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WO 2004/ 035983 PCT/ US2003/ 032797 OPEN WATER RUNNI NG
TOOL AND LOCKDOWN SLEEVE ASSEMBLY Rel ated

W@E\ppiiosadss ons The present application clains ppCDUSL0¢3/032797
fromU. S. Serial No. 60/419,399 filed 5 on 18 Cctober

-OPEr WAL RGR AN GLY GBI ANp COGRTORN sy e S¥hrmpLy

in oilfield operations for preloading well head
conmponents into the bottomof a subsea wellhead. Mre
particularly, the present invention relates to an
Relaped lichbiongnni ng tool for |ocking an inproved
| ockdown sl eeve in place. Background of the Invention
By |‘ﬁﬁ@bf&eﬂﬂabblﬁ:a&@ﬁblé?@%'pﬁ@nf]ﬁf‘&ﬁfu 8ndelianid. r&)/um 899 filed
t he subsea wel running profile, or into the
IFQ e grooves the | ockdown sl eeve (LDS)
Oﬁp?él oa %qd%f the wel [ head conponents into the
Fbﬁi EE I thq wel | head. This 15 mnimzes the stress
e ust | oads and thermal |oads on the
wel | head systemthroughout the Iife of the system '
and Thee Peeset invantigaaplates & {ackdowns deevgs of e fipercemmonly
seal has been set using a drilling riser with extrene
usesl ighilfield deratians for preladingewélirmad: ¢omporeys infie, thadottom of
di scussed below. The LDS is typically run through the

. a blissya welkhdaah dddreopartibg@latipthe prédent inveation Pélatesto g improved

hanger. The rans on the BOP are closed to apply

ruRhARS8bFfdr %dk"ﬁq bPmpRYed lodNdon $186vé-IPplate! anded,

pressure is applied and the seal 1s tested fron1above
vd C re is applied to the drill pipe
§%§£§} {He nYehfion the running tool that Iocks
t he to the we he rans ene
: umﬁ@n@w O 415 lesb Gaing AROBE FAY SHAKIELING ts Sepsea wellhead

shears sPrlng | oaded shear pins.
running profile, or into the horizontal tree grooves, the lockdown sleeve (LDS)

preloads all of the wellhead components into the bottom of the wellhead. This
minimizes the stress induced from thrust loads and thermal loads on the wellhead
system throughout the life of the system, and increases the useful service life. An
LDS with a seal has been set using a drilling riser with extreme weight or hydraulic
pressure from the BOP stack, as discussed below.

The LDS is typically run t.hrough the riser and landed on the top of the upper
casing hanger. The rams on the BOP are closed to apply pressure to the LDS seal.
After the LDS is landed, pressure is applied and the seal is tested from above.
Then hydraulic pressure is applied to the drill pipe to actuate a sleeve on the
running tool that locks the LDS to the wellhead. The rams are opened and the

running tool is removed by a straight pull which shears spring loaded shear pins.
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1 WD 2004/ 035983 PCT/ US2003/ 032797 The | ockdown
sleeve or LDS is used to | ock down the casing hanger

wo eavmosdees mal growt h and protect the bore of tPher/vs®n3eE2797
head in the event of drilling through it. The

BL?L@@”@C@?@“@% 3’2‘%"28‘458%88&&?%@2'&*?&“8?% é%\g&r from

tl{e;r)r[n;p tgﬁi‘& b@g% pFQ}ﬁC hﬁ'ﬁr Hg"n elta g %}PQW%&% ﬁg,ent of drilling
op

tool. Another LDS tool is run in en water by drill
thspweh i 1 RewrefarredbDs heka sgl on Uprgr 8Rd @nd|d seal pecket in the
the weight to set the seal is significant. To achieve
uppersenvalgphy withi alsbear piyndgraove compatéacument afrthelrunpinaosl. The
may be added to the drill pipe string above and bel ow

LDB&wa’suericamy beeh rimingild BieeBOPaiahehinnieRIl to set
the seal. After the 10 seal is set, the LDS may be

| ockgdother ED@W@H' isGuR o g&n Wa?éiﬂb) &ﬂl i Eé Wlﬂ\%u@'ﬁ BOP stack. By

pipe to the running tool to Ioc

AL b LB b, v i
runnin _ _
wilbetdivoraigic T Resuwsnaiiolkes By adied B e diiksine string above
bal anced. Once the seal has been tested, the runnin
angbeloptiesenniagted do pghiene dhe wgighti @eeded échégtthpuae;el fgﬁer the
retrieval with straight pull. The LDS running tool may
sdal imsetatieedDBymaynbarogkiatsby hydraglio pressabmapplidteviadbaldrill pipe
pocket in the upper end of the LDS. The runni ng t ool

torth¥ riv@veg ket ko logk e kDSas thé wanhéammms»@ Aftet Bt SB locked
may be attached at the bottom of the tool for testing

intpice %?éss%'ré’ﬁﬁagn etébdlla tb gt tHéJIE’Dg%%aFﬁ@M O\{g”TﬁE%eals in the

upper "casi ng er an casin he cost runni
i A b R BB AL g pgnces
O 3¢ hes b tantslad fngietoot Y if%&%ﬁ pYgearing the
sr&e%kr%sinseétr rrgtrrrigval with straight pull.

The LDS running tool may be attached by shear pins in a groove above the
seal pocket in the upper end of the LDS. The running tool may have lock, unlock
and test functions. A test sub may be attached at the bottom of the tool for testing
the seal along with the test cup for sealing in the upper casing Hanger and casing.

The cost of running the LDS inside the BOP is very high and takes a
dedicated riser and drilling vessel. Although the LDS may be run on drill pipe, this
would also take a dedicated vessel and drill pipe, and this technique takes extreme

weight to set the seal. To achieve this weight, heavy and expensive drill collars are

added to the string.
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wei ght to set the seal. To achieve this weight, heavy
and expensive drill collars are added to the string.

WQ@ 2000020831/ 035983 PCT/ US2003/ 032797 There i s POMIBESA03/032797
need for an inproved running tool for use with a

the. dOFEm R 8 deeliof oAMphEed A FAERIRISR ik 8 tockdown
SPYS 5 bifematlRedosPoynait G He Wil P4 SuBRERRAlFoar
a tubul ar hanger, such as a casing hanger, wth

respect to a subsea well head housing. In a suitable
enbodi ment, the casing hanger is connected to a

Sumsnany oftthé tvestibendi ng downward from the subsea
wel | head housing into the well, with the subsea

vel | Reaaningusolnghd I6ekdislimsleane adtemblyadrelprodde@ el aiglly fixing
The assenbly conprises a running tool including (a) a

upwakd rh@ﬁ/@l"hieﬂggﬁé‘ tLiokPartit ife duth 485 EQé‘ihgrﬂtagglér,%ihﬂtelhséect toa

connecti ng and di sconnect ng the runnin

e Nousi ) t ; | i_cat or R

s Relfead Wielfinaltle sdtafe ARboalicif, 3 e banger i

| at chi ng nmenber connected to the subs wel | hea
cordisied bo dhdepion ShEBcevent o APHGWARD ffhhe Supsea wellhead

nmovi ng a sl eeve |atching mechanism The assenbly .
heuging #to el uth thesybrea wrellbpad heusiagiingudjag @nuter latching

15 cylindrical outer surface and a central bore, wth
prafileocKteasssimbdy eomarisgs aguaningl teelimcluadindh{ajca tool latching and

mechani sm noveabl e in response to the sleeve | atching

uriatdhirepinechaiiem fex agially copmegtiolg 4@ dibeonreekdg\tie RirfavEtool to
to the subsea wel | head housing, and a seal Tfor

the&st|Hsea v@éth‘é%%mdé}%?whdé%&gﬁm efétf%ﬁé( IRBEbraBe eRértihng R downward

casi ng hanger an ['head housing in respofise

sdfa P06 1 68 bbb BBl GBS B supem pemenc
housing, and (c) a sleeve latching applicator for moving a sleeve latching
mechanism. The assembly further comprises a lockdown sleeve having generally
cylindrical outer surface and a central bore, with a lockdown sleeve carrying a
sleeve latching mechanism moveable in response to the sleeve latching applicator
for axially connecting the lockdown sleeve to the subsea wellhead housing, and a
seal for sealing between the lockdown sleeve and one of the casing hanger and the
wellhead housing in response to the downward force.

It is a feature of the invention that the seal may be set by downward motion
of the lockdown sleeve relative to the wellhead housing.

Another feature of the invention is that the tool latching and unlatching

mechanism effects radial movement between latched and unlatched positions in
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of the | ockdown sleeve relative to the well head
housi ng. Anot her feature of the invention is that the

wao owk/0ssasxhi ng and unl at chi ng nechani sm ef f eceGT/USDH32797

novenent between | atched and unl atched positions in 3
reRBo Rty AR Ve p?ﬁ?”%ﬂ%*%%@ﬁ?ﬁ%Eﬁﬁrgﬁﬁa@*‘ I a
C b o e s SUMBEE JRSceaalis Sufid dp Biestbsea wellead

| ockdown sl eeve, mhlle the sl eeve latchin mechani sm
housiRg 1 dedower ©md ghgbe leakdayn tSH@eYQJchgﬂlnthQI slegwe Igtching
In a preferred enbodi ment, the running tool is
miegtaaisir ba)rbyidadtahﬁneedpp&mnd dlethetlochdavausieebe.
configured for a nmechani cal actuation, e.g., by an

ROV. InEhgreferéd éﬁﬂoodb@erﬁtpmerredn|ngtt<§olli§1ﬁydbahhcéwy@muated but the
wireline, but may al so be positioned wth respect to

tobh@oul%b'd@)ﬁﬁguﬂé@q&Q%é&ﬁaﬁﬁa@{{ua%n g@%rrggghwe% tool may

froma tubular string. In a preferrée I ment

be°‘ %@\llerw ﬁtb’ ﬂ‘?eswé‘ll ﬁgﬁﬁlnréhﬂe "?'b b%&l@ég'ead?)%ﬁ é)ﬁ%g &Wgﬁﬁpect to the

el ast oner i c
ws’l oﬁm is i‘%gﬁﬁ@ﬁfaf nm&?%‘@he?s@fronia&%%reé%bé' "

i ncl ude a seal ing profile for sealing engagenent with

a selfl @ mietasigdepmpadimenintie sl iRFiWdeRa gr%akﬁ@ metal seal, and

According to the nethod of the invention, the | ockdown
opfiarally anselistiomend backupbseals peu laokdawsusiseve wedferatdyl has an

housing to prevent upward novenent of a tubul ar

inhengedsfilavifoh réceiving ta tatcHing riedHames dfoarsdther todieand may also
nmet hod conprises providing a running tool, a | 'ockdown

|n§iu%§\éesea€hﬂ5 ;ﬁoﬁ@%rs@d‘iﬂ 'eﬂ@bgé’f%%nmlﬁﬁ%'ﬁr&lhhﬁ%éd’lﬁ&‘ Skitioned

ool, the~l'ockdown nd the sea n-open wa
Wﬁm q # mellhead hou3|ng, | ocking the tool to an
atching profile of the subsea wel | head housi ng,

appl chogdlng to the method of the invention, the lockdown sleeve is fixed with
respect to a subsea wellhead housing to prevent upward movement of a tubular
hanger with respect to the wellhead housing. The method comprises providing a
running tool, a lockdown sleeve, and a seal, and includes lowering the running tool,
the lockdown sleeve, and the seal in open water to a subsea wellhead housing,
locking the tool to an outer latching profile of the subsea wellhead housing, applying
a downward force to set the seal, latching the sleeve to the wellhead housing, and
retrieving the tool with the sleeve fixed to the subsea wellhead housing.
According to a preferred embodiment, the tool latching and unlatching
mechanism effects a radial movement between latched and unlatched positions in

response to axial movement of an actuator. The seal is preferably set by downward
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20 a downward force to set the seal, latching the
sl eeve to the well head housing, and retrieving the

wo ooi/085985h t he sl eeve fixed to the subsea wel | HEEUS2003/032797

housi ng. According to a preferred enbodi nent, the

I chij n nlatc han| effects a ,
.o 0 PR o R, Felafih, B TR SR g’ In a suitable
sitions . jn response to axial novenent of an
eqmagiPent, tﬁﬁéogle@ ydgayicatly pgiiajed apdyyclydemaafivid paspageway
2004/ 035983 PCT/ US2003/ 032797 notion of the | ockdown
thypagh éhe sunning éooldor tastingIthéédegriyafithg seahand $oi telisvieg fluid
enbodi ment, the tool is hydraulically actuated and
pressurgles a fluid passageway through the running tool
for testing the integrity of the seal and for

reli A\élggmﬂéédﬂa@vaﬁlfagé%ﬂr% toel a‘hcﬁﬂh@ﬁhét‘h@é"‘é thatiMRRIRSE involved
of the tool and the nethod is that high costs i'nvolved

Mﬂwte{‘dédlg%'d“\@sggl Y5F9Rh &Egn%é pnﬁ)éﬁﬁ'!b%aééﬁafg hid avaided.

strings collars are avoid urt age o

the i\nv tha t he conpongn of the iny -
are ﬁ%ﬁﬁé ' B Se LBt g R PR o bormBang A, the Tvention
econ basi These and further features and

a‘ffd'i}'SﬁP] d&ﬁ%b'sfaf@ff@y.%@ﬁw RIURPH PN BFRNOMIGabbASS e nt
fromthe follow ng detail ed description, wherein

r ef elbase and fueber features and gdvantages ofdhiadoventiamywilgpecome
drawi ngs. Brief Description of the Drawings Figure 1
apparentfrossthedoliowingldetaited ddsceptiomwmgretro@ferende is made to the
| ockdown sl eeve positioned on a subsea well head. 15
figirgenie tie hbdaimpanying drawingeol axially secured to the
subsea wel | head. ~ Figure illustrates the | ockdown

sl eeve lowered to energize the seal ring. Figure 4
illustrates the | ockdown sl eeve | ocked to the subsea

BWS* bg&‘}gption of the Drawings

Figure 1 is a cross-sectional view of a running tool and lockdown sleeve

positioned on a subsea wellhead.

Figure 2 illustrates the tool axially secured to the subsea wellhead.

Figure 3 illustrates the lockdown sleeve lowered to energize the seal ring.

Figure 4 illustrates the lockdown sleeve locked to the subsea wellhead
housing.

Figure 5 illustrates the running tool unlocked from the wellhead housing.

Figure 6 illustrates the running tool removed and the lockdown sleeve
positioned above the casing hanger.

Figure 7 illustrates an alternative arrangement for axially securing the running

tool to the subsea wellhead. —
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housing. Figure 5 illustrates the running tool
unl ocked fromthe wel |l head housing. 20 Figure 6

WO bdoum®s3983 es t he running tool renoved and t he PODKSIHNE032797

sl eeve positioned above the casing hanger. Figure 7

Dethitst] Hal&Gm1tidR &'Préfdiidd g b%f@é@@”em for axially

subsea wel | head. 5

of PPABIIBH EBBP TR )o e AAgoLnD ol B subRes fpivead

hanger and | ocking into the subsea well head running
r'ﬁF’B%QIFEO filgy or ftg thaeharwonial rea grqQuesg thsleckdommesleeve (LDS)
| ockdown sl eeve (LDS) preloads all of the well head

pedlepdn elitod thetwellhradesnopenetts inte thelbditean of The ellhead. This
m nimzes the stress induced fromthrust |oads and

mihienized thecstdbssanduderl frernl thead loasly sinenthehmalieags bnithe wellhead
life of the system and increases the useful service

shétbh thfoudiRtans afd éﬂﬁe'é}@@n@ojrﬁi iﬁér@asbgftﬁéﬁéeml %Ehhge life. A

and a running groove near the seal ring ma

YA e 9 BT e near o on

ST B AL RS A on o
op

may be run in en water without a riser system
C%'n@@ﬁns%wsaﬁée FP@waUICH%I(@aS'nDcROX@df%@Q eeat&d theywellhead
open water. The open water running tool (OART) has a
componem§. nechani smthat axially locks the tool to the
OD of the subsea wel | head housing. This | atching
f uncin auronggndeanifbthis invahiish, tiye hpSrragy be rgn @sspérewaer without
cylinders that nove a sl eeve over a | ocki ng devi ce,

a$ié§hsy’t’§erﬁQﬁfBOP stk dnd 2§ beNandEEabekid 8nd dited G EPwater.

t ool have an
The open water running tool (OWRT) has a latching mechanism that axially locks

the tool to the OD of the subsea wellhead housing. This latching function may be
actuated by hydraulic pressure to cylinders that move a sleeve over a locking
device, such as dogs, a split ring, or shear pins. The running tool may have an
internal piston that will set the LDS seal without the need for a BOP to lockdown the
LDS, then enable retrieval of the LDS.

Hydraulic functions may be supplied to the tool by an ROV, umbilical or
mechanically actuated. The OWRT may be run on wireline cable, drill pipe‘or with
an ROV, and preferably includes a test sub connected to the bottom to seal in the
LDS and a cup tester to seal in the upper casing hanger or casing to allow the test
to be made from below.

The lower end of the LDS has a metal-to-metal seal to provide an annular
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internal piston that will set the LDS seal w thout the
need for a BOP to | ockdown the LDS, then enable

wo edoniozsgsd of the LDS. Hydraulic functions mayP@EUS2003/032797
supplied to the tool by an ROV, unbilical or 20

S%@g{é@pé%? %’ca%ﬁ'@?ﬁrfg% Eﬁﬁhwgeﬁﬁg FgHBIPIer g@'rﬁﬁhin@egroove

ncl ud est sub to th botto
afehGrovdsd Bihe Tnpeh epBtaRe LI ik e, o8 S Aot B Beback
hanger or casing to allowthe test to be nmade from
cornesior, mdzondakireesandspadie TISrUnNnggraaveIreceivagshear pins to
seal to provide an annular 6 WD 2004/ 035983
hHETHh&EDEOEY th8 2T9ving fael) arxba Weeking rivg arathenauthidegd thenpdper end
the LDS. A sealing profile and running groove are
isRichatda byl wkbge vipgao IcectheflLD$ o tHeID éfstheakélirada
seal pocket for a tieback connector, horizontal trees

and B@ nboW'd! thE SHtaIRVEr ﬁ‘h@%ﬁtaﬁﬁéd %?E@Tn | BSwdihead 20

hol d t to the running to g'ring

h%a@% ?@?f%gfi %@M’?ﬁﬁﬁ%% MRt —

Wth reference no é)b ﬁ\alls of the attached
C%l?%ﬁh"#‘g%as"ég%'m'ﬂ W? OrfaV PRYMLTBGSECasNG ﬁéPéPﬁP%%ﬂoma"
has casi ng hangers nounted therein to_suspend

URRSTEOMS ERSING BaNaRI24xi the handes hae pibese €3 th&f@thrﬂugm Wwhese upper

casing is suspended froman uppernost casing hanger
e? cafifes hasegéringa24 davimgear Jippeefathoouble wrereengpfiits inner
10 end carries a seal ring 24 having an upper face on

cylindric@pRirtice Ardthet Sedl ARG 126 is yarriedaboat theappepend of the casing
Anot her seal ring 26 is carried about the upper end of

héﬁ@er%%’e gbemef age tﬁS%‘o o8t H‘%e\ﬂeﬂﬁeff;dAtcBﬁdQelro? helising 12

ead conduct or ou3|ng 12 s an out

g o lerEpGRE T T A —
bétl\)v%e%%ma r(‘)%tesrtcrcjnrc]i%btor and the casing string. '

As shown in Figure 1, a lockdown sleeve (LDS) 27 has been lowered by
means of a running tool into the bore 21 of the wellhead above the uppermost
casing hanger and seal ring 24. The LDS has a bore 28 therethrough and a lower
end extending within the upper end of the bore 23 of the hanger 22, when the
running tool has landed on the upper end of the wellhead.

Latches 61 are pivotally mounted about the running tool 10 for swinging
between outer positions (as shown in Figure 1) in which they may be lowered over
the upper end of the wellhead, i.e., subsea wellhead housing 20, when the running

tool is landed on the upper end of the wellhead, and an inner latching position with

latches 61 within grooves 62 about the wellhead by means of a sleeve 60 carried
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15 As shown in Figure 1, a | ockdown sl eeve (LDS) 27
has been | owered by neans of a running tool into the

where/0Bbsof the wel | head above t he uppernost PEEUSI03/032797

hanger and seal ri ng 24. The LDS has a bore 28

abB6f fid oy tén"i’i“&“ fﬁ%&oro@d%seﬁﬁm i @@r&%n I,f&{EuI?]aetor 64 may

upper end of the hanger

PNl ek e e i 9o S Hirraend apdetract rods

t he runnlng tool 10 for swn |n% betmeen out er
ta,6QMRe S RO dscarnerhthenlatshes: hiheugicc20-t Hethisnrgsitien of the
| onered over the upper end of the wel | head, i.e.
renime@toahdne lavear tapared egdzd thel@s is Beovethe sepl 24 owdurited on the
| anded on the upper end of the well head, and an i nner

uppercéna gf thesinhemmosticabingl engees 61 wi t hi n grooves 62
about the well head by neans of a sleeve 60 carried 7

WO 29R4rQFHR§ fodrhdé hﬁ%%a@@%&?ar b%*é?li‘ﬁ be FE}:j;)t’?@ ) g)ﬂgse bore

of an act uat or 64 as shown in Figurée 2. Act

i _

Sk HB0RF L5R6 £h STLREEAN WA rEPIE O g B Gspene om

atch l.n

%8@ R G, RN BrE Dot oyt a1 fupiecydie. higrapment 35

he LDS is above the seal 24 nmounted on the 5 er .

WBW& ig SUPRerted RB e awerand.of #Earess 36TiRdhe bere ﬁ@th%&gs and is
has an el ongate tubul ar body 31 (see Figure 2) whose

poideeto per fhi&gUld tbbypase thesethrewgh.34 lawer enlacggreent4iosthe tool

whi ch may be suspended from a cable or wire. The

bodynisisegldhpengagbd witlsio thedorn28 of telelSahed ardupy GarERREr 41 is
35 which is supported on the |ower end of a recess 36

carfieti B®ohothe r@’ﬁmh?@dtﬁ@weétﬁ thé énlé%é?ﬁér‘it‘i‘@ tb%rﬂ?éﬁ‘ahnular space

fluid to bypass therethrough. A ['ower enlargenent
4SRN BRI "ana & cup o packer 41 i “LQr?PEdb‘” ’
?2?#1& QL&g%%gﬁgg#&ﬂ%ig@outqﬁe %%59 of {Flee rﬁﬂlm%'b erﬁeabtove(%he upper end
of the LDS for reciprocation between the upper position of Figures 1 and 2 and the
lower position of Figure 3 to activate seal 24 and preload the LDS. The piston is
beneath a manifold 44 about the running tool body and within a sleeve 63
thereabout sealably slidable about the running tool body. A passageway 45 is
formed in the manifold to receive fluid pressure from an external source which is
applied to a chamber beneath the manifold and above the piston to lower it and
thereby lower the LDS as shown in Figure 3 to set the seal 24 and preload the LDS.
The running tool manifold also has upper and lower pistons 90 and 91

sealably slidable within sleeve 63 above and below an intermediate piston 94 within

the sleeve 63. The piston 94 is adapted to be lowered by the introduction of fluid



42 between them A piston 43 is carried about the body

of the running tool above the upper end 15 of the LDS
wo e004/08398%r ocat i on bet ween the upper position BET/US2003/032797

Figures 1 and 2 and the [|ower position of Figure 3 to

eal 24 an |ston S
At Bhides e iR Ra L GRheIS AnaNe apisiowisods e seen
within a_sleeve 63 ther%about seal ably slidabl e about
fromecqrpaiisay @fo’aguiﬁ‘?d%/ passageway 45 is formed in
the manifold to receive fluid pressure froman
ext eArgplit taslrrieg Whiastshowvrpin Bigpre 8ds cerrieccabottehe LDS with its
beneath the mani fold and above the piston to lower it
te@titl oppdsiteetnpolves\@R in the wiperandsdfdue wielih&ag bore. 3A Wedgetring 73
the seal 24 and preload the LDS. The running tool

5 is'feltdsabh @érﬁféct@ftdiﬂi%el_Dsrbi/ sHup 6pnﬁ’e‘, $4 AbouPtherlPpélend of the
seal ably slidable wthin sl'eeve above and bel ow an

ngt %l’ﬁelgédrﬁ%\nge p Hlﬁ“thﬁ" ﬁIeE \A%nﬁdg@f %‘u}geﬁ? Ik rifd € Sleeve 63 is

I'ston ntr ucti

Q4/ 035983 PCT/ US2003 032797 ‘
a%?ﬁ%{'w Werich 180 73 10 A0S b ie SGFIBP WEHAVA G tﬂ’sipck ring to
as may be seen from conparlson of Fi ures and
sfaearAh% Bm&ando@ay%e. itsdeeth tgengraathe groeves within the “wlihead body,
carried about the LDS with its teeth opposite ooves
agshown irkiguppér Asvetgsfringraayghusserde Be raes.leewa/iewgmg apgjicator,
73 5 is releasably connected to the LDS by shear pins
10 witH splitdotk ring Mpsevingras ablekehe IAtEkinginmdéchdrdsrho@theentéchanical
Wi thin the upper end of the split lock ring. Sleeve 63
dé§%n§hﬁ>a§e beNseder@ Dot Mg Sfcve BRI ﬁredwanlsﬂ*{vghdtth@ latching
ge ring within the lock ring to shear the pins and
aﬁ@@go'ts teeth to engage the grooves within the
ead body, as shown in Figure 4. A wedge ri ng may

Lo TR o LU SR A St botveer
mechani sm O her hani

ports 50 in the sleeve 43 an ports lcn the running tool. As will be described, and as

15 shown in Figure 3, fluid pressure supplied to the bore 32 of the running tool body

through port 54 will shear pins holding the sleeve in its upper port closing position,

and thus permit the ball 51 to lower the sleeve to align the ports in the sleeve with

the ports in the running tool so that the fluid pressure will enter the space 42 about

the running tool between the enlargement 40 and the packer 41 to test the sealing

20 integrity of seal 24 when lowered to close the space between the lockdown sleeve
27 and the uppermost casing hanger 22.

Prior to setting of seal 24, fluid pressure may be introduced into the bore 32

through the running tool to lower the ball in the sleeve 43 and thereby permit test

fluid to be introduced into the annular space between the enlargement about the
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desi gns may be used for both the sleeve | atching
mechani sm and the latching applicator. A ball 51
WG emueskosn t he bore of sl eeve 43 prevents coOMMBEI/USE0DHUB2797
between ports 50 in the sleeve 43 and ports in the
runni togl,, As w Il be describe nd as 15 shown
rfnte B 279t ipce ianecCacket BhaF e et S b Basspdgmay 80
t he running tool body through port 54 will shear pins
f%@?éith@?L@hghélféW@giWP'iW'H,VQ’%ﬂESWﬁW@TIMW%@V{%ﬁMier‘ibe bore
and thus permt the ball 51 to |lower the sleeve to
thadugintheneunpamg $odlrast the sleeve ds Vowdredt hEh@dntraduationhof this test
running tool so that the fluid pressure will enter the
piesgge %l pbauit thehspdratori togverifplthhetheeeeal has been established
enl argenent 40 and the packer 41 to test the sealing

b&eeRtRE L DB Pind R u p%flar%ﬂbd%ﬁﬁfgg]érgr%rﬁ@emﬁning tool prior

space between the | ockdown sl eeve

casi hanger 22. Prior to setting of seal
to%%?ﬁlﬁgﬂ%ffhe Jeovd

d pressiure may be introduced into the bore 32

S1 el s Eethtiis el P8 sekl be i AL abd ciging hanger holds,

i ntroduced into the annul ar space between the

thesiegvgstmey Ssdaiset e maye s EdengsiEbiggmiatching position as shown
PCT/ US2003/ 032797 running tool and the cup shaped

indaglrer5, slocas toi permiitiveruenidg teoljadeagisedyfr@o theé D& ds the LDS
through the running tool will vent pressure within the

rentaies indodked dévwe pbeition, adstavghint FigurelBinUpagn raisingas thdinning
sl eeve is |lowered. The introduction of this test

toBl, &9 HhRrydrhenPdUt its iterReGb PortibA astelf s Il'\‘éaéurgi ker near
seal has been established 5 between the LDS 27 a t he

o VBE R Ry BT8P g LB b | vouon
G5, R S8 B AL RATAEE okt ordiE o0 1
relcjzgilvgtacIlglitcnh(‘?ngljo ?r?eigwli)grnfrgrsn as,#o%/\gr tool and a sealing surface 82 for sealing
engagement with a tool positioned within the lockdown sleeve.

To summarize the method of the invention, upon latching of the running tool
is the LDS, as shown in Figure 3, piston 60 of the running tool is lowered, as shown
in Figure 2, to in turn lower the LDS, set seal 24 and preload the LDS. Ball 51 is
then lowered as also shown in Figure 3 to permit the sealiﬁg integrity of seal 24 to
be tested. As shown in Figure 4, sleeve 63 is lowered to shear the pins 74 to
release the running tool from the LDS and lower the wedge ring into the locking ring
to move it into grooves in the wellhead. As shown in Figure 5, the running tool may

then be unlatched from the LDS to permit it to be raised from the LDS, as shown in

Figure 6.

10



in Figure 5, so as to permt the running tool to be
raised fromthe LDS, as the LDS 10 remains in | ocked

wa@lonm/0pr983 t i on, as shown in Figure 6. Upon rai BGTgsSmwh3/032797
the running tool, the enlargenent about its

1B 71,801 30 ARrH8le PGNP gind B o
P AT AT B g o

80 to receive a |atchi ng r from another tool and
rtwrw&lqohgogut.hﬁ&é@ssz welheadaln ?eﬂ@urq% begRiaeEefereficemnymerals
tool positioned within the | ockdown sl eeve. To
amLusesit Zepidh eompohedtsosittt fuactionssimilanto thpse shawe i higures 1-6.
of the running tool 1is the LDS, as shown in Figure 3,
5 Indth#s @nb6dintdnt} &ve antolar piptaroed may beoaetheded &sgsidewschimember
Figure 2, to in turn |ower the LDS, set seal 24 and

6Pirﬁbé}a%rt IB%kh?%ng%?bFne’ﬁlWltﬁ thé %ﬂhé@d‘ﬁb@&n?%@' ﬁ@ton 64 in turn

shown in Figuie O permt the sealing in egrltyo

%e SE8 VA ﬁ1 Hhu @ﬁ_) ﬁ/HR: hiefi bﬂH fad beXhRfRd at the
mgyh Housfiy, FRABon Dottty ey beinf

ower e

runnn romteL the dge Ein .
ovtgode q‘?ﬁ&rwr}q {??a' b?Dfﬁv iﬂd@% tEab aSafBitiaalie Fipelods
the running too
aR r?éwltl?é‘ah ﬁpblplé”héﬁﬁ"?g 8&%‘@%@4%;‘@ @"ﬁ&&srﬁhte PE’“Q’@' 5@“ rieval of the
raised fromthe LDS, as shown in Figure 6. 10 WO
10 lozkdawn SES8E WTHUUS2Q08Ng 329 1o the gurface7ofithe @MRik.es an
al ternative arrangenent for an upper portion of the

r unnAnrgitable! runninghsetueate éomae itve issehianihsimeldwr
connecting and di sconnecting the running tool from

RURRingWsRreneBS koredfen Viafer ASERUnnihGeTovRe 1 ef erence
numeral s’ are used to depict conponents with functions

r tmsﬁ%wﬁw ign Figures 1-6. 5 In this

simla
enbo ltlnl ment, an annular piston 64 may be activated to

d I
gur g | 2t o R hnS achibSb (8beb ARELI S
15 3. Lower assembly to wellhead.

4. Once the LDS and OWRT are landed the hydraulic pressure is applied
to the tool lock port, this locks OWRT to wellhead.

5. Hydraulic pressure is applied to the set port; this sets the LDS seal
and releases the tool from the running profile.

20 6. The seal is tested.

7. Lock down the LDS via hydraulic ports.

8. Unlock OWRT from wellhead and retrieve.

9. Completed well.

While the running tool, the lockdown sleeve, and seal as disclosed herein

11



10

15

20

may be housed within a | ocking housing, which
conveniently nmay be threaded at the outer portion of

wa bw4/038988 Ng t ool body 31. The design as shownP@TiUS2003/032797
Figure 7 includes an additional double acting piston

' t i I ' t .
e iR G Be PFRRRL P Bfen Fhler 26T, dllasapghfead housing
oSHaoRs ey SbeGhs Wl AP el ousin. A
en Water LDS Running Tool: 1. Install OART in LDS.
tetherHgad REVr mayi kg ¥spd, gaeexapie) © pasition thiepsuinming tool and
15 3. Lower assenbly to well head. 4. Once the

ldckSown ¢le@WEDrea subseetedlihdas inowchiregil Aovgrk esring eouils also be used
applied to the tool lock port, this | ocks OART to

to\gbditienthe @inniiytioaland sieessubsea.s applied to the set
port; this sets the LDS seal and rel eases the tool

fr omrdSrefdtidt &1dnBAR drt&he Abhriing tHofpRRfRles rﬁn%{ i
Lock O\Aﬁ tr;%j LDg Vi a rL’ydraul [ cg por?s. 83.803\1'* ocC r@%\n}\oﬁﬁonoﬂhe
f I . retrleve 9 let.ed,. . ile. )
ek @OV SleNE BT herFicts Biemaln m PRED SRRy, ihrfing tool
di scl osed ,herei 11 2004/ 035983, PCT/ US2003/ 032797 ,
C%lé CEBH%%HP ?@bﬁ?@ W &q%'w ARgden the Igc Rgleeve in
wel | head housing, conponents may otherw se be
plgesi theyhedidena psealedawby e lnckdewnhelggvaolesiset.tha seal. One
tether and ROV may be used, for exanple, to position
disadvantage rof thisgbroaedurel iscthdbvihthel sealeis arotegprepedganade up, the
wel | head housing. A work string could al so be used
lockdown sleeve may have to be disconnected from the subsea wellhead.

In a preferred embodiment, the seal 24 is carried to the subsea wellhead
housing on a lower end of the lockdown sleeve, and a sleeve latching mechanism
is provided at the upper end of the lockdown sleeve. The running tool disclosed
herein may be hydraulically actuated, but the running tool could be mechanically
actuated, e.g., in response rotation of a hex stud by an ROV, a piston or ram could
be forced downward, thereby providing the desired force to both set the seal and
lock the sleeve to the subsea wellhead. Another alternative would be to provide
hydraulic connections between the running tool and the ROV to move a piston -
axially within the ROV to set the seal and/or connect the sleeve to the wellhead
housing.

In a preferred embodiment, axial movement of a piston within the running tool

latches the lockdown sleeve to the wellhead, although other arrangements could be

made for latching the running tool to the outer profile of a subsea wellhead. A

12



10

5 to position the running tool and sl eeve subsea. In a
preferred enbodi nent, the running tool provides
wa@lovnnaioss not i on of the | ockdown sl eeve whi chpehes2003/032797

sets the seal. In other enbodinents, the running too
oGRbn SRADR B ﬁé‘&%ﬁ%‘?é@@%ﬁ%ﬁg S eboN R mechanisn

sea t he ckdo eve to .One 10

rireniet togh 2 Py ISR %SF@“%%&O?F% irﬁﬁ@"egsngpgement
not properly made ug the | ockdown sl eeve may hav

wish agieslibe mameer pegtionakwithipda sieevendhe seahring tself preferably
preferred enbodi nent, the seal 24 is carried to the

insluisles a meiall—treatEtaIMihmgmay alsd iookde one avimdreelastomeric seals.
| ockdown sl eeve, and a sleeve |latching mechanism is

pr ovrﬁeebr@gomgemymgnrem @ésdripéioh @tN@Meﬁh@@V@dlthﬁ’@nve and
runni ng tool disclosed 15 herein nay be hydraulically

e?gﬂéh‘é&b%f dtetertdifemyBRimehts ORlws i be a*b?réfﬁ ﬂéamfmgg% skilled in

actuated, e.g., In response rotation

th%rbrf@ét v%rruﬁéé/slsé g?%[ e%??'le%l fog&? t‘éﬁg ﬁ e r'ﬂﬁhee details of
d
i pERtes seioteioe norapiaian o Fnties ﬁyuﬁ%&ﬂd Perein mayoe

connections between the running tool and the
mageevithqut deparing frermthe spirit Bf fhe Hveption.t wh%t IStdeémed by the
seal and/or connect the sleeve to the well head
followiniggJaimsr a preferred enbodi ment, axial novenent of
a piston wthin the running tool |atches the | ockdown
sl eeve to the well head, although other arrangenents
could be nmade for latching the running tool to the
outer profile of a subsea wellhead. A 12 WO
2004/ 035983 PCT/ US2003/ 032797 | ockdown sl eeve may
al so have an inner profile for receiving a |atching
mechani sm from another tool, and may al so i nclude a
sealing profile for sealing engagenent

Sea

13
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with a sealing nenber positioned within the sl eeve.
The seal ring itself preferably includes a

woredoalo3198s met al seal , but may al so i ncl ude onePEI/URINE032797
el astoneric seals. 5 The foregoing disclosure and
455544 ption of the invention is illustrative and
“expranatory of preferred enbodinents. It would be

appr eci at db ose sk din the art that varjous
chandes i é'ngfbe' a%@ﬁk&a\wn PREYPiassembly fogapsially fixing

the details of the illustrated construction or

upwirbd MRVEBIENGPf 8 ddhularkanges withsegpeetiteiasuhsppavellhead housing,
wi t hout departing fromthe spirit of the invention,
thehtuthularshaigerneahrnegtachéo altdbiitar | strivigh extanaling dohBwakd from the
2004/ 035983 PCT/ US2003/ 032797 dains: 1. A running

stubsda wamwéamh@lwn? pteane wal seisdubstarwdlireal hbJ§|ﬁ@t mgludlng an
upwar d novenent a tubul ar hanger with respect

oét&?%}%h. | drBfigdtHeCMS bl 5 rkiigul ar hanger connect ed
|

ar string exte drng downward from the 5

32|b|s Wh@@?@ﬂﬁﬁ@b% #‘%Hmﬁlﬁ@'zﬁ‘gﬁﬁhe- e 38y qapnecting
tht(eg?urglsnﬁc’giﬁo“tgt ﬁ.%ﬁ%@%@h@%ﬁ%l&&@a EN %ﬂ%}a&%ﬁ icator for

the running tool to the subsea wel |l head housi ng, (b)
exeiiing gl sedtinaioreaafterdherteolhatchingonambed conpedta @he tool

force after the tool I|atching nmenber connects the tool
talthet subiska veallhead heeisings addola istegvedatth{ng) appliEbéefer moving a
| atching applicator for noving a sleeve latching

sleeob tthing ndedrpliglayn sl eeve having a general ly
cylindrical outer surface and a central bore, the

sl eey %dk@h%!%@m Hﬁﬁl?*%g@dg[ba'i 8ok ReRakE ahB% central

sl eeve latching ator 'y connecting

b!)l%(,: lﬂqé)@@e% ?eﬁ&?nb Qnégﬁaan%m ?ﬁ&/e\%llel f?\er@gponse to the sleeve latching

applicator for axially connecting the lockdown sleeve to the subsea wellhead
housing; and
a seal for sealing between the lockdown sleeve and one of the tubular

hanger and the wellhead housing in response to the downward force.
2. An assembly as defined in Claim 1, wherein the tool latching

mechanism effects radial movement between latched and unlatched positions in

response to axial movement of an actuator.

14
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15 housing; and a seal for sealing between the

| ockdown sl eeve and one of the tubular hanger and the
wowdoiozsass housing in response to the downward POT/TS2002032797

An assenbly as defined in Claim1, wherein the tool

| at oea A ERPRCRRECRAE G 1. W FHRhe RERHBe: by
ATEESTISUPD 35 Y F0SRISH SREU IRV 5 (g RLRBAR WPlbeal Apusing.

1, wherein the seal is set by dowward notion of the

| ockdown sl eeve relative to the subsea wel | head

housing. 4. An assenbly as defined in Claim1l,

wher4i n t Ar assainblysacdefinesbintClainhé, wheresrethensddl ieeeatried to the
housing on a | ower end of the | ockdown sleeve. .5 5.

siseaswellfdad IRsusitej bAedower 6haiofitHe l0okesven Blddve. sl eeve

| at ching mechanismis provided at an upper end of the
| ockdown sl eeve. 6. An assenbly as defined in Claim1,
wherein the running tool is hydraulically actuated.

7. ass fli 1n. C-al. , int ‘ T

Subeda e risaTelh B HEMes G WRFRRLe Bevp datohing

to receive th | eeve | atching mechanismto axially
meSHARSE SIRIOYBERALAN LAREE BY 6T e DOHEPVRSEP Rousi ny.

8. An assenbly as defined in Caim1l, wherein the

sl eeve latching nechanismis a split ring. 9. An

assenbly as defined in Caim1l, wherein the running

t 00l 6.15 i Aolassembly @escRefinethéh £lainuild wersag dveayuhning tool is
testing sealing integrity of the seal. 10. An

hydraghadlly setuaiedi ned in Caim1l, wherein an axially
noveabl e

7. An assembly as defined in Claim 1, wherein the subsea wellhead
housing includes an inner profile to receive the sleeve latching mechanism to axially

connect the lockdown sleeve of the wellhead housing.

8. An assembly as defined in Claim 1, wherein the sieeve latching

mechanism is a split ring.

9. An assembly as defined in Claim 1, wherein the running tool

includes a packer and a fluid passageway for testing sealing integrity of the seal.

10. An assembly as defined in Claim 1, wherein an axially moveable

piston within the running tool moves the latching applicator to connect the lockdown

15



pi ston within the running tool noves the |atching
applicator to connect the | ockdown 15 WO 2004/035983

wWOPLDANBA803/ 032797 sl eeve to the subsea wel | hBEEIUS2003/032797
housi ng. 11. An assenbly as defined in Claim1l,

' ' .8, netal - to-nmetal seal. 12.
Slgﬁségds{eh% Y s%%%éﬁ%%@ﬁ%l@.ai m 1, wherein the seal
includes an 5 elastoneric seal. 13. An assenbly as
defined in Caim1, wherein the | ockdown sl eeve has
an inner profile for receiving a |atching mechani sm
fr ond &not K@ pssepply ap4lefingd as@gwmnywagr%ﬂﬁwl inclees aimetal-
13, wherein the sleeve includes a sealing profile for
tosmetalisgabngagenment with a seal i ng nmenber positioned
within the 10 sleeve. 15. An assenbly as defined in
Caiml1, wherein a tubular hanger is a casing hanger.
16. A running tool and | ockdown sl eeve assenbly for

axi a43y fAxiaBSemBRVEY defMBERENRIRH, WheAshM8e @éﬁgiﬁf:ludes an
with respect to a subsea wel | head housing, 15 the

5 elé@@rﬁ@ié&?%hg_er connected to a casing string extending
ownwar romthe subsea wel | head housing into the

wel |, the subsea well head housing including an outer

| atching profile, the assenbly conprising: the running

tool  including (a) a tqol | atching nechanismfor

axi a1?p.y Amassamp asmﬂv@dg@&glmg‘gg@@rem the lockdown sleeve has

PCT/ US2003/ 032797 the running tool to the subsea
amiinen gsefile dergeagivingly ladching meahanisnafronm aaother taol.

14.  An assembly as defined in Claim 13, wherein the sleeve includes a
sealing profile for sealing engagement with a sealing member positioned within the

10 sleeve.

15.  An assembly as defined in Claim 1, wherein a tubular hanger is a

casing hanger.

16.  Arunning tool and lockdown sleeve assembly for axially fixing
upward movement of a casing hanger with respect to a subsea wellhead housing,
15 the casing hanger connected to a casing string extending downward from the
subsea wellhead housing into the well, the subsea welthead housing including an
outer latching profile, the assembly comprising:

the running tool including (a) a tool latching mechanism for axially connecting

16
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exerting a downward setting force after the tool

| at chi ng nenber connects the tool to the subsea
wowdokioasass housi ng, and (c) a sleeve |atching apgl/UsBEN®032797

for moving a sleeve latching nmechanism 5 a | ockdown

oh AR S RO G i e
T SRR i AR W APEb 288 v o

subsea wel | head hou3|ng and a seal for sealin
togtbevrbsea welinesd dowsing, aad dc)m gleene latghinoapnligates for moving a

10 response to the downward novenent of the | ockdown
slebeeiatching nesgamismit o t he downward setting force. 17.
An assenbly as defined in Caim1l6, where the seal is

car r h gstkdewhhtee ety sgkhbedly chimdricapouter sutfayeané actentral
of the | ockdown sl eeve. 3?8 An assenbly as defined in

%%ev&‘?&t%ﬁing rhBén d@rﬁvrﬁo{léﬁlém Rékp &ée%QHé@lééVd latching
pr bV| de per en .

at an u t he ockdovvn sl eeve.

a‘?é]??ﬁ?fg@o%’f'gﬁys%%%&gﬁl ﬁwcgl %&Hg\&ﬁ %@\gé ?éghéh&bsea wellhead

assenbly as defined in Caim16, wherein the subsea
hQsing: housi ng i ncl udes an inner pr Ofl le to receive
the sl eeve | atching nechanismto axi 20 connect

t he aserbtoisesliegbetwgen the lwékqi%alq%a@nﬁigthelmbmr hanger in

2004/ 035983 PCT/ US2003/ 032797 21. An assenbly as
respbnaedo itme Gbwinwalds maomMesrerit of tielaskdews slegvehinngsponse to the

mechanismis a split ring. 22. An assenbly as defined
déwniward setlifg foieer ei n the running tool

17.  An assembly as defined in Claim 16, where the seal is carried to the

subsea wellhead housing on a lower end of the lockdown sleeve.

18.  An assembly as defined in Claim 16, wherein the sleeve latching

mechanism is provided at an upper end of the lockdown sleeve.

19. An aséembly as defined in Claim 16, wherein the running tool is

hydraulically actuated.

20. An assembly as defined in Claim 16, wherein the subsea wellhead
housing includes an inner profile to receive the sleeve latching mechanism to axially

connect the lockdown sleeve of the wellhead housing.

17



includes a fluid passageway through the running tool

for relieving fluid pressure. 5 23. An assenbly as
walzfoungsdsi n Cl ai m 16, wherein an axially noveakdBUS2003/032797

pi ston within the running tool noves the |atching

appl L¢ator to co | ock | eeve.. h .

ubs8h wehnrBsatigap ptnss MAR 16, A She Faaye ftching

Claim16, wherein the seal includes a netal-to-netal
meghanisTpis & spikfingssenbl y as defined in O ai m 16,

wherein the | ockdown sleeve has an inner profile for

receiving a | atching nechani smfrom anot her tool. 26.

A net hod of fixing a | ockdown sleeve to a subsea

wel | p2ad Anwssembly as defiied inyClimi16g wipsvairdtheonuanizg tool

of a tubular hanger with respect to the subsea
m’éﬁﬂde@féaﬂhlﬁ PaS5ageway thrb U Y rudATHEfo of FOMIENE R \‘IQldfﬂbressure

tubul ar string extending 15 downward fromthe Subsea

wel | head housing into the well, the subsea well head

housi ng i ncl udi ng an outer Iatching profile, the

met h CORPri Sing:. . ProVi.di run toal includin
5 (2 251 oo ias3efbig 85 A 0RA e Sl Temaiisin @&aﬂv Hoveable

axi al | connectln t he running tooI to the subse

PigkaN WEHR thiwsning tool(rasw%s Hh@dﬁtch@g@@pa%tpr foeenachine lockdown
exerting a downward setting force after the tool 18

sleeye 64038583 welihegg eusirgs2797 | at chi ng menber
connects the tool to the subsea well head housi ng, and
(c) a sleeve latching applicator for noving a sl eeve
| at chi ng nmechani sm providing a | ockdown sl eeve havi ng

a geper al A dugbmbtly hs alefipetiah Claih 162 vﬁiéieurﬂtrfeeaééuaihcludes a
bore; 5 providing a seal for sealing between t

k ve and one of the tubular hanger and t he
m\l‘/?/ep%lliﬁead ﬁ%ﬁés'l ng in response to the downward force;

and

10 25. Anassembly as defined in Claim 16, wherein the lockdown sleeve has

an inner profile for receiving a latching mechanism from another tool.

26. A method of fixing a lockdown sleeve to a subsea wellhead housing
for axially fixing upward movement of a tubular hanger with respect to the subsea
wellhead housing, the tubular hanger connected to a tubular string extending

15 downward from the subsea wellhead housing into the well, the subsea wellhead
housing including an outer latching profile, the method comprising:

providing a running tool including (a) a tool latching and unlatching
mechanism for axially connecting the running tool to the subsea wellhead housing,

(b) a tool force applicator for exerting a downward setting force after the tool

18
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| owering the running tool, the | ockdown sl eeve and the
seal in open water to the subsea well head housi ng;

wo owkiosryst he tool to the outer Iatching profileECDUS1008032797

wel | head housing; 10 applying a force to set the

HE SRR e PR AT 30 e
lgFid BB pHch s iind. Bislate Fﬁ%&a“a“cﬁa%wé&ig' ETACHAN
net hod as deflnedln Claim 26, wherein the tool

| at chioislinga lodkdownsigeyg havindmoenerally elingdricabouter surface and

novenent between | atched and unl atched positions in
acesfpallzmet o axi al nmovenent of an actuator. 28. A
met hod as defined in Claim28, wherein the seal is set

by prowtivg d 82 ifemsediingsetiveek dhenocdesuesieel@tdndeon® of the
the subsea wel | head housing. 20 29. A nethod as

tuggfdr %ﬂgb}:‘ afH Qf'leléT\/\/%ﬁhantﬂ1 RHE4iAg 'ir’ﬂﬁes‘b%ﬁlse t§ tt‘F@ﬂBWﬁWaW force; and

sea wel | head housing on a 'l ower end of

| oc k,gwgﬂpa Yﬁnnrﬁt I%Q %‘k’kﬁgéﬁ%ﬁgﬁnﬁg%%%g%zgpe% water to

runnin \ d(aul ically actuated. 31. A nethod
thﬁss”&’éﬁgr’(\é"gﬁ’ ﬁdéﬂoéﬁ %ﬁ 926, vvherei n the running tooI is
owered to the wel |l head housing on a wrelin
rret H@gklag ta%mcﬂ da thenowteniaiching mfée@if the W@"h%ﬁm hﬁgsmg,
tool is lowered into the well by an ROV. 33. A nethod

as dapplyieg a forcs td sat2ise sedkrei n the running tool
moving the sleeve latching mechanism to latch the lockdown sleeve to the
wellhead housing; énd
retrieving the tool to the surface with the lockdown sleeve fixed to the subsea

wellhead housing.

27. A method as defined in Claim 26, wherein the tool latching and
unlatching mechanism effects radial movement between latched and unlatched

positions in response to axial movement of an actuator.

28. A method as defined in Claim 28, wherein the seal is set by

downward motion of the lockdown sieeve relative to the subsea wellhead housing.

29. A method as defined in Claim 26, wherein the seal is carried to the

subsea wellhead housing on a lower end of the lockdown sleeve.
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i ncl udes a packer and a fluid passageway for testing
sealing integrity of the seal pressure. 10 34. A

waoredonossoss defined in Caim26, wherein the slpewesives032797
an inner profile for receiving a | atching nmechani sm

fromsgnot Rep,diRQd -as’Befined in Claim 26, wherein the running tool is

hydraulically actuated.

31. A method as defined in Claim 26, wherein the running tool is

lowered to the wellhead housing on a wireline.

5 32. A method as defined in Claim 26, wherein the running fool is lowered

into the well by an ROV.

33. A method as defined in Claim 26, wherein the running tool

includes a packer and a fluid passageway for testing sealing integrity of the seal

pressure.

10 34. A method as defined in Claim 26, wherein the sleeve has an inner

profile for receiving a latching mechanism from another tool.
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