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in a subsea completion system. More patrticularly, the 5 invention relates
to such a device which is operable independently of both the tubing
hanger and the tubing hanger running tool. A typical prior art completion
system for subsea oil afigbgas WeliscbampréséodcnvsEsviedihead which
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the tubing_hanger and a release to?l for actuating the 25 release
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tubing hanger fo the production membet. A typical lockdown mechanism includes a

lock ring which is supported on the tubing hanger and is expandable into locking
engagemeht with a corresponding groove that is formed in the production member.
Furthermore, once the tubing hanger is secured to the production member, a release
mechanism on the THRT is actuated to release the tubing hanger from the THRT.

Thus, prior art THRT’s must usually include a lockdown tool for actuating the
lockdown mechanism on the fubing hanger and a release tool for actuating the
release mechanism on the THRT. Moreover, these tools are often operated by
hydraulic pressure which is supplied fo the THRT through a hydraulic umbilical that is
connected to the surface vessel

When employing stich 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.



When employing such a hydraulically operated THRT, however, safety
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of the SSTT, and the entire assembly is lowered on a running string
through thenlowspressiy teseeanpitheaBQRorla astditte dhethydfandiovel in the

o e e AR b vaves
200503031 2irCTEA48 20040023 BOP Pite S8 TTammaakiecshrsinbthedioW and, if
for g caalr e{%é%gg} atibemel artherysat of Mot AL WS joint and

emergency. When'such an event occurs, the valves in the SSTT are

5cloderrelysrraiabe pingaidngrius Ae P blindftactikes el Hag heen brought
NeggRFAMdER e HIRERO R QRIS Bie REBIBtEEHERERIGT dhe S Rffieved and a

joint and 5 thereby separate the running string fr e SSTT. After the
welfGRACHBER! ﬁn%’é Pfﬁ%ﬁE%J i a“é’PESﬁ%@ ,#@eéﬁﬂortion of the
severed shear; hinBEIN lzeddhéslerhinjoihialiap fac dyuzatishecntiolnf the THRT fo

BTN P R S e o

ydra . : .
10replaebMieitlisHenbijismitissagaimeeieaaisdnits e HRG tHAHRIDRSSTT and the

umgilicalimAgRimesBREIR Fanidibad s8Rer M HyRI the et aghdh@ntrol of
shear jPint the BOP shear rams would %ever the ﬁ%au ic umbilical and q
cotiol BRTneeHYR? (75t PER LN LR FRE S S 0d BrRdet wnan
hangesdechdcvaniamd wakrasenine dhEnisthis vdrebecontiyl ¢edtgitlitiman
be A Yery £os %E}Q%%n& consuming problem to fix. 15 Wile adequate for
many app ik Ions; prior art hydraulically operated THRT's have several

15 disadvantilieadenusichiveneay apidieatieas riisleanticmicaleepaiaiRd HRT'
drilgdJR AReNenaRL AR8HSE WA Ral BbdyHa e WibilisaltiaEr subigstwels

to collapse due the extreme hydrostatic pressures experienced at great
depiRgrMedn dasResaRdIesREh BEISR, ﬁ'ﬁéﬁﬁgﬁéﬂf’l Brals i Pupiartto

THiSlapseitud ehwessteme hydrostatic pressures experienced at great depths. This

can result in a temporary or permanent loss of control of the THRT or, in the worst

20  case, a premature release and consequent dropping of the tubing hanger and the
production tubing into the well.

Second, some operators prefer to use a surface BOP and a smaller diameter
high pressure riser to connect the surface vessel to the production member in deep
water. In this arrangement, the hydraulic umbilical for the THRT is routed through a

25  “slick joint" in the running string which is positioned in the surface BOP. However,
this requires that the umbifical be cut to a precise length in order to properly “space
out” the slick joint, and this can be a difficult and expensive undertaking.

Third, as wells are drilled in progressively deeper waters, the use of “slimbore”
completion systems is becoming increasingly popular. These systems comprise

30 production members which have relatively small drift diameters, Conseguently, the
tubing hangers and THRT's for such systems must have correspondingly smal
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 chalienge.



20 case, a premature release and consequent dropping of the tubing
hanger and the production tubing into the well. Second, some operators
prefer to use a surface BOP and a smaller diameter high pressure riser to
connect the surface vessel to the production member in deep water. In
this arrangement, the hydraulic umbilical for the THRT is routed through a
sumranlekdailedidhe running string which is positioned in the surface BOP.
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brings the lockdown profile into engagement with a corresponding locking profile on the
tubing hanger to thereby secure the tubing hanger in the central bore.

In a second aspect of the present invention, there is provided a subsea completion
system which comprises: a subsea wellhead which is installed at an upper end of a well
bore; a production member which is connected to the wellhead and which comprises a
body, a central bore that extends generally axially through the body, and a landing shoulder
that is formed in the central bore; a tubing hanger which is supported on the landing
shoulder and which comprises an outer diameter surface and a locking profile that is formed
on the outer diameter surface; a lockdown port which extends generally laterally through the
production member to the central bore; at least one lockdown member which includes a
stem portion that is positioned in the lockdown port, a base portion that is attached to or
formed integrally with a first end of the stem portion, and a lockdown profile that is aftached to
or formed integrally with a second end of the stem portion; an actuator shaft which is
rotatably supported relative to the production member and which includes a first end that
comprises a tool profile and a second end that is threaded to the base portion; wherein
the stem portion is generally restricted from rotating axially within the lockdown port;

and wherein rotation of the actuator shaft moves the stem portion axially through the



integrally with a second end of the stem portion; an actuator shaft which is
rotatably supported relative to the production member and which includes
a first end that comprises a tool profile and a second end that is threaded
to the base portion; wherein the stem portion is generally restricted from
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TherjREKAVHIARY IR HRFBBKRAPRIEBRE M the present invention does not
require the use of a hydraulic umbilical. In addition, since the lockdown device is
operable independently of the THRT, the THRT does not require a hydraulic umbilical.
Consequently, no need exists for an SSTT during installation of the tubing hanger or
workover of the well. Furthemmore, 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
iockdown 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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actuating mechanism for moving the lockdown member into and out of
engagement with the locking profile. In accordance with one embodiment
of the invention, the lockdown member is disposed at least partially in a
lockdown port which extends through the production member to the
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apparent from the following detailed description, with reference to the
connector 16tothetopofa wetfhead (not shown). Although the production member 14

is depicted as a horizontal Christmas free, the lockdown devices 10 could be used in
conjunction with any component which is adapted to support a tubing hanger, such as a
conventional Christmas tree, a wellhead, a tubing 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 orentation 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
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accompanying drawings. Brief Description of the Drawings Figure 1 is a

cross sectional view of a subsea completion system comprising a number
B{Pfé’ﬂgnger lockdown devices in accordance with one en*%oﬂﬁlﬁé%"@?””

the present invention; Figure 2 is a top cross sectional view of one of the

tubing hanger lockdown devices of Figure 1; Figure 3A is a schematic
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SlegyeWBIGDdERIACRAEHEm 48 which functions to move the locking member into
and out of engagement with the locking profile. In accordance with the present
invention, the lockdown member 44 can comprise any appropriate pin, screw, dog,
segment, collet, ring or the like. Also, the actuating mechanism 48 can comprise any
suitable screw, cam, toggle, shaft or the like which is transiated or rotated by a
corresponding electric, hydraulic or manual linear or rotary actuator. In addition, the
actuating mechanism 48 can ideally be operated either remotely from a surface
vessel or directly by a diver or an ROV.

In the embodiment of the invention which is illustrated in Figure 2, the
lockdown member 44 comprises a locking segment which includes a base portion 50
that is attached to or formed integrally with a stem portion 52, The base portion 50 is
slidably supported in a bonnet 54 which is aftached to the production member 14 by |
suitable means, such as a number of stud and nut assemblies 56. The stem portion
92 is disposed in a corresponding tockdown 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,



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
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easily access the ROV bucket 82. For example, as shown in Figure 1, the actuator
shaft 66 and housing 74 of the right-hand lockdown device 10 have been extended to
clear the wing valve block 84. Alternatively, the actuator shaft 66 may be rotated by a

20  diver or by any suitable rotary motor.

When it is desired the actuate the lockdown device 10, the actuator shaft 66 is
rotated to cause the lockdown member 44 to move radially inward or outward relative
to the production member 14. This in turn forces the lockdown profile 60 on the stem
portion 52 into or out of engagement with the locking profile 46 on the tubing hanger

25 12. Inthis regard, the bearing assembly 72 ideally comprises a thrust bearing to
transfer the axial reaction loads from the lockdown member 44 and the actuator shaft
86 through the housing 74 and the bonnet 54 and ultimately to the production
member 14,
Thus, once the tubing hanger 12 is landed in the producticn member 14, the
30 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



vessel or directly by a diver or an ROV. In the embodiment of the
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comprises a locking segment which includes a base portion
attached to or formed integrally with a stem portion 52. The base portion
50 is slidably supported in a bonnet 54 which is attached to the
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52ncludes.a, 'a@d‘end which comprises a lockdown profile 60 that is
adapted to engage the locking profile 46 on the tubing hanger 12.
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totgﬁls%gﬁicdﬁiﬁp% which is attached to a diverter 98 that is supporied on the surface
vessel 86, and the bottom of the BOP is connected to the top of the riser 90 just
above a riser tensioner 100. Furthermore, an optional subsea isolation device 102
comprising shear rams 104 may be positioned between the production member 14
and the riser 90 if desired or required. In this embodiment, since the THRT 38 does
not require a hydraulic umbilical, the running string 90 does not need to be provided
with a slick joint within the BOP 88,

It should be recognized that, while the present invention has been described in
refation 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.



15 ROV rotary tool into engagement with the actuator shaft 66. In addition,
the actuator shaft 66 and the housing 74 may be extended to any length
to enable the ROV to easily access the ROV bucket 82. For example, as
shown in Figure 1, the actuator shaft 66 and housing 74 of the right-hand
lockdown device 10 have been extended to clear the wing valve block 84.
Alternatively, the actuator shaft 66 may be rotated by a 20 diver or by any
Cld itable rotary motor. When it is desired the actuate the lockdown device
, the actuator shaft 66 is rotated to cause the lockdown member 44 to
movie radidMyEemviaiien withvasibesaticempletios srstiurtidicmesibdeslad subsea

welihbigtin poafersemehel ehalonebprelie Gs v WQ@S@EMQQ& %thbpfhat is

eme th the locking, profile 46 on the tubln
supB ] S e T R R PRe N o R e =
tubipg 'I?é}§§fé?%w%\ﬂé‘am REBCRYIRREN the Iockdown member 44 and the

actupisuiabai ok i aldnas ey (4iaam thRcBGR R Abddlon member to
thegﬁ,‘ g}tb to the production member 14. Thus, once the tubing hanger 12

fded ih the production member 14, the 30 lockdown devices 10 may
be &tltRgcenedaskenne membmw@ﬁawrgmwmetwmmmr@t 29 pdditentiusin the

lockaskal porm maa@qu% HE m%&g@%ﬂ%ﬂ&g@%ﬁﬂ@&ﬁ}%ﬂﬁﬁﬁ atfrst end of the
rr (0] e n anger € uoing
Sterﬁ% I%NE’R\/\%hdbaqocrevenf!t’e r(‘)?ﬁ?trhsov{lt]ﬁm é a?r g‘?%%’é‘éﬁ%ﬁé&lmd end

of t%ﬁi@@ RAiiare caused by, for example, pressure in the well bore below
the tublng hanger or thermal expansion of 6 WO 2005/010319

4/ 2 749 the ctlon tu trin ich is suspended
Fror e e B B S AR e e Rvaes g
whigh wrae@eqraef ek @@tmb@%e@@éwﬂfmﬁm@gmmmby tiraplied to
the bRERtRgtRe running string until the threads 42 are disengaged. 5 The

tubln pé;}rr}lgtﬁr Iogkdow dre\lnsce 10 o ers %%Eqa%‘%, gé/%r(l}%%eﬁ gﬁ\églr&l rl%tﬁg the '

Iock own mechanls S. Since

lockgryepedii@ntly of the

wherein rotation of the actuator shaft moves the stem portion axially through the
lockdown port and brings the lockdown profile into engagement with a corresponding locking
-profiie on the tubing hanger to thereby secure the tubing hanger in the central bore.



THRT 38, no need exists to supply the THRT with hydraulic pressure.

Consequently, the usual hydraulic umbilical which supplies conventional

THRT's with hydraulic pressure can be eliminated. In addition, since the

THRT 38 does not need a 10 hydraulic umbilical, an SSTT is not required

during installation of the tubing hanger 12 or workover of the well.

Referring to Figures 3A and 3B, the locking device 10 also facilitates the

connection of the subsea completion system to a surface vessel 86 using

a sufface BBPERPEAICE e&%&rm.&ﬁwﬁgﬁf@mﬁyﬁlwuawfﬁgwﬁ@ﬁ connected

to aprresmummfm @0thinhuigutBoamizncisremidoliild invietéeon réteppred walignwhich
the MEBBEHdFiS,camuReted to a wellhead 92 which is installed at the upper

end of a well bore (not shown), and the tubing hanger 12 is landed in the

production member using a THRT 38 which is connected to a running

string 94. In addition, the top of the BOP 88 is ideally connected to a

telegcoplcm@fc%ﬁﬂyﬁéw%@& &m&l Yefigr %ﬁ@?&&%ﬁ%@oﬁed 8 bore

the surface 20 vessel 86, and t ottom o the B IS con tec‘? to
whighis gepnesied iegs u%’fepaiﬁe‘@é'adr Brugheiireinecetuetansbafiprendn

optional subsea isolation device 102 comprising shear rams 104 may be

posiioned-petwean the pradyuction m%m%{hé ?ﬂs;gom%?%ﬁé’t%t rvfagp%%ned

or required. In this embodiment, since the TH does not requ
in a&?@fgﬁﬁﬁﬁﬂmﬁr his FHRRAFIGSANTHRPARRS not need to be provided 25

with a slick joint within the BOP 88. It should be recognized that, while the

present inveation hasAeR gﬁﬁ‘igfb%é%iﬁet@'gga%é@ﬁgﬁg grrg(%msmoned ina

embodiments thereof, those skilled in the art may d

housing AN E%'Ffﬁ?ﬂlt%}?%@?gﬁonal details without departing from the
principles of the invention. Therefore, the appended claims are to be
construed to 30 cover all equivalents falling within the true scope and
spirit of the invention. 7 Claims: 1. In combination with a subsea
completion system which includes a subsea wellhead, a production
member that is connected to the wellhead and a tubing hanger that is



supported within a central bore in the production member, the

improvement comprising a tubing hanger lockdown device which

comprises: a lockdown port which extends generally laterally through the

production member to the central bore; at least one lockdown member

which includes a stem portion that is positioned in the lockdown port, a

base portion that is attached to or formed integrally with a first end of the

stem portion, and a lockdown profile that is attached to or formed

integrally with a second end of the stem portion; an actuator shaft which

is rotatably supported relative to the production member and which

includes a first end that comprises a tool profile and a second end that is

threaded to the base portion; wherein the stem portion is generally

restricted from rotating axially within the lockdown port; and wherein

rotafion of Aheibsraatonstiadt syexes Wheistemgiagion axially through the

ooRSHIANTLANGUAGS LRl iglle din ogapemE wih 2

corresponding locking praotile on the tubi anger 1o ﬁeref)y secure the

tubiAPTRSHGIT AMIBREE RiFh Sy soBnectedd e SirpNeAEiear aInlamhich, ¢ambeses a
bodypmpeisinigbarb dmentehishgmeniinesial) teauouiensyyiase afithging shoulder

thaPEAGMELIPR MEmRrLARAfwhich includes a receptacle within which the

baseg_ortion is positioned. 3. The combination of claim 2, wherein the

bonA&tEMGREEE WHCh BB npRtaR R A labrine shavidstsad adighacransaes an

outehrirrgttavkidadh eratiuatking bedfiextentdFormahenaaahiratnmeke Aifa:
wheyeindhe Aciiatorshalll rred in aring, assembl
which is sgppogr%Sd oﬁl?r%gt %%i%%ﬂgjgﬁiﬁgﬁﬁ%ﬁ?gﬁ%&ec 51%1” fovr&%?é%er to

theﬁ?gt[?égﬁ’ﬁg assembly is positioned in a housing which is connected to the

boratsiea8t@na sakdmencosntietiomislSinauNdichseaMPsiaeS that is positioned in
the lockdown port, a base portion that is attached to or formed integrally with a first end of the
stem portion, and a lockdown profile that is attached to or formed integrally with a second end
of the stem portion;

an actuator shaft which is rotatably supported relative to the production member and
which includes a first end that comprises a tool profile and a second end that is threaded to
the base portion;

wherein the stem portion is generally restricted from rotating axially within the
lockdown port; and

wherein rotation of the actuator shaft moves the stem portion axially through the
lockdown port and brings the lockdown profile into engagement with a corresponding locking
profile on the tubing hanger to thereby secure the tubing hanger in the central bore.
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a subsea wellhead which is installed at an upper end of a well bore; a

production member which is connected to the wellhead and which

comprises a body, a central bore that extends generally axially through

the body, and a landing shoulder that is formed in the central bore; a

tubing hanger which is supported on the landing shoulder and which

comprises an outer diameter surface and a locking profile that is formed

on the outer diameter surface; a lockdown port which extends generally

latefally throGoTHRsE3FoRIGElion Syiarb el §iIMhe dethearponsisingladsroatwhich
is clotleddirioeembier eisteintibelemdustiom meriiss dhatisipesitivaes dnelebtade
withPRKREM P BELABARH RYSIAR 104t is attached to or formed integrally with

a first end of the stem portion, and a lockdown profile that is attached to

or formed integrally with a second end of the stem portion; an actuator

shaft which is rotatably supported relative to the production member and

whigh incl | C IS toal profile and a second end .

that%i's threﬁ%%%%ggtﬂpi%ﬂénor ior%%w gr%fﬁ?he g?craer'r?apt)%ert?a?)% |§n§8n%°rgwses
an AR BRsR) WOIRD rStanngeaiedily RHPPBREdiSCRAR Winaeh: witiehiftreRsiiator shaft
extendation of the actuator shaft moves the stem portion axially through the

lockdown port and brings the lockdown profile into engagement with a

corresponding locking profile on the tubing hanger to thereby secure the

tubifig hanle FHISEZEAMRISHBNSYRtPT! PhelainhSevberaipidtiorraiystensbnft is
rotatiiyrsGpdartivbinconaprirgirag seriabip petichsciupisoaen pacHRb A outer ,

surface of the production member and which includes a receptacle within

which the base portion is positioned. 8. The subsea completion system of

claif?7, wiBRefHRRRARRMRsRB Y SRIprciaarCaibpishtdnwieRring assembly is
postionedrtachtaiding veiepitaaierenedhsabigbonhéch the actuator shaft

extends. 9. The subsea completion system of claim 8, wherein the

actuator shaft is
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rotatably supported in a bearing assembly which is supported on the

bonnet. 10. The subsea completion system of claim 9, wherein the

bearing assembly is positioned in a housing which is connected to the

bonnet. 11 11. The subsea completion system of claim 6, further

comprising a THRT which is connected to the tubing hanger and a

running string which is connected to the THRT. 12. The subsea

completio stem of cla 1 wherein the THRT is threadedly

conm’nqectednrt%l'/tﬁgb éagrs@er?, ét YABL8a" E@?ﬁbF@ﬂb‘ﬁ'@%r@W" which
is C@reﬁﬁiqol’eqm@ﬁébse@hqmer@d a surfagsiBQRvitich ¢ersepiedriethomHRT.

surface vessel; and a high pressure riser which includes a first end that is

connfctedﬁg) the surface BQP an hat is connected to the

proauctron me 3?5&/%@[3 ot BM G A G er rs"‘f HeRetsroHiRthis threadedly
conggetedtoves sding aegsroduction member through the surface BOP and

the riser. 14. The subsea completion system of claim 13, further

isi n isolation ember whrc connected between the riser

el the proCERBRR e R NATIARc oGk Yl rams that
are & apasie BPBduehng stepanieding 38iniged BesEak mwmbination of claim 5,

furtaqrgwaa@ggarwér E&@éﬁ bkt whish SHacpanecistidadhenpusinaardor
houggr WhIC e tool %Q%S?Haccessr le. 16. The subsea completion

and g R OPR isOC% RISy AATHE D6 icket which is connected
to tMé‘q?f@@sIhg suminen baggeovisidoweredobdpr dfde serface essitib td Zhe production

member through the surface BOP and the riser.
14. The subsea completion system of claim 13, further comprising an isolation
member which is connected between the riser and the production member and which

includes a set of shear rams that are capable of shearing the running string.

15. The combination of claim 5, further comprising an ROV bucket which is
connected to the housing and though which the tool profile is accessible.

16. The subsea completion system of claim 10, further comprising an ROV
bucket which is connected to the housing and though which the tool profile is accessible.
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