.SUB MUDLI NE ABANDONVENT CONNECTOR Rel ated Applications [00011 This patent
application clains the benefit of co-pending, provisional patent
application United States Serial No. 60/433,672, filed on Decenber 16,
2002, which is hereby incorporated by reference in its entirety.
BACKGROUND OF THE I NVENTION 1. Field of;the Invention (0002] The present
I nvention relates generally to subsea well head assenblies, nore
specifically assenblies having a conuit with an upper portion capabl e of
di sconnecting froma lower portion that has been cenented into the well. 2.
Background of the Prior i ) have a | ow
pressure wel | head hou5|$§ﬁt : ‘ : sOdy suspended
therefrom A high pressure mellhead housi ng Iands with in the | ow pressure
wel | head housgggmﬁgggﬁﬁ%g@§§s anot her string of casing suspended into the
wel | . Additiona e hangers and strings of casing are supported
wi thin the hi {08} Ekis patenivapplivation khimss thy Wwincfhofxd-paniing pledsienal dapihs
within the sub e outer_ casin
suspended 1 r ofEURBIoPsH ol SERaRy 3 3 i on D erBbeals S drhire
seaf | oor to ajsherti¢ioficiacd BeRifttend2ah A¥eithrymudl i ne. [0004] Wien the wel |
I s abandoned after conpleting the exploratory drilling, many |aws and
regul ations require that there cannot be any structure protrudi ng above the
seaf | oor. Several of the i nE&ISGROUNDOF Y VENTIGN are cut bel ow the
mudline with upper portion can be renoved. Many tinmes it is quicker to

al so out the coqdugi Hof%@ﬂmﬂﬁuspended fromthe | ow pressure well head

housi ng. Cutting asing can be tinme consum ng and of ten

for ot hor tﬁél@?@?ﬁ%&@%@ﬁ%ﬁ@%%é@gﬁ PR B e
subsea wel | hespecifisdbntdsyenitdies ahaving ed  ¢ombitl aithmefibeppe portion capable of

disconnecting from & lower portion that has been cemented into the well.

2. Background of the Prior Art

{0003] Subsea wells typically have a low pressure wellhead housing with a string of
conduetor casing suspended therefrom. A high pressure wellhead housing lands with
in the low pressure wellhead housing and supports another string of casing suspended
into the well. Additional intermediate haﬂgers and strings of casing are supported
within the high pressure wellhead housing which extend to deeper depths within the
subsea well, In a typical subsea well, the outer casing suspended from the low
pressure wellhead housing is embedded into the seafloor to a predetermined depth
below the mudline. '

{0004] When the well is abandoned after completing the exploratory drilling, many
laws and regulations tequire that there cannot be any structure protruding above the
seafloor. Several of the intetmediate strings of casing are cut below the mudline with
upper portion can be removed. Many times it is quicker to also cut the conductor
casing suspended from the low pressure wellbead housing. Cutting the conduetor
casing can be time consuming and often wastes materials so that the conductor casing

above the cut is not used for other wells.



suspended bel ow a | ow pressure wel | head housing. O her strings of casing
are- suspending within the outer tubular nenber and extend to deeper depths
within the well. A grooved profile is forned in the bore of the outer
tubul ar nenber. The outer tubular nmenber receives an inner tabular nenber
that is adapted to be joined to a sting of conductor casing extending
upward to the | ow pressure well head housi ng. The inner tabular nenber
carries a | ocking nmenber that noves between a | ocked and unl ocked

position. In the | ocked positign, the |ocking nenber engages the grooved
profile on the outer tubul ar ﬁmﬂi’mmﬁmmmw nenber is connect ed

to the outer &%ﬂl ar. .menber when, t he | ocki ng nenber engages the grooved
profile. [ooodi’ dn s, pvention, p spbses sllhead) aseprahly hasarmenterdubilaymemberiy e

| ocki ng sl eev i I | lical | w.actuated.. The | ocking
nmenber sl i di ng}m %ﬁ%‘a‘é@g% ?ﬂ%él @gﬁsﬁrnég%ﬁgﬁ%g%%ﬁl 'sepgbef i VS Yaftineg®ehe

| ocki ng menbemsuipendiag withire tHeomiterdubiacmenbeacds@cbxpod thideBfer dpthe WRthé: the
oper at ed vehi cl grg{zg%) $£rt %éends fromthe |ocking sl'eeve to the
exterior of a"f og¢d HGHilR s fermed da thedoronfithelovter tuhelar member. {Theuwhutar
menber. An | s | 1 Cr | he. rnt .ta actuate

t he | ocki ng%@%?ﬁ%ﬁ%{} %‘%&?Sydutlﬁééﬁgc | n%%%grb%lﬁ Fl%%@)\?) 55 Aping ﬁo a
consi st of a sisgipEkindpciof cpxing sxtehdig spwerdstopdb Mow Grialoanbiiead huhgnde! ow
t he | ocki ng slrﬁgve to., actuate the sleeve upward, and some for supplylng

d
hydraul i c fl uild® SB6YBoHEmeRber ergriessd losking msmbst that moveschetyaes adocksdmndr d.
[0007] Typi caldidbckddostidhe I thd 1 r HRR&K L s Located
bel ow the nudli gle (I;t?,st he seafloggé;d q’%?r%glf g{rég,ﬁc% ﬁ/’%gégigéesx e rough
a portion of Predile ewghepptsrotubelar mombhe Thminnert mbubamembebarconh@talinto the
el evati on abo or f.or extendi ng through a sjde_of the
wel | head asSe%ﬁFiﬁg%ﬁfﬁ%g?rh%g% E’gﬁﬂéwgg’éf g‘?ﬁ?geﬁ:\’@%ﬁ& PIWifeh t he
| ocki ng menber in the unl ocked position, and not engaging the grooved
profile, the [00A6F Thaibmen tubmdarhaemiber chlguOdiienmD hxialle reevaahIS IOkifASLAG.

ext endi ng up d% herefrom C%F e lifted fromw thin the outer tubular
menber | ocat skigg, steree wmhidravdically astyated. ibsdpeliny mrmber StidnghRenyAes

the locking member for selectively camming the Jocking member between the locked
and unlocked positions. A remote operated vehicle (ROV) port extends from the
locking sleeve to the exterior of a portion of conductor casing joined to the inner
tubular member. An ROV supplies hydraulic fluid through the ROV port to actuate
the locking sleeve, and thereby the locking member. The ROV port can consist of a
plurality of ports with some supplying hydraulic fluid below the locking sleeve to

actuate the sleeve upward, and some for supplying hydraulic fluid above the locking
sleeve to actuate the sleeve downward. "

[0007] Typically, the outer tubular member has an upper end that is located below the
mudline of the seafloor. Therefore, the ROV port extends through a portion of the
casing joined to the inner tubular member, to an elevation above the seafloor before
extending through a side of the wellhead assembly so that the ROV can engage the
ROV port, With the locking member in the valocked position, and not engaging the
grooved profile, the inner tubular member and portion of the conductor casing
extending upwards therefrom can be lifted from within the outer tubular member
located below the mudline.



[0008] Figure 1 is a cross-sectional view of a sub nudline abandonnent
connector in a outer tubular nenber of a subsea well head assenbly
constructed in accordance with this invention, with the connector in its

| ocked position. [0009] Figure 2 is a cross-sectional view of the connector
and outer tubular menber shown in Figure 1 in its unlocked and unl atched
position. [0010] Figure 3 is an enlargegl cross-sectional view of a portion
of the one side of the connector and outer tubular nmenber shown in Figure
1inits |ooked position. 0011 Figure 4 is an enlarged cross-sectional
view of one side of the cEBRAMEDESGRIFTION OF THE DRAWEYGSr shown in Figure
2 inits unlocked and unl at ched p05|t|on [ 0012] Flgure 5is a

cross-sect i ongloogj BiwuRf1 fshes ggrgg@[ﬁt; % in
Figure 1 in |?js I]atched but runI ed[glg?s)tl uihﬁ&rf %g gz[—ndgure ézomiecg\#fn
enl arged cros® Défér:‘ﬂlb@lﬁamembmfafsuasqamdﬂmzd asterble comtrusted én sdcoidagee with

connector andiouter .tubul rrenbe n F| ure 5 in its latched but
unl ocked posﬁhﬁ BHE t'f) ﬁﬁﬁcaﬁpeé; gsvﬂ’ﬁf( Bd perspective view of a
portion of a |ocking sleeve of the connector housing shown in Figure 1.
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the connector housing shown in Figure 1 ure
cross- sect i orflowsfin Higued | byitrloaked pvbutilateinid pokitibhe  portion of connect or
and outer tubul ar nenber shown in Figures 3, 4, and 6 inits |ocked
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pressure wel |dvenettdrondiongr MHEEME&EE&@RF@}:M 16 EiRd PREERRED
EMBODI MENT [ 00181 Referring to Figure 10, a subsea well head assenbly | 11
h t ot f I.| head h 113 | ted
wbove 1 he. mudiPHd S5 A3 au SurBaforoseiontiCriry o8 onr side:od e épnenien g 116
extending f 1 emdrsbul WRinRAchdwA @ HifiGe 240kt mb&eﬁd%@ﬁﬁlﬂ{cﬁe&’\ﬁés'i&%ad housi ng

113 receives a high pressure we ousi

[0012] Figure 5 is a cross-sectional view of the connector and outer tubular member
shown in Figure 1 in its latched but unlocked position.

[0013] Figure 6 is an enlarged cross-sectional view of a portion of the one side of the
comnector and outer tubular member shown in Figure 5 in its latched but unlocked

position.

[0014] Figure 7 is an enlarged perspective view of a portion of a locking sleeve of the

-connector housing shown in Figure 1.

[0015] Figute 8 is an enlarged perspective view of a portion of a dog of the connector
housing shown in Figure 1,

[0016] Figure 9 is an enlarged cross-sectional of an alternative embodiment of the
portion of connector and outer tubular member shown in Figutes 3, 4, and 6 in its

locked position.

[0017] Figute 10 is a sectional view of a subsca wellhead assembly with the

submudline connector shown in Figure 1 below the low pressure wellhead housing,



115, which has a string of internmediate casing 117 extending fromits | ower
end into the well. A sub nudline abandonnent connector, or connector 119
is shown as part of conductor casing 116 bel ow | ow pressure wel | head
housing 113. String of casing 117 extends through the inner bore of
connector 119. Conductor casing 116 incjudes an upper conductor casing 16
ext endi ng between the upper end of connector |1 and |ower pressure
wel | head housi ng 113. Conductor casing 116 al so includes a | ower conduct or
casing extending fromthe lower end of connector 11 further into the well.
- [0019] Referring DETAILED-DES CRIETIONGIH THE PREFERRED EMB AME!
connector 119 is shown positioned in an outer tubular nmenber 13. CQuter
t ubul ar nenbe : ' _ o) t [ ending fromthe
| ower porti on.m%%l g?&t u uféa? Eﬁgﬁ%ﬁ%’e% %@s%@%ﬁéaﬁ%&ﬁ%?ﬁ elg %’8%8\/\?“@8
nudl i ne of t heeadlear. f Adow, predstuer welthehd Sotden 113k MetHteddabioRt Shdmaeknd oF tBe
manner. known in_the apt. Connectoy 119 preferably, includes an inner
tubul ar menber 4oL §g Briin{l%ﬁf E%H‘{“{}toﬁééﬁ?l%y& xderdineciEem éts lowerendunterthe
tubul ar  menbgg | | 3 - 36- ' : ring. of
conduct or casi ng' %ﬂ%ﬁ%@nﬁ%ﬂl{éﬁ%hﬁ%ﬁg fﬁjnr(r%%err@iguab}ﬁ@gl‘? g%r%g%é@ﬁ]i%thg £ and
seal i ngly enghblfesvhitichdscr strind of muttrewedinteluakiap 10 eiendidd frohielowict bad fito

r tubular nenber or connector casing 15

rrenbe_r 1_1 _pre%lera y g’{?\é aLE[H%n )

that is joi netf{tla {5HRridlige Bpandoppe commstifictigionneier HY is shoms enparhg t o

| ow pressure yeidubads R Ng b 1&#?1%9911:& (Bfcal ﬂBﬁﬁ%li@"@?&g'oﬁaﬁgo
the bore o nner bul ar

preferably has an inner sleeve 17 that conprises
nmenber 11. A Hocttengs Sireughethe dnries bhwsodtcenhdotor ié2enCondntre chsing ¢ hsinelpddd and

i nner sl eeve 17 i .ee 2l i.s preferably |ocafed wth a poytion
bel ow | ocki ng&s?@%cﬁgﬁg%@ 8%%“’%@%58‘%“’3?’1 ?gs%ﬁ’ﬁr ?L%?ﬁ‘ﬁmf‘ﬁﬁ%"rﬁ g‘!‘Leve

17 Landi ng slleevep2isunaselheadricdusingd 13U C@dactds cB i d MNso BRI GaBRECt Or

casing 15 that |l ands on an upwardly_ facing shoul der 25 of outer tubular

menber 13.  LSmdRdier g gutending frenithe lowns end afcopreaterdd fadherdntohewell.
radially inward of inclined 5 surface 23. Inner |leg 27 extends axially

bel ow shoul dggg F@f&ﬁn' RS & S B ul der 25. A seal
29, |l ocated gpoﬁ_dril t he %ut erﬁg%rlf g\%%gagﬁl [ nneelrlb%ﬁgoaﬂ@é# %Ohﬁs?neegﬁf’n%rl ?ngﬁcé%fges an
i nner sur f acel 18fis shovarpositiontdin amemie tutidat edncher $hoOhrde tubdlr member 13 has

a string of conductor casing 14 extending from the lower portion. OQuter tubular

member 13 is typically located below the mudline of the sea floor, after it has been

cemented into place in 2 marmer known in the art. Connector 119 preferably includes
an inner tubular member 11 that is typically designed to interface with outer tubular
members 13 having either 30-inch or 36-inch diameter string of condnctor casing
extend into the well. Inner tubular rnember 11 lands and sealingly engages the bore of
outer tubular member 13. Inner tubular member 11 preferably has an inner tubular
mermnber ot connector casing 15 that ig joined to a lower end of a upper conductor

casing 16 extending to low pressure wellhead housing 113.

[0020] Inner tubular member 11 also preferably has an inner sleeve 17 that comprises
the bore of inner tubular member 11. A locking sleeve 19 is located between
comnector casing 15 and inner sleeve 17. A landing sleeve 21 is preferably located
with a portion below locking sleeve 19 and between connector casing 15 and innet
sleeve 17. Landing sleeve 21 has an inclined surface 23 extending below conmector
casing 15 that fands on an upwardly facing shoulder 25 of outer tubular member 13,
Landing sleeve 21 has an inner leg 27 located below and radially inward of inclined



[ 00211 A threaded fastener preferably a screw 31 extends through | anding

sl eeve 27 and engages connector casing IS and inner sleeve 17 to prevent
novenent of l|landing sleeve 27 relative to connector casing 15 and inner
sleeve 17. Screw 31 is located axially below | ocking sleeve 19. In the
preferred enbodi nent, screw 31 engages a ring 33 that matingly fits into a
groove 35 | ocated on the inner surface df connect or casing 15. In the
preferred enbodi nent, Aug 33 is a CRing that is biased radially inward.
The screw 31 expands ring 33 outward to |l ock ring 33 in groove 35,

Preferably, | pg3sluey ez 2l wdends exialyrbelew showldest wheninckimdettface 2hsi ng

15 and i nner n I erm.ned force is applied. [002 A
plurality of @h%.g%gh‘}s‘ﬁ%%% s‘gaﬁ%ééle%gflo‘?fﬂeda?gu%t@?eoﬁlﬁls ??c%f‘é‘ﬂéra‘ggﬁ’ and
bel ow screw %aﬁﬂ%l%@ﬁ Sarl Mfler sOREe GHutcR Gfbulir nRAIHL EY BélowaRoWIEerE. AN
upper tubul ar nmenber 39 defines an upper portion of |anding sleeve 27.

Landi ng sl eeve seals 37, which are above screw 31, are preferably | ocated

on the outer EfiZ1laddheded foperer podfetably asortie 31 3stendpheoughubading sleeven®t 39

has a | arger | pner., di han he, £ emai ni n ortion_of |andi | eeve
27, and does %[{g[e%g eégggﬁi e;é%oér%asglf%g/g‘dl’“?ﬁer §%.9L7 Eooﬁrﬂ??é g vEmGRt %33}?3% a

| ower t ubul arslesetadrrefifive o5 adredcopVainiS 13 Bed e ElecwROTZ, | Sérerf3 11 RAkEAGH

sl eeve 19. Lower, tubul ar nmenher 41 has_an outer dianeter that is |ess than

the inner di 2ReallbPew deskdne dleays 18 Inethe refomedopmbodimenigsc B Sl eenzagesthe
outer surfaces ; |l S el '

surface of ug‘ﬁ%ﬁ tﬁigg&%ﬁ@%@%gg@g‘%@ 6%‘%1‘3}5&%#&;%%5 2%?&%?3%1‘2% %or%al%}’t?/r a
pair of seal gasingslSexinehe prejerredr amibodlimems, ong 83 ica GRingethstns diatd kolisly

t ubul ar nenber 41, ages e inner ., syrface of upper  tubular nenber 39 on
| andi ng sl ee\?ﬂwﬁr#‘ ﬁg‘g @WA%Ei‘?‘P 4805 g3fm E’nP"Fﬁe‘mﬂJggrmsﬂf’P‘éFcé_s-of
l'ocking sl eevgeffablyIalddHy detve RY ¥hh BE SSnsved i) YetRdEy B e&BP?QSElngr djgon of
| ocki ng sl eeve 19 and slidingly engages the i1nner surtace of cdhnector

casi ng 15. Atinhesskevohewhinsa predefemtineti/foroetiempidiedr ound t he outer
circunference of piston 45 to sealingly engage the inner surface of 6

Cubul ar  menpaetedt PRy b Rl SR 738 FE o AR o BRI, on
45, upper tubbelear screwbEr and engage the inner surface of comnector casing 15. An upper
tubular member 39 defines an upper portion of landing sleeve 27. Landing sleeve
seals 37, which are above screw 31, are preferably located on the outer surface of
upper tubular member 39. Upper tubular member 39 has a larger itner diameter than
the remaining portion of landing sleeve 27, and does not engage inner sleeve 17.

[0023] Locking sleeve 19 has a lower tabular member 41 located towards the lower
portion of locking sleeve 19. Lower tubular member 41 has an outer diameter that is
less than the inmer diameter of upper tubular member 39 on landing sleeve 27. The
outer surface of lower tubular member 41 slidingly engages the inner surface of upper
tubular member 39, At least one seal 43, preferably a pair of seal tings extending
around the outer circumference of lower tubular member 41, engages the inner
surface of upper tobular member 39 on landing sleeve 27.

[0024] A. piston 45 is formed on the outer surface of locking sleeve 19. Piston 45
protrudes radially outward from a portion of locking sleeve 19 and slidingly engages
- the inmer surface of connector casing 15. At least one piston seal 47 extends around

the oufer circumference of piston 45 to seslingly engage the inner surface of



39, and the outer surface of |ower tubular nenber 41 of |ocking sleeve 19.
Annul ar cl anber 49 receives a hydraulic fluid to actuate | ocking sleeve 19
froma |l ocked position shown in Figure 1 to a |atched but unl ocked
position shown in Figure 5, and then to an unl ocked and unl atched position
shown in Figure 2. Seals 37, 43, 47 help to prevent the hydraulic fluid
from escapi ng | ower annul ar chanber 49 gsvhen hydraulic fluid is injected
into | ower annul ar chanber 49. A hydraulic port 51 formed in the inner
surface of connector CaSII%gIS at substantlally the sane axial position. as

the upper por EPRCISF CasHife FITim AP PIREHbE logyed é’@ﬁuﬁhﬂhﬂc‘fﬁ%ﬂﬂ fuailasywenmaher i ¢
fluid into |eyern apaplakcoamhes 4@%{1 i gg%ﬁﬁe%n?%@ﬁoﬁpﬁ%e??&é&&%umm ar

chanber 49 increases In sizes as nove position

shown in Fi gupe, shdtibe oﬁthﬁsmﬁbeckﬁﬂveambwmh@émﬁwdll’dfikbcﬂdngrbléeh@\l@ I Anblagur e
2. [00251 A piston shoulder 53 is fornmed toward the upper portion of piston
45. A domwa@lamba!tflﬁgew‘ﬁs srhydpwicdileid fonectitatm lacking, slegve 15f fremnm deaked

casing 15 pr exenk t: I g tor
asing 15 o ¢ Eottich, gvalifigte 110 abhdl 0 SRl st et R 45
connect or casthag @ ahloykddedndwnlat¢hed pobition ahdvar mdﬁguwmnes*ealils‘anﬁ:ﬁ et7 idign t he
portion of connector casin bO\%@:g{i 55. An u annul ar hanber 56 S
defined betwe pﬁvﬂtoﬁ“eshﬁ%ﬁ meﬂ% ?'H"}\Hi%‘ 6’0 yhen 7
| ocki ng sl eevgyd;&uom&lm S%cfé& b6 Rekrantus b bem, Hﬁﬁy&rhﬁl{b SN e ON

shoul der 53 e€ngages |ip her eby preventing fur rd nmotion of
| ocki ng sl eevia the mnar smﬁ@mlt‘cmepﬂonnam bf atl aubﬂaM@leltlmsamemlalqﬂoatLMaabove

pi ston 45 sli enga t he, .inner ce of the porti.on.of. connector
casing 15 |oc @F@g é’%’\';tg qg?%u T tullap Eﬁ’ B COLTUInICRLSS %}?rlgﬁd&"r“gﬁlfg}‘ i ¢ of
seal rings exfoeimguas QUAALINEI At Rt NéAGE HectcN®9. "BEL@Ar BRALBENMP7 Of
| ocki ng nmenber 19, sealing engages the inner surface of the portion of

connect or casinAg2ses i sizes apislenié meves 5m fipopekedposidon ishepvn in Biggte bée 3 and
4, at | east Q@Eu%@g ed6a}1d'u§|1a|tc%%&% E&p&vw% portlon 57 of | ocking

sl eeve 19. Lot conprises”a ocklng dog 65 and a | ocking
slot 67, and a lock ring 69. Lock cam63 is forned above nedial portion 57
with a | ower [ﬁﬂZi]i.brpiﬁ&ashﬁuld&rd& maforGad dmvméahaedppen poetitnadf pistohi 4f0 37 of

Locking | eeyp tSark Bk TS EA RS LEhb ob BSine S BB provents

piston. 45 from sliding axially upward along connector casing 15 after piston shoulder
53 engages lip 55, The portion of connector casing axially below Lip 55 has a larger

. inner diameter than the portion 6f connector casing above lip 55. An upper annular
chamber 56 is defined bétween piston shoulder 53 and lip 55. As shown in Figure 2,
locking sleeve 19 is in its unlocked and wnlatched position when piston shoulder 53
engages lip 55, thereby preventing further upward motion of locking sleeve 19. A
medial portion 57 of locking sleeve 19 located above piston 45 slidingly engages the
inner surface of the portion of connector casing 15 located above lip 55. At least one
seal 59, prefefably a pair of seal rings extending around the outer surface of the
medial portion 57 of locking member 19, sesling engages the inner surface of the
portion of connector casing 15 located ahove lip 55.

[0026] Referring to Figures 3 and 4, at least one lock 61 is located above medial
portion 57 of locking slesve 19. Lock 61 comprises a lock cam 63, a locking dog 65
~and a locking slot 67, and a lock ring 69. . Lock cam 63 is formed above medial
portion 57 with a lower portion 63a of lock cam 63 connected to medial pottion 57 of

locking sleeve 19, Lock cam 63 has substantially the same outer circumference as



medi al portion 57 of |ocking sleeve 19. As shown in Figure 7, |ocking cam
63 is forned adjacent a portion of |ocking slot 67. In the preferred
enbodi ment, |ocking slot 67 passes through |ocking sleeve 19, |ocking cam
63 is forned along the sides of |ocking slot 67. Lock cam 63 preferably

al so conprises an upper portion 63b and an .inclined or mddle portion 63e.
Lock cam upper portion 63b connects to’an upper portion 70 of | ocking

sl eeve 19, which extends axially upward from|ock cam 63. Lock cam upper
portion 63b has a _|arger inner dianeter than |ock cam|ower portion 63a,
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outward i nner skt pasgeofhroiphdockiny dée 195Bbking 083 63 iAfdrOek alohpthd $R&ST 71
Is formed on &h ,outer Sﬁg; ce of connector casing 15 axially above nedi al
portion 57 of 9 s & caiy 63 pyeferablyglse oomanriseh s upies paddiont§3b and an

ci rcunf er ence ;;0f; ' 1 e ' rj ecess. 71. In
The ot of or r o RGP ARBRAAE ppARR e, 1AR e Thchr pPruoBidy PR Ry 1
o e e et ol B Eagh e oy TWar] ROMilont ks, o0

, ere in ocC rin axi,ally. re ive o connector casin )
In the pr e1¥er ?’8%‘ 8‘%’66’39%‘?@0 gﬁﬁ%ﬂﬁﬁ&?ﬁ@%@@éﬁﬁmﬁr@ﬂm& canylewes E‘?féﬁl?i ally
around e outss, S WHhaTIGS, ¢l bABlnth Lot pEAGH SO0t B SudSaRy,

axi ally upward faci ng" I'p 76 and an angle ocate
each |ip 76. pogtonredbiis ynolined rioog de itBennefite torednnpot thheadidheinvwand faee of

outer tubul ar er,13. G.0oves 7.8 are preferably formed around the inner
ci rcunf er ence®or -8 ? L(}wetr%ﬁ%glr&'ﬁevwge&‘ef%‘ﬁ@@?'ﬁgﬁr F SPTRE HEBPELRTHER 23
of landing sé#eve 21 engages. shoul der 25 of outer tubular nenber, grooves

78 are at substantially the sane axial elevation as teeth 75. Each groove
9 and an led trailing edge 80

78 h axi gl d faci '
78 e 20 2 it ASPUESE Sk aCh LR 78, 300,20 a0l eg, LuaLl ng, edoe
trailing edgesifify SovehnQld ok oBlbobiis o 19, ﬂ%ceﬁneé 891%{(1%1\%4(:?{8{&5@' ly

downward relative to grooves 78 and outer” tubul ring 69
and connect orthe @iicngference af rmomentrecasing iS5l andurestaria logketiag racesst Pl.olh elic

t ubul ar rrerrbeigr ofsr eg@ggo&gl\gg{, ?ocli(ancilign ils ia -RZnGg tﬁgt%ggfaseqio r\gﬂl\gﬁ)rr gutward, Lock

ring recess 71 engages the upper and lower ends of lock ting 69, thereby holding lock

ring 69 axially relative to connector casing 15. In the preferred emboditment, a
plurality teeth 75 extend circumferentially around the outer circumference of lock ring
71. Each tooth 75 has an axially upward facing lip 76 and an angled leading edge 77
located below each lip 76. A plurality of grooves 78 are formed on the inner surface
of outer fubular member 13. Grooves 78 are preferably formed around the inner
circumference of outer tubular member 13 so that when inclined surface 23 of landing
sleeve 21 engages shoulder 25 of outer tubular member, grooves 78 are at
substantially the same axial elevation as teeth 75. Each groove 78 has an axially
downward facing lip 79 and an angled trailing edge 80 located above cach lip 79,
~ Leading edges 77 of teeth 75 slide along trailing edges 80 of grooves 78 apd aliow
lock ring 69 to travel axially downward relative fo grooves 78 and outer tubular
- mgmber 13. Lock ring 69 and comnector casing 15 cannot move axially upward
relative to outer tubular member 13 when upward facing lips 76 engage downward

facing lips 79,



facing lips 79. 8 [00281 A passage 73 is formed in connector casing 15 and
extends between took ring recess 71 and |ock cam 63, Preferably, |ocking

dog 65 is located within passage 73. Locking dog 65 has an outer end 81

t hat engages | ook ring 69, and a dog head or inner end 83 that engages

| ook cam 63. Lock ring 69 is preferably biased radially outward for teeth
75 to engage grooves 78. Locking dog 6% preferably has a threaded fastener
or screw 85 | ocated between its inner and outer ends 83,81 so that- | ooking
dog 65 supplies a radially inward force against lock ring 69. As shown in
Figure 8, the [®¥§l Aqﬁ?éaa@%ﬁaiom|m Aethestor Eaires] 5 drdtexpeatls betvgethoRgidgl Ock

~cam 63 as do ' I urfaces of. cam portions 63a, 63b,
63c. Figure gr%;égéoﬂs om%ggg%ér@é%}%g‘%gﬁ” j&‘fhﬁg ‘ﬁ@ 6%%?% iYGHn BRssersy/ 65
t hat extends &locking deg6HhrachniiterRad Bﬁmﬁéigagéﬁeﬁlgﬁﬁ @%ag(ggg%ggbglogqﬁe g
) |

sl ot 67 and parz(fgg way 73 in connectaor housi ng I"oCat ed
toward the inf t 5reages Jogk cgB §3ade@ckivins 168 dsip@Bratily bisked adiafle ousehrd

S whor o bardreirs 6 olal ooy A3 0ipte OB BB ot b B Srieg drsdeter
slot 67 incl udescraw 8Selboaed beween 1 ifriepand Ottef @HUCEHS PES thap '1&%1%3[?0% g%at ed

adj acent upper Cﬁm gordgqilf)n 63b. Slot 67 has a | arge enough are arrel
65a to pass tFBtEh* BrlYanvarl igeg sgnasidoderiag 6%aneshevn imFigara §dié dens 63a

and 63c. The bR esSHRY t he, areg.of barrel 65a |n
reduced area ?I:agfg Bg%aa?ﬁ%g@égﬁ%?on o’#‘ﬁci%lriﬁh%a%ﬁ%&%%&aﬁ g 65 43 atu
engages f| at salgmbtigsutfaceshd admaBriints\636, 0635 686N FRPDElsh @‘_ﬁbx@@éib&?elgﬁ%g-
Reduced area ‘ﬂ"?j‘ﬁi t% S a Bh al barrier to prevent ring 69 an 0g 65
from noving ra |aﬁatlﬁ?/ ?ﬁ’&?&r"g ?%?%ﬁ*f’(/@“?‘ﬁ'sé"@{emh@%%-rmﬂiéﬂaBlls@pasaeﬁa 63d
engages fl at sthr l16dreie kvt 6P akd i I s re ]
engogi,rrent I okdﬁd@(;% 65 ggil?e'ndgﬁqt E%S%gg%ﬁla?’g’%k’f‘%ggéﬁ%@ 1%9&2% 18’[ H%?fa{ ﬁ%%?s end
or head of dd§c¥ul tewaddtha intprispsnef dbarel Kbz kandadng5BeadTBR. hErtheoprefi@ged 65

slidingly engagfsihde inRRe . f Lock cam.63. Dog 65 is forced ,
radial [y inward aséh?’t fhgjl% i %gétﬁéﬁﬁf?%%ék@gﬁoﬁﬁﬁs&e %??q%cﬂﬁ@gﬁl pop WhEe cam
| ower porti orbaBgh65a Pognet thaddgshdat 830 URefer@i 163 Figudd7ak | Yotl e Blcflgelyi Ch 11
turn pulls the Iggk ri ng.69

reduced area portion, or reduced area slot 63d located adjacent upper cam portion

63b. Slot 67 has a large enough area for barrel 65a to pass through slot 67 as dog

head 83 actuates along cam portions 63a and 63c. The area of slot 67 is smaller that

the area of barrel 652 in reduced area slot 63d. The portion of cam 63 in reduced area

slot 63d engapes flats 65b as dog head 83 actuates from cam portion 63c to 63b.

Reduced area slot acts as a physical barrier to prevent ring 69 and dog 65 from

moving radially inward relative to slot 67 when reduced slot area 63d engages flats

635, thereby locking lock 61.

[9029] In the preferred emboditment, lock dog 65 extends through locking slot 67 so
that inner end or head of dog 65 is radially inward of lock cam 63. The head of dog
65 slidingly engages the inmer surface of lock cam 63, Dog 65 is forced radially
inward as it slides from lock cam wpper portion 63b to lock cam lower portion 63a.
Dog 65 pulls its outer end 81 radially inward, which in turn pulls the lock ring 69
radially inward. Dog 65 is moved radially inward as cam lock 63 is actuated by
piston 45 between its locked position shown in Figure 3, its latched but vnlocked
position shown in Figure 6, and its unlocked and wilatched position shown in Fignre
4. As shown in Figure 4, in the unlocked and unlatched position, dog 65 pulls its



radially inward. Dog 65 is noved radially inward as cam | ook 63 is actuated
by piston 45 between its |ocked position shown in Figure 3, its |atched
but unl ocked position shown in Figure 6, and its unlocked and unl at ched
position shown in Figure 4. As shown in Figure 4, in the unlocked and
unl at ched position, dog 65 pulls its 9 outer end 81 radially i nward enough
so that teeth 75 do not engage grooves 98, thereby all ow ng connector
casing 15 to nove axially upward relative to outer tubular nenber 13.

[ 00301 Lockin% s|l eeye 19 al so includes an upper nenber, or sleeve |ocation
i ndi cator 89 %Hieaene sHndiallytiswapsheroughsoi that @eth 75 dhnpadagag:agbengr790,

preferably a e foaHH& heROrtion.of |ocatiqn.indicator 89 to
upper portion 70. WLa(I)lgat | on%?cr%@li Agg’%qgr”%ém«?%??ﬁ wa&ﬁFaamPthﬂ@Haﬁpper
portion 70 tomembaxlil el evation above outer tubular nmenber 13. Referring

to Figures 1, 2, and 5, an indicator passageway 91 extends through
connector cas urface to its inner surface. | ndi cat or

' f,rom.its auter,
passageway 91@@011 g‘%ﬂ?%ﬂ?‘?ﬁé?&&ﬁ%ﬁaﬁ‘ﬂfﬁéﬂ UBBFrNeRbasf orclasve ocationdadicaigr 15 so
that indicatogg M%aﬂféﬁﬁytoﬂipqeggg{ﬁ‘aﬁ%t hg thPeque%fe f?é%tge?i lri’g%ij?& y”aggbc}g@, éﬁt o

when inclined surface 23 o ing sl eeve
t ubul ar menbegonnedtngi laten Pogimsal baaorO hdivatod '8 W & eftrpoh{yﬁemoqug%o 93
formed in an -rglg'g‘t%l %y in\/\%rd. ortia§£ of conduct or sing 15. [00 ?%An
addi tional i ngdrearhe” FEEy g“é"\ﬁég’ syl from gpperoding70 e eamkishelevetionabave 89
of | ocking sl|lagseub@ar ABmbat £, ; | S =8 tormed above

i ndi cator passageway. 95 in thgkgf&tﬁ%nr% @%@g%gl’o %ga%r?%ﬁlm%%ipg‘%ﬁ%‘w%@ of
| ocki ng sl ee e tCORNgSEs $asjag 16 frond Sts amtbr spefist e @SitOBn O furfics.

|

typically only I wh wor ki ng. on _the connector 119 at

the surface. I%ﬂg??gﬂos? é&gg 382@°§%‘?J@§’%‘ﬁ‘§3“6%6éﬁf’ L 0§ SONNGHOE AFINESF0an

oper at or det dhati indicator ppssEewNIDis tievel 146 ko bf tbkiterrl}i&h&pﬁ]ieﬁgﬂt i ﬂ%ﬁ?t i on
0

of | ocking sl.eeve,19. ) .in _Figure 1 for exanple, opening
| ocki ng sl ee\}’é&fﬁd 5‘5%’??3\73? fﬁ‘i‘ dleerg B} engagessheuldar Afndiouteo tubekit arenib i S

inits |ocke hat 1 g r. t.00 not ,shown)., .when
i nserted int ?Q%%%%ES%EQ%%%W%QW%ﬁW% %% gql{ngdlnba%ra)fi}a;lggnward
pr edet er m ne@ortiongfcondustor shximgs1 1. he

[0031) An additional indicator passageway 95 extends through location indicator 89
of locking sleeve 19. An intermediate opening 97 is also formed above indicator
passageway 95 in the outer surface of location indicator 89 of locking sleeve 19,
Indicator passages 91, 95 and openings 93, 97 are typically only useful to an operator
when working on the connector 119 at the surface. Indicator passages 91, 95 and
openings 93, 97 can help an operator determine the position of the lock 61 By
monitotinig the location of locking sleeve 19. As shown in Figure 1 for example,
openiqg 97 of locking sleeve 19 aligns with indicator passage 91 when connector 119
is in its locked position. An indicator or gage tool (not shown), when inserted into
passage 21 and opening 97, only inserts to a first prédetennincd length that shows the
operator that connector 119 is in its locked position.

[0032] As shown in Figure 2, passage 91 opens fo the outer surface of location
indicator 89 of locking sleeve 19. A gage tool (not shown) only inserts to a second
predetermined length that shows that connector 119 is in its unlocked and unlatchéd
position. The second predetermined length is shorter in length than the first
predetermined length. As shown in Figure S, passage 9] opens info passage 95 in



operator that connector 119 is in its |ocked position. [0032] As -Shown in
Figure 2, passage 91 opens to the outer surface of |ocation indicator 89
of | ocking sleeve 19. A gage tool (not shown) only inserts to a second
predeterm ned | ength that shows that connector 119 is in its unl ocked and
unl atched position. The second predetermned |ength is shorter in |ength,
than the first predeternined length. AD shown in Figure 5, passage 91
opens into passage 95 in 10 location indicator 89 of |ocking sleeve 19,

Fubul ar - nombero 4O FREARE 9 of loskin bV R i angs fud opsning Spmtcs radaly
pr edet er m ned ivenaipbrti ol Gl ABHICRRABE' B A ridcatdh ol ASATBYL 1o o

‘unl ocked position, Typically, connector 11971's only in
-unl ocked posi thishprsdesormingdlepgtshewirg thatdcobnedtor H Scigrin aClhRhed Bt Blodksd at

enbodi mont . CRBRF of IR riter, 5 i dathe fushetcrat valopaciposibamshowi 3
when out er 1t aiFRrdIITRAL 61Phils cdaeeler oling! % 38 k08 ena Hihe HAACHSY DU!

unl ocked position allows the operator ab or
secure inner fditicaallyinisrpreferas iesibbdinent, abineetor 4196 Sreaiyiotiad inBRRer 13

i thout th || il t th , A pi | t
shown) i i nsappiaf e 19 ed ot Golhe e [ RoRhacdofbe sty foes i B | s
install ed at Iivhedat fllockedtmsitiof \\@Bs tﬁwgbei‘;{t&rqoeg;@ﬁ %&ﬁﬁﬁ%ﬁ%ftﬂ? " 0033]

ul (0]

VWhen connector 119 is helow the seafloor, "hydraulic IS Use ock
and unl ock i TAYF WA FAHaraember bl atidhowslagie tububanbrianhembes13 Avisbeb or

hydraul i ¢ por, ' =1 rd .t he, upper .end. of , connect or
Casing 15, A by denerhiatits shuledd the Bt Ol b B Be BB Beeted ol o
communi cat i oringicathr hssdageu?T beforer tonnbtor dAklEAN iksEAIRASE ARENA VIohP 1o ?Ha%ﬁti es

hydraulic fluid,to | ower annul ar. chanber 4 to actuate pi'ston 4 novi ng

pi ston 45 upMERYTORLHETAG PESA%e Yam 63 to pul | | ocking dog 65 and teeth 75
away from grooves 78, therefore unlocking | ock 61. Another hydraulic

passaas 103 1008 PheartloCe Shobl Rt P IR i aisteg &y |
fluid in uppelockieepabube mearhes 1bia outgrdutaildrintenpias 430 @, st@BorMy@rhul pben 45
moves, upvar d oflfns 99 is Jocated foward the upper end of commector casing 15. A hydraulic
' passageway 101 connects port opening 99 in fluid communication with hiydraulic port
51. Hydraulic passageway 101 supplies hydraulic fluid to lower annular chamber 49
to actuate piston 45, moving piston 45 upward, causing lock cam 63 to pull locking
dog 65 and teeth 75 away from grooves 78, therefore unlocking lock 61. Another
hydraulic passage 103 provides communication from a port (not shown) located at the
upper portion of connector casing 15 with upper annular charaber 56, Any fluid in
upper chamber 56 vents out hydraulic passage 103 when piston 45 moves upward due
to hydraulic flnid injected into lower annular chamber 49, Any fluid in lower annular
chamber 49 vents out hydraulic passage 101 when hydraulic fluid is injected through
hydranlic passage 103 into upper anmular chamber 56 and pushes piston 45
downward,

[0034] In the preferred embodiment, a poit opening 105 extends through a side of
upper conductor casing 16 at an elevation above the mudline of the seafloor. A string
of tubing 107 extends from port opeming 105 through a lower portion of upper
conductor casing 16 and stabs into hydraulic port opening 99. Preferably, tubing 107

stabs futo port opening 99 when connector casing 15 attaches to upper conductor



to hydraulic fluid injected into | ower annul ar chanber 49. Any fluid in

| ower annul ar chanber 49 vents out hydraulic passage 101 when hydraulic
fluid is injected through hydraulic passage 103 into upper annul ar chanber
56 and pushes piston 45 downward, [0034] In the preferred enbodi nent, a
port opening 105 extends through a side of wupper conductor casing 16 at an
el evation above the nudline of the seafjhjoor. A string of tubing 107
extends from port opening 105 through a | ower portion of upper conductor
casing 16 and stabs into hydraulic port opening 99. Preferably, tubing 107
stabs into pcﬂasmﬁ Béni'thy @mhm@nnmdmnwp@nmgdﬁﬁntybit@ HI7; potiepering 0ppeid

duct 105, t 107,
port openi ng S5 Hrtie pirkEd iF ol BRn2en BEY noh i Meurseniveich st
port for eit h@dlqﬂgasleavﬁggolln trewesfenad ehbSdinBeL, ﬁﬂef‘eedf@a%glraﬁt? of Bt Bﬁl)é.‘flﬁg( <" ed
enbodi nment , grebare a plurality of port openings ubi ng 107, and

port openi ngé0 g 07 shperb Apmings, sa that v @mmlunedwmhahﬁ pthter ledsadige 101,

103 anot her t | S C g

sl eevo 1o, [OOSR Hp dRa AERMPER ON borE e Mithed ictfo Bisimg 4l ihoe ookisg o
radi al | y out eheek 19.Spri ng 109 hel ps prevent sllppage of | ock dogs 65 out of
al i gnnent when upper conductor casing 16 and connector 119 are stored at

t he surface ei.,ng lowered to the subsea well. In sone situations,
hori zont al E@&%ﬁ;g gﬁ'&% sate JodsSIBEZaHEP biasasklogl d@lge@fvé&@@ln gutswarcble
relative to gaah qbbq“ whi ch
can | ater danggegteetr(le ?\éﬁ\l?men IE@%%OEE?B%SBg&%a#%% g?ﬁ’l

109 hel ps r edeshictor canpagyt6 afd ¢tmukqtmgl 19 aevtercﬂ&t &t@(tui'facﬂ(b&fmgi)eﬁ@ ldutéﬂed‘llg

hori zont al [ 6], Ln operation, firmer tubular

al r eady Iandi‘%l of‘g’.ﬁ%‘*@t‘%ﬁ %ns%e i ’Q’P Qi Stgra gﬁaﬁ%@?s éngﬁ %é aEiii.lrface
bef ore” out erldcmlgls&revawtzeshdkaclaﬁvd t@wa&e&héxom&ﬂ ﬂ%ﬁ'@&tﬂ%f & rin ter
tubul ar nenber 13, with inner tubul ar nber 11 i nsi de, d and -

cenent ed i nt §LpViigh can later N@Hﬁg@f@ﬁb'&iwhm)lﬂ@kmﬁtﬂ lplastuawdwtwad.l rSpnng
lower positi ofy Afs tRfke Slphage LERREY fedv? 1ot dl 195K ﬁogsp 65 Idttlﬁr?gnhgrv?z%gta?m er

t ubul ar

storage.

[0036] In operation, imper fubular member 11 is already landed or installed inside
outer tubular member 13 at the surface before outer tubular member 13 is lowered to
beneath the seafloor, Qufer tubular member 13, with inner tubular member 11 inside,
is landed and cemented into place, In the prefetred embodiment, piston 45 is in its
lower position and lock 61 is therefore in its locked position when outer tubular
member 13 is landed and the well is producing well fluids. Tnner tubular member 11
and outer tubular member 13 are typically below the mudline. Nothing can protrude
above the mudline when the subsea well is abandoned. When the well is to be shut
down, inner outer tubular member 11, upiaer casing 16, and low pressure wellhead
housing 113 can be removed instead of cutting the portion of conductor casing 116

below the mudline.

[0037] An ROV stabs into port opening 105 to supply hydraulic fluid into tnbing 107.
Alterniatively, port opening 105 can also be in fluid communication with a common
ROV port, or control module at which an ROV actuates a seties of valves for the
entite subsea wellhead assembly. At the common module or stab port, the ROV
either directly injects or opens valves and causes hydraulic fluid fnto tubing 107.



menber 13 is |landed and the well is producing well fluids. Inner tubular
menber 11 and outer tubular nmenber 13 are typically below the nudline.
Not hi ng can protrude above the nudline when the subsea well is abandoned.
When the well is to be shut down, inner outer tubular nmenber 11, upper
casing 16, and | ow pressure well head housing 113 can be renoved instead of
cutting the portion of conductor casing9l16 below the nudline. [0037) An
ROV stabs into port opening 105 to supply hydraulic fluid into tubing 107.
Al ternatively or.t qggning 105 can also be in fluid comunication with a

common ROV p@“ﬁ?ﬂlﬁrﬂ (g5 iaectad diiovetn ubjng £V axd Relradist pert epening diiam of

val ves for t At iy _ubp}gia Lihead: @ : t conmon Il e or
stab port, _t@sslg%\/ )Feiq?ﬁer |P§é%+]£/b ?ﬁ}deg S org%%ﬁpg‘j@l B‘é’éagﬁr&%s@s

hyg r.aul |18 7f I lhg'd;dugc @ottuldi, mdrefOihc hbr_ﬂrdﬂjﬁdgf&git[ ttefs| 1oiwer hSnuld .%gﬁlg&_rﬁg]r Qugh

t ubi ng a r.aul.i rt, openi into passageway : e
hydraulic fl BP%F%’&WF@Q%@WW%E?S&%%%@WSW ingreapesandocapsest 51,
where the hygiast 4s JeChx8 49, re
hydraulic fl S)iﬁd ent é{ gﬁ}dannu %@%%rﬁl %Q&Ifk%é p%%@é%géoewq %&f%&?gﬁwaﬂ’a
causes pi st @nloghed posiionishewi dh | Bigneviar dldckomni 88 heokedpwadi felfie ShowWn in
Figure | to the nl ockei position_shown in Figure 2. Lock cam 63 noves
upwar d rel at FPECHT B E@BPIS&%‘SH%@“I’SS eyt pesitionsshepwea Higam 1 tosthe

posi tion shopwdsitibn FhdH 8 B g | k4 i i . cam 63
slides thr _ouéﬁml ocki ng dogg%rgzggs?cﬁgfta_ﬁidgg%ggg _ @Fllgggg{)grﬁ%r%o:t%géo%am
upper porti oRe®BH/ slifles rfrdnn dackramh ppper iportioB3Bh, derlindined partidnos®] tPREE| ON

63a, th b L. . 7 . ith s /8. As sh
n i gures. R YR Goal bl i R TR of s ooy s i of
out er tubul aAsrshowrrin Figu¢sZ end detie dfferdier mtlif?ﬂﬁ@ﬂ%bﬁf%ﬁi’&?bf{%}'dﬁt bhe

er

unl ocked positig}n. In order to renove inner tubular nme [ rom out er
tubul ar menb8Yich Bbulay memher & sincsdeeth fedoingtoangagengropvese Sappthicantldcked r i ng

33 to slide g L nner. tub r_menber. 11 has, been
removed fr on? %%t%éeh]; ]tﬁg, u gor é%éoﬁgﬁﬁeﬁgfbuﬁﬁge@ﬁﬁrg%w %ﬁ%‘ﬂ&ﬁﬂ r&?’ﬁb?ﬂi
abandonnent dpredeterminkd vpwad frrenetst beapliddfok higg@3tio stk bROM rep@¥izBg to

cut an ortign of the well head,
y POrtygo inuer tubular member 11 has been removed from outer tubular mermber 13, the

operator ¢an complete the abandonment of the well in a manner known in the art,

without having to cut any portion of the wellhead.

[0038] While the invention has been shown in only some of its forms, it should be
apparent to those skilled in the art that it is not so limited, but is susceptible to various
changes without departing from the scope of the invention. For example, rather than
positioning the piston 45 below lock 61, a piston could be placed above the lock cam
and locking dogs which would reduce the length of each of the hydraulic passages
leading to the upper and lower annular chambers.

[0039] While the invention has been shown in only some of its forms, it should be
appatent to those skilled in the art that it is not so limited but is susceptible to various
changes without departing from the scope of the invention.



[0038] While the invention has been shown in only some of its forms, it
shoul d be apparent to those skilled in the art that it is not so limted,
but is susceptible to various changes w thout departing fromthe scope of
the invention. For exanple, rather than positioning the piston 45 bel ow

| ock 61, a piston could be placed above the | ock cam and | ocking dogs

whi ch woul d reduce the I ength of each df3the hydraulic passages leading to
t he upper and | ower annul ar chanbers. [00391 Wiile the invention has been
shown in only sonme of its forms, it shﬁglg Ee apparent to those skilled in
the art that it is not so limted but eptible to various changes

W t hout depargy [ cope of the invention. 13 CLAIMsS THAT CLAI MED
IS 1. A subétgga%& Scagﬁgygcnbly, conprising: an outer tubular nenber
havi ng a bore containing a grooved profile; a inner tubular nenber that

| ands within the outer tubul ar me r, the inner tubular nenber adapted to
be joined to &4 po F@ﬁe%’ﬁ’%@ﬁ%ﬁggﬁ’ewwnﬁitendi ng from a |ow pressure
wel | head housi ng; a3 dufs Kibl m%?gygt ' he inper tubular nmenber that
noves between a | ocked angn-un ocC lé%m és? Fg%ﬂté@ﬁlgﬁé Ovtegpf e’gr ooved :
profile to | ock t ldmiertenlar uimiter thatianbewithia thdaeuinladndbal thoRaer ; an

axially nove hydr aul,i |y actuated | ocking sleeve carried wthin the
i nner t ubul a&%ﬁ%%ﬂdl?%ﬁgﬂpgﬁ tﬂi%ﬁé‘?]?e WdRpedon ¢fcondiictar sasingersendingrom
sel ectively adowpréSut helthmiiongngenber between the |ocked and unl ocked

positions; and an ROV _port extenpll’ng fromthe | ocking sleeve to the
exterior of the @defkingmembersantpdbyitheiinerdultiar memisr that hioves betwadser f or

i faci i h lic flui h
accor ding Lo ey Atk podtftctaal B R evdiroblataisckdte fnertapuiag

ext endi ng ar mentbet teetheutier tubulaemsibergnce of the inner tubular menber. 3,
The connector accordi ,n? to claim], wherein the outer tubular nenber is
an axially moveable, hydraulically actuated locking sleeve carried within the
inner tubular member that slidingly engages the locking member for selectively
camming the locking member between the locked and unlocked positions; and
an ROV port extending from the locking sleeve to the exterior of the
conductor casing joined to the inner tubular metmber for interfacing with an ROV to

supply hydraulic fluid,

2. The connector according to claim 1, wherein the locking member comprises a
c-ring extending around the outer circumference of the inner tubular member.

3. The connector according to claim 1, wherein the outer tubular member is
embedded info the seafloot, having an upper end below the mudline.

4, The connector according to claim 1, wherein the locking member comprises a
lock dog that extends from an outer portion of the locking member through the inner
tubular member for engaging the locking sleeve.

5. The connector according to claim 1, wherein the locking sleeve actuates the
locking member to the locked position by sliding axially upward.



.enbedded into the seafl oor, having an upper end bel ow the nudline. 4. The
connector according to claim X, wherein the | ocking nmenber conprises a

| ock dog that extends froman outer portion of the | ooking nmenber through
the inner tubular nenber for engaging the | ocking sleeve. 5. The connector
according to claim1, wherein the |ocking sl eeve actuates the | ocking
menber to the |ocked position by slidildg axially upward. 14 5. The
connector according to claim1, wherein the ROV port further conprises

t ubi ng extending fromthe inner tubular nmenber upward through a portion of
“ the conduct of- casTAgconnectppacconting tn drinnécuhattinghds ROM portfikthenbehpfiges t he

ROV port exte ; I (o} uct.or casi,ng above the seafl oor.
8. The connec?%?lgta%gg?%ggo Flg{hgl %FWP&I\?\#%}G tbﬁr Pﬂ‘é’aqdo@l'@“&gt%ﬁ?‘é@nbﬁt%en

| ocked and uedmbokiedegsoiti ons by noving radially i nward and outward. 9.
The connector according to claim1l, wherein the | ocking sleeve further
conprises a piston fornmed on an outer surface of the |ocking sleeve;, and a

fluid chanber.,defined by the pi s{iign for receiving the hydraulic fluid to
force the pi&ton Lt PHBERIORGocardiag do gleim [y Whetedtr theaROVH pertveutehds 1. 2 The

connect or ac%ﬂb@gfmgc&{cﬁbmQ%MB%QEEQ@ROY port further conprising at
0 I'C

| east hydraulic fluid ports, one B’é{bl e of transmtting the

hydraulic fluid into a portion of the chanber axially bel ow t he piston,
and the other_port _being capable of transmtting hydraulic fluid into a
portion of tHe chatiseonpseiosiacgordingveciaime 1, whatiarthe btk adnasdbaresElobhgad

assenbly, conphiSiJag. : t ubul ar. srenber, enpbedded in the seafloor with
an upper end bel oﬁgﬂ%wﬂnﬁg%?#em&ngﬁéa@{]gﬁ% W Hdvi ng a bore
containing a grooved profile; a inner tubular nmenber that inserts into the
outer tubul ar nenber, the inner tubular nenber adapted to be joined to

portion of c@uductlbe cusbsier esosdiog g ¢laiamia whepsa Phe 8sKiks RRISL Hrther
comprises a piston formed on an outer surface of the locking sleeve; and
a fluid chamber defined by the piston for receiving the hydraulic fluid to force
the piston aud locking sleeve axially upward and dowmward,

16.  The connector according to claim 9, wherein the ROV port further comprising
at Ieast hydraulic fluid ports, one of which capable of transmitting the hydraulic fluid
into a portion of the chamber axially below the piston, and the other port being

capable of transmitting hydranlic fluid into a portion of the chamber axially above the
piston,

11. A subsea wellhead assembly, comprising:

an outer tubular member embedded in the seafloor with an, upper ¢nd below
the mudline of the seafloor and having a bore containing a grooved profile;

a jnner tubular member that inserts into the outer tubylar member, the inner
tubular member adapted to be joined to portion of conductor casing extending from a
lovr pressure housing; |

a locking menyber carried by the inner tubular member that moves between

locked and unlocked position relative to the groaved profile to lock the inner tubular
member to the outer tubular member;

an axially moveable, hydraulically actuated locking sieeve carried within the



a | ocking nmenber carried by the inner tubular nenber that noves between a

| ocked and unl ocked position relative to the grooved profile to |ock the

i nner tubular menber to the outer tubular nmenber; an axially noveabl e,
hydraulically actuated | ocking sleeve carried within the 15 .inner tubular
,menber that slidingly engages the | ocking nmenber for selectively caromng
t he | ocki ng nmenber between the | ocked gapd unl ocked positions; a hydraulic
passage extending fromthe | ocking sleeve through the inner tubular nenber
to the conductor ca?ing, and an, ROV port extending through a side of the

conduct or cadiiy takular member thahslidipgly engages the gdkingmenles foroslepdvaly i s i n
comuni cat i on it g% f {1 faci ng:.a.t.h an ROV to
suppl y hydralr} IC ?%B}{%go .ﬁ%g&cb%ﬁ%%?%rfog%ego#g%cgeo%ﬂégg%ﬁ&’ll, wherein
t he | ocki ng menbera lydrauiic pesagesextendingdian terdikiey deave tdoidiathe itiner

ci rcunference ,of the f’)nner tubul ar nenber. 13. The connector according to

claim 11, whdéiler memmoerde thecgninct sasia® @i ses  a | ock dog that extends
froman outer port}ane BRK j bul ar
~menber for engagi ng%ebﬁggﬁdﬁlg gP{é‘gu . %O#E%Qd?gﬁﬁégﬁgfpgggég?%ﬁﬁg to
claim 11, whebeveatht keafloor; Kie ROV Ipeshis irnmmuaindcatioh evith the kyddguliveyabege @ t he
| ocked positi,on slidin iall pward to, a | ocked position. 15. The
connect or acd¥f ?@Wﬁ@%ﬁﬂwpﬁb&%ﬁﬂ?ﬂm ocki ng sl eeve actuates the
| ocki ng menber to the unlocked position by sliding axially dowward to an
unl ocked position. 16. The connector according to claim1l, wherein the
| ocking ! eede. acualcotud:{o@ acdoadilsh ROCKRANE) whiten thelobiRg ndibey BbaphRd

position by axially sliding to a substantially mddle position of an axi al
stroke of t hé Crida§xiadingssgund theyoutenircumiprencesi thedousr ibiwer tesnahesi m 11,
wherein the ROV port further conprises tubing extending through a portion
of the conductor casing to the hydraulic passage. 18. The connect or
according toigl ai nAbBRE 8éddrdif) 2 Qs#n Rt hefo ek 3
unl ocked posilfo;i ongh%éormvi %gédraadi altdl y I n\%g’rwdﬁ%ﬁg out ﬁ%m @&ﬁﬁ'&s

a lock dog that extends fiom an outer portion of the locking member through the inner

tubular memmber for engaging the locking sleeve.

14.  The connector according to claim 11, wherein the locking sleeve actuates the
locking member to the locked position by sliding axially upward to a locked position.

15, The connector according to claim 11, wherein the locking sleeve actuates the
locking member to the unlocked position by sliding axially downward to an unlocked

position.

16.  The connector according to claim 11, wherein the locking sleeve actuates the
Jocking member to a latched but unlocked position by axially sliding to a substantially
middle position of an axial stroke of the locking sleeve.

17.  The connector according to claim 11, wherein the ROV port further cotnprises
tubing extending through a portion of the conductor casing to the hydraulic passage.

18.  The connector according to claim 11, wherein the lock actuates between

locked and unlocked positions by moving ra&ially inward and outward.



16 19. The connector according to claim 11, wherein the | ocking sl eeve
further conprises a piston fornmed on an outer surface of the | ocking

sl eeve; and a fluid chanber delved by the piston for receiving a hydraulic
fluid to force the piston and |ocking sleeve axially upward and downwar d.
20. The connector according to claim19, wherein the ROV port further
conprising at least hydraulic fluid podfs, one of which capabl e of
transmtting hydraulic fluid into a portion of the chanber axially bel ow
the piston, and the other port being capable of transmtting hydraulic

fluid into a kort B emnesier arpording taxslaim 1, whevin theelogking gileeve 1firthemet hod
of di sconnecty : ] [ a:subsea wel |
conpri si ng: Epclrpo Pg?%gﬁl%hg%%@%gggﬁ%?%a% 8$&§§%C%§en§t%cﬁv?’ he | ower end of

a portion of conMﬁ@chan&ﬂﬂ@i@&lb@mﬁﬁlﬁlﬂoﬁlf&%@iﬁﬁg\/aB?&&@&Hiﬁli&\ﬁi foh@ad
housi ng and | ocated w thin n outer tubular nenber of a subsea well having
a grooved pr ‘?P‘étoéﬁn‘ilE%WﬁEPYWIaW@@QW%g nenber t hat

sel ectively engages the grooved profile and is carried by the inner

t ubul ar nenber, and a | ocking sleeve that slidingly engages the | ocking

nenber for aghuat imhg bdimcbtor keB@dBTREc1 Bkt %er\wﬂ&ﬁh%eaﬁéw Keether
ROV t an port

positions, injecting hydraulic flu'd with an rough to
slide the | 6ewprigng|aelpest rhsideaulio ofluid nans, love kifnwhick ndspahle adt tradsunginghe

| ocki nb i 4 i | t hat., t | ocki i t

o engagenon ePhc A iglE s L R Gt At PHigv MicrPimerd tsang

menber from pot beiglchsablié Rfanshifitid 25y FRMB A into a portion of the chamber axially
above the piston.

21. A method of discomecting a conduit from a conductor case of a subsea well
comprising: |
providing an inner tubular member ¢onnected to the lower end of a portion of
conductor casing extending from a low pressure wellhead housing and located within
an outer tubular member of a subsea well having a grooved profile on ifs interior
- ‘sutface, a locking member that selectively engages the grooved profile and is carried
by the inner tubular memher, and a locking sleeve that slidingly engages the locking
member for actuating the locking member between locked and mmiocked positions;
injecting hydraulic fluid with an ROV through an ROV port to slide the
locking sleeve relative to the locking member;
actuating the locking member with the locking sleeve so that the locking
member is out of engagement with the groaved profile; and

lifting the inner tubular member from within the outer tubular membet.



