dfa| foops distorddd Zpwnwredido diep dagsd2iloto retract.
e P02 915 4082 1 Al g 1
hadllaot moke dbvandbad iPRydrindic presssedaild t o nove upward
when supplied with hydraulic fluid pressure, noving
cam 215 bwlikd\empleper position. Piston 219 al so has an
Figure 17 shows tree 39 installed, tree 39 typically having a control assembly
225 mounted to it for controlling various valves (not shown) mounted to the tree.
Alternately, the control of the various valves may be handled in a control 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 connection with Figures 8 and9.
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unl ocki ng chanber 223. When supplied with hydraulic
fluid pressure, the pressure in unlocking chanber 223

W0 o008@$43p7 st on 219 downward to free dogs 211 tRPCT/US2003/035854
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retract. Preferably the taper between cam 215 and
dogs 211 is a locking taper so that cam 215 20 w ||
not nove downward if hydraulic pressure fails.

Flow i ne Junpers Figure 17 shows tree 39 installed,

tree 39 typicall vi.n ntrol _.as

oot SRR 35 stcagn g RoViEns SRRYRE 194 tomecfiftin within socket
S?@S\“M&Iﬂ&*&ﬁ%@ JRitldas ke coﬁf)l'h% 099 8l Mignilt@t ‘éﬁiht #& coupling
of "t'he various val ves may ed in a control

céht evheRGusppalfi & Iommdt m@eﬂ@gseaTﬂmn vkd swéaceonds eliown also in

t fl fluid d [

oK i & bisep a4 ¢oftscts RO EonRl e g7 A pfarel 155
cedpbiviife ?Lﬁ%per 2§6Ummglsgﬁlealﬁ%15rrﬂ-5@-7 ﬂlWNsbﬁox@ﬁné/ﬁl!hi}ﬁi’ 226%o move
types inc ing collet, clanp, flange or other pes.

Flow pcvsetm,rbn@ua #lgtol sRnilel 50N ee dlusiyatsdebie fip éﬁtt%d ines, In the
r J t

ha‘\%}({eil‘1 ngr{rg)& g@ﬁ{}g E?-?ZSn {()edpe:{\ér% @%%es@rﬂgeg 1§| T ech fgme'(:hamsm

ag27 Eﬁ)a}dbs ofl ssedictn of oyprecindoin thid bmbbdjureas BngentheChanism 226

21 WD 2004/ 044367 PCT/ US2003/ 35854 Mandrel 155 .

e ROBAHLES ALY 5A PAOldERI4 YAt 8ty with 1@8@6@ a’ﬁ clevis

wi thin socket 135. Mandrel 155 positions flowin

coupl i Refersns tmFigureghtrdiawligiet Ampeed26cday PP Agingls pt%éhcondmt

] e S f r

ASP B o 55 stk Eald Jabdthery SR B0 By BFeB) D30 ends, or

c eweing. s Fldvaineijm@pe02dd mag bd 58 cﬂbdn B‘Baldrleﬂlg ¥ith bninaber of other

flowine j er 226, Hinge hani sm 227 al | qws

f RHSi syeh F%%%wnz%@ {Bomey Elowige PR 2P SR p?j?‘oal'l’q formedat least

nﬁ%ﬁﬁ | of eomp&te mhdistehls @lcB%s @i}Selt e l‘éﬁht @‘@ovldﬁﬂb%ﬁmpl:fb% may be
connected position, coupling 153 1s 90 relative

t preatpend mﬁb ah SBcuatd méignwharmlr stmayp bF smﬁtylebéy (ﬂexrbly to curve into

rie n_thi,s odi ne
\r/r@??:waéﬂ‘%/% %@D“%@Hp%@e@wﬁre@ éqe\}l%e%‘??&e gﬁda‘él nr‘:’J LFlpﬁﬁ #%6 could be
228 nihasf MAEBIE Piphs thatrb @b RIS dfMniilffleCdre@Milsted EOmponents that flex
Referring to Figure 19, flowine junper 226 may be a

s ireﬁ@tn@ foreely ptier. c Bloaing jumper226unte havsfa sagleinghgee through it or

her, such as by threads, flanged ends, or
gﬁpqua‘}%g%&vl i ne junper 226 may be of car bon st eel

Zkﬁngh%@n&eﬁ'ﬁ%@?&&gf%} Rodr spaciiby ntE ot b HER" n wis

| embbdinfdat,td Eidrahtsafofcshﬂﬁmoty@mrmgﬁl@mal B 1saelsecagrell idvef flowline
in aresin, Flowine junper 226 may be 15 pre-bent

| FHIePeAR2 6 forBing adwey ity iacket. o owiin REgIre &, segments 231 need not
SléI;tfeh(?'tﬁgtiluﬁ feh&l’ﬁ' B %lotvﬁm%ufu\’rﬁ)ek 05%3 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 to 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
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the arcuate configurati on when | owered. Furthernore,
flowine junper 226 could be forned of flexible pipes

wao bat/oarse’ made of nultiple articul ated conponePtBFUSI0A4/035854
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flex relative to each other. Flowl ine junper 226 nay
have a single passage through it or multiple
passages. 20 Flowl i ne junper 226 al so has at |east a
portion that is buoyant. In this enbodinent, a

p lit ort buoyant segnments 231 are secured
J@Wﬁ %PP éﬁgjunper 226, fornming a buoyant jacket.

As sho in gure 19, segnents 231 need not extend

F

the ful ‘16@%?@1 romrectarondd At lpaaraden 4he endogenesite qon@@ctor 153.
d

S OB 20 4 S8k SoBRNSE KSR VR i

plC@nﬁﬁct@em3 ilikeoccmnectoc 153, enshbpef at hmdtye ngttj?pe@f When flowline
26 relative.to.its di anet

A2t TRl o e o G ERe g avil s hepzontal and
bUQRIGY cR¥RdIn T%fﬁo‘hh Qeﬁ@ﬂdéﬂrﬁlect&f Zﬁ M bB&ektitaP %uo%réﬁ’[ members

is of steel. e flexibility of flowine junper 2
p 2é} eauspltye cusyed pastien ﬂdJ@@ﬁDéV@ﬁldalanmmliéﬁ dmextend upward within

S5 HRL0545e 5o BBl B U o EREE oo v

bdaylaingty of funigee 226 laghe tdtheQrhdyopavdf | unper 226
whether filled with water, hydrocarbon |iquid or gas.

SegenFgured3h-PRHIS LAY %né‘%le*ﬂﬁﬁ‘ldfof @@rﬁfebt‘fﬂ Slkedd QES% 11toa

excessi ve bendi ng of the conduit of 2004/ 044
PETOUSZoUBINEE.Swhichfin dhisi aase }Suarpléaseazamfp\ldvbﬁ iTh&l same method

BRN8 o teed 1 banas SO fidnR' 8 BOLAERARH SR G pleh o5 o
babgan tfuld hre@ssng NnitNSTh lsédond rbomy@ﬁeﬂite%i’ cowld3alsd ibKeanother

c ctor 153, nmay be of a variety of types. \Wen
g or g Gaisnsaino gnqter wall bt g3paweton ow fom o e

ext SRR h

oo FIALR 9 ol A TORDE B oD Wil BiocA Q! “prdsccond

vecvamnt ZELlawailmcfmlﬁtsec}Bequ&Bﬂem au&ﬁaltyhtﬁomuéd/ edtree 39 (Fig. 1A),
nnector 233 to extend

DSl P Broiu i ions RN SSoLRbest FaiKe Rk EHS® flow meters,
t&%mBﬁ rhGHdkiAL, Mdsh&ﬁm@ﬁﬁolﬂ{gcﬂfﬂt e&%fé h&f‘téﬁ?j%ﬁ' hftenﬁomtonng

l ength of ju 226 may betermeda azy wave
Fi e pegeogop ﬂcpwhm Tuanpsr 3Ae torettsodd webBheadaassamattliy g could occur

V\% S ng%grﬁ'gﬁggéggsogﬂpr%sw%\gF gl%gggg&ﬁ%@arre \Arrglt ﬁgdl "

IR = T TR TENGER O S
URtllhead @Gse‘ﬁﬂﬂ?'lqj QTRARRI 22535 T6O WH&1i8ha AeiBh R UMAELnt 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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flowine, or a daisy chain to another well. Manifold
235 receives flow froma nunber 15 of subsea wells and

wo ouiesi3bhat flow to further processing equi pneeit/USZhE035854
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second conponent 235 could include such equi pment
normal Iy nounted to tree 39 (Fig. 1A), such as a
choke, production/injection flow isolation valve,
nmul ti-phase flow neters, erosion nonitoring,
corrosi on_nonitoring.and pressure

nd tenperature ,
SRk B QLT PPHECT: ShAWERT o &8 1§ FobFina doyEither Alegg they negative

SyhsRAcYaldlheatRSRaR] Y155 1toCRiMbE REEYS an?Bridididd PEallel with
after running of low pressure wellhead housing 13." The
| dlogtline ghmpendé: PlR&/ling jumpat226 is lsssentidlly $toight @nd alertical in the

di st.ance hetwee Il head assenbly 11 and manifold
2§8$%$W§ﬁ§§%?F?g%gﬁplength is sufficient for the |azy

wave cqnfiguration sho in Figures 19 d 27, howev _
e pr SbFite by RdRL I b 7, St Ené fite Sngie 155 while

Ofi; fj IPRI9 1 %ﬁllfh‘(ﬁ&%e?h g_{éﬁ%té' _hmbQs h’?a?ﬁiealseiz ff%lgéa%&iﬁg @fandrel 155

| S not critical. | I_St ances .bet vveem V\B
asgesbilet 135. aReferming thdlighre 235wk flowline janpecd2d © skl vertical, an

RO 35 853Gy ARl 75 L B3P,

S gRaieth FiguRms, ROV h87 eftksor@bull liawbBNend 1a4aPe médfeld! 237, Lift
this enbodinent, it is shown secured to second

c bnp 269 still apgntamsdlovdmejagper 20 Budy diseticabprieqtptiqn in Figure 23.

R SN Y e e——
anynettoer23gotot wgproath jnanifeld 253, asith latéral lgﬁidﬁ@ce: olereetkcessary.
Sl ST G AP0 SRS P ndonet v
] RS 23880 nkdveWh aNRorizHAREHosAER. iﬁ?ﬁ%%r’sth%@ls!ﬁbV 237 connecting

stral ght and vertical in the positions of Figures
26ec@8d cénrentoF2g 3 tea Suifableamatide¢]l obShar(ifeld)23 5L 7Julissqueshtiywas shown

st ahbi ng, i ket 135 while [|ift 1i.ne.209 is stil

a1 R MOy eHT s aeTile fueeaunipf GO dringetr 153, ROV
magupeffordfIhe hdthificnas kelise H3& - com@dc@r 158 9o E&liﬁg%@%nd secure
while flowine %unper 226 is still vertical, an

2 rtrgescoypbing 1 obthHigAd)l y attaching a pull line 239 to
vertical connector 233. As shown in Figure 23, ROV
237 r eBiguol? ilpsirates iflowling Qunapred 2261l theotesirechpdsitiiah, 23th, lift line

R08 R RO oo e rR QY & 2 s b Rlenies 231 (e

S OWEhukd tHel Gthiate BértioRQY fRTink f@heri226AY Ifloat ineve@8al plane after
causi ng second connector 233 to approach manifold

285tallgfiony | at eral gui dance where necessary.

In the embodiment of Figure 28, flowline jumper 241 may be constructed in
the same manner as flowline jumper 226 (Fig 19). It may contain 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 illustrates schematically a subsea processing system for the various
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Hi nge nmechani sm 227 (Fig. 18) allows first connector
153 and a portion of flowine junper 226 to nove to a

whoerspotssal position. Figure 25 shows ROV 237 PCT/US2003/035854
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connecting 15 second connector 233 to a suitable
mandrel on manifold 235. Subsequently, as shown in
Fi gure 26, ROV 237 noves over into engagenent with
first connector 153. ROV 237 performs the actuation
to cause first connector eal i ng%y engage and

sdeclipead asgerpbliss 1dowi 1F1r‘?gﬁ T%ﬁ» Smm @arsgstgm separates water
| bhdSEIPRES the Q)\IMI l%e{‘x?% *)n 831, 28RO shdterh NfcIHES 4 ﬁ%rahty of separators

position, with 20 209 renoved and
r ést. e!\/eldgbssepaiator% 1 mylzﬂﬂtlhzledwﬁneachmubmaswémasseﬁbgr 11, or
19) cause the1 cuatg ortion Egi/viine 1j‘urrger %26

G P PR Y ver PRE aEC 5Pt8r?es"’8?f?té’F FERGHIaY'R greatiepng system
tr@%aﬁm;@fjl ment of Figure 28, flowine junper 241 may
be constructed in the same manner as flow ine junper

226 (Fipg &Qwn it Figi¥e 3PNt s&)a%&yé&h?ﬂlég kaehongélt:iln(%ﬁmdncal

shown) over all” of"1ts fength or a I on
consseC oY thapdRatc@4d theesew dlobi.c &l mybwt@ uslet 355 1s Jocated on the

¢ RarReey D arardarvebss 38 KL SRhats7 e e Ewnstream

C@RAd iogWbpHrhien viRel boRt Geledlly erbhtetvad %ﬁth@fﬁlﬁrregulre a higher
installation. Subsea Processin S\Q)st em 30 Figure

| mellb@adadeéls’ersydnemrq wigh pgrresp vmr@@@glsfrmga;sy@héms Lower
%ieF 885 g\c/)ﬁlme% na%f: Ibene alzfgr? é"{l}a\é 682%2552% %29291%/ Q[‘egvff’er gas bubbles

asse In a f he subsea

PRAL esgiafgvaicdlisrangdeliaidttes hovidoatal flawthasdiicocht@iodttiethe oil and
oi | bej ng produced. The system i ncl udes a plurality of
S @\fggsfr SfRg thyemeh t]g‘e §qm§1t<g Vgés‘%g%& ot low freﬁg?s pracentage in the fluid

Ubishlafi6@s Wd F%‘oﬁ‘ﬁ@ Eapfak‘%%&e%sy@'td bASHEAR Y &ﬂbwat‘éf sepgﬁﬁgn

t han one we Into a separator

Ly cad Yl ntodfe hﬁgaa;aes%xﬁéaeqboée Tt eéslue 1 itself within

shown in Separator ¢o

he¢paznmt arbssely |253| dwﬂb anpact eﬁs &dep@afort. haPrellmQ&trﬁS:eS)ﬂtst $@w that
sea floor. QG ter inlet 255|s g)cated on

USRI Oéﬁ%FS&F‘Sl%ibt igheg prejauese| Thisgan py paysgd b@ﬂhez%t?t that high

' érés%@tc%gség Nihb hl?(}}gg ‘ﬂgﬁforc%ml BRdoR o S‘t?eo ﬁ@ﬁt‘ép MehEe siﬁérease the

3. Ceneral wat er depths wll“require
hldgltm!ly dlffem¢d bﬂwderdwlatev end oppr dds l]myérqwaltbbn fraction becomes lighter

BT o BB bl TPt s recuciog
S GRASREA CdbnsiE 6 BS & ghiRVirddasoh phkdees

Separator 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,
smaller diameters will allow a thinner wall thickness for the same external 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.

Separator 251 may be of various types for separating water and oil. In this
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will mgrate vertically and disturb the horizontal
flow pattern generated by the oil and water flow ng

wo booelogiser he separator vessel 253. A | ow free PEBUS2003/035854
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percentage in the fluid also allows nore of the
separator vessel to be utilized for oil/water
separation. 15 In addition to the issue described
above, higher pressure in itself within separator
vessel 253 will inpact the separation. Prelimnary

r E5\eAENehoRRPRIIET 258eqaIars »AOYBXER wWHbPEY &ioahs@aﬁé? unit 259
PHES 3 Hftﬁﬁlt -B?Itlfbe? %@1 Qﬁ‘thﬁlaﬁ' Gh BYink Irillgo %%fng a'PQﬁ eﬁ%:tgllggl epotentlal,
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bet ween. vvater nd oi | hgyh%/dr qcarpon fraction

I

b SRR ! dhe 835 eiidusBY| *ERYEs ThY gy phivater and oil to an

fr
' ee?eﬁ%gf)é%gﬁ;c ?ﬂg %1\'? g?tg)lflére\gaetﬁic}r%}g}@tg?btﬂﬁgfedﬁg %fesdif phase are oriented in

hydwayc thab orekph dwm C%ﬂamapmlewesmdi eac&sothsr d@hnsg:aembsttbe water
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s PHICE apmidigiely exfier \ﬁpa EScaRdeovRib 26 ey Teices thisi reRwitasisretention

f ?Enetréagrle U?er C)%F eD&Féq&F(fGGéiso fg% pﬁ%@f&bﬁ%l g%)agatl%ﬂl allowing

tlthecsepaasartvessellmmamatdr andswellant ecbqedscsedre. A 0.5
nmeter dianeter cylinder will w thstand the sane

pressumg shotv ia Mk 3t hpekarasns 168 v3hagd suppied ﬁ‘bﬁl the surface via
Consequent |y, separator 253 has a fairly smal

dpaeEbeical Bpeisaputsd jhrawsh lepr ewliaparyires 208 Hto the m@ﬁgt o separator
Qe Sepzee. o pRE TR BSOS Rl KRG By i tp e i

Pﬁﬂ‘té.@&ﬁﬁiié E3fnfibd forahbeldétrattic fiekpaltatamedo® veltpdaysved supply
escence unit

coal esc it 259. Co 9. . has a i
pilwélﬁﬂ?ﬁbf)ﬁ\% puctions Swah A ﬂpqr%tlnge%Wép idh @l gesrs involved

b%mgoﬁgrop@ﬁiﬁ%ctw) §&acholRBt vali11. as illustrated in
Figure 31 igh voltage electrostatic field is

appl I e E&lésg&cg'dnﬁ% is Bl g(ﬁeg?fht’éttg @ac‘ﬁttgé Gg 1feldt\9§ter paration
. By exposing the mxture wat er-and orl 1o an &
ebeltfdsmmbata wcbndbaparatdramtti qooldalse svapleyedir Oipd edesnd stage could be

contained in the oil hase oriente t hat
E Tt GRHFRCSNES dBitop c‘Ban’@g’rc Z’ev\FthE hao@‘ﬁngent THPe such as
Caié%%ﬁof)l'ﬁﬁe%@tu%{t 263 ORNBL 567 Q18" Rk taohlghgﬁﬁtragg %krggétlc field,

Gener al bi gger droplets nove and separate
t hawe ¢ Beldds opifigueed 1Cdorse dheewatey droplety mg demgnated sectlons of

S FREPBE b5 ek R ey N B RlingBe I8 il B Gttt

r stie@Bt 169N asl hown e Rigure£FDMR] B aed udet OMdched® !sﬁeets 269 are closely
produced_ over a pure gravity separation, allow ng
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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t he separator vessel 253 dianeter and volunme to be
reduced. As shown in Figure 31, preferably | ow voltage

waepplied from the surface via an unbilical |PCEUSR03/035854
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routed through I ow voltage wires 263 into the interior
of separator vessel 253. A plurality of transfornmers
265 transformthe | ow voltage to the high 15 vol tage

that is required for the electrostatic field. The same

| ow vol t age power supply . is utilized for othe

@ﬁ@erwedwgagowma Jtherrgfhenoradieh yietes Comientsestisos @f liquid
I h

wl T Capld S el RO AAER, doNglpeand bf Bt 287 DIHEBPhoresis unt

r €4t hedulees dhe simeatbrmally necsled &rat doomentjpanlf gavr@meparaa)r

second separator unit could be enployed. The second

st age Md:rﬁn@@galﬂﬁo ahgirb a0, xbﬂkﬁsadﬂﬂeemmds u@l@vard from separator

coul d, he_a uni.t % a different t such

dVETEL BB IaF isi dovmirpanend. | Aikhsash 2] Jgs debeight phagh half the
v st }Slgge%/ e
cggéfn?%ﬁrr gdg‘e?)%fa or%ée? r%fgg \?%tq Sé rd © ro gc{“éér Fﬁ%tgdnd%)g cloﬁecun& higher
s ectdraoscaftrations. t A 2GTeramtlctt 2v8rie Hx;pafedrcm the betiorn odifseparator vessel

r. El ectrodes in the formof undul ating
:ﬁégflgs é@q@?@&g%n Fi gures 32 and 33, are used.
El ectr she ts 269 are closely 25 spaced and
arr angg%? drge 6?}( © %%“ﬁ%?%%f’h‘ﬂ? Z'aris prsteaplydogpiedsdeygnstream of

PRItduRBs2 SN ACKikdeT8ds 2 BN AES AP @5&1&@@%’(: bORles a v able onﬁce for
constrictive passage port ions result m t wo a j acen

vabhtegling pwissure andh§owiraten dul thegemagd, pohndkedn prncﬁaﬂylldmated on the
eaks of each el ectrode ,sheet 2

t 9
il B2 B T R R Eioh S <t BRSGul oGtk adioke 275 is

t Mg afed! RRERIresif G iefdh sephratod @5¢1t6 phdvent fHebtngd bl Mixing of oil and
which is at the narrower portions. The forces inposed

byvatdie 30 el ectrostatic field is in the order of

magni tude two to five times greater than the gravity

f or ce. ATHowliphpmapee 3 comects eblolted2 Tjutb dheanifobd e eflowline jumper
26 WD.2004/

d | h . )
P BEobS PSEbERE B e e Re T SoAb i) Hobieeghgd! (Fig. 28) or

Waekebd BEYndrerddhWmibnefosh. CORSIRN75S 661l %sm@érpbfa%l 85 part of
that wl| easi I%] separate i nmedi ately downstream of
t

uiffiowling 7junmye| sBphdhadsitsisudewered gandr énstpdled wib funmer 277.

g%g{eéﬁlrak&[%rb%ﬁﬂggﬁ Q5 eRHGRY | ARAIN YL LY oREPRE Y auipment

BRI AR s R %2%3@59@01}?!&“@%%% Py g 2p1 and 283

t (et ledt aoeicedurRbe SR EIRIRIQ L ﬂ%%%ﬁirat%ﬁ il dnﬁldtﬁy @afrhine® g therein.
| ower section for collecting hi

c SHBRFE 2| ntach Rfvilie errieis seppra gors L 1%1:81 gyngpld 7. In this
g%mﬁﬁhiéfm, $hO @ép%a%d VGRS Ghtlet 233 JFREL ?e%q}a%r &%gcl?se ?oda 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 pump 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
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Referring back to Figure 29, a choke 275 is preferably
| ocated downstream of 10 oil outlet 257. Choke 275 is

w@2@envsnt i onal device that provides a vari abl BCDUBf003€35854
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for controlling pressure and flowrate. In the prior
art, a choke is typically located on the tree, thus
upstream of any separation process. In this

enbodi nent, choke 275 is |ocated downstream of each
separ at or 251 to prevent shearing and m xing of oil

arvassehd% for pesodictlptengisprsal. uhgyetxampie, dminad icauldrzsiceumped back
2
8 SR A o TR BB ), Vs
2492 (FSlgwrednnedted toaytaitldR8Irwiadine@Pee Mekiodiahlly, QllidThlgh pressure
Choke 275 could. be incorporated as part of flowi

j GHpSH obpumR ge s deceted fntp yepsshetZe gs ahiecarqﬁis thqaiuéeﬂw aewmulated
| WORED lﬁg{edthrdﬁgh%é‘% l'y, choke 275 coul d be nounted

to mani or ot er subsea equi pment. 20 Manifold

of 1§ naReaighllhes 23 SPRUEBLRAR seiibr Li7adl ofBl bivvvater

ded:payz&mywﬁ thah® fepanaifeghl ok hydmndydome §Ppé fai x'emdv@gs‘any final oil
t er s 277 of each of the variaqus

Gt catedah (owalet o5, 61 PRI Y ISaRp gorough line 296 fo the
e R Eie 2830 Wﬁ@@%@&ﬁ?ﬁlt"@%@ﬂ&&% ﬁfﬁjtmﬁsz%e Qb 1'311y free of oil
separator connects to a ow I'ne 284 t | eads

v ahd adotidnankzeton ftnvelinea?d7cios délivent foremsinjz8idor welh eac h

other in 25 valve nodule 285, with the conbined flow

| eadi ng& ValoeB @l isicornc2B4d to @ linb 803 hat keadofrom the Ub@&ﬁofpump 287.

pﬁ]ng;c% 301?1‘( teg rmtg\ sglgaéq%g itpgsl ggc es o ?oeﬂr\éfy\!aéfarge Ih?les 284 leading
C %ﬁ?&‘i@gf ﬁ’l@tsw&of’@ﬁr HEABnd 863 "ﬁgga L8R e 1305 e'@%dgﬁfﬂﬁ valves 301

. I'n this ‘exanple, punp output |Ine 288
hynld 80y cnables the lopnd beihg gaimped dyaranmol82 89 flovaackwards through

d. f id st
PBANELE Sradinal! B ME i I aRbofilons PedparapBitp gnd and
hathen di@fsﬁs QbduPbtilatd 9d tﬁdqﬁibséaeﬁsﬁﬁrah@n FesERIBIE Thede WAds and/or
2004/ 044367 PCT/ US2003/ 035854 ~vessel 292 for periodic
| derasiteiipxprseved Hom eachrsppasator Rel dxle baslifusiies fniessied through
é-% 234nt %ﬁgegﬁgx‘? bR PQ}%' ?tlﬁ%}ll%ﬁ(? ngtlilg%ragh Qe];?ﬁ}al&% vessel 253
sea we asse | es esse 'S oWn

C tm eewscethet appadi sand in@8&heti deposite i X8pariter 260 oallbw, with the
pressure,  qutput of 87.1s directed into

vBSuareh ol S tanio Skt 281 ahih . ¢ MorRe Ly bkEghing Huid is
?&?ve&é%l m\ﬁ?y Mygggglgtok Q@pa@ﬁ%ﬂ? The |iquid output 293

hydrocyclone separator 289 [eads to anot her
oi |l /wa e i .fug 0
hydr oct)yglFon é?{l?i@ﬁq{ag s1§1?§crfa%1€%hv§1§?§§ aTl‘fe Ld lo%l‘a’t ﬂght \;Ve1ght tree
allows a lift line to be used to lower the tree onto the Wellhead housing. The use of

the lift 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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droplets located in the water stream The separated
oil leads through line 296 to the manifold |ine 283.
wab@4matder out put of separator 295 nmust be PCT/US2003/035854

substantially free of oil 10 and |eads to an
injection flowine 297 for delivery to an injection
well. A valve 301 is connected to a |ine 303 that

| eads fromthe output of punp 287. Line 303 branches

into separate |ines, each cgnnected to one of the

| if¥pe thegystemadgiasgnireliedra nopediguptiveameoar at or s 251.

Each Iine 303 has a val ve 305. Opening valves 301 and

305 enaBhids thehigvértiguilas be¢mshqyunmechlipy fewngl iB8forms, it should be

fl ow backwar ds, through ne. of .th r,outlet. .
| eRweSas T v AR e T isthos v B Bl R s to verious
Sahshgp sithotih®padpdtint SeaCspoviltad Bvemidnhe subsea
separation vessels 253. These sands and/or deposits
are renoved from each separator 251 by the

backfl ushing injection through 1ines 284. The
injection of water creates turbulence wthin each
separator vessel 253 to cause the trapped sand and

ot her deposits in separator 251 to flowwith the 20
produced oil out manifold Iines 281 and 283. Nornally,
backflushing fluid is delivered to only one separator
251 at a tinme. The invention has significant

advant ages. The use of a light weight tree allows a
lift line to be used to lower the tree onto the
wel | head housing. The use of the lift line frees up
the derrick and drawworks for use in drilling or

conpl eting 25 another well sinultaneously. The ROV
actuated plug renoval tool allows plugs to be pulled
and set without the use of a riser. The tubing annul us
valve allows circulation wthout renoving plugs or
requiring a dual string conpletion riser. The
orientation equipnent and nethod all ows changes in
the orientation flowine junper to be nade after
installation on the outer well head housing. Locating

t he choke downstream of a 30 subsea separator provides
hi gher pressure in the separator, which enhances
separation. Selective back flushing of the separators
permts discharge of solids and deposits 28 WO

2004/ 044367 PCT/ US2003/ 035854 fromthe systemin a
controll ed a non-disruptive manner. Wile the

i nvention has been shown in only a few of its forns,

it should be apparent to those skilled in the art
that it is not so limted but is susceptible to

vari ous changes w thout departing fromthe scope of
the invention. 29
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WO 2004/ 044367 PCT/ US2003/035854 dCains: 1. A nethod
of drilling and conpleting a plurality of subsea

woweil®4436Dnpri sing: (a)with a floating platf opPerf/US2003/035854

10

20

connecting a drilling riser to a first well head

housing, drilling and casing a first well, then

running a string of tubing and |landing a 5 tubing

hanger in the first well head housing; (b)with the

floating platform disconnecting the drilling riser

fromphde first wellhead housing, connecting the

drilling riser to a second wel | head housi ng, and

perform ng operations on a second well; and (c) while

pdr. fA methny ftdrillggsandpamplabing sipdyrality)of shlosge e § cemprising:

production tree on a 10 |lift line fromthe sane

floati 12 f ecting the the fd r.st

wel | hegg)“%o%sf%na@ng gﬂatﬁ%e ’ r?e%ﬂﬁ%gmgc% c()ﬁr‘1 gﬁ%gh S 1'% ﬂm wellhead

wheushg: drillifig agl Sdsig o figst wvellgthen elan@fe 4 fteing bﬁhfb@{gmndslandmg a

| ocat ed over the f%&@%?mellhead housi ng; 15 the

pltBRING PARECE NG Sigst Us@gition in step (a) after

the drilling riser is disconnected to position the

der ri CKpRRAY thet AGatREGANGME! difteRskRAY Shd Aril#Rdristh §Fom the first
i s perforned S|nultaneously fromthe platform

\delblezpie hbening, m@nnftqbag dh¢ dndlingnrisengo se sesnud weslllhead3 housing, and

The thod accordi n wherein step (a)

{ B REp R GBS s i B0 " b 1 ot el | and

setting a plug mnthln the tubi ng hanger. 4. The nethod
accor di(egwhile ptrdrming aff lefist Ipaft df@fﬁpr(bﬁllﬂ@em{gf sprdii&le@on tree on a
c:Iovvemgapugrermva tool on the lift |ine

| diblingyfromethp sype feptingaplators an%wmlﬁ%ﬂrtgrfé@ treP é?rmﬁ ﬁrgt Vellhead
3@ gggg with the plug renoval tool; then 30 WO

2004 4367 PCT/ US2003/ 035854 di sconnecti ng the plug
renmoval tool fromthe tree and retrieving the plug

r @nbhainethwd| acoordinigdo klafrh 1| whereins. The met hod accor di ng

to claim1l1, wherein: step (a) further conprises

provi dl(f?uglntg hs,?e:pt @?Iangerplglg ¢ M P a’cfmarntlls’I tIlocpageda Q\peli‘” 8 first wellhead

housing;

the platform is moved from the position in step (a) after the drilling riser is

disconnected to position the derrick above the second wellhead housing; and

step (c) is performed simultaneously from the platform while performing

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, further 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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5 val ve and cl osing the tubing annulus valve prior to
di sconnecting the drilling riser fromthe first

wowrdokkesd” housi ng; and step (c) further conpriBEBUS2003/035854
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20

sel ectively opening the tubing annulus val ve after
the tree lands on the first wellhead housing. 6. The
nmet hod according to claim1, wherein: 10 step (a)
further conprises providing the tubing hanger with a
tubing annulus valve that c{ ?s due to a spring bias

prior tcomscinndet Pty terevar (99l Ty the diee rangnietiryng the plug
flrglﬁBdeﬁ%lmﬂﬁéng and step (c) further conprises
In

provi g the tree with a hydraulically powered
actuator, and opening the tubing annulus valve with
t e The tmethodracedrding to hleim dewherginds on 15 the first
wel | head housing. 7. The net hod according to claiml,

wher ei nF‘é n(g ﬁl(i&)e{ ﬁ(%l#ﬁ?es p? %ﬁg’ tubﬁ%geoﬂz{ngepgqththa:{ubﬁl& annulus

t ubi ngS er W ori‘e Pon” e

t Relvetandi digsitig dgefubing ﬁnﬂﬁﬁhfaﬁfé pridreiat disdoansctimgths tdeiling riser

(rfz further conprjses: providing the tree with an
ahthgtirgvelibspdhousing @bagi ng the orientation 20

menber of the tree with the orientation nenber of the

tubi ng s?a?g(ﬁ)e Furtfer & ﬁ%@esk@%cﬁ&&? oPérﬁn ﬂg,eﬁ'b I%dalﬁlhﬂﬂlvalve after

orienta . 8. The t hod accord o clal
f tinet theer ladsrmpr ths ifingy weplhead Ihusigggt he tree with a flowine
connector and rotating the tree to a desired

neudthgeiSRa G boblr dalihT et Ussoos) oasaes

connecting a flowine junper to the flow ine connector

and t o segdn} finthet compiise preddingiantubiry habiger withhotibing annulus
accord| ng.to ¢claim1, further conprising: _providing
t falvetlat CWS%&%; ol oTAring d1asgios e Sisconngefing the JHUMS rhsgr from the

fg%yywmeidqm{n ot d he flowine connector and to
I 't1onal subsSéa equiprment, the flowine junper

having an arcuate portion that is sufficiently
buoy antstepd(cy [ferdherj qomprigey prayading thenreafwtithy a hydraolically powered

al |
v fon o el s MR AR GO B8 £fiefr R dhe e tands on
s éRafidt WEllHead dosdtsea mani fol d having flowines

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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10 leading to a surface processing facility;
connecting a flowine junper fromthe tree to the

wG@iwgea3bt ui d separator; connecting a choke beCTHES2903/035854
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t he separator and the subsea manifold; and flow ng

well fluid fromthe tree to the separator, separating
heavi er and |ighter conponents of the well fluid in

the separator, and reducing pressure of the flow ng

15 well fluid product as the well fluid flows through
the chdwensng v esring Juapenio e FQEhae (coppeipreand to additional
S%&Egﬁ%qﬁ fehity. 11. A method of drilling and

conp etlﬁg a plurality of subsea wells, conprising:
(a)with a floating platform connecting a drilling

r i% dhe nethodfdeccardingstb lchamad , filrthes congprisamgd dri |l 1 i ng and
casing a first well; 20 (b) running a string of tubing

and | andi ng. a tubi ng. hanger. in the first well head

nousi ngr L g Br Rt s Pt gkl hr ough t ne

tubing, perforating the well, then setting a plug in

t he t uldongechiapgeflowdide 604 QA B0 1iRE TdokRelBek3 AtB 58 2dditional
(d). di sconnecting the drilling riser fromthe first )
wetbire £qumsisat-1he flowdine jenpe kaningran arcede PAGiop) thet i spfficiently
c [ 1] L ' econd well head
hgﬂg'%%&&g%%qg??%##hgagﬁgﬁgggﬁkgbngecond wel | ; and

(f) while performng at |east part of step (e),

| dweThengpethograochrdinigdo clame é, fumther comngrisirtg: | i ne from t he

sanme floating platformand connecting the tree to the

first wellhead = hqusing..12. The, net hod accardi to .

el i m o8 e P R PR R o RO difutply flowlines
t aeddintotahRirfacd probéssdgandlifyandi ng the plug renoval

tool on the tree; 10 renoving the plug with the plug
renmoval tool,; then disconnectiﬁ% t he Plug renpval tool

from t IF8RRGCHES 2AIPVLE JWBRAT AP HE tse dgy thersBhaspdld rpprag;

the lift line. 13. The method according to claim 11,

wher ei RonSdeBRg b RholeWERKESARe E’ép‘ﬂ?ﬂt&fi 488 hibketh i fold; and

hanger with a tubing annul us val ve; 15 step (c)

further conprises circulating fluid between the tubing
and a tlewiipgywell fluid from the tree to the separator, separating heavier and lighter

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;
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annul us when the valve is open, and closing the val ve
prior to disconnecting the drilling riser of step

W@ 2jog/084367 t he tree has an actuator that sel ectP@BU$2003/035854
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opens the valve. 14. The nethod according to claim 11,
further conprising providing the tree with a 20
flowline connector and rotating the tree while it is

| andi ng on the well head housing to place the flowine
connect in a desireqd.grientation. 15  The nethod
accor di (agd]ts?:?nélle i t&‘i ,gnﬁ‘t!}lg F‘ﬁ"e&tr% E%ﬁ%@? W@Iﬂﬁégﬁlﬁb‘“‘@%i dhen
platformafter step (d) and before step (e), and step
(e) is (pewity AR fytise i ARmY dofifectihf tthb | df1ihE A¥er tthea second
platformafter the platformhas noved. 33 WO

200 heaberircmd d2ibos ~odesawy a seeondrwvell;ratihod

according to claim1l, further conprising after step

(d) co i . | uj .

Separ atgy hq Berk b B SRR Bhlrgfkh drodygton ree on o
chigkBpe Whincthe isame dloating platiome ahd dorinectingsthbseg toely fist dellhead
that has flowines that lead to a surface processing

f 2OPF P 8y: and 5 flowing well fluid fromthe tree,
separating heavier and |ighter conponents of the well

f 119 dpeMadihis S@BAAR ©claitMAN Al BLHEI NG idiE Pressure of
the flowng well fluid product and flowi ng at | east

some of the well fluid through the manifold and the
f1 ow i Aegerng 2 pluggempyal doqdopdes Kt Aige pad landing, the plugaemoval tool

methed.of. producing a subsea wel |, conprising: 10
connec‘il ng a subsea fluid separator to a subsea

mani fold having flowines |eading to a surface
pr ocessemgvifig thd pluy withdhmngleg rengoval fdofiihéme j unper from
the tree to the subsea fluid separator; connecting a

choke het ween .t he separator and.the subsea ni fol d;

and f O5PREoRE 1Tg Pl royal (99 fm dhe dreg AR Tetrievitg the plug
Segaba ol of eRAKALihAY heavier and lighter 15

conponents of the well fluid in the separator, and

reduci ng pressure of the flowwng well fluid product
ad 3t Hee ethpd peegrding fo glain hlovhfEcithe choke to the
mani fold for transport to the surface facility. 34

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

step (c) further 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 (e), and step (e) is performed by deploying the lift line from

the platform after the platform has moved.
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16. The method according to claim 11, further comprising after step (d)

connecting the tree to a subsea well fluid separator, the separator being
connected to a subsea choke, which in turn is connected to a subsea manifold that has

flowlines that lead to a surface processing facility; and

flowing well fluid from the tree, separating heavier and lighter components of
the well fluid in the separator, then reducing the pressure of the flowing well fluid
product and flowing at least some of the well fluid through the manifold and the

flowlines to the surface processing facility.
17. A method of producing a subsea well, comprising:

connecting a subsea fluid separator to a subsea manifold having flowlines

leading to a surface processing facility;
connecting a flowline jumper from the tree to the subsea fluid separator;
connecting a choke between the separator and the subsea manifold; and

flowing well fluid from the tree to the separator, separating heavier and lighter
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.
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