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provi sional patent applications 60/513,294, filed

Oct ober 22, 2003 and 60/548,630, filed February 26,
2004. 5 Field of the Invention: This invention rel ates
in general to subsea well assenblies, and in

particular_to _a nmpunting apparatus for a well flow
interfaceW@@&E&MEWMEymE
|ntenS|f|er for boostlngthe well flow or for fluid
it X g Agiplicationsavent i on: 10 I n one type
of offshore mell productlon a subsea production tree
isinstalled at the sea floor. The tree may be

c onnec ildes pphcdtioowiclaies j pripdy too @S splevestormmhnpdtedtd applications

.n??é‘*cfil” Fler 25,7007 8y SHRIEBal  ERr iyt igo2004.

fold or froman individual tree to a
y, normally a floating platform
The well formation pressure is nornmally sufficient to
15 cause . the well fluid to flow up the well to the
t ree, ant W@Hﬁoﬁlﬁda‘w élagftr@ratl e shsex wel iapggmbfligsiand fiy particular to

ave sufficient

R ST Yin BEPecR 36 O AR iyt OB 15 Bfircp sl pressure
birttensifierfondogitiriocthé bv@Wﬂbmm fohfluiddajetti@er to the
processing facility. In other cases, the well may
epabksdakdofithé biveftiops essure to flow well fluid 20 to
the sea floor. Downhole el ectrical submersible punps
have been used for many vyears in surface wells, but
becaus ﬁl 8he %E b® 9ff§h SGMi1 ﬁo?&iu@ﬁbﬁ]t B5a%ro cﬁoﬁ%e is installed at
nor mal | I oyed mnho e In a’subsea ‘we
MWWWMEMMwm&mw@@@ﬁMMm@m%%@mmMﬂd

installed at the sea fl oar

Tt
PR torclirtE it subsca e o e ARG p npradustion riser may

| aabad kahl 8RR SXRANASHIANG of SN hE hdi il t%@ fd £

such installations are ra?re WO 2065/ 040545 ﬁmce%ﬁlg facility,
PommIdy oo flpads platfoigunihe yadk _fdl‘imatld)l_npmslsure ns na'ltmally sufficient to
;?aglgug} I\g‘lﬁk Pﬁlzlztg 'Hélvy uf)) [11etv!/qéllstol the gé’l and Aj th% t?eue to tl?e processing
facility.

In very deep water, the well may have sufficient pressure to cause the well
fluid to flow to the tree but not enough to flow from the sea floor to the processing
facility. In other cases, the well may even lack sufficient pressure to flow well fluid
to the sea floor. Downhole electrical submersible pumps have been used for many
years in surface wells, but because of periodic required maintenance, are not normally
employed downhole in a subsea well. A variety of proposals have been made for
booster pumps to be installed at the sea floor to boost the well fluid pressure.
However, because of the pump size, installation expense and technical difficulties,

such installations are rare.



subsea pressure intensifier is carried by the tree in
a manner such that the tree supports the wei ght of

wo b@siomtsehsi fi er. The tree has an external annPCHUS2004/035182

10

15

20

25

profile formed 5 on an upper portion of the tree. An
adapter |ands on the upper portion of the tree and
connects to the profile. The pressure intensifier is
nounted to the adapter. The tree has a verti cal

producti on passage extending to an upper end, and the

péeggnﬂﬁuﬂﬂgﬂéhgmﬂxxm is preferably laterally of fset

fromthe vertical production passage to enable access

to the vertical production passage. 10 In the

pr ef er ldd sghssediett assemblyf dothid inventent leasds sfbsearptddection tree. A
t he

+ e sl ilafer R0 B Rl kRt gt the wee

t REppollis Qﬁ&%%ht of 88 %htEIhs‘i:‘ﬂierl nthe tRBIAY eeRiernM hibnildierofile formed
receptacl e assage extends froma |ower end of the

t pé@ntU@p@rrpqmm pf ﬁwdre@f Anqadapiep danflp on dlesranner pextionpt the tree and
cgrlihe%ts b rth? groq{l tIlﬁQIprr]eqsseXH tegs Re: 1snrgr18uﬁtg<? tc\)Nﬁilel a_figpg? The tree
ressure 1 n I'n fP d comunil Ca

\Mhhsh at hertipsls padactid Ip@isa@eé‘eﬁt’ehﬂmlgofb ah dgper E@Jhdy\llaﬁgsthe pressure
Fg%ure 1.is a schematic view of a subsea well assenbl¥
prificy prptrderably latgpplarodtseisiom the ¥ertigalmradugtion neprage to enable

AR #oocﬂe %IgI;I_lgML}ﬁe (J’[l%n%a&ﬂ%él al view of the well

asse , g an 20 alternate

o Lo ORI Pfgi“%retﬁle%rﬁ’ e ABRAARY el hof the ke, the flow line

e rhbzﬁﬂg BNipvird FasibiP seRptaelel adjResemR! tyeeh i ehdait extends from the
nount 1 ng apparatus in accordance with this invention.

FiPgRsFue 4ntessifienini engagpmens with dhe aaepieplsr & Ressagrgefiends from a
f t f .Fi . :
SRR (08 YRR BB B LA 1D sine of

V\mﬂdlng astsadinp infoathe ngelh  Mhe pirésogreaipteasifietiss imnfluid communication
accordance with this invention. 2 W 2005/ 040545
P DB¥AL35182 Detail ed Description of the
I nventl on: Referring to Figure 1, a wellhead housing

egeription of thetdrawings: end of a subsea well .
VEIIhead hou3|ng 11 is a large tubular nmenber nounted
to a conductor

Figure 1 is a schematic view of a subsea well assembly having a mounting

apparatus in accordance with this invention.

Figure 2 is a partial view of the well assembly of Figure 1, showing an

alternate arrangement of the mounting apparatus of Figure 1.

Figure 3 is a schematic of another alternate embodiment of a subsea well

assembly having a mounting apparatus in accordance with this invention.

Figure 4 is a partial view of an alternate arrangement for the mounting

apparatus of Figure 3.

Figure 5 is a schematic view of another embodiment of a subsea well

assembly having a mounting apparatus in accordance with this invention.



pi pe that extends to a first depth in the well. A
subsea Christmas or production tree 5 13 is secured to

wo b@sopses end of wel | head housing 11 by a conr€nUSmN&D35182
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connector. In this enbodinment, tree 13 has isolation
tubes 15 that extends downward into sealing
engagenent with the production and annul us bores of a
tubi ng hanger 17. Tubing hanger 17 supports a string
of productlon tublng 19 that extends into the well and
d) d)¢sgripBian jof ghe Invientipn: head housing 11. At |east
one caS|ng hanger 21 is supported 10 in well head
housi n&elerring i Higwses il ng W@Hﬁ‘ijﬁérh@ﬂnﬁeﬁ lrig leestasr addthe gpper end of 2

SEIEBS@?V% . él;ll‘gégd%%l.ils g?l ése %%aggegﬁlb{éf)%i} %fe%}) Ly Oélﬁ'([f%r{g a' dnductor

P pipaithiti emteﬂd@ te aXbrst dplh GOMBWEIC Ak eabydat Chriskils or productlon tree
[ soI ation tuhe 15 and extends upward through the t

A3 &nifarigd 1 reappsr endopintiviibead beusig h bria C%Y?@Flonal ‘connector. In
| %0l @ﬁl'beﬁlm{eﬂpetreﬁﬁlﬁﬂgs $1 608 futet rlgutggt é}{t%ﬁl ]&%{Jél%ar&'?nto sealing
communi catin e annu us surroundi ng tubin

nghgemlemtnwtth rthe pboduatiomtind anmﬂus bores aifich mxbﬁfgehmmlgblyﬂ Tubing

t master valves 27, 29. Annul ves 30, 32 a

c GRRABA T GHEOTS DR RO i (58 eXieids s e el and s

3ioc|a§dts¥zﬂhfg?31' iﬂwb%ﬁ%uélﬁ%\m O(Ali%dsgﬂn@&[sﬁl I£gBER is supported
Emer end of tree 13 roducti on port 33 ext ends

| m welhdag housingrld, whmampg rhdlu.gﬂrIZd) roehy c@Bddnd stigef @sing 23

p uct T producti on w ng

DR sFbgat B0t isma SRk noay 36

constrycte recej vi ng choke |ns rt (not shown). )
Tree 14 Cohsat SRk arentng PRaftigiftn bp #%&lﬁ*eaorawumcgtes with
UBQ@ isofdifdn B queéndggxteﬁ&n‘g[?\Jvﬁﬁsthﬁﬁ ﬁntﬂylt?ere PAQT ddnfilus bore 26
such as a set of exterio doves f8r connection to an
adepmanicd@s widlapherotldd isslation ubhd a6 meirrb:euendsh ﬂtrot@s tme 13 for

connector .41 .t hat nga ndr

" SRR Hin RIS e e AGISE §8edrpOrtEB L es g at leas
t bﬁ@andlﬁ'efe@ kb addich QuIsEd 7, Dd. Ah@fuﬁﬁ' \Jal/veE |30332 Xﬂ%%oﬁ{fentlonal
connector draulically actuated. Adapter 39 has a

pimat@dtm @nmﬂm o P26 hAt swaktvatigs3 It isrtgpighlly tocetsdin predpction bore

e e S BGPRORE  aROuRRSR BT s pdeigh 1 faly puowerd form

C prvduedidrybart 2gnad joihé b pfddaeucﬂmuigusahkmse *Bﬁncﬁ?abroaubtson wing
45 extend 30 between the production passages

aﬁ%iV? B ixgomareied fma shakedodp 36 anstmeisd for Tespivingrachefe insert (not
g?o“ﬁ,g i solation valve 47. A production port 49
ex s laterally from 3

Tree 13 also has a mandrel 37 integrally formed on its upper end. Mandrel 37
comprises an annular profile such as a set of exterior grooves for connection to an
adapter 39. Adapter 39 is a tubular member that has a connector 41 that engages
mandrel 37. Connector 41 is of a conventional type such as used for connecting tree

13 to wellhead housing 11. Normally this type of connector is hydraulically actuated.

Adapter 39 has a production bore 43 that extends through it coaxially in
alignment with production passage 25 in tree 13 and, in this embodiment, an annulus
bore 44 that is coaxially aligned with tree annulus bore 26. Seal subs 45 extend
between the production passages 43, 25 and the annulus passages 26, 44. Production

bore 43 has an isolation valve 47. A production port 49 extends laterally from



WO 2005/ 040545 PCT/ US2004/ 035182 production bore 43
bet ween i sol ation val ves 45 and 47. Adapter 39 al so

woreyslosses a reentry mandrel 51 on its upper ePd/USto0©B5182
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has a profile that is simlar to or the sane as the
profile of mandrel 37. A cap 53 is shown | ocated on
reentry mandrel 51 in this exanple. 5 Adapter 39 is
enpl oyed to nount a flow interface device to tree 13.
The flow interface device is typlcalu% a |l arge, heavy

urprrqduph@n bengs43 briween isolatien vEesS iane 47 o Adeptee3$ glso may have a
Qe%'trr n%ndlr 3@&%6{%9%6{ Ien% ﬁ%ekgahnﬁ a\t/\p}o%? e{ha% §n'ﬁh§1f Joao‘}%he same

&V CaU ror a

c QEHeRs6Hle dffiedirdl Bl eX caes BisTshowh docaedd @cickniey ynanaﬁ:l 51 in this
"pressure intensifier"). An inlet conduit 55 connects

té*ﬁﬁﬁ@uctlon port 49. A 10 subsea pressure

intensifier 57 is nmounted to inlet conduit 55.

Pressu rﬁeiapm éAds employsd to maynttrellay lmgrrfmub‘ftoyﬁ@ greefgt The flow

GG STRERCn P BT B BB P o et

t hfmef Fout %zfﬂ eviréidadehrt.t FOE edanple,Phe W enﬂeﬁhwawwee tould be a
57 could punp for injecting water jnto tree

Pﬁ’@ﬂﬁiﬂlése ﬂw ERRIPT 9T} PHID O GPRPESSES (b@e@a@%ﬁf%‘sﬂo@ collectively

| oERRREEIRRAROTT BHARIL i 59 cDffoct?d BRIARHE Bt 40 A

ershbsdh pessbure pﬂiﬁﬁﬁﬁEIGS7 1snrhemﬁed toeinldd Conduieb®c Pressmie I nytensiﬁer 57

driven, thus its nmotqor will also be |ncorporated W { .

. tmacYnae GFoTHIoNE WBES TG PTElsHAIN £5 SEabIG PEDUEEHR lidush having &
enPifcaf % ARt fof %gastfngq HESIT the Hhed Holwig ﬁ%Yn tree 13.

|s essent y nounted to~adapter 39. A conventi onal

prPe%uneemtansmﬁenﬁ fdoatd b¥ a pmmqj Gisti ingpcting vaddromfo tree 13. Pressure

contro ce ries h 15 tons, thu
e ST et ERO g F onmpresy e Musisit g 59Hed to it for
Cll%@du@ﬁl RB8RSthb lv@elltt@ ﬂr@ﬁd@é'gﬁs of. Uk @& préferred@abodiment, pressure
accessorles m ght include a surge tank. However, in
orutensifier 37eis nteatrn:ally drivér dlhusdtsorster will algpiba gncpgporated with it and
pressure, i.n nS| i.er. 57 .is nqt. l.ocated on the ver
Crrantogle AghduEss. frkgsonibit 38 SGhf Be PG Sl pressure
Thetemdiiée570fs B§s@ﬁ‘§éﬂye mdHn@AS kd 1 Abpter’ IDONNACESnVeAtidihl pressure

outlet conduit 59. Qutlet 25 conduit 59 has a
d oniemsafier ﬂxt@huilmyt@motqrommoi&ané acedseQrias, weght vedigh b3 tons, thus

i i
U e 0 Y SEAPBETE DI, s oo
| 935 ThAtabgestdrivsi malght Qﬁcl@dHTbﬂslumt tahlor Héwbierngh sedk to maintain

sub 61 into choke body 36. A connector 63 connects
overticel asaEiottubingtls. preswiee B 57ds paklacaied o3 the vertical axis

of passage 25, rather it is offset to one side.

The outlet of pressure intensifier 57 connects to an outlet conduit 59. Outlet
conduit 59 has a downward extending portion with a tubular seal sub 61 that is in
stabbing and sealing engagement with the bore in choke body 36. Preferably outlet
conduit 59 is slightly flexible or compliant for stabbing seal sub 61 into choke body
36. A connector 63 connects outlet conduit 59 to choke body 36. Connector 63 is
preferably a type that is remotely actuated with the assistance of an ROV (remote
operated vehicle).



preferably a type that is renotely actuated with the
assi stance of an ROV (renote 30 operated vehicle). 4
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operation of the Figure 1 enbodinent, the reservoir
formation pressure is initially sufficient to cause

well fluid to flowfromtree 13 into a production

facility normally at the surface of the water. Wien
operated in this manner, adapter 39, pressure

i nt ensilif bee tyP? odregerationof tle Bigureshembedithenb tthesasgyoiryformation

5 | 13.
oot P R BT HEED: ISRl Bt (3RS0 o o
1§rod§B@dﬁ€ theoty Mrl & ﬂh@Vﬁrfacec RekRe i@t t Wl@efn operated in this
setting a desired ow rate of sr oduction fluid

wab
vmaneela adapi|38, BreswrREBensiivg SV and egnduts 5§95%W8u1d3f5>t normally be

%‘A {L%s&r QéJ % st&lduhddewy k%)r é} QWelRa B%’(’)l{i@ b%ggounted to

ore2 ugh win

am‘hnﬂf& 3TZ okee tB. nChb]E@bbdlyl Jchivould hakea bhmlge 1ﬁﬁert fo@ SW.‘lag a desired
the well pressure decreases to a poi 3%} t hat
ﬁ? 1t e

a@é‘afu@feeo redugiioa ffd. Srgh velvgid werld e clesed &e@ afVﬁ% 27,29 and
oggr Jtdh yilo bﬂ)dﬁkt@cﬁ{eﬂﬁﬁﬁ grycgl;-id fbéw 9Lub1%§ 18NFp BR & BHon bore 25, and

ee ca IS ca The oper at or
r enmhemlghhang kralke 36 ragé the dmbercorﬂhnkcbwbbdwmﬁe bade36.
operator then lowers into the sea the subassenbly

conpr i SR tha el Bessats deressdoe paihtthai ftilsoks &ae@mmb pressure to
conduits 55, 59. Preferably the assenbly is 15 % 35 and
>h an

oloa i 19 fheesuriapepiberRpeRien BoHldcaoBt VaNeREY, 2
Se&flg\;eo@eggéé gl %ﬁgtcﬁ 3391’1Le o;%@é&gf %!6 <5 Qﬁ‘éj cﬁék%bﬁﬁsert from

gl'y into cho e operator
ushskd balyREd/ The ccxparmaﬁt thew hovears mto GRe s theclibassemly3émprising

o T e Sl o BB, oF 9 ERRe g gy i
' n$\96 eldh al ?ﬁn?o Qlela]smstp hed &F &?MUDV R SFRBP 8Mneels adapter

ownvvar orce ue to the 20 weight of pressure
| |319€tn sndrides] 3F7andagatmssetbsubh@k scabogly i8®. choke doidy 361 ablee operator

t he oper e I , 1 45, d

ciaeoRe R i B0oRt Hsconra do Shokerso, 2 lofMyand, forge aue o
' @ﬁ@%@lﬁ@m&ssﬁ% iERSHH $7 ﬁh@%@'ﬁl@oﬁgﬁ:‘fadﬂepgwﬁide&ee 13 into
to punp wel |l fluid through choke body 36 to a

precadihead bousingohl. Pieferably, nhekmpprenérof the dawnwieed feree due to the

sgvelgfgp%f‘e%'%@%v@&?ss e ok hoddafcer  passage 43

define (?nce flagﬁwé lt g aetrzglcm.f %{oens valves 27, 29, 31 and 45, and closes
production wing valve 35, which causes flow to intake conduit 55. Pressure
intensifier 57 operates to pump well fluid through choke body 36 to a production flow
line. A choke insert is not required when operating pressure intensifier 57. Conduits
59, 55, pressure intensifier 57 and adapter passage 43 define a bypass flow path for
well fluid flowing through vertical passage 25. The main flow, which is defined by
production port 33 and production wing valve 33 is blocked by the closure of

production wing valve 33.

Pressure intensifier 57 could also be employed with a well that had a
downhole electrical pump suspended on the lower end of tubing 19. In that instance,
the downhole pump would lift the well fluid to the upper end of tree 13, and pressure



well fluid flow ng through vertical passage 25. The

main flow, which is defined by production port 33 and
w@e@doetsidn wi ng val ve 33 is bl ocked by the clpET/Us2004/035182

production wing valve 33. Pressure intensifier 57

could al so be enployed with a well that had a 30

downhol e el ectrical punp suspended on the | ower end of

tubing 19. In that instance, the downhole punp would

lift the well fluid to the upper end of tree 13, and
pirtersifies 575vendd Dooss/thepessreaificieptny Gew by well fluid to sea level.

[ i fi- . X he. S i ci gnt
T R
t dn hwetds eBrebarre im¢retfidridg wduld be puhping fRii@dswh tubing 19.
formation, the flow would be in reverse. Pressure

I Nt ensilf is6the Idstamel, chdlpteP BOTINA PrédstiiedinetRuifict BB wignld De installed

In sone instances, adapter 39 and pressure intensifier

5 swithowsed] bavhendieal 136 inigally bping iewalled. whais cppldebe 8 casg where it

Y 8751 P S, g o

P paGRCtief tr&0 adicathtdly diedié be phedldakvanjetti@ewell is being completed.

ternately, it could be when new i njection well i%
bdp Higseertpt archake ispgt w@gél@%@y@,, QpsgisREY; gthgpthan a choke body
need TR f 1 hoke
naaetyp  Lahh o SORRSIHE N Ak St BaR Bogh ok
10 coul d ?F it'1d lrléczeg?air% ?tg 5417%*037% p'r%ss e %ﬁér?sﬁﬁer: E’7e rfgpgﬂﬁnttege}nce, the

pressure’1 ntensi I nt enance, oper a

Clopsator \(idseevaRds 22929a8d 31 addlisionset adiperaiafioar mdfdrel 37.

from mandrel 37. The operator disconnects connector

6 The raneraieoRisconpggts spmarer §pdiem ghokadtpdyr 3. r j igegperator then

;E%n?e%eﬁfgl %se&%bl?%@péﬁkF? 25}9, ﬁi&e%&i% riﬁtehﬁ 1%{'%‘71c A (t':&zltuﬁtse 55, 59.

ondurts epalr or replacenent,

Opeften repainl cyweplacdnient,ahs eptabtor dovders deorss@nily antl reconhbas it in the

15 sane manner. For various reasons, it may be
15 8NP EBPEt 0 run instrunents and tools by coil ed
tubing or wireline into production tubing 19. This can

be don&Fonvaanstreasenb i may bp desmhledoirpn Esinments agd tegls by coiled

B R L e

ampeesdufe apensifiés7 by tehoviag deb@0capofd &dnd aduptey 390midsconnecting a

and instrunents can_ be_| owered through the riser and .
i Atser toupdaptpr mandrel 51, With valves 27, 31,745 and 47 open, the wireline or

20  coiled tubing tools and instruments can be lowered through the riser and into tubing

19.

Figure 2 shows an alternate embodiment of a portion of the assembly of

Figure 1. In Figure 1, each time pressure intensifier 57 is lowered into engagement

with tree 13, seal sub 61 must sealingly engage with the bore of choke body 36. This

25  requires precision alignment and handling to avoid damaging the sealing surfaces. In

Figure 2, seal sub 61' remains in sealingly engagement with choke body 36 after the

first installation. Seal sub 61' has a seal sub extension 65 that extends upwardly and

terminates in a connector 67. Qutlet conduit 59' has a mating end that connects to a

connector 67. Connector 67 is a conventional subsea pipe connector that does not

30 require a seal sub for sealing into a bore of a mating connector member.



Figure 2 shows an alternate enbodi nrent of a portion of
the assenbly of Figure 1. In Figure 1, each tine
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with tree 13, seal sub 61 nust sealingly engage with

the bore of choke body 36. This 25 requires precision

al i gnnent and handling to avoi d danmagi ng the sealing
surfaces. In Figure 2, seal sub 61" renmains in

seal ingly engagenment wi th choke body 36 after the, .

first imsthe grehadimentsehFigue % 1whemsetsickiag| prgggyre intensifier 57,
e ' t S |y - ] ]

o SRl iR TR S CHBBIE 5 ifoadk W G Rsknce of an
t ROV ootibneRtiteving the &eaNBIGt Gid @éoneordewhar réfimirg the assembly.
conventional subsea pipe connecior that,doeskpot .30 .

r &XGRYSE cqnageiar &fiAogsorotsnsafliangpal sER, PIeBYPR SyidagCes Nfgrequired

CQARAGEA% BRIHRGon & 1\ 2AABLAAARASHPCT/ US2004/ 035182
In ?ﬁe eﬁ%o Iment of Figure 2, en retrieving
0 oSO ASHRL Tt ng RLRREASTp SRYAEFRLSRe of procuction e

ag3| Biancss DhordontaRENspuot ticd. eWellavddighuking 6258 baditallyahe same as
reconnect ed mhen,returninglthe assenbl y.

I Because . .
cdpmacihs firgemnkadimen: TeedLabewaier.dis & hre Egstﬁ%trfontams a tubing
g i : ne- WA
OGRS Hokl R25IL: BOORAEL LADyEScend
asoagipg il &enther thardinftfeerléntTubingchanferdi3ouippoitomstting ef tubing 75 that
known as a horizontal qr spool tree._ VIl head usi n .
6&¥iedp e dag Wﬁttﬂéﬁ%ﬁ@""a Broucton fid ffﬁﬁgleg 1 etk witt a
eg@&ﬁicﬂgﬁ‘gass %e_e% filat RUNRY BroudlPibthPRirRer 231 NRllateral Froduction
c tubing hanger 73. Tn the first enbodi nmen

nt ai ns
t poitn'y/ betegdsr fram predicimat pdsaget 16 throwsghl h paailutGon mastengyalve 79

11 rather thap in tree 13. Tubi hanger, 73 s orts

SOFG 16 2 ook mpoonstioh gine aalvg e Mea a0 mRifi, Bader vatve
t e, f bRwu@fonPR RGO 81 fdolthdbts THRICREKke Bodye 8B Stvlich i dokhe cases
a production passage 76 that extends through tubin
haayldrbezdT-canduat; e discyssestinsrhmstiop sith thy fiest @ﬁf@aélmerngm
producti on passage 76 through a production master

val ve Todwstivi passtgee’®s FlltubiigiaogardBites awirowgn phigyeoBie 87 located

is. mounted to producti st.er_val v 79. .

PEBATE R BOREPRI st 37 dBRHECES 1 SRaegricsesag Riys nomally
WhiGbrell tin@ Q8RS 89 a GRtlifle.berBe T1 apRdkdand@$ 89 on its upper end
di scussed in connection with the first enbodi nent.

Preodiattiigan pesmal gropgedprofilhi Ay adapigep] fadaas teeectlowfdapter 91
P Rl G AR bR P P RRP e manie
89. Adapter 91 has a seal sub 95 that extends downward into sealing engagement
with production passage 76 in tubing hanger 73. Adapter 91 has a production passage
96 that registers with seal sub 95 for the flow of production fluid. An isolation valve
97 and a retrievable plug 99 are located within production bore 96. A swab valve

could be used in lieu of plug 99.

A lateral production port 101 extends from production bore 96 between valve
97 and plug 99. Adapter 91 preferably has a mandrel 103 on its upper end that
receives a debris cap 105. Lateral production port 101 connects to an intake conduit
107. A flow interface device, such as a subsea pressure intensifier109, is connected to

intake conduit 107, which is preferably shorter than it appears in the drawing. Outlet



| onered and retrieved by a wireline. Tree 71 has a
mandrel 89 on its upper end 20 containing an external

w@e@swed4profile. An adapter 91 | ands on tree FAT/US2004/035182
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Adapter 91 has a conventional hydraulically actuated
connector 93 for connecting to tree nmandrel 89.

Adapter 91 has a seal sub 95 that extends downward

into sealing engagenment wi th production passage 76 in

t ubi ng hanger 73. Adagter 91 has a production 355 age .
geondyaft 1 Il dgicemmscied fpithe qutigt of mesowrefipiensifer1pPo gjet donduit 111
0 ) L uid .. . g )
PR ShiRP ol e e 0h SHLpPRIELER SLIBRITS siebs sealingly
9Eto AhSiwdody 8BV €ontenibidl Iseconsets dutlet cendudifl 1jItaghdig bodly 83 .

| ateral production port 101 extends from production

bore 96, s vp@RiMALY ¢he Sibadichent W@ FCire Adappiesllyd the well would
preferably has a mandrel 103 on its upﬁer end t hat

r adballe deapwdpeing wikh sedBcientaprssaire geodawt weH HYid ta gy surface
t . i i i .
CRMSG ENRE, AT AL 30 B A B 36 oncus

caomeLitiesold not bé Bcatedanblent IAAFad, wivhake insenp (dfteshatyhy would be
shorter than jt_appears in the dra

i Qutlet. .7
2 teysied dpshokpbadyUs2 0 0y itesa sree CaR :ﬁ’l%f:?nt%hi‘l’?? .W_?uld te 100sted at the
C&}Pf)‘&cénﬁdot{ Peel TE {c%%ehﬁﬁg Bf)rgpff S %u%ﬁg | (RS eBRW) Shoul@De located in

et conduit 1 as  a downward extendi ng portion .
wiptdfila 8% e dthe lud #H8ld Fewlous thpough3vadtealyd andaili, tybygh the choke in

info choke body. 83. nnector 115 connects outl et
cG’Eﬁ%‘EﬁQOdi’%f’ f IE‘F?O‘?(BTCOBB&V”S@OW ﬁPﬁ the operation of the
enbodi nent of Figure 3, t wel | woul d

ically,. t 5
R BTSRRI —

1 Itl?ei\q()ﬁ’ﬁéthr &/gglgglgéer?c@ié&q akf LSH(R ISRGHER)StoEkel ASdrEIl80. THE operator

such ‘case, pressure intensifierl09 and its
colvdes valvestO7 81, MHichvalong with produdtimngtostd 3s uimkeaip a main flow path.

Instead, a choke insert (not shown uld be,..locate

| b Rt aagions, AR Pib RGP EuiebaRe Fit Vbl R ine the crown
V\%lﬂ.}%dwﬁﬁ]kl‘)ll Q6@h %gofﬁg g7hewiRRE hsstRthc®lof bh §8OV thleQperator removes
seali ng . A pl

ore 7/ ug (not shown) woul d be | ocated
i hel €hofxe drdsiettefrcdY chakteebodly83d Thsdpdratdrgheroremorvias thegiser and lowers

val .ves and 81, thro t he, choke.. | ke bog:

I S5 T BP0 HeC R PO p ds By By Seal sub 95
t RANIWRIH sedRIP RS tithi hedRAbbYE B @Snretof O Wiillecodnect adapter 91
boost er punp,” the operator woul d then connect a riser

(oplashofiel sub 113 sdll stehdealingtpintarte g phelike bodgdds Connector
Qhé%ﬁglgn%%% Qutlg E@Q%Lﬁi ﬁﬂgin\%lacré. PX (ag%&/'a%foP&r duedB the weight of
pressure intensifierl 09 will pass through adapter 91 and tree 71 into wellhead housing

69.

The operator reconnects the riser at this time to adapter mandrel 103. With a
wireline tool, the operator removes plug 99 from its position above lateral production
port 101. The operator opens valve 97, then removes the crown plug from profile 87
and reinstalls plug 99 above production port 101. Alternately, the crown plug could
be re-located from profile 87 to the position above production lateral port 101, thus

serving as plug 99. The riser is removed and debris cap 105 is installed on adapter 91.

Opening valve 97 and supplying power to pressure intensifierl09 causes well

fluid to be flow from production bore 76 through passage 96, port 101, and conduit



15 The operator renoves the internal tree cap through
the riser while leaving the crowmm plug wthin crown

w@e@siok®s487. Wth the assistance of an ROV, t hBCT/US2004/035182
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operator renoves the choke insert from choke body 83.

The operator then renoves the riser and | owers

adapter 91, pressure intensifierl09 and its conduits

107, 111 as a unit. Seal sub 95 wll stab sealingly

i nto tubi ng hanger. bore 76. Connector 93 w | | chnSct .
adfptte Pressurpontensifee 8. Regsspresipfpnsifigri(o pumpsythe flud out conduit
S o .

1134 P2t A8 pbE Y G NG TS, B Ppest @R bRk 107, 111
dandpseschré ortesifthnd 09 chushvecateea hiyasoflowpadssur e

intensifierl09 will pass through adapter 91 and tree

71 i nt @ravehrlehardsifions09@ouldalsol bgerap dh ajoaibinaivannith tasdownhole
the riser at this tinme to adapter, mandrel 103.

) ith a
25legirice] subanargble pupppsusperded on tbingvied. Jf thy %eﬁwﬁ to be used
| 63 af ?@é&foﬂ%veﬁ‘f,) @Yﬁs&@%@é@itﬁéﬁ @%ﬁqug)erﬁgé’ﬁlt thd ¥dversENBrection and
operat of opens’valve 97, then renoves the crown plug
f fild ploafd flew 87om ahoke Bodyssatd prepduneg irBénsabar{@9, which pumps fluid
producti on port 101. Alternately, the crown plug could
bélOWé‘-Herg-‘é’fl%lp?Srsﬁ%ﬁ HWrofile 87 to the position above

production |lateral port 101, thus,6 serving as plug 99.

The ri Seprassurp drtsnddcHRg ladpriesuidligsdiioam; Be; gy dt could be
OMoRUBR LA irtthited SiPRENLIBHG WAlME oA, ARt RN TRt would
to pressure irntensiftier causes wel | urd to be

f ltppicdllyoss wedduethake Badye837 6FdrhemoyingpassageinBhisifipol0d to repair

101, and conduit . 8 WD 2005/ 040545 P;]/ U5p004/ 035182
107 Terbaqsrib LB PRETRIRE SHaGHES @fsgh TeIpPERsqlig 7 and lowers a crown plug
|

RS Q?%\Inlé E%{g&ﬁg@fé{;@g j&{fﬁf{l%tlsflﬂr'h glug% SR feleatdd lowered and reset

t hroug l ow |1 ne. Adapter
pas saiyen Phig poofildll 7 sTAO Bperdtbt disanghgps esimecwmr 115 and connector 93

intensifier, 109 thus creatg a ass fl ogw path. .
P8 _§?}P‘é‘_’qsﬁlﬁf‘eﬁ_‘§§?@{}]§ﬂ° Hoo Bt o T QT iep do s the assembly with
CATRW Gt Ptk s@redRANAES 09 ﬁn&fe?%tﬁ kiferosddber si bl e

punp suspended on tubing 127. If the assenbly is to be

Used e : ’ . e i
woul d ?glg r tegﬂl)lﬁﬁ%sh@g ra\g@g&so g qg‘?r e(&:g Fog %ﬁéﬁgﬁt%ﬁ?ﬂg diPwireline or
weolled tibovg fritomukihgké thotkmBang delpisespuldS and connecting a riser to
intensifierl 09, which punps, fl ui down producti on .
padasd 198 Pﬁlrg %f%é%@@%(’eﬁé%géb? BeFT; oy illipgeaccess for wireline
utibikzed fromthe beginning, it could be 10 Iowered

and Installed initially along with tree 71. In that

I nst ancfé‘ifgurgl 4?11&%%@ dn am%ﬂlage embodimeﬁt that is similar to Figure 2. In this

instance, seal sub 113’ has a seal sub extension 117 that extends upward and

terminates in a conventional subsea pipeline connector 119. Connector 115 remains
secured to choke body 83. When retrieving and reinstalling pressure intensifier109,

connection 119 is released and reconnected instead.

Figure 5 illustrates a new injection well constructed in accordance with the
invention. Wellhead housing 121 is the same as in Figure 1, having a tubing hanger
123 installed therein. Tree 124 lands on wellhead housing and has seal subs 125 that
communicate with a tree production bore 127 and annulus bore 129. Master valves

131, 133 and a swab valve 134 are located in the production bore 127. Annulus



typically be used for choke body 83. For renoving
pressure intensifierl09 to repair or replace it, the

wopesatsis att aches a riser, renoves plug 99 anPCT/U804035182
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a crom plug into crown plug profile 87. Aternately,
plug 99 could be released, |owered and reset in crown
plug profile 87. The operator di sengages connector 115
and connector 93 15 and retrieves the assenbly to the
surface, The operator .then | owers_the ass

ly with _a
néf@%% 1BSphi’ 8¢ lorded in anpwpe here 143 ﬁ@r%ﬁgﬁ% POg 39 extends
t oo g FRSpro ARG T, T R el ksl GBRloRr end that
IIMShMmMWE@aﬁﬁn@&mkﬂhbmsDg)HﬁbrlS cap 105 and
connecting a riser to mandrel 103. Plug 99 is then
r enov e Prdskuire Uiersiterr4ss ei m@LEIQNd dhtegrafigces s fstte of tree 124 in

wireline 20 tools, Fig 4 illustrates an alternate
e AYDETWRERHOR WA Hf%dUsCFlﬁil lpalft 1t38 P BioEcton Wingaivg, such as valve 35
| B ERRCE 1, %%It %ﬁg&l%msgﬁ‘% iReRGALr155 RaS%h GRSKO unication

t hat “ext eh up and termnates in a conventiona
swhthea ﬂmvp dine el 7 cfon rsepplyimgldSter Coningatiion ihiobtubemmil A% Pressure
secure cho 83. en retr.ievi and .

; St f ?sstﬁw ng ?@P@%uPF?SéPIiGGBte“Slg‘% FoPHERS P HAFe: 1) and
1189l I(Bigl %b eqﬁ%&év@f‘ dt {eeANRREhEd td Bé&@tﬁ@vef!ﬁr@ﬁf 8e® 124. Rather, if
ilTustrates a new’injection well constructed in
aowontdeance onireflacehent iswegniredsrihe Wellll is daldech ands thegassembly of tree

1 33% PR PAFRw RErAS T By nf DB RE i RREG145 is shown

haygij&gina i cHia8 aBB8 dk usstdm alptedidiRd well BFPIHHGA Swell i
treerroguctlon bore 127 éﬁ% a%ﬁﬁLm bore 1292§nhster

val ves dvh ¥e ah e HOGREEH by th
t he prggUétloﬁmﬁgéﬁﬁ%ggemiﬁﬁﬁtﬁak sk 500 /04054'%fjp y e
PEBNIGE @) 4he BEd 8Alizasalhe extch3fe shféﬁgthrcsf the dmeetandrel to avoid the

an e gﬁrlsggqu‘?ﬁg’#%g‘?m%{ glg’%g%%}% o t 3@%%‘1 %%]31 can be readily

”?ﬁk@e[lﬁ:h ahd FetRBvediSr MRRRMaBO THéaJssenhlﬁ 2hONE addebdttodhe tree tubing
retrievabl e debris cap 143. Pressure |ntenS|f|erI45 i's

mendh tubing annutpsdo1 workover opietidions. tree 124 in 5

comuni cation with production port 139. A production

w ng vaVhits theuovendion \hab beerBShovof uFmgy raefet; of s iaxms, it should be
reqU|red

Pres tensjfi.er 145 nt ake .
C Grlstida st SCHPE it e i ool 39 Lgied Bigb e segtible to various
WRh&lgeb Qhithbit ®phaP foM thelsbiPe thifvemigssur e

10



intensifierl45 may be the sanme type of pressure
intensifier as punps 57 (Fig. 1) and 109 (Fig. 3).

whlowswers¢s it is not designed to be retrieved fPONMIBI00€035182
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124. Rather, if 10 mai ntenance or replacenent is
required, the well is killed and the assenbly of tree
124 and pressure intensifierl45 is retrieved. Wile
pressure intensifierl45 is showmn as injecting, it
could al so be used in a producing well for producing
wi¥d claiinii d. The i nvention has significant advantages.
Supporting the subsea punp by the nmandrel of the tree

utilizest [ tﬁﬁg{- f the tree mandrel to

avoi d ?héﬁgﬁgﬁﬁéggé$%§b@fé0|aéﬁvgconstructed

supporting franmes. The. ) enbly can be readily

instal l ed ahd" FS’%‘P‘F’@%&’Q‘#B@%’ %§ac|i§nt enance. The assenbly

all ows access o the tree tubing and.tuping annul us

for workovef ° E%eﬂawﬁe%%%e_. IW’?ﬁlféert WP%\Pgnﬁﬁeoﬁe%glslahgéaﬁ the tree
shown i8R thedvdigW Afthd fenki®iers, 1t shoul d be

apparent to those skilled in the art that it is not so

limted but is susceptible to various 20 changes

W t houb gepasstinBe, ccomlidd® FERPE fﬂfthetrIBSm!pﬂ}flﬁ%I ion. 10
WO 20057 040545 PCT/ US2004/ 035182 We clai m . A

subsea Wel | o SSEHR! Yo SOURIHS iihod of RUBPELRLNHE AR and

tree; and a subseéa press Intensifie I ed by the

tree such that .the tr 5 s ort i f

i ntensifier?® ic.lapﬁ{ethgt?%é%?% ngglggre g?élgi%%l \(I)@ctggittrr%gffl §0Bnnects to
furt hetheGRome] shd@heinh,ext ernal annular profile formed

on an upper portion of the tree; and an adapter that

| ands on t hg,cYpRGhreRAchiifBr 9imduntdlth @& ARgeponnects to
the profile; and wherein, 10 the pressure intensifier

is nmounted to the adapter. 3. The assenbly according

to clakm Fpe WAL édagr(%ﬁ 8o N3Sinf 1Y ¥t &Rl the tree has a vertical

production passage”extendihg to an upper end, and the
ppesiscie pastapsxidndngte ahatppeaddy andfhegeessirecintenkidier is laterally

ngf%qlt C(fjgm E{eg%% gﬂ)d%gtg(itgjg%égg% 0 %%Qtlﬂg a6cess ootht %e%‘tﬂ:%l production

passage.

4. The assembly according to claim 1, further comprising:

a flow line extending from the tree, the flow line having an upward

facing receptacle adjacent the tree; and

a conduit extending from the pressure intensifier into engagement with

the receptacle.

5. The assembly according to claim 1, further comprising:

a passage extending from a lower end of the tree to an upper end of the
tree for communicating with a string of tubing extending into the well; and

wherein

the pressure intensifier is in fluid communication with the passage.

11



15 4. The assenbly according to claim1, further
conprising: a flowline extending fromthe tree, the

wo b@wokisee havi ng an upward facing receptacl ePedyaznes1035182
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the tree; and a conduit extending fromthe pressure
intensifier into engagenent with the receptacle. 20

5. The assenbly according to claim11, further

conprising: a passage extending froma | ower end of

the tree to an upper end of the tree for _

conmunPe e Bt hageosding iyelaim LuBither cORPEiTHShy i nt o

the well; and wherein the pressure intensifier is in

fluid comueiveriqednasspeh exthedipg Siogye lowarjengeyf the tree to an upper
2005/ 04 PCT/ Us2004/ 035182 6. - o
nccor dthg O Sies RERO ARG me o A GRS P ERY extenging into the
passagevetixt ending froma | ower end of the tree to an

upper end of the tree for conmunicating with a string

of tubing extfBRi Pikshil i@ thé@ee HBédingdfrdmltBé Qérfikal passage;
passage in the tree extending fromthe vertica

passage; a fl gy |1fn!3%ni dd {on iR '?hé"’la?té}af P&sh@d ehi@klow line

passage, the now [1ne avi ng an upward facing

r ecept hevieg anmgwattefaging redeptapleg ssdméieiam ensi fi er has

an inlet port and an outlet port, one of the ports

bei ng connedliepretsuré Dersefixe Magah énlanpbrt bred ah latlet wort, lvae of the

vertical passage at 10 the upper end of the tree. 7.
The as$eHbPsingceBrutsddorthe reantasly and ﬂm%ffr te dhpyetirafgassage at

an ext%&ﬂgt@pgﬁy$p%egg file formed on an upper portion

of the tr a vertical passage extending froma | ower
end of the tree to an upper end of the tree for

commun lgc altélie :&?se\gﬂlg F&o‘? 15% 'E]cgclgifm 'i ,uilai’tﬂﬁrec%iﬁ{ il ﬂgz g into

the 1 eral "passage in t t endi ng
fromthe vertical passage:; flow path in fluld .
comuni cat i 8 eﬁ%ﬁﬁ?ﬂ%ﬁ%é%%ﬁ]fl tjmﬁ%%(g%aél et pottion of the free;

a vertical passage extending from a lower end of the tree to an upper

end of the tree for communicating with a string of tubing extending into the

well;
a lateral passage in the tree extending from the vertical passage;

a flow path in fluid communication with the lateral passage and
extending laterally from the tree, the flow path having an upward facing

receptacle;

an adapter that lands on the upper portion of the tree and connects to
the profile, the adapter having a passage that registers with the vertical passage
of the tree while the adapter lands on the tree, the pressure intensifier being
mounted to and supported by the adapter while the adapter is being lowered

into engagement with the tree; and wherein

the pressure intensifier has an inlet conduit and an outlet conduit, one
of the conduits being connected to the passage in the adapter, the other of the
conduits stabbing into sealing engagement with the receptacle as the adapter

lands on the tree.

12



extending laterally fromthe tree, the flow path
havi ng an upward facing receptacle; 20 an adapter

W bas/oh@Entls on t he upper portion of the tree aPdI/US2004/035182
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connects to the profile, the adapter having a passage

that registers with the vertical passage of the tree

whil e the adapter |ands on the tree, the pressure
intensifier being nounted to and supported by the

adapter while the adapter is being |owered . into

engagerfe Abe AFeAIblnecprdirg tophtimnh didhes comprigiBgpr essur e
intensifier has an inlet conduit and an outlet

condui t, onen externflanpalavpriofits foanedor ok Hpks @artian afile tree;
passage in the adapter, the other of the conduits

st abbi ng i ntoovetadlipagsaga gagedip tirom tHowhe emd of fitedrdecto an upper

as the adapter, lands on the.tre 12 . WO 5/ 04054 .

b U041 088 1189 Topcorma §Eine Bty THEF af NP6 CEaTRg into the
1, furtdhgr, conprising: an external annular profile

formed on an upper portion of the tree; a vertical

passage_ext edidigicl KOlThds Wethe §AlrHPorlile of iRerELaflconnects to

upper end o tree for conmu ing wth a string _
of t ubithgpefilgnik adppienthevinge veBicakpdssagrrthaidagisers wilathe vertical

| ands on the er portiogn of th ree and cannects to, .

t he prd¥p{ase 0? %ge %%Fgﬁglg‘? ﬁﬁa\aﬁlﬁar gnérqe?’? fheqiree, g%es%rﬁﬁgme mtensifier
that regis ehcuntdd o 1E Maplel GRhile RRS SRAGFeP is L B8ng NBfered into
whil e the adapter lands on the tree, the pressure

i nt ensidngegemdpéiwith thotrat;edd whetdire adapter while the

adapter is being lowered into 10 engagenent with the

tree; and whhe @assaphén iesshger iertehtie tadapipper end efitte adapter to

to an upper, end, of the adapter to rovi de.vertica
access Hrﬂwéwﬁﬁphleacswa&revﬁi @etaﬁ%pt?lﬁsith@t.u%&g- A subsea
wel | assenbly, conprising: a subsea production tree;
15 an external annular profile formed on an upper

por ti or?- o sibiea predleassembly, oppEgassage ext endi ng from

a lower end of the tree to an upper
a subsea production tree;

an external annular profile formed on an upper portion of the tree;

a vertical passage extending from a lower end of the free to an upper
end of the tree for communicating with a string of tubing extending into the

well;
a lateral passage in the tree extending from the vertical passage;

a flow path in fluid communication with the lateral passage and
extending laterally from the tree, the flow path having an upward facing

receptacle;

an adapter that lands on the upper portion of the tree and connects to
the profile, the adapter having a passage that registers with the vertical passage
of the tree while the adapter lands on the tree; and

a flow interface device mounted to and landing with the adapter, the
flow interface device having an inlet conduit and an outlet conduit, one of the

conduits being connected to the passage in the adapter, the other of the

13



end of the tree for comunicating with a string of
tubing extending into the well; a |ateral passage in

w0 b@swouises ext endi ng fromthe vertical passage;PCDUS2004/035182
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flow path in fluid comunication with the |ateral

passage and extending laterally fromthe tree, the

fl ow path having an upward facing receptacle; an

adapter that |ands on the upper portion of the tree

and connects to the profile, the adapter having a
passageortduits stabbingtietossealing engagement wih|thg Mﬁt@&e agghe adapter
of the tree ggile the adapter |lands on the tree; and a
f1ow i P88 PALE 1&vi ce nounted to and landing with the
adapter, the flow interface device having an inl et

conduit _and an oui] et conduit.. one of, the .c I :
bei ng igmgﬂ'?t e {yt %o@g%g?, ifg lélapﬂe%, Meéggpt}lgﬁ?o% h1£c§rface device
og&ggﬁggs atﬂggssm%qneggiggps/ 040545 PCT/ US2004/ 035182

condui ts stabbing into sealing engagenent with the

receptacle as the adapter lands on the tree. 10. The
assembhy a@%‘)ﬁé@blﬂgl Becbt MM clanh &, &l RerbiRethE | W interface device

i nterface device onprises a pressure intensifier. 5

1 tompties aspenh) andawbereii thg inlet congiuth i comprsitas {9 thpgassage in the
flow interface device conprises a punp, and wherein

t A&t et conduit is connected to the passage in the
adapter. 12. The assenbly according to claim?9,

wherein the flow jnterface deyi.ce,i nouynted to SN
si dewallp- ﬁ"et %éef%lblé{ﬁ‘%‘?ramﬁdo g’flmT%eV%%egglgﬁg? slogclé%e?gf% 8 evice 1s
t‘ﬂ]o‘ﬁ!n?éd%%’sid’éﬂ%[l'ﬂff?héenﬁpﬂ%ﬁssage in the adapter extends

to an upper end of the adapter to provide vertical

access through the adapter to the tubing. 14. The

assemmblyy. AEALGHBE doforblidl 1§ Rim W) Rhgieh L he wei ght of

the flow Tnter e devi Ce passeS through the adapter
to the tree., 15 15, t | SSHA & e Aanter t
fluid at a SHHEER T AR R 16 B uBBESEH' 6 &8 ddapter to

provide vertical access through the adapter to the tubing.

14. The assembly according to claim 9, wherein the weight of the flow

interface device passes through the adapter to the tree.

15. A method of applying pressure to a fluid at a subsea production tree,
comprising:
(a) lowering a subsea pressure intensifier assembly into the sea and

landing the pressure intensifier assembly on the tree such that the tree supports

the weight of the pressure intensifier assembly; then

(b) fluid communicating at least one passage in the tree with the
pressure intensifier assembly and operating the pressure intensifier assembly

to apply pressure to the fluid.

16. The method according to claim 15, further comprising providing the
pressure intensifier assembly with an inlet conduit and an outlet conduit, and wherein

step (a) further comprises registering one of the conduits with the passage in the tree

14



conprising: (a) lowering a subsea pressure intensifier
assenbly into the sea and |anding the pressure

WO paos0s0585 er assenbly on the tree such that theCT/DE®04/035182
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supports the weight of the pressure intensifier

assenbly; then 20 (b) fluid communi cating at | east one
passage in the tree with the pressure intensifier

assenbly and operating the pressure intensifier

assenbly. to apply Pressure,tq the fluid. 16. The, )
el é&abﬁwoﬂ)&i ogek 8T dhoarendpis nier s9dipg HgREsRGhgvith a flow line

| Gk essure intensifier assenbly with an
Pehdingdrcnlfhe :

urt and an outlet conduit, and wherein 25
step (a) further conprises registering one of the

condui t ' ' he tr 14 .
5005/ 0405488 %ﬁ%&%@%ﬁggﬂ&?&a%% §fereh ﬁt\g@ﬁ%f%f% £5 (comprises
ofeduhing tlonpickduse imémsifiee abdemdletogagammib: gvodvied prdéfilovormed on an
line extending fromthe tree. 17. The net hod

aCERF POHPT ‘EFHFﬁ115, wherein step (a) further

conprises securing the pressure intensifier assenbly

to an annul ar grooved profile forned on an 5 upper

por t i on8othe Kethod agcordigg torplaimd$ HBlergidcor di ng to clai m

15, wherein: said at |east one passage conprises a _
vertical passidgs lesst emﬂjpwgageo:oatpﬂsamefprti@gﬁpassager@itendmg to an

tree; ste ) further conprises providing a verti cal
passaggpPﬁT¥ﬁ€fHF§§§hre 10 intensifier assenbly; and

the nethod further. conprises: |lowering a.tqol through

the ver ti calSB4eb AtE" EHBPTRE GrOVInAG BRteq|@assep pu the pressure
19. A mRbR9HerOfksdnMI8r idhdBheioll Rufkhe Wokn@rieds: f r om a

subsea production tree having an external annul ar

profile forfgpd.q QQoé‘lpthJugﬂocﬁé \Qnicaf p{i%g\%ésraﬁﬁ; ing? t‘%bri]%g of the

vertical 15 passage extending from a r end

tree tovelln upper end of the tree for conmunicating

with a string of tubing extending into the well, a

| ateral passage in the tree extending fromthe

verti cab. pasgaed, ofc@igfackighgith flow to or from a subsea production tree

having an external annular profile formed on an upper portion of the tree; a vertical
passage extending from a lower end of the tree to an upper end of the tree for
communicating with a string of tubing extending into the well, a lateral passage in the

tree extending from the vertical passage, comprising:

(a) providing a main flow path with an upward facing receptacle, the
main flow path being in fluid communication with the lateral passage and

extending laterally from the tree;

(b) providing a flow interface device with an inlet conduit and an outlet
conduit, and connecting the flow interface device to the adapter with one of

the conduits in fluid communication with a passage in the adapter; then

(c) landing the adapter on the upper portion of the tree with the passage
of the adapter registering with the vertical passage in the tree and connecting

the adapter to the profile;

(d) stabbing the other of the conduits of the flow interface device into
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(a) providing a main flow path with an upward facing
receptacle, the main flow path being in fluid
wa@eomomiseat i on with the |ateral passage and 2BCT/US2004/035182
extending laterally fromthe tree; (b) providing a
flow interface device with an inlet conduit and an
outlet conduit, and connecting the flow interface
device to the adapter with one of the conduits in
fluid conmunication with a passage in the adapter;
then (&9elingrencageraend widh she reesitacke at Sk dppiey lads g the tree,

the tr | 0 t
rogi st STy aiie PRRRMow B PRRR B recoptacle tyough the
connecflowgntetfaee daldqetaad adaptetie the odrtibd;pagpe st thbliengand
the other of the conduits of the flow interface device
into 15 WO(QU644dDa6% thtelich/SBO @bk BlokBRath 3@dldangng fluid flow
engagenent with the receptacle as the adapter |ands on
5 the trtwough thedlenyintraradericeandipewass HawRath
extending fromthe receptacle through the flow
interface device and adapter to the vertical passage

C . Sag .
i n t he20y ebhe methodegcepndik tonglaim ohf. trheseig Hhe Klovhterface device
fLow h.an i fluid flow 5 through the flow
| FREPRREd BO0nEEN e bypase 11 ow path. 20, The
nmet hod according to claim19, wherein the flow
interface device conprises a pressure intensifier. 16
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