Subsea Tubi ng Hanger Lockdown Devi ce Background of the
I nvention The present invention relates to a device
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like in a subsea conpletion system Mre particularly,
the invention relates to such a device which is
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release mechanism on the THRT. Moreover, these tools are often operated by
hydraulic pressure which is supplied to the THRT through a hydraulic umbilical that is
connected to the surface vessel.

When employing such a hydraulically operated THRT, however, safety and
contingency concerns often require that a subsea test tree (*SSTT") and a shear joint
also be used. In this arrangement, the SSTT is connected to the top of the THRT,
the shear joint is connected to the top of the SSTT, and the entire assembly is
lowered on a running string through the low pressure riser and the BOP. In addition,
the hydraulic umbilical for the THRT is run along side the running string and then

routed to the THRT through the shear joint and the SSTT.



the shear joint is connected to the top of the SSTT,
and the entire assenbly is lowered on a running string
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addition, the hydraulic unbilical for the THRT is run
along side the running string and then routed to the
THRT t hrough the shear joint and the SSTT. The SSTT and
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Third, as wells are drilled in progressively deeper waters, the use of “slimbore”
completion systems is becoming increasingly popular. These systems comprise
production members which have relatively small drift diameters. Consequently, the
tubing hangers and THRT's for such systems must have correspondingly small
diameters. However, when the tubing hanger lockdown mechanism is supported on
the tubing hanger and the lockdown tool is incorporated in the THRT, minimizing the
diameter of these components can be a challenge.
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producti on nmenbers which have relatively small drift
di ameters. Consequently, the tubing hangers and THRT' s
forsuch systens nust have correspondi ngly small
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umbilical. Consequently, no need exists for an SSTT during installation of the tubing

hanger or workover of the well. Furthermore, since the hydraulic umbilical and SSTT
can be dispensed with, the production member can be easily and economically
connected to a surface vessel using a surface BOP and high pressure riser. Also,
because the lockdown device is not mounted on the THRT or the tubing hanger, the
diameter of these components can be greatly reduced so that they can be readily

used in slimbore systems.
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hanger or wor kover of the well. Furthernore, since the
hydraul i c unbilical and SSTT can be di spensed wth,
t he production nenber can be easily and economcally
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spool, a spool tree or an adapter. Therefore, the term production member should be

interpreted to include all such components.

The production member 14 includes a body 18, a central bore 20 which
extends axially through the body, a production outlet 22 which extends laterally
through the body from the production bore, and a tubing hanger landing shoulder 24
which is formed in the central bore. In accordance with one embodiment of the
present invention, the production member 14 ideally also includes an orientation helix
26 which is formed in either the central bore 20 or on an orientation sleeve which is
attached to the central bore.

The tubing hanger 12 is supported in the central bore 20 on the landing
shoulder 24. In addition, the tubing hanger 12 includes a generally cylindrical body
28, a production flowpath 30 which extends axially through the body, and a

4



interpreted to include all such conponents. The
production nmenber 14 includes a body 18, a central
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| itrh(a% ismgua%ﬁeé tsé otrrfc?rpnséldallrtltggraﬁy wﬁhoé gtteﬁwdpobr%{ona’sz The base portion 50 is
slidably supported in a bonnet 54 which is attached to the production member 14 by
suitable means, such as a number of stud and nut assemblies 56. The stem portion
52 is disposed in a corresponding lockdown port 58 which extends generally laterally
through the production member 14 to the central bore 20. In addition, the stem
portion 52 includes a distal end which comprises a lockdown profile 60 that is
adapted to engage the locking profile 46 on the tubing hanger 12. Furthermore, the
stem portion 52 is ideally sealed to the lockdown port 58 by a suitable sealing
assembly, such as a packing 62 which is held in place by a gland nut 64.
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surface vessel or directly by a diver or an ROV. In
t he enbodi nent of the invention which is illustrated
in Figure 2, the | ockdown nenber 44 conprises a
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member 14.

Thus, once the tubing hanger 12 is landed in the production member 14, the
lockdown devices 10 may be actuated to secure the tubing hanger in the central bore
20. After the lockdown members 44 are moved into engagement with their
corresponding locking profiles 46 on the tubing hanger 12, the tubing hanger will be
prevented from moving upwards in the face of vertical forces which are caused by, for
example, pressure in the well bore below the tubing hanger or thermal expansion of

6



shaft 66 and housing 74 of the right-hand | ockdown
devi ce 10 have been extended to clear the wi ng val ve
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rotated by a diver or by any suitable rotary notor.

Wien it is desired the actuate the | ockdown device 10,
the actuator shaft 66 is rotated to cause the | ockdown
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mg hanger 12. In this regard, the bearing assenbly
dise ﬂprlsesathrust bearing to transfer the

aXI al maaaibiryhd @dlaciforoqmdemel1o@ﬁa@\4ﬁammaﬁta§ésé\mlpnorart
the act uat or shaft 66 throu%h t he housing 74 and

RRfEPWB MegRgNEME- RBER NG lpckdpyR deyieRiie op ﬁteﬁrwﬁ%enq%ﬂy of the
T"ItHiRT 99 G¢R rlcka ekl'elié'té‘ QUW%@TI-HRET with hyhalae dréhshfee Consequently,

roductlon menber 14 | ockdown devi ces

aem@w@ahxd@a@e@mbancelivm@mwgemmnoml TR uiih hghauic
f 0
oR B cat i 061331 TERBIC TR 6 00ARHEhel
461ydrrautrml¢mblmﬁl ) Falnlgie ot Bguiraseduring uns@allamrg@‘rthwublngwenger 12
?m%\l\%gfrtmgpw ng upwards in the face of vertical

rces ich are ' caused by, for exanple, pressure in
t he we Refeingeto fréguoss IAend BB th@ Idcbmg device 1(’0 hleo rraadllltates the

t

< B0 b Aot A8 ket bR = Bl Adelt §8 shga surtace
t Im%aibamlga lsmag d]{arrile?erl mldtloeiy thtwelghlt higk gretsb_&re?’sl@ﬂ@@&n this

n rel eased from Si
C EeeSitt AR AT, o A et bRE 4 RlcoRpeRadio welhead
dlfgga\rmge dwstaTé@atttbl@ upGerient @85 we @bmtmtl éﬂ@\éﬂg? @ndhe tubing
of fers man es over prjor ar 0C
RG2S Bans HROM SR AP NeE HE b J Mpicsds connected
| fslg AMIRIYHING 921‘ |h B8ditiéiRThe3Bp of'ﬂhe'md 88 lééaﬁlytcenﬁé&eﬂ tha
the THRT with hydraulic pressure Consequent
udgiescopiG inint A6 V&“'Qh‘r‘ﬁ iaftached toaidiverteighihatis S@m%ﬁtqndlpgsurface
T'V@Q_se%@“ ahh ﬂli’é’l%tﬁ*ﬂ bioché’ B@T"%‘ E@nrfe@%dqg ) tbﬁbf‘tﬂe &der G}dﬁust

addi ti on since th does not need
usbpve THgEr tensicBeT100, stuﬁkbrerm@"qmrr efiogelisubeed inclotin davicer 02

OB RS B8 B M e 14

abpotheatser 90 Hidesiredios remiradctni this eofbotineent sbwedhe THRT 38 does

e N T N e

weiith latslitk jgint pitids ther BOPiBSer 90. In this
It should be recognized that, while the present invention has been described in

relation to the preferred embodiments thereof, those skilled in the art may develop a
wide variation of structural and operational details without departing from the
principles of the invention. Therefore, the appended claims are to be construed to
cover all equivalents falling within the true scope and spirit of the invention.



enbodi nent of the invention, the production nenber 14
is connected to a well head 92 which is installed at

wo b@sopper end of a well bore (not shown), andP€TES2004/023749
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tubi ng hanger 12 is landed in the production nmenber
using a THRT 38 which is connected to a running string
94. In addition, the top of the BOP 88 is ideally
connedt enbimed &: t el escopic joint 96 which is attached

to a diverter 98 t S orted on the surface

boseel Tbe | hertreABb DA SROE e s StsAh b ofuges o
t heibbePwelhdabiea b#o%l@étloﬂ(?nérﬁlﬁér tl@éﬁ%@mﬂe&éé%th@%&e‘ﬁh%m a
100. Furt hernore, optional subsea isol ati on device

10gbing ABRges itha '%ﬁ#@ﬁ?rt WENIn @ gentEa) Pere ip g Rrpdlriign member, the
b%\eﬁ%n{ehﬁcd?ﬁﬁg#@td @Bmgﬁangeér uécﬂdé\m dbi& Whisk Eor%ﬁrléefs

desired or requir hi's enbodi nent, since
THRT 38 doest|rast one dmk@@/vrarrﬁmeawhlpb ismpinted an thetpreduction

”Iﬂé‘rhﬂ@r S | g%&faﬁ@ .@%g gg@dqfieﬂ%%eunﬁ%ﬂmtﬂ%dco\‘\‘e rgbnamg

Ick Jjornt wthin t ' be recogmi
thKlng/Wpflethahlsfpmwemthe thboing hamgehasd been descri bed

those ki 11 0o emB E mE RSB Tl e and oo

ofenghgeroentrvéth tlaaﬂt(bcbpgaplaﬂeonal details w thout

departi,ng fromth rin of th tion
Thorer G, | TREcarBaRlasd R et ehiat BECESRpmber i gisposed
Cmtwasabértlailqm 3 @ckadven hart Whiblgextehds thrdugR the predsation enember to
agﬁ%s %ofthelnventlon What is Clainmed is: 1. In

& Bewi th a subsea conpl eti on system which

includgs a sHbseAbineidnitEadim 8 WHeteinahe RBKITRMIAEMbESdomprises
is connected to the wel | head and a t ubi ng hanger_t hat

i 9 e RoFicayviigh indispasecdn thedpcikdgwa Por e haes paion afich is

m@ﬁgﬁ ded W‘l‘ﬁe'a@%ﬁ’r’@%@&ﬁs conprising a tubing hanger
| ockdown ‘devi ce which conprises: at |east one | ockdown

menber 4whi chhe somiinaiioadf slaint Ravipsrein g sterm pasiardRcludas an end
wWh I '

L TRAE G010 oR0E AW oo BOSRATE et o on e

t dwvinghargeger ; and actuating nmeans for noving the

| ockdown mfﬁ?&o%@h&@ﬂw ot 1 Qincrad ﬁﬁﬁ%}nﬁinﬁ&n‘é%mpris% an

| ocki ng” profi e conbi’nation
wheetuatan shafewhiob krcbhudrs adirdd end thait eigages & latkdowashember and a

36 R ARSEN Al a7 3010

con‘m nét i onTied carhlsinatiod,of whiet 8 wheréie theaaﬂtmhlmmiﬁﬁé)mtatably

@Ew%f“ o ERS Gl efen . choe? " e

The combination of claim 6, wherein the first end of the actuator shaft is

coupled to the lockdown member through a threaded connection, and wherein
rotation of the actuator shaft results in translation of the lockdown member relative to
the production member.

8. The combination of claim 3, wherein the base portion is supported in a
bonnet which is connected to the production member.

9. The combination of claim 8, wherein the actuating means comprises an
actuator shaft which includes a first end that engages the base portion and a second
end that is adapted to be engaged by a tool.



engaged by the actuating neans. 4. The conbi nati on of

claim3, wherein the stem portion includes an end
wokiosiisonpri ses a | ockdown profile that corr eBEDOMR0L/GR3749

the | ocking profile on the tubing hanger. 5. The

conbi nation of claim1, wherein the actuating neans

conprises an actuator shaft which includes a first end

that engagesntkembpetkishentiimEhehcraithe aseeRnehaftid rithiably
is adapted to be engaged by a tool. 6. The conbination

of SUPPRI3A o0 thgHaNBet "t he actuator shaft is rotatably

suppor tjqd r %étcbt\ﬁ%mta@oﬁ sreldith adughdram tl@ g&BAtor ghaftTQ R)tatably
conbi nation of claim®6, wherein the first end

acaupROiRd istediaaring assRmieWhicD i svepeidrd@bie h%m‘i
5 throughsa t%s%égﬁ. fw@%ﬁdwﬁm e ﬁé@ééhnpogséémap iof
results I n trans ati on

the act uator sha
| oudsilioned imemitastsingektich i gomnectasdo et on nenber . 8.

The confal nair, 00,6l icbim WS AL B RS 1RGSR §9 bélktor shatt

is suppofted I'n a connecte
prie dougdlédio the bbss porfion ﬂﬁmelgb arthreaded comnettian, anarwBerein rotation of

i Sl R4S B B A v s

10 pogdri. on and a second end that is adapted to be engaged
byatool ination of .claim9, wherein the

act uat of" sh stu-gega ?Qﬁ‘na?té%’l %YS@Ub‘ﬁ}EJFI? EMBFePhe bonnet .

11. The C0n’@@l@éemelm%a@Mlcmléﬁstamt%hmpbbﬁer&ﬁdflaahéllrbore;
shaft is rotatably supported ear

ssenbl :
whi ch is sufmequet O%We @r\Hla,lﬁih@tconrj%ctedrwgh%&e@ﬂeeg{qngﬂvhlch

of cophfis83 é%ody\"ﬁe@\trﬁl BoRetha et g%ﬁél%ﬂ@bﬁﬁally&hrou%h the body, and
posi tioned in housi ng which is connected to

15 pohlageing §B°U|q‘¥féh35dﬁﬁ9frﬁ%q inde eantri@l Berm 10, wherein the
first end ofy &lﬂﬁg ﬁ&xg@g@rcgm phottd ar?ﬂheh%. Vg;sﬁoneepa&fwhich

portion throu a thre connect1 on, ereln

r otoAirises an ouﬂeédlamemsurrfa@mﬂta lpedng prefi Ie fthat isdarnes oroe outer
of %Jfﬁ% wn nmenber within the | ockdown port. 14. A

su £sr{eq(gtet:orrp gti on system whi ch conprises: a subsea

wel | head whitleastonertenkddwr theatbeawhigh jsesuppndeddn theypsdduction

0 %&g@g%ﬁ%ﬁ@ﬂ%ésgﬁo&@ﬁg a%" ioﬁpofieﬁggé)ém&ghﬁtﬂ tl’ieolol:lgﬁg profile on
the tubing hanger; and
actuating means for moving the lockdown member into and out of
engagement with the locking profile.
15. | The subsea completion system of claim 14, wherein the production
25 member comprises a lockdown port which extends generally laterally through the
body to the central bore and the lockdown member is disposed at least partially in the
lockdown port. '
16.  The subsea completion system of claim 15, wherein the lockdown
member comprises a stem portion which is disposed in the lockdown port and a base
30 portion which is engaged by the actuating means.
17.  The subsea completion system of claim 16, wherein the stem portion
includes an end which comprises a lockdown profile that corresponds to the locking
profile on the tubing hanger.



conprises a body, a central bore that extends
generally axially through the body, and a | andi ng

w@bmwshdsio that is formed in the central bore; BCT/URIONg023749
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hanger which is supported on the |anding shoul der and
whi ch conprises an outer dianeter surface and a

| ocking profile that is fornmed on the outer dianeter
sur f acei8. at Theaabsearmenpatikd eysicmeirbleim Whivetereis the actuating

t ed th d
S B et i B e TERE et frst Shelthel dhopges the
prl@él»ddbwtnﬁnﬁbmlb@ Egd@ se@oﬂita@gﬂhatt igadamed tota@e fmage@bgz aft@*f

novi N e cKaown ne ncto an out _ or. en enen
R D o TR ﬁ@bﬁﬁawmwﬁe?oasyst@fﬁ@f Bt 45, Strsra B Ahgimtor shatt
SVi§ taaall sgb@drf@dlrélanmg iRl profili@ioR hfshtiser on menber

conprises a_|l ockdown port which extends generall
| at er ald0y t Ahe gePseRIEMPISEN BYsterRof elait F%\IWf}?&"@s“@rﬂﬂStﬁﬁ‘é of the

| %&%@dﬂhﬁﬁ @&fugle% téj’clffé%&lgwﬁ%én%? Ehr&%ﬁé E'hlrédélel:l Pﬁrtﬂfctlon

| ockdown subsea conpl et systemo
cl a-ndrwfmem\mtetm of thm@ctmai@w@mwmfans@ﬁm pibe lagkdavem

p%éﬁnB&r\éﬁh%‘mtﬁeﬂr‘oﬁﬂ&%ﬁ‘i‘nérﬂb (e lockdown port and a
y the actuating neans.
17. Thé1sub§ basumaeploemp@hosyﬁt@mobclaim 0, wheesin thiedrase portion is

| SRRl AR WG] HEETn iR e Mo lrER RIS @
profil (220n il hesﬂbﬂeamgnipmngresyslﬁn gﬂ'dtrlﬁlgsmmrmmmla;tumng
RS eis e B il Sl et ik ke Tt oages g base

_wﬂaﬁmmmh@eh@md@mammm enghgad pgaaesl. end t hat
IS ada

ed to be engaged, a,tool. 19, The subs
comnl oBPon 10 PieeaRORPRIoh SBISALS QT3 MBS Bsrgiuator shaf
Sh@lfdtataﬁlyéoﬁ@r@alom tsdperpet.ed rel ative to the
production nenber. 20. The subsea conpl etion system of

clai m 26, whB? syhseacampletion systam 6f claims2 shgrain freqskefor shaft

1 S5 F&atawau;s;sbrﬂela% b BedHR MRS ERBID Qhidhné @mn@d bR et
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connecti on, whereinrotati on of the actuator shaft
resul t €5 n Fh%ﬁlmsamcgmp@tlom ﬁb@tqr@@w@mﬁ%@m thelbgaring

B o T T e

suppor £28d i hhesifiseasompletiorhsyistens ofelaint 23 wiherairhtie first end of the

pra%mé%risﬂgft E%ESIEd to the base portion through a threaded connection, and
wherein rotation of the actuator shaft results in translation of the lockdown member
within the lockdown port.

27.  The subsea cor'npletion system of claim 14, further comprising a THRT
which is connected to the tubing hanger and a running string which is connected to
the THRT.

28. - The subsea completion system of clam 27, wherein the THRT is
threadedly connected to the tubing hanger.

29.  The subsea completion system of claim 27, further comprising:

a surface BOP which is supported on a surface vessel; and
a high pressure riser which includes a first end that is connected to the
surface BOP and a second end that is connected to the production member;

10



22. The subsea conpl etion systemof claim 21, wherein
the actuating neans conprises an actuator shaft which
wo pwsdss a first end that engages the base popPCT/U820841023749
a second end that is adapted to be engaged by a tool.
23. The subsea conpl etion system of claim 22, wherein
the actuator shaft is rotatably supported on the
bonnet . 24. vwhkesisihbseangioamgee tsilorersy Sbenthe Surtdcai ves 23 to the
wher the act fi i t at abl upported in a
béﬁ??ﬁﬁoaggf ry%QﬁﬁUﬁgg%*%ﬁ;%@??@@ﬁﬁﬂ%ﬁﬁe bonnet. 25.
ghe sulxea dﬁgﬁh&ﬁb&mn&&ﬁmeﬂwﬂémmfdéﬁhZﬁiumhﬁﬁqmﬁﬂ$Myan
earing ass OSi i n.a housi ich.is
crttataBeR B o dRdiectest et e B neatAndd e Pt member
5 sysricemmiet inglugédma g8t of whexrearns tHaeafd daphblepstarih§ ehe running
actuator shaft is coupled to the base portion through
a ¥¥%aded connection, and wherein rotation of the
actuator shaft results in translation of the |ockdown
menber within the | ockdown port. 27. The subsea
conpl etion systemof claim 14, further conprising a
THRT which is connected to the tubing hanger and a
running string which is connected to the THRT. 28. The
subsea conpl eti on system of clam 27, wherein the THRT
is threadedly connected to the tubing hanger. 29. The
subsea conpl etion system of claim27, further
conprising: a surface BOP which is supported on a
surface vessel; and a high pressure riser which
includes a first end that is connected to.the surface
BOP and a second end that is connected to the
producti on nenber; wherein the tubing hanger is | owered
fromthe surface vessel to the production nenber
t hrough the surface BOP and the riser. 30. The subsea
conpl etion system of claim?29, further conprising an
i sol ati on menber which is connected between the riser
and the production nmenber and which includes a set of
shear rans that are capable of shearing the running
string.
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