1 SUB MUDLI NE ABANDONMENT CONNECTOR Rel ated Applications [0001] This
patent application clainms 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 inits entirety. .

- BACKGROUND OF THE INVENTION 1. Meld of ythe Invention [0002] The present
invention 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 At have a | ow
pressure wel | head housi rng—w : 404y suspended
therefrom A high pressure mellhead hou5|ng Iands with in the | ow pressure
wel | head housgggﬁgngnﬁugggmgs anot her string of casing suspended into the
well. Additio g@grne | ate badgers and strings of casing are supported
within the hi S@%} (patenapplieed gnw&msﬂywmeﬁhofexwmﬁm@ pesisienal GRgnh'S
within the t e outer casin
suspended fro%Ei Eﬂni p%gs%r%ﬁm%%h@gﬁaﬁagﬁ?ﬂ o ot 200 qiiﬂb
seafl oor to awﬁm&%mmwmmmmwdHywﬁhmm&ﬂhQWHMHaynudl|ne [ 0004] When the well
I s abandoned after conpleting the exploratory drilling, many |aws and
regul ations require that th ) str e protrudi ng above the
seafl oor. Several of the in RS QN are cut bel ow t he
mudline with upper.portion can be reaned Nhny times it is quicker to

al so cut the codduBkeltof thabavetisyspended fromthe | ow pressure wel | head
housi ng. Cutting the conductor <cCasing can be tinme consum ng and often

wast es mat erl[zabez]sm ont RE/cROGHIHIE C pot used
for other wells. S%ﬁ/él\/ARY CF THE I&r él%l%%ggl% sﬁﬂ@%(%rehﬂ&d iégembﬁles, more
Speclﬁcaﬂy assemblies having a conuit with an upper port:on capable of

diseonnecting from a 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 stting of |
conduetor casing suspended therefrom, A high pressure wellhead housing lands with
in the low pressure wellhead housing and supports another string of casing snspended
into the well. Additional intermediate hangers 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 predetermmed depth
below the mmdline.

{0004] When the well is abandoned after completing the éxploratory driliing, many
laws and regulations require that there cannot be any structure protruding above the
seafloor. Several of the intermediate 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 welthead housing. Cutting the conductor
casing can be time consuming and often wastes materials so that the conductor casing
above the cut is not used for other wells. '




[00051 In this invention, a subsea well head assenbly has an outer tubul ar
menber or suspended bel ow a | ow pressure wel | head housing. Qther strings
of casing are suspending within the outer tubular nenber and extend to
deeper depths within the well. A grooved profile is fornmed in the bore of
t he outer tubular menber. The outer tubular nenber receives an inner
tubul ar menber that is adapted to be joi2ned to a sting of conductor casing
extending upward to the | ow pressure well head housing. The inner tubular
menber carries a | ocki ng nenbe qpves betmeen a | ocked and unl ocked
position. In the | ocked positis R ' X ENFIOMN gages t he grooved

profile on the ubul ar, - i I nner tbuI ar nmenber is connected

to the outer [c(]ﬂgét]% tf’1me (i Wﬁ‘e‘wgfﬁé”‘?q #eerhdiiibes aw nyfeyebulhmegbenosred

profile. [0006Ghgidnded m,e@rg,, hub an_ axi aI m)veabl e
i W %dd §FI ??’é&%%’e?éd" B B ng

| ocking sl eeve. The | ocking sl eve 'S
menber slidi ngﬂ“ﬁ?@ @aq&ﬂlmtﬂhmomtmmbnlgr menﬁerr aﬂdoéxtéiﬂ 10 Cdeky! dép @R RILRD Hshe

| ocki ng memnber. nd u ocked positions. A renote
oper at ed vehi cf ( OVS(QPIEO ‘?(’(S PFH’%‘%f °Iﬁ%° ﬂl@@kﬁehglbglaewmbm Tl:tee)uter

menhor A RO) Sup ’?F%E&h‘ﬁfa’?ﬂ%*ﬁ“ﬁfﬂf“ﬁa i PR pE ik lfriins e doited ipe

t he Iotckl ?g sIstiBg 61 ctOhe;:ﬁahig etctmthﬁgaipwagl Mlbdéw p}ﬁ@gﬁw?m@a(% lhg@%hgn I

consi st of a gris wi S suppl yi ng hydraulic flul el ow

t he | ocki ng sl@%\li/'lﬁe& hﬁ%}éh gr{”’f’f’é‘c%ﬂé’@%égﬁﬂ@le abwavedmvmra locksdlapd ng

hydraul i ¢ f | umndlcakalpositog, |Tagkés Ritked bEMYR:, l@ﬁ&ﬁ'ﬁﬁf‘éﬂfb@? I?% ?%(f_)a/g] rd.
é

[ 00071 Typi cal lq\ﬁﬂ t he, out er Eubul ar _nember has an- upper cat ed
bel ow the mu8f9HieoBths wg;ers@ vlep Bremben e Tl ner, tubhler mbpnmtcoﬁﬁécwﬂd& théir ough

a portion of bﬁg@rmgﬁmﬁ t ubu

el evati on above the seaf E&]f%‘?g}cﬂﬁ Wﬁ?sgti}agmgvg{ﬁg&ﬁ-f t he
wel | head assenbly so that the ROV can engage the ROV port, Wth the

| ocki ng menbet000p Theinmer divelat mesberi alvo, camiek obxialy agiveshis ki gaxed

Ext endi g upviaLekl et i o edy ahtea  Belaritvs werher Sidsly cagagtiar

menber | ocat e lukimp\wémiBer it diftively caltiflife ekl Tt Bt e Yoo Vﬁe'ﬂ&s
and mlocked positions. A remote operated vehicle (ROV) port extends from the
locking sleeve to the exterior of 3 portion of conductor casing joined to the inner
tubular member. An ROV supplies hydranlic fluid through the ROV port to actnate
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
actnate the sleeve upward, and some for supplying hydraulic fluid above the Iockmg
sleeve fo actnate the sleeve downward.
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[0097] Typically, the outer tubular member has s upper end that is located below the
mudline of the seafloor. Therefore, the ROV pott extends through a portion of the
casing joined to the inner tubular member, o 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 unlocked position, and not engaging the
grooved profile, the inner tubular member and- portion of the conﬁuctor casmg
extending upwards therefrom can be lifted fom 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 enl argegl Dross-sectional view of a portion
of the one side of the connector and outer tubular nmenber shown in Figure
I inits |ocked position. | is an _enl arged cross-sectiona
‘view of one side of the ceéf LLSLM . NOF THE DR Sr shown in Figure
2 in its unlocked and unlatched position. [0012] Figure 5is a

cross-sect i onggeos] 1 IPCre8aRE 694 vRASo B il lﬁ‘iPd onSaoun i n
Figure 1 in its latched but unl ocked positi on.ﬁn'[l%gl%g]a |§§$§ﬁ§°ﬂmgq’fm
enl arged cr os&°9KE bglsmembene s subsrovellhoad mhertibly comtrusicd tn adcotdaics with
connect or and t ub nenber sh in, Figure 5 in its |atched but
unl ocked p05|t %%’ﬁ%“@%‘%?%“&ﬂ?@mfl?&%ﬁkm% 8d perspective view of a
portion of a |ocking sleeve of the connector housing shown in Figure 1.
[0015] Fi gur e[0B0PEFiatrec)sad S06k-58HSRE Gk & 4k , ] a _dog of
the connector ., houysipng shown it Figure 1%%%?@' ﬁglﬁl?‘gf"ge‘?@‘b%’&ﬂ@%ged

cross- sect i ondowgm Figuxs | bt tnrioaked pnduilatchad pokitivhe portion of connector
and outer ‘tubul ar menber shown in Figures 3, 4, and 6 in its | ocked '
posi tion. [O00hd]oiFriestes 13 Qnle LQDad i ubsea wel | hea
assenbly w thbt he] 1giﬁ%m}dl i n?agggﬁﬁg%?géﬁgﬂ%vﬁé% ﬁfiﬁaﬁf’%oﬁ&ﬁ%\ﬁ%gﬁgm"ow
pressure vel |9eaertoraadiontr tubulpERMbeEhoRPESCRIgATE DM 6Hodidd poREGERRED

EMBODI MENT [ 0018] Referring to Figure 10, a subsea wel |l head assenbly 111 is

shown at the s A pr.assure | |,head housi 3 is located

above the nu O?ﬁ‘z 1;‘é@ﬂ‘téF11e1'sq9'{slea é) (CTOSRSpHIORA W o °B?S@gr‘?§t'1k§t‘&m%"é@'lﬂﬂé 116

ext endi ng fr(Imtdﬂtlﬂ)ular\tmnlmndld‘mﬁFiﬁtﬁeZ‘ﬁ?itﬁunlﬁ%ﬁﬁ@&ﬂH&ﬁe@si@iad housi ng
IC

113 receives a high pressure wel |l head housing 115, S a string of

i nternedi ate &@ﬁh%g 11Z.extendi ng, fromits lower end into
f Bure 5 1s 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 § in its latched but unlocked
position.

[0014] Figure 7 is an enlarged pesspective view of a portion of a locking gleeve of the
comnector housing shown in Figure 1,

{0015] Fignte 8 is an enlarged perspective view of a portion of a dog of the connector
housing shown in Figure I,

[0016] Figure 9 is an enlarged cross-sectional of an altermative 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 subsea wellhead assembly with the
submudline ¢onnector shown in Figure 1 below the low pressure wellhead housing,




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 includes an upper conductor casing 16 extending
between the upper and of connector 11 apd [|ower pressure wellhead housing
113. Conductor casing 116 al so includes a | ower conductor casing extendi ng
fromthe | ower end of connector 11 further into the well. [0019] Referring

to Figure 1,. subs m& onment connector, or connect or 119 is
.shown posi tioned ..?Q&QE}:BBE FLRE 13 has

a string of conductor casing 14 extending fromt he | ower port ion. Quter

tubul ar  menbgpoI8} Hefertiy |t5q$,%|ﬁolﬁpaat Elﬂ)s@fkﬁ%ﬁhéaﬁeasg%gﬁ%nﬁl %P@e sea roor

after it has been cerren pface 1n a nmanner
Connector 119 s'pirf@pm doloy pmaﬂuuﬁwsllhﬁad housing 113 bulbedted Bi8ve thd dylifiad of the

t y d {0 Nt e f th outer .t ubul mhers 13 h
el Ther 30-1 nofeBPoand & pitge 3 oot hrigs of “@%%@ﬁze%?md%ﬁwgre e nt o
the wel | Ti el oo} PesRIREMhchd Hbdls 1 A flosieal Eﬁ}ﬁgeﬁﬂﬁ?%ﬁgga Soddng Of

out er tubul ar menber | nner tubula
tubul ar  nmenbéls ,dfhldbhﬂﬁetstungoﬁmtnglea[ﬁtadnahglli?]emcﬁﬁﬂglﬁ@nﬁltéRiﬂ%&eﬁd‘ﬂlt@f a

upper conduct Xt epdi o | ow ressure wel | head housing 113.
[0020] | nner ?{Ibequ‘ r?“‘g ‘ﬁ‘i" R‘@gﬁf? "é’PB‘fﬂ%{ PALTBPEtOHSY is shewawy &5 patt t hat
conprises thef &oidactof cdshipell stueoth idw PRERRE w%ﬂhea&‘hb@ﬁﬁ% ?93 Sgﬁﬁgﬂ‘%ﬂ@?

ve eeve

| ocat ed betwe %Egector casi ng 15 and inner slee
21 is preferale)ﬁ/’Tt AT evet of sanieston w19 oﬂhn&tgtmlceﬁnglwlmhﬂes

bet ween conneg 7. Landi sl eeve 21 has an

i nclined surfacg15 g%%%oé?%ﬁﬂ% ?%m%ég%rnﬁ]ca@mﬁmfg&wwgnys

upwardl y faci hﬁfesmmﬁemezsca:ifhmingrllﬂum&mctﬁﬁmﬁfg 1B alsd-aRMdRY a3bRENV € 21
inward of inclined 5

h | acat apd,radi 2
curface 25 19REPATHR EepdRad iqr\%r'saci ceperdd hotieristo i wel.i ned

surface 23 | ands on shoul der 25. A seal | ocat ed around the outer

surf ace of |r[0319 | PeferZifg to N9kibaED f out
t ubul ar xi 13]> bel ow shou der925 ?‘gg%%] &ﬁnt reade Fgféfe%ecronﬂ?cgwerabl y
a screw 31 exil@hgghopm Rositiens wemrv@tasmmnmmw Ouigngibalac sieaded T8 hgasi ng

15 and inner sSkagy&r ]cBn&lQ:tcﬁ-" St 14 BYEIRS ing 30 bE"Ead portion. QOuter tubular
' member 13 is typically located below the mudline of the sea floor, afier it has been
cemented fto place in a manner known in the art. Connecior 119 preferably inchudes
ap. intter twbular member 11 that Is typically designed to interface with outer fubular
members 13 having either 30-inch or 36-inch diameter string of conductor casing
extend into the well, Tnner tubular member 11 Iands and sealingly engages the bore of
outer tubular member 13. Tmner tubular member 11 preferably has an inner fubular
member ot connector casing 15 that is joined to a lower end of 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 inmer tubular member 11. A locking sleeve 19 is located between
connector casing 15 and inner sleeve 17, A landing sleeve 21 is preferably located
with 2 portion below locking sleeve 19 and between commeotor casing 15 and iuner
sleeve 17. Landing sleeve 21 has an inclined surface 23 extending below commector
casing 15 that Iands 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




sl eeve 27 relative to connector casing 15 and inner sleeve 17. Screw 31 is
| ocated 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 of connector casing 15. In the preferred enbodi nent,
ring 33 is a GRing that is biased radially inward. The screw 31 expands
ring 33 outward to lock ring 33 in groove 35. Preferably, |anding sleeve
27 can be renoved from between connector casing 15 and inner sleeve 17
when a predetermined force is applied. [0022] ‘A plurality of l|anding sleeve
seal s 37, 38 &Wdaes2%% dpnesiles Phexterds delovdshonllends sherincltedndieagage

the i nner sur f or, | Al er .tubul ar nber 3
defines an upfpl)agfragggrs‘th?glﬁ&g? ‘| énﬁgg’glpé%?/dem%#&)ﬁaﬁn%tﬁ'gs“#a%%Qgemg’éiﬂgs%N,
whi ch are abosenlinglysngddes animepsueizes abbier IR Gorber i D BeBW Bbugty fsace of
upper tubul ar nenber 39. Upper tubul ar nenber 39 has a | arger 1nner

di aneter than_ t remai_ni ng portion of |anding sleeve 27, and does not
engage i nner gqog'gle/é tfﬂ?e.adeq 8iengr nreferabiiya serew\ad extens Sirangholaeding sleave®7

menber 41 | oc ' . r.tign of 4l ocking sl eeve 19. lower
Tobor ar - menner et fifeckot Satil TS an@ b bR 174 Bebe ey S ol

di aneter of ugpere 2Wiwlitae toreotertoBYadng 1| ARAE Mghed kRENE1 2 7 ScrEhe3 1 AUbBdted
chper tubul SFEHbh R S6eihy Beteectd. ofnthe gor s abebmemhsoroR JcEies meal
rings extendi rigs 3aueKBGibEY DYNAD (bORTLREREE of tnd IHE sl ILLALIERRET 41,

engages the inner surface of upper tubular ng eeve 27.
[0024] A pi st§ngslS sy the praferad embodiment; tiag 83 dx e (bRingothhd is biskd :
Piston 45 pr &,%Hfie Lal l rd fr.gm riion, of |gcking sleeve 19
and sl i di ngl yﬁengagzlg{ea%h%} i%n%:f’g% r%égo?&wgﬁnfé’cf"ﬁ# r&%ggdnl 00 3f.east
one piston s@bfeﬁablgxmﬂmmdmhbwaﬁrﬁdﬁB&W&%ﬁﬁe&og asagsfso @dd to
seal ingly engaélge he iinﬁr surface of 6 connector casing. PIston 45 1s
preferably | oRBRESFeEK ] Grisn apgdetenmiped forqednpmptiodenber  39. A | ower annul ar
chanber 49 is defined between piston 45, upper tubular nmenber 39, and the

out er surfacqoedz)l 2\l I : I | 9. JAnnul ar
cl anber 49 rgcei \;eAs? ah tg?gl}iﬁlfdéﬁ% ul (? %(%Isgjgf ag%é ?%cf%‘ﬁg\@?%%%b% Pfom a
| ocked posi toelaV serewndh and-iengage the fnnen stftooheftodnuectomeaiigets. PO ipgd Shown

in Figure 5, (a0 member 39 defines au upper pottion of landing sleeve 27. Landing slesve
seals 37, which are above screw 31, ate preferably located on the outer surface of

upper tubular member 39. Upper tubular member 39 has a larger itmer diameter than
the remaining portion of landing sleeve 27, and does not engage inner sleeve 17.

[0023] Locking sleeve 19 has a lower tubular member 41 located towards the lower
portion of locking sleeve 19. Lower tubular mepober 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 uppet
tubular member 39, At least one seal 43, preferably a pair of seal rings ‘extending
around the oufer circumference of lower tubular member 41, engages the inner
surface of upper tubnlar member 39 on landing sleeve 27.

[0024] A piston 45 is formed on the outer surface of Iocﬁng sleeve 19. Piston 45
protrudes radially outward from a portion of locking sleeve 19 and slidingly engages
. the inner surface of comnector casing 15. At least one piston seal 47 extends aronnd
the oufer circumference of piston 45 to seslingly engage the imner surface of



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 when hydraulic fluid is injected into | ower annul ar chanber 49. A
hydraulic port 51 forned in the inner surface of connector casing 15 at
substantially the same axial position. as the upper portion of upper

t ubul ar nmenber 39, communicates the hydgaulic fluid into [|ower annul ar
chanber 49 to actuate | ocking sleeve 19. Annul ar chanber 49 increases in

sizes as pistaon 45 noves fromthe | ogk osition shown in Figure 1 to the
unl ocked and &HP%%CE}F&&S%S}B’FWB#E%BW%PﬁﬁﬁY E?Ggl?ﬁ@)ﬂ@ﬂy Feryssppex tphiHargnemsbesul der

53 farmed on Che e (Rl 7R e bl oo SR AR 1"

from sliding a8 ad &ewpﬁms&fabmf@ommhdmmmb&iﬁgaﬂﬁc}@d% ﬂéegailst thn%lmggl ﬂer
y below lip as

53 engages |ip, 5%, The partion of connector casing,axial

a larger i nng}an'gﬁeéﬁgtr@?ei‘{’??a‘i‘l hyﬁ@u%ﬂmdoﬁp atiate sleavgsihombaeckedp 55,
“An upper annubgitios S8RER | fi Lstan Lder 53 and lip
55. As shown Fﬁﬁt&?}gure 2, ﬁ?’éﬁ?ﬁﬂ%%‘l’n‘@v@ﬁ ?Eeﬁ S Sﬁ%%‘ﬁ@@%&d ang

unl at ched ‘postiendn anakocked awimmstchdddesitha shewy agkigutei) Sdls 1) EB W help

preventing fugther. u r tj.on, of | ocki ng.sl eeve 19. A nedial portion 57

of |ocking sl éoegagergp}%@ecggg%ufé%%%é pé%oﬁ%@%ﬁ?ﬁ?nwaénmr t49e Whemner

surface of thhydlﬁii{idﬂuﬂdi@ﬁnj&%ﬂﬁ@tﬁ%&eﬁﬁﬁﬁl@ﬂcﬂa&bhﬁmt&ﬂ{&% cﬁpdﬂﬂ é‘ﬁgecti\th ‘
endi un e

| east one seal 59, preferably a pair of seal rings ex g aro
out er surf acelbficdpier speneof coapacios sasiae b3 at wibitarpllydbs exmelaxial yosition gs

engages the i ; ' connect or .casi,ng.l 5 Located
above 11 p 55, LquBBaRASe e bR Hehlier . RRERSES o I5Rae Tl
| ocat ed abovelowediaipulap whinnber 37 tof adtpakilowkied clev® 19. A8AIaO thappRrdges a
q&d a locking slot 67, and a |ock ring 69

“lock cam 63, a |ocki.ng, dog 65 .. | oc| :
Lock cam 63 i?@@?%éﬁ%gﬁ%g%mﬁ@ﬁi | mOYRS fFquy fiesleckgd nesisior ghesyn poFigiesnl 88a of
| ock cam 63 c@BRERERE 41 WIBARE ggﬁgﬂ%wyiﬁ?{gwéﬂcki ng sl eeve 19. Lock cam

63 has substantially the. sane guter circunference as 7 nedial portion 57

of locking sleeve 19. As shown in Figure 7, locking cam63 is forned

adj acent a pok0f2dnA dristow showidersidois Brmed fowand the upmr petticentbpistordS, Bocki ng
sl ot 67 passeg, 08 il Pfil D Gore8S e oot QHELD e SAMES: laSin Y5 B D kO

t he sides of ] .
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 of copmector casing above lip 55, An upper annular
chamber 56 is defined bétWeen piston shoulder 53 and lip 55. As éhown in Figure 2,
locking sleeve 19 is in its unlocked and unlatched position when piston shoulder 53
engages lip 55, thereby preventing further upsward motion of locking sleeve 19. A
medial portion 57 of locking sleeve 19 located above piston 45 shidingly engages the
inner surface of the portion. of connector casing 15 located ahove lip 55. At least one
seal 59, prefcfably a pair of seal rings extending around the outer surface of the
medial portion 57 of locking member 19, sealing engages the inner surface of the
portion of connector casing 15 located above lip 55.

[0826] Referring to Figures 3 and 4, at least one lock 61 is located above medial
portion 57 of locking sleeve 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 camn 63 connected to medial pottion 57 of
locking sleeve 19. Lock cam 63 has substantially the same outer circumference as




| ocking slot 67. Lock cam 63 preferably al so conprises an upper portion 63b
and an inclined or mddle portion 63c. Lock cam upper portion 63b connects
to an upper portion 70 of | ocking sleeve 19, which extends axially upward
fromlock cam 63. Lock cam upper portion 63b has a |arger inner dianeter
than | ock cam | ower portion 63a, so that upper portion 63b is thinner than
| ower portion 63a. Lock cant inclined portlon 63b is inclined along the

i nner surface to connect the radially inward inner surface of |ower

portion 63a wth.the radi utward i nner surface of upper portion 63b.
[0027) A |ock IPF‘H P%%%ég %?éﬂ#&\?ﬁﬁ% I Anshown an Figurd ktngccmr@cisor

15 f 19.
6o extends ar condcd SRR TRouPe CCEERua o bl §F hrlSheR) SRSy, bekbeel

|l ock ring .receds 67]pasdeu thriwegh lpciaﬁg sleed Iy Teling®aih, 63 19 fdenfell IAQmQQhé Sdé & R' ng
that is biase ring recess 71 engages the upper and

r.adi Lock

| ower ends of q?gﬂﬂg 'I%P%é? Og"c\f\‘?"r"i‘@r Ehirefzbly algo FerRrises i2n ypBY pastioal §3p adlaat i ve
to connector Gagined d#m f aﬁﬂi@&!}: t teet h 75
extend circunferent |0€1;‘-1I5il11 rﬁohhhbép?ﬁh;ee%ﬁt er ci iencéJ (%PH?CESCE:’ %’?

Each tooth 75DpRHirnafd ak i@khg Ugswarld, tvdidhnexténdp ai‘ﬁllytnﬁw&ﬂi froal Rk Icmdggng
edge 77 Ioca ch.lip,.7 ural i rooves 78 are formed on
"the inner sur ?’ag%%%%\gg%tapeorm?%% %ﬁ aﬁ@%ﬁ’étﬂnﬁé lock camelowép@tiam y
formed ar ound 6Bhesoi mﬂeifge@;?drﬁwfﬁw %ﬁﬁﬁn&fwiﬁcr#mféh’ma% jhat

g

when inclined surfa | andi n sl eeve 21 ehgages sh der outer
tubul ar menbeP? cls inglingd alogg the immer anfacalto yommet thamadisiiy fiweaed éntet i on

as teeth 75. Eagh Q. qgw rd fac 79 gnd an
angled trailing edge %&pﬁ% g qglg\eéwgé&éﬁq? 9%6. éHHJP‘??thJéWSE%PW"’bf
teeth 75 slidé3along tailing edges 80 of grooves 78 and allow |ock ring 69
to travel axially downward relative to grooves 78 and outer tubular menber

13. Lock ri t ' 1 t [ 1 d
el ative 1o ol IBEE BRE Rishin I . Binah of B e lr of sonebeter exmipgghs
‘downwar d  f acigily htasre Fedid puftﬂﬁ@ﬁ] ofJoBIBES Aldeve’ B, Eoélﬁfuﬁﬁf’@?( bﬂeﬁ&’s"%gﬁtcp r

casing |5 and,extends between |ock ring recess 71 an

Pref erabl y, . | BESHRRESERgPT conpestor: eaging 15hind joste dndeckrdng recess 71. In the .
preferred embodiment, lock ring 69 is a C-Ring that is biased radially outward. Lock

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

ting 69 axially relative to comnector casing 15. Tn the preferred emboditaent, 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 Hip 76. A plurality of grooves 78 are formed on the inner surface
of outer tubular 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, Bach groove 78 has an axially
downward facing lip 79 and au angled trailing edge 80 located above cach lip 79,

- Leading edges 77 of teeth 75 slide alonug trailing edges 80 of grooves 78 and alfow
lock ring 69 to travel axially downward relative to grooves 78 and outer tubular

- member 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.




Locki ng dog 65 has an outer end 81 that engages lock ring 69, and a dog
head or inner end 83 that engages | ock cam63. -Lock ring 69 is preferably
bi ased radially outward for teeth 75 to engage grooves 78. Locking dog 65
preferably has a threaded fastener or screw 85 | ocated between its inner
and outer ends 83,81 so that | ocking dog 65 supplies a radially inward
force against lock ring 69. As shown ingFigure 8, the dog head 83 has

i nclined surfaces that matingly engage | ock cam 63 as dog 65 is actuated

al ong the sur rtjions 63 a, 63b, 63c. Figure 8 also shows a

_barrel 65a, f@f’fﬁ ‘gga%%ge%ﬁfpwddﬁ@@@c%cmIfexﬂdemdmdabemeeﬁiﬂﬁkhﬁ:%d 83.
connect o o 18 48 R B, | SEtkl Joding ottt i sessees Thar r

connector housing 15. Af
65a and dog hd#ekig dopi65thheapoetenddd tha elRdbaRek rink 698na %% hQ%iJrigﬂ%flats
cts™t

g
65b on opposit riions of barrel 65a where barref 65a confie og
head 83. Refereﬁflﬁgf % CREARSP @Gﬁ,ca'a &} drock 7ing 9 is presferably bisded mdistlyoatwagdt i on,

or reduced ar gg bt ' u ~ C rtion, 63b. Slot 67

has a | arge enoughtﬁz;l]r5 ggg?%a%e%grrgf%%&?%gp(go%?btmg%{?g%@F&tthlﬁ?deésfaﬂwf head

83 actuates aPBAGCHalA lsonted beives ats dmmbr 63d oufhenad 83,8050 M llodking SoSBR | ©F
n

that the are . barrel.. 65a in.reduced area sl ot 63d. "The portl cam
63. in reducegupgﬁlgggr%‘ﬁ@{y%?arcgﬁﬁ%?gﬂgﬂﬁq1891%113569-a3‘&8c$hgwhémﬂig&63 Babeldbes
from carp porhéexdi80ER ihidh ; gtu?g’l C S sical barrier
to prevent ring 69 and ﬁlggéggf%cr&g%ﬂ{?%ow n%gr}%g?gcgfg‘%rﬁﬁﬁogg%éi pepaated; s ot

67 when reducB@nE fin susfeess & rameprytions<3t) 6abs 6365 Figdhes alay shww&fémﬁ 61.
0029] In th f i | dog 65 extends. through I ockii
Lot b7 S0 e icRlsbtie BOfR b TBY oy iy Wbt orhied B1. Baroh s lsopaderr cam

slot 67 so

63. The head rougbdociig slot 47 aad pan@eesT3tiASoRes: q%g%iégqg, q{l gggggbpcam 63.

Dog 65 is forlgga &giall%f’.i_g rd as it slides from cam Brtion
63b to | ock cam T okeyafolopi Hriges, of hawg! 652 surl dog headoBs.cr Ine ik piefaredi al | y
i nwar d, whi cremboditien, Bitd e o ' 9 radially inward g.65 is

noved radiallly i pward as eca?nalqucl:llk&g tllé'gggg UOQP%%% fé‘%%@%ﬂ&%&f%@n its

| ocked posi t itHel AdaveornecEi tgudog eadi 83 Rafeetvgd 1 Figue 706 k&t 67P221dabey Shown
' ' 4. As

o S RIS TS G R o - 1
9 63b. Slot 67 has a latge enough area for harrel 652 to pass through slot 67 a3 dog
head 83 actuates along cam portions 63a and 63¢. The area of slot 67 is staller that
the area of barrel 65a in reduced area slot 63d. The portion of cam 63.in teduced area
slot 63d engages flats 65b as dog hend 83 actuates from cam portion 63c to 63b.
Reduced area slot acts 25 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

65, thereby locking lock 61,

[?029] In the preferred embodiment, lock dog 65 extends through locking slot 67 so
that inner end or hcé&d of dog 65 is radially inward of lock cam 63. The head of dog
65 slidingly engages the inner surface of lock cam 63. Dog 65 is forced radially
mwwd as it slides from lock cam upper portion 63b to lock cam lower portion 63a.
Dog 65 pulls its outer end 81 radially inward, which in turn pulls the Tock 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 unlocked
position shown in Figure 6, and its unlocked and mlatched position shown in Figure
4. As shown in Figure 4, in the unlocked and unlatched position, dog 65 pulls its



outer end 81 radially inward enough so that teeth 75 do not engage grooves
78, thereby allow ng connector casing 15 to nove axially upward rel ative
to outer tubular nenber 13. [00301 Locking sleeve 19 al so includes an
upper nenber, or sleeve location indicator 89 that connects to upper
portion 70. A threaded fastener 90, preferably a screw, connects a |ower
portion of location indicator 89 to upp8 portion 70. Location indicator
89 extends axially upward from upper portion 70 to an axial elevation above
out er tubul ar nber, 13. Referring to Figures 1, 2, and 5, an indicator
passageway 9"t F‘Fﬁlﬂb’gﬁl wauehr soctiet bagthl 35 fdoaimdti dngagdibRbvEUTS, ace

to its inner SsWbREfIowih gd,,ﬁﬁ%}g way 91 i.s |locagted.toward the upper
portion of conneclt?%r cas?ng 1 g%agﬂ’%ﬁ@t&gfnr%%ﬁ?h“B?i@rgéﬁléwo@]%@‘@bab@ve
the top of oufegmheyBdl ar menmber 13 when inclined surface 23 of |anding

sl eeve 21 engages shoul der 25 of outer tubular nmenmber. |ndicator

passageway 91 ' ] an jnner, opening 93 forned in an radially inward
portion of cor@il?jg? g’r3 c%é Fiﬁavﬁfé]ﬂf%'@@g?esﬁq@ﬂﬁi merabrgl off shetive Icetioniadageway
95 extends t h89uldit dopfatd gﬂul%,ﬁbgipgﬁfogr»; 89 @l;ea?%gr%&geﬁb&eve 1 b‘,\ggc{% -

I nternmedi ate opening 97 is al'so"forned above

t he outer sur clgfa faysatposiion ofilaatiar ififeatd Smﬁkhﬂ]%rﬁio?@dfﬁ7é9'l.ochﬁéﬂ cat or
ically only useful to an

per ator wher At SR BaslRsmmied b sbberiorkane Liavasisl bvation abore
passages 91, QHemimbulaopreiibeg$3, 9RefeBTCRIT; r .determ ne the
position of t Itoccg 1 by noni tgri'r%ﬁt ﬁgeﬁ*:%}:’%ia%g%b?ﬁ 6’6‘%?"5&&%%&%% 19.
As shown in F%S&’Fsﬂ ‘E‘B@«%)&"&H’&c@f cagipg i ditpme fisafutdrauidicgtositepiver 4@abi gns
Wi th indi cat dhdiRamssgs is in its |ocked position. An
i ndi cator or gage Igol &%ﬁ"gyﬁﬁ%ﬁ??@%%d%%?@?gmoﬂt g_':‘”ﬁ’éi’%@’éﬁm@lwéﬁd
openi ng 97, égﬂymﬂ’ﬁ@?tpﬁsﬂaéﬁwﬁ Pt d¢ apovediht qopriofetitdranBiily flddbes 19Whehhe
oper at or thatin&ﬂf&& @rtfa%ré ﬁio% is.in.its, ]ocked position. [00321 As shown in
Figure 2, passage g opg llaél%ﬂgeﬂ%? enggggssbeuldet A5afautco tubulandiendtnr 89
of | ocking slisdivsor Fag o1 ; : . Insetts tqQ. g second

pr edet er m ned Ieng%ﬁgt%hoﬁséﬁoﬁﬁg\gg%% fcftgleﬁﬁl?”t@ ¥ yad and

unl at ched p®&STHuAS condyetos sasbmgilhr edet erni ned | ength is shorter in |ength,
than the first predetermned |ength. As shown in Figure 5, passage 91

opens into pP§sEAYAnIRdithhnal mdicator passageway 95 extends throngh Jocation indicator 89
of locking sleeve 19. An intermediate opening 97 is also formed above indicator
passageway 95 in the outer swrace 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
monitoring the location of locking sleeve 19. As shown in Figure 1 for example,
openiz;g 97 of locking sleeve 19 aligns with indicator passage 91 when connector 119
Is in its locked posiion. An indicator or gage tool (not shown), when inserted into
passage 91 and opening 97, only inserts to a first prédetermincd length that shows the
aperator that connector 119 is in its locked position.

[0032] As shown in Figure 2, passage 21 opens fo the outer surface of location
indicator 89 of locking sleeve 19. A gage fool (not shown) olly inserts to a second
predetermined lergth that shows that connector 119 is in its unlocked apd unlatch;ad
position. The second predetermined length is shorter in length fhan the first
predetermined length. As shown in Figure 5, passage 91 opens fnto passage 95 in




10 location indicator 89 of |ocking sleeve 19, which opens into opening 93
of the radially inward portion of outer tubular nmenber 15. The i ndicator
(not shown) inserts to a third predeterm ned | ength showi ng that connector
119 is in a latched but unlocked position, Typically, connector 119 is
only in the | atched but unl ocked position shown in Figures 5 and 6 while
connector casing is at the surface and H8ing worked on. Additionally, in

the preferred enbodi nent, connector 119 is already |ocked in outer tubular
| anded at the sea floor. The

menber 13 whe - 4 | r er .13 i

| at ched but u2?%@?%%g&t@ooﬁ§?%§eﬁvﬁéa'db‘BPlh’PWP%SO SPeing?3 efthetadialliyock
ring 69 to sdnwid gostdet of bl wheah axh.als atiwe to.outer :
tubul ar nenber, 1 vlvjithou.? theﬁil?lslg@of hﬁ%r}%u@géﬁc\ﬁﬁt&eﬁg %%?W%&a A
pi pe pl ug ('nottb%‘iﬂm?temﬁdamtlbdmmg)that cutinegtool 1pasiaaghtcidd bef 86ked

' S t f.l t _ t df
cntoring pacsboeigt TabAY, SBhiot [ 8 Biiin Hea-fediot sniocked muionabown
hydraul i c fl i Figusesu$ efd Owhidé Kodaetor Wik lcé %Qgggu%%glﬁnﬁrgbeg@”gg{ﬁ@{ g q

out er tubul ar nmper 13. A stab or hydrau
toward the upé«riﬁt@ﬁﬂﬂbﬂn&mm&md codboilingnt, Sonsecty A104¢ bReadpPaSHad BYBilted 01

connects port i [ uid c ni cati opn. wth_hydraulic port 1.
Hydraul i c pasggggilway 1%? 1?&‘6%% Jélgerh %W@%ﬁﬁﬁkﬂd‘?aﬁ%b@ﬁmﬂbw Eheanber
49 to act uathhgbétbuhmag:kadqmsh'@nmlmmmhg SSertBVRY Sab g@%]{%glac??@ '0@063 to
pul | | ocki ng eg%%)ﬁg atgnﬁqlt eeth 75 away from grooves /8, there & Untocki ng
| ock 61. AnotT&r A Boylpr msmben Hoaxajly wlagive de uteomibular areniben 13 mafibge por t
not shown) |ibeakedf Bidrh | f ect oy .casing. 15 with upper
gnnul ar ch?alrrb_er_ 56. A%y ]fmlﬁﬁlvgﬁ?ﬁ& tﬁ%%‘%$aegh§n%§§9g]§ @8{1‘?@%9"‘9%3[]%%
passage 103 v%ﬁ@'ﬁafﬁr pessag8l hefers cormectoricaing is tastded o id &afﬂdé}%'gféjv%t ed
into | ower ar}ﬂﬁﬁﬁ,{’) celﬁ er._49. y fluid in | ower annular * cha r vent s

out hydraulic pass%lge PRFFBEP Aydraulic fluid is i nj ected t hrough
hydraul i ¢ passage 103 i nto upper annul ar chanber 56 and pushes piston 45

Chion a et roaperecarole i ke bl AR e 2
mudl i ne of t HBlog éqqeg ulan membier 41 tayputer ey nBibee 18 . Acial GrapdRRE p&peni ng
| 105 through @ptauevoRe bl RivakP BR upper end of conmector casing 15. A hydraulic |
passageway 101 comects poxt opening 99 in finid commurication with hydrautic port
51. Hydraulic passageway 101 supplies hydraulic fluid to lower armmlar chamber 49
to actuate piston 45, moving piston, 45 upward, causing lock eam 63 to pull locking
dog 65 and teeth 75 away from grooves 78, therefore unlocking lock 61. Another
hydraulic passage 103 provides communication £otn a port (not shown) located at the
. upper portion of connector casing 15 with upper amular chatuber 56. Any fluid in
upper chamber 56 vents out -hydraulic passage 103 when piston 45 moves upward due
to hydraulic flvid injected into lower anmular chamber 49, Any fluid in lower apnylar
¢hamber 49 vents out hydtaulic passage 101 when hydranlic flvid is injected through
‘hydraulic passage 103 imfo wpper anmular chamber 56 and pushes piston 45
downward,

[0034] In the preferred embodimént, a poit opening 105 extends through a side of
vpper conducior casing 16 at an elevation above the mudline of the seafloor. A string
of tubing 107 extends fiom port opeming 105 through a lower portion of upper
conductor casing 16 and stabs into hydrautic port opening 99. Preferably, tubing 107
stabs into port opening 99 when connector casing 15 aftaches to upper conductor



conductor casing 16 and stabs into hydraulic port opening 99. Preferably,
tubing 107 stabs into port opening 99 when connector casing 15 attaches to
upper conductor 11 <casing 16, The conbi nation of port opening 105, tubing
107, port opening 99, and either hydraulic passage 101 or 103 define an
ROV port for either raising or lowering |ocking sleeve 19. In the
preferred enmbodinent, there are a plurghity of port openings 105, tubing
107, and port openings, so that when conblned with the other hydraulic
passage 101, 103 another ROV port is defined for either raising or |owering
| ocki ng s eetasingdl6. [ Doneniiattion ¢fipprt opeRing 105, Sibimy m’,lpﬂgolzﬁ FIQ&SQﬂ | ock -

500 05101 o ARG B0 D08 BT AT Sl e ootk o
stored at thdowﬂédeﬁm Qﬁﬂl&@bﬂﬁeﬂ%wﬁmﬁ &e?&ﬁeﬁﬁﬁgﬁ%@k twe%%e 19

si tuati ons, %glta st orage causes | ock dogs 6
to slide rela Sv ¢ B PPRE OPeipgSe Ko Hiak whem pembined Wxthﬂhmbthbnhjdrauﬁag 71,

Spring 1o HEPEE® Teq i8S Epher RONV'BR iE8cHit 79, ot Mt elomsene ashosos
during hori zcalﬁeaéletorage (0036) In operation, inner tubular nmenber 11 is

already | anded or installed inside outer tubular nenber 13 at the surface
13 is lowered to, beneath the seafloor, Quter

bef t |
t 5b8|r gr % ent beﬁ f"‘iﬁﬂ‘%gn??ﬁéﬂ“ﬂf’mﬂ SPring hesk piages logki dpg 65 iradiallsn detiastd
RS, (Spﬁhgqgg Hdlps%iilte ﬁt%ﬁﬁiﬁ%m%gga?oﬁl Zta% | onh%g#‘%ut er

| ower position and | ock is theretore in i

tubul ar  nmentsepduetyricasing Hejewsl eanacetore 1fuire mEdMMMﬂagabﬁbﬂe bfemglldﬁeredl nner
t ubul ar menb u 3 are t y, bel he
% tHe gﬂbs@d@clp gogng E%é/ag{ ”}”ﬁ‘éﬂ}t ﬁ)g{sﬂg

mudl i ne. Not hing can protrdu S

abandoned. V\Ixmkulgrséecm [19 td slideasibtivesipigach dlﬁwwhidh&ﬁirsal%gg et Pt BB Hﬁ%b
11, upper ca kn I pressure | | head housing 113 can noved
i nst ead of cutt Pf% r‘{%ﬂ?ﬁeéﬁeﬂb@ﬂ % bk aingi Tgis peiated enbvard.h Springl| i ne.

0037) A lic fluid jnto -
Lubing 107 A LD ﬁa%@%ﬂf@ﬁf%%???%%%% 109 BUTBLY 55 i prpottal ™ ©

conmmuni cat i offot@ge-h a conmon

[0036] In operation, jmner fubular member 11 is already landed or installed inside
outer tubular member 13 at the surface before outer tubular member 13 is Iowered to
beneath the seafloor. Outer tubvlar member 13, with itner tubular member 11 inside,
is landed and-cemented into piace. In the preferred embodiment, piston 45 is in its
lower position and lock 61 is therefore in its locked position when outer tubular
merrther 13 is landed and the well is producing well fluids. Inner fubular rember 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 twbular 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 pert opening 105 to supply hydraulic fluid into tubing 107.
Alternatively, pott 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
entire subsea wellhead assembly. At the common module or stab port, the ROV
either directly injects or opens valves and causes hydraulic fluid into tubing 107,




ROV port, or control nodule at which an ROV actuates a series of valves for
the entire subsea well head assenbly. At the conmmon nodul e or stab port,
the ROV either directly injects or opens valves and causes hydraulic fluid
into tubing 107. 12 Hydraulic fluid is injected through tubing 107 and
hydraul ic port opening 99 into passageway 101. The hydraulic fluid

comuni cates through passageway 101 to jsydraulic port 51, where the
hydraulic fluid enters | ower annul ar chanber 49. As nore hydraulic fluid

enters annul h .49, the pressure increases and causes piston 45 to
sl'ide axiall ﬁ%@%ﬁﬁg%ﬂoﬁm terd fhtenigh elgng 1107 2 dywirairdic PorLopeningt® fnhe

unl ocked posi pds@dbrefAOVIH11 NTHA 2, Ko ves .upward rel ative to
connect or c_asllsn%gf}:a gs pi s?@%ﬁg ﬁﬁb‘\zles rom nt“.g%ﬁ%w%hgéﬁmaffn i Bure 1
to the posithvshkadieawnt 55 Whegete Bydridiskfidd gnias Bl aadli Quihel 26 Kifly dog

65 so that d . sl.ides fromlock cam upper portion 63b, over

i nclined por?@%ﬁ%&?ﬁméﬁ ersc%ﬁ% fpea 49, dle pressure hnsreslsss and ddusey t eet h

75 out of engdgenEstto Widd L4 Figures 2.and 4, the

operator can |ift in?le‘rl_ tubuiaayﬁn%ﬁ}eorm%%%%%hﬁgﬁfg?w Eﬁjﬁgg{e hsdher 13

since teeth #slatked@osiinyahewyrincligare72. | bodkheand 3081006k uPQRAdt febilive!sg OF der
13, a

to renove in&%ﬁn‘%ﬁ&ul ar ggnber. 11 grom oyter, tubul ar menber

predet er mi ned UPWAT ¢ 7 8F c8 dhiltion 45 sngyies dgny # pesitien SRwroindFigere lotot thef
recess 35. fiobition ShaVaf il FiBiwed, IHGM f..om.oyter

t ubul ar rrenb%%ﬁ he opgtﬁlator can co%ﬁ%@ﬁ@a@%%?ﬁ%é? S‘Sftﬁ)z}tfl‘iggvvelI
in a manner 78 desfom deck cam uppanpotiton 659, beerdmdlited poptivnt 632N tdfock he

| head. [O | LBt | | O h ' | y. f it
Form. 11 shoura e PEiol Gl e il bl B et oF SHimeSmitioni sopvesdihor. o

linited, butAsshowsdeptgirte? tnd vatieosmrata QRTES intet ROHIar SRR i1ggméi6§{n0;h25

scope of the_jnvention. For exanple, rather than positioning t
bel ow | ock 62{,’{‘]’5%%“?{6%3’1&%|1§ e feef Ja donbrbengage grooveschin tadudakéd ng
dogs whi ch wpedifior HuEE:r kb Rorhd i hydrayli ¢ pass
| eading to the upper and | ower gﬁ%ﬁﬁ%ﬁ%#&%ﬁgfﬁfmwyp@%%%ﬁavention
has been shodirdsiegningd apywardofordet must berapplisd fos oy 38 BelideBREEORLest 85t hose
skilled int Pt i t,sq limted hut is susceptible to various
changes wit hg‘ﬁ? P@e‘%@?ﬁ@%@@?ﬁ%&@%we@ E”é'n? oNfeebear merber 13, the

operator ¢an complete the abandonment of the well in 2 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 fo 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, 2 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 lirmited but is susceptible to various
changes without départing from the scope of the invention.



CLAIMS THAT CLAIMED I'S: 1. A subsea wel | head assenbly, conprising: an
outer tubul ar nenber having a bore containing a grooved profile; an inner
‘tubul ar menber that |lands within the outer tubular nenber, the inner

t ubul ar nenber adapted to be joined to a portion of conductor casing
extending from a |ow pressure wel|head housing; a | ocking nenber carried
by the inner tubular nenber that nEd8IMSet wveen a | ocked and unl ocked
position relative to the grooved profile to | ock the inner tubular nenber
to the out THATOQLAIMEDEISEr ; an axially noveabl e, hydraulically actuated

| ocki ng sl eeve carried within the inner tubular nenber that slidingly
engages the | ocking nenber for selectively cammng the | ocking nenber

bet ween the | oc F&ﬂ] it ; and an ROV port extending from
t he | ocki ng' sl e%ggbs?%g?%e%cg% erllg(r%?%l}’h% conductor casing joined to the

i nner tubul ar g tbotar memberfhaving g bovetchntamin@@\¢reoayed puofijss y hydraul i c
fluid. 2. The s i rdi laim 1. .wherein the

| ocki ng rrerrberéﬁ(ﬁ%%ieagEgﬁg?rﬁﬁ%g%%gﬁlﬁﬁ%goq{éﬁgﬁ%gm&ﬁgh%ruﬂ%r‘mgf rcunf erence
of the i nnebulat mbmbarradametie be jdined The pertibs efrondididreadnpexsadink froaccor di ng to
claimi1, wherein th ter, tubular nenber is enbedded into the seafl oor,
havi ng an Egoa\g?re%sﬁrge%eglﬁgﬁl}o%n%dl ine. 4. The subsea wel | head assenbly
accordi ng to clalonkifig meinberetmiet by tHedmer tuhularmaehber tleadmpvéstesvean bock dog t hat
extends fr uter, port..on of. t | ocki er throu he i nner
Cubular e g ShER ol s B EN A 8 ok b Bt dalete) | heac
assenbl y amembek tothetomtet hbular hembdrer ei n t he | ocki ng sl eeve actuates the

| ocki ng menber to the | ocked sition | Liding, axially upward. 13 6. The
subsea wel | head®™&Y eagaiecBfﬁ?ﬂﬁaﬁyoac%ﬁﬁm%ng%}%y%w%é%ﬁ%ye por t

further coinner tabdlartmidmbieg thakslidinglyggigdes the tidtking mrerbet fob sdieutivelpnber upwar d
through a cattm %nlg e lggkixgghgelﬁger}gt%egnr the foekétind unlocked positions; and

an ROV port extending from the locking sleeve to the exterior of the

conductor casing joined to the inner tubular member for interfacing with an ROV to

supply hydraulic fluid.

2. The subsea wellhead assembly according to claim 1, wherein the locking
member comprises a e-ring extending around the outer circumference of the inner
tubular member.

3. The subsea wellhead assembly according to claim 1, wherein the outer tubular

member is embedded into the seafloor, having an upper end below the mudline.

4. The subsea wellhead assembly 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 subsea wellhead assembly according to claim 1, wherein the locking
sleeve actuates the locking member to the locked position by sliding axially upward.

13



7. The subsea wel | head assenbly according to claim1, wherein the ROV port
extends.to a portion of the conductor casing above the seafloor. 8. The
‘'subsea wel | head assenbly according to claim1l, wherein the | ocking nenber
actuat es between | ocked and unl ocked positions by noving radially inward

and outward. 9._The subs | | head assenbly gccording to claim1l, wherein
t he | ocki ng- sIbe%rwqi]g?%ﬁﬁm}éé%wﬁi’%ﬂ@t@%br"ﬁi%e"preaquLﬂogr surface

of the | ockirher sdnfiRises tubiﬁ?égteudmgwn@mamrm&ﬁ&m%e war@ thPbuphan for
receiving the hydraulic fTuid to force the piston and | ocking sl eeve

axi al |y uphertion affhe eRnRcien@sing.0. The subsea wel | head assembly according to
claim9, wherein the ROV port further conprising at |east two hydraulic
fluid ports, one of which capable of transmtting the hydraulic fluid into

a portion @f thEhechvbidacwelthradodsbembie aenordifgetopdlsitnol), whepdisl the ROVt gogyr port

bei ng capabl.e of transmitiing hydraulic flyid into a portion of the
chanber axF’gFI?‘i; t%?)B\’mef ep'fcg‘fhb or CR§ng &’%ﬁ%éﬁ?ﬂ%’l‘l head assenbly,
conprising. an outer tubular menber enbedded in the seafl oor with an upper

end below the nudline of the seafloor and having a bore containing a
grooved pr 8f i | eTheappbsemwellhcad absgmblyeadserdingntat cliims & wherpint the tlbekingut er
tubul ar ne | . [HeY 0 a portion
of conduct g}r% ﬁ@grsécﬁg;tég)'}? @%&? E%E#Hr %[rcrl] m%ﬁﬁ)ev&g?)ggs gﬂ F}é’g‘r‘.‘gﬁ‘%‘?‘ﬂgp ﬁg"“ltdoc ki ng
menber car radentwgrdt he i nner tubul ar nenber that noves between a |ocked and
unl ocked position relative to the grooved profile to | ock the inner tubular
menber to the outer tubular nenber; 14 an axially noveable, hydraulically

act uat ed | ocki mphs b@se weiltichd Qekcidblynhddotdiy tol EIMBY 1} WhReteRl theasd g t hat
slidingly engages, t he |QCkI§I’rl§ menber for sel ecti vel¥ car.om ng tghe | ocki ng

member bet Ter| CORPEEPS Sriistoh FmRE A 3B Spter sbace gt e dpcking desyessage

extendi ng tdmM t he | ocking sl eeve through the inner tubular nenber to the

conduct or casing; an
- g ﬂui% cgamber defined by the piston for receiving the hydraulic fluid to force
the piston and locking sleeve axially upward and downward.

10.  The subsea wellhead assembly according to claim 9, wherein the ROV port
further comprising at least two 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 hydraulic 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 end below
the mudline of the seafloor and having a bore containing a grooved profile;

an inner tubular member that inserts into the outer tubular member, the inner
tubular member adapted to be joined to a portion of conductor casing extending from
-a low pressure housing; .

a locking member carried by the inner tubular member that moves between a
locked and unlocked position relative to the grooved profile to lock the inner tubular

member to the outer tubular member;
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an ROV port extending through a side of the conductor casing at a position
above the seafloor, the ROV port is in communication with the hydraulic
‘passage for interfacing with an ROV to supply hydraulic fluid. 12. The
subsea wel | head assenbly according to claimi11, wherein the |ocking nenber

conprises a c-ring,extendi nd.the o ter,ci cunf erence ,of the inner

t ubul ar nenber. aﬁ%“ﬁ Hﬁo‘?ﬁ‘ﬁg W@Fﬁﬁm%‘?@%ﬁ egkeearded withinthel aj m 11,
wherein th%ﬂeﬁﬁkﬂlﬁﬂnerﬁ'@d?ﬂﬁtsliHi&fQWd:n%@ﬁes@ndl@&dhgdﬂ@nBahﬁrs&é&tﬁ!@ﬁs froman outer
portion of the&{g&ﬁ n]g11 nger throglg&%he i.nner tubular nmenber for

engagi ng t K& ‘?JQ gwgmber patweey, eeand pelockidpesitignsnbl y according to
claim 11, mereaﬁydrmlcgagkgmenaing%ﬁ tﬁ@toalahgﬁeéveﬁnb@ﬁh@ﬂnémnber to the

| ocked position by sli axially upward to a |ocked position. 15. The

subsea wel M%W@@%W%&%FQ&FWES &l aim 11, wherein the locking sleeve
- actuates the | ogkRog ﬂ&@&hdlﬁ?tﬂr&@h‘d@ld@%&@ c@rﬁi%bﬁ)f Eb@mﬁﬁété dsﬂio'ﬁg aX' ally
downward to an unl ocked positTon. . The subsea we ead assenbly

accor di ng tabo‘t?'lﬂéﬁ sepfioor, thy BOY| nerttiniz qom@kmwgtww@hehmmﬁmazmr | ocki ng
menber to ﬁ.%qqtmelt@ gﬁhli}@:%hﬁdﬁlﬂd by axially sliding to a
substantlally | e position an axi al” stroke of the |ocking sleeve. 17.
The subsea wel | head assembly according to claim1l, wherein the ROV port
further conpris t ybi Xt ndln t hrough .a portj.on of .the conductor

casi ng o he * Theeird Sefted Aetby stogdibeyd BinoLl Wierein didoges bl y

accor di ng tfenfHeRcomprises Whariny méddmgl acltdrle oﬁﬁﬂbﬂunﬁafewa&h@%wen | ocked

" and unl ocke 05|t| ons by noving radially inward and outward. 19. The
subsea wel | Db | y according to claim 11, wherein the |ocking sleeve
further conpri ses a piston forned on an outer surface of the | ocking

sl eeve; and a fluid chamber defined by the piston for receiving a

hydraul i ¢ fiBui dThe stbsea wellhead aprembbnacgerdingdeldlaig b, odeesim icalothingipwar d and
downwar d.

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,

14,  The subsea wellhead assembly 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 subsea wellhead assembly 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 subsea wellhead assembly according to claim 11, wherein the locking
sleeve actuates the locking 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 subsea wellhead assembly according to claim 11, wherein the ROV port
further comprises tubing extending through a portion of the conductor casing to the
hydraulic passage.
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20. The subsea wel | head assenbl y according to claim19, wherein the ROV
port further conprising at |east two hydraulic fluid ports, one of which
‘capabl e of transnitting hydraulic fluid into a portion of the chanber
axially below the piston, and the ot her port being capabl e of transmtting

hydraul i c ui d.d Nt tion of hanber .axj.al | ve the piston.
21. A net hgg %g@gﬁhg’%e ‘8%%"”88 ?rﬁ’f“ﬁggnc slecki®e 3 subsea
wel | conpmembagacumtes\ueﬁweeg lazhked me:mlwbwbwitimm?eﬁovﬁgn@mn Pihwafd t he | over
end of a pgﬁi g conductor casing extending froma | ow pressure

wel | head h ?'ﬁ'ﬂ hd | ocated within an outer tubular nmenber of a subsea
wel | having a grooved profile on its interior surface, a |ocking nenber
that selectively engages the grooved profile'and is carried by the inner
t ubul ar . medBer , Thnsubaed welkicad) assemblycactdrding gbicliimgl ly véeging s lbdskhg ocki ng

erber ! SRRl 9 AR S SRS SRR B AR TR,

slide the ambcking sleeve relative to the |OCkI ng menber; actuating the

| ocki nmb I h I b i t
| ocking merber ikl chld A5bLS, DSBS A0knhy LSk IERR, SIRIDeT 18 o
menber f r othewpigtéri andtldr:&uxguleeve axiddiylupwardent downwakg.

20.  The subsea wellhead ass_embly according to claim 19, wherein the ROV port
further comprising ‘at least two hydranlic fluid ports, one of which cai)able of
transmitting hydraulic fluid into a portion of the chamber axially below the piston,
and the other port being capable of transmiiting hydraulic fiuid into a portion of the
chamber axially above the piston.

21. A method of disconnecting a conduit from a conductor case of a subsea well
comprising:

providing an inner tubular member connected to the lower end of a portion of
conductor casing extending from a low pressure weithead housiné and located within
an outer tubular member of a subsea well having a grooved profile on its interior
surface, a locking member that selectively engages the grooved profile and is carried
by the inner tubular member, and a locking sleeve that slidingly engages the locking
member for actuating the locking member between locked and unlocked 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 grooved profile; and

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