28 Novenber 2006 WD 20041001190 PCTI US2003/ 018961 Subsea Wel | Apparatus
This invention relates generally to subsea well appara of the pe in
whi ch a wel | head menber body is adapted to be | owered }Zﬁﬁ%ovg eT%é%hed
within the bore of a conductor which is nmounted on the ocean fl oor,
followng which a riser is connected to the upper end of the body for

ext ensi on VWQ¥E#/eMIPOt o a 6 drilling vessel. Mre parrirastoswoiseslr it relates to
i nprovenents in apparatus of this type in which the well head nenber body
is "weight set” in the sense that it is latched in the bore of the
conductdr in response to its SukseaMellApparaiuss avoi ding the need for

special running and setting tools for that purpose. Since the riser is
subj ect to vvavg”EﬁiﬂV%t'ﬁG relates generally to subiseawelhapparatas pfdbe typein 11 t he subsea
wel |, thus ingosing bendi ng forces on the |latch and causing resulting

¢ ¢

fatigue. VAhichawelihead memhenkodyisadapieddo belowerssi intoapd lathet withinof  t he
wel | head nenber body within the conductor bore. For exanple, in accordance
with U S thedoenef agpndyciopwhighyis mauntedwoal theiecasnifioni fnllowioglwhicha upper and
| oner downwardly and inwardly tapering wedge surfaces which are tightly
recei ved 1688R#s ¢inReetadia the unpgsend afibie bodeior exdemsina uiwardiyid a nwar dly t aper ed
wedge surfaces on the conductor bore as the well head nenber is |owered and
| at ched®wi ¢MHiing vieggel. More particularly, it relates to improvements in apparatus of this
type in which the wellhead member body is "weight set” in the sense that it is
latched in the bore of the conductor in response to its own weight, thus avoiding
the need for special running and setting tools for that purpose.
Since the riser is subject to wave and wind action, it is bent with respect to
11 the subsea well, thus imposing bending forces on the latch and causing resulting
fatigue. Various efforts have been made to stabilize latching of the welihead
member body within the conductor bore. For example, in accordance with U.S.
Patent No. 5,029,647, the wellhead member body has upper and lower
downwardly and inwardly tapering wedge surfaces which are tightly received
16 within coaxial upper and lower downwardly and inwardly tapered wedge surfaces
on the conductor bore as the wellhead member is lowered and latched within the
conductor by upwardly facing ratchet teeth on the conductor engageable with
ratchet grooves on the body.
One problem with such apparatus is that the upper wedge surface on the

21 conductor bore is subject to damage as tools are Jowered through it. Aiso, there

is inherently a certain amount of “play” between the ratchet teeth and grooves




conductor by upwardly facing ratchet teeth on the conductor engageable wth
rat chet grooves on the body. One problemw th such appaiga.&us i S hgé‘ t he
upper wedge surface on the 21 conductor bore is subjec gv l?ﬁﬁég s tools
are lowered through it. Also, there is inherently a certain anount of
"play" between the ratchet teeth and grooves 28 Novenber 2006 which adds
to the possibility of fatigue. Enbodinents of this invention can provide
such apparatus in which the upper wedge surface in the conductor bore is
protected as tools are |lowered through it and, nore particularly in which,
t he body i swhictt adldedb tve pbssitiiiéy dfdatigue.n a manner which mnim zes the
possibility of vertical or radial novenent responsive to the aforenentioned
forces. A nor eEpbedinents afithis isvettonican provide eudhdpparatil irapiar tiewspérn whi ch t he
| atch may be easily released to permt retrieval of the body fromthe
conduct or . Wedes suripse indhéeendogipiire isareleciedemipols siedelverpehtheaugbitdndce wit h
illustrated and preferred enbodi nent of the invention, by subsea well

appar at us \re Rarticiiary deghih, thedpdyia lateherbwithibe Bor éya maaner wéick minieizes hr ough,

| ocki ng grooves within the bore, and a | ower. downwardly and inwardly

t aper ed wediferessiPlity Obveriiceheriadialénqysmenigesnoasive tone FPpisagationed facesg Awel | head
menber body which is |owerable jnto the bore of the conductor and which
has, about™i't EarBiWBéPLEFtd%t,o PERY! P gPRArgtuTinwich g latch may Dggasilihove t he

seat, a | O%éasceizg%x&ar%ﬁ Iréfrieval of the body from the conductor.

These and cther objects are accomplished, in accordance with iflustrated and
preferred embodiment of the invention, by subsea well apparatus which incrludes a
conductor having a vertical bore therethrough, locking grooves within the bore, and a lower
downwardly and inwardly tapered wedge surface within the bore beneath the grooves, and
a wellhead member body which is lowerable into the bbre of the conductor and which has,
about its outer side, an upwardly facing seat, a recess above the seat, a lower downwardly

“and inwardly tapered wedge surface below the seat in the conductor bore, and an upper
downwardly and inwardly tapered wedge surface between the recess and seat.

A normally contracted, split locking ring may be supported on the seat and may
_have, about its outer side, locking teeth disposable oppaosite the locking grooves, as the
body is [owered into the conductor bore, ratchet grooves about its inner side, and an upper

~ downwardly and inwardly tapered wedge surface beneath the ratchet grooves. A normally

expanded split ratchet ring which is slidable inwardiy




and inwardly tapered wedge surface below the seat in the conductor bore,

and an upper downwardly and inwardly tapered wedge surface betmeen t he
recess and seat. A nornally contracted, split |ocking r%%@ cpel @Lpported
on the seat and may have, about its outer side, |ocking teeth disposable
opposite the | ocking grooves, as the body is lowered into the conductor
bore, ratchet grooves about its inner side, and an upper downwardly and

i nwardly tapered wedge surface beneath the ratchet grooves. A nornmally
expanded split ratchet ring which is slidable inwardly 2 28 Novenber 2006
and out war @y oviveigiyrwithindhe easesssabawethe ladvieg riog kian bave latghingiteethaabeutlitat chi ng
teeth about its outer side, and may be positioned to | and on the upper end
of the | ocleuisgside. #d mmykeipasitionst to Iam/m hagpedr entlef the lgkingXirgnuron initieé r

| owering of the body, the ratchet ring forces the locking ring and its
teeth outwlAN3 eidhabea% he | ocki ng grooves and di sposes the ratchet teeth
opposite the ratchet grooves, Upon still further |owering of the body, the
ratchet ring fHP%%“Q%g’WeﬁE%PfﬁBe etR ratptebringyieroen frederigsieAtd i th the

| ocki ng gro ratchet ring into |ocking

. ealt oty lyfthe r@te?%cﬁ Lot 3y e tchet feeth th
engagenent Y 6‘8\95? &t andfispogradhe ERigh h@ é’@p?*ﬁﬁ Supper
ege S o Lo S PRl A PR B AR SRR, oy

tightly enge%%elﬁtotlgc%ng engagement with the locking grooves and the ratchet testh of the

ratchet ring into locking engagement with the ratchet grooves of the locking ring, as the

upper wedge surface about the body tightly engages upper wedge surface on the inner

side of the locking ring, and the lower wedge surfacé about the body tightiy engages the

lower wedge surface in the conductor bore. The upper and lower wedge surfaces may be

coaxial and extend at a relatively small angle with respect to the vertical.

The ratchet ring may have a surface slidable downwardly and outwardly over a

surface of the body; and the locking ring has a surface slidable upwardly and outwardly

over a surface of the conductor bore, as the wedge surfaces are tightly engaged. More

particularly, the first mentioned surfaces may form a larger angle with respect to the

horizontal than the second mentioned surfaces, so as to urge the rings outwardly with a

radial component of force, thereby minimizing the possibility of gaps in the latch which

- might otherwise permit play leading to the possibility of fatigue.

The upper end of the locking ring may extend above the conducior when the




| ower wedge surface in the conductor bore. The upper and | ower wedge
surfaces may be coaxial and extend at a relatively sma angl.e with
respect to the vertical. The ratchet ring my have a suiﬁlf%{e %éhera%ﬁe
downwardly and outwardly over a surface of the body; and the | ocking ring
has a surface slidable upwardly and outwardly over a surface of the
conductor bore, as the wedge surfaces are tightly engaged. Mbre
particularly, the first mentioned surfaces may forma larger angle with
respect to the horizontal than the second nentioned surfaces, so as to
urge the rings outwardly with a radial conponent of force, thereby
mnimzing the possibility of gaps in the |atch which m ght otherw se
pernmt pl ajattheis aetngnd earigsdoliplosinpyanany ingrdiydo fqycrethe Taiehetippdntodimed of t he

| ocking ring may extend above the conductor when the 3 28 Novenber 2006
latch is ségcesanry by relasse ioaicheltepth fomdheaichetaipoves i thelopigra@a he r at chet
ring into the recess and thus release its ratchet teeth fromthe ratchet
grooves i n THE teJersinggingiterih arefisq do refra fiogdiRe argoyasrythe sepdiicier Bodvtee t o
retract fromt roovgg in th body to permt the rings to be

rai sed wit Wemgtﬁ%gﬁgﬁ tp ﬁzi"?eﬁ’éf""g&'?cﬁ?fgﬂ%gﬁ’%[}m EOTAYERr 3% of the conductor may
e B ey e e RO RS Ao RS e 35S iy BT 010
?ﬁgy i S ! O\Qﬁéu?cger ) ghfmllhlf'cihdanbe\(m%?gse% p%lrtf% %f t‘ﬁé E)gc?y e\ﬁggt% itlgeasl;ela}/istgnizigt'if)g h one of
passed as the body is lowered, and fluid bypass slots extend vertically through one of the
portions. :
A normally expanded split retainer ring supported on the seat may be connected to
the lower ehd of the locking ring for expansion and contraction with respect thereto, and
| is releasable from the locking ring.but held on the seat, as the body is initially lowered,
and then reconnected to the locking ring, upon raising of the body.
According to a first aspect of the present invention, there is provided a subsea well
apparatus, comprising a conductor having a bore therethrough with locking grooves
about the bore, a wellhead body adapted to be lowered into the bore for landing therein, a
split lock ring carried by the body and having latching teeth for disposat opposite the
grooves as the body is so lowered, and ratchet grooves therein, a split ratchet ring carried
by the body for disposal above the locking ring and having latching teeth th_éreabout, said
ratchet ring engaging the lock ring, upon initial lowering of the body, so as to force the
locking teeth into the locking grooves, and, upon further lowering théreof, causing the
ratchet teeth to engage the ratchet grooves, a lower downwardly and inwardly extending
wedge surface about the conductor bore, an upper downwardly and inwardly extending

wedge surface within the locking ring, and upper and lower downwardly and inwardly

extending wedge surface about the body, said upper and lower




portions. A normally expanded split retainer ring supported on the seat may
be connected to the lower end of the locking ring for ﬁﬁ@ansion %Pd
contraction with respect thereto, and is rel easabl e fromeYEERYg ring
but held on the seat, as the body is initially | owered, and then
reconnected to the | ocking ring, upon raising of the body. According to a
first aspect of the present invention, there is provided a subsea well
apparatus, conprising a conductor having a bore therethrough with | ocking

grooves - abgetgetshfadesbing 8okl AtEaebrapd\at AdaRivad sthal BRd wibegsbct @t 0 the

bore for landing therein, a split lock ring carried by the body and havi ng
| at chi ng t eied Verticarto dyitlp @agdge@pp @Rbther dshife rafheueth eAgade e faREY drsoves.

| ower ed, and ratchet grooves therein, a split ratchet ring carried by the
body for di sposedordidgnioa sebendlaspédt nithe pregerairdehtivi thereligproVidatn siesth
t hereabout, said ratchet ring engaging the lock ring, upon initial
| ower i ng ofwetl appavatds; comprising & apnflastarehating a vedicd ibng therethfougmtiazkinge | ocki ng
grooves, and, upon further |owering thereof, causing the ratchet teeth to
engage t he graaveshwithinthe boresan epwWanietacido ehavided Ivithia tie borensandéth thext endi ng
wedge surface about the conductor bore, an upper downwardly and inwardly
‘ext endi ng 9UeSMefe a8dip foxnerdawrwerdly anenwvarglyitangred wrglge swéaca within thenlebre ower
downwar dl y and i nwar dl ext endi ng wedge surface about the body, said upper
and | ower hensstiNgo & r,20krilhead meémber body lowerable into the bore of the conductor
and having, about its outer side, a recess, an upper downwardly and inwardly extending
wedge surface beneath the recess, an upwardly facing seat beneath the wedge surface,
and a lower downwardly and inwardly extending wedge surface below the seat.a
normally contracted, split locking ring supported on the seat and having, about its outer
side, locking teeth opposite the locking grooves, and, about its inner side, ratchet
grooves, and an upper downwardly and inwardly extending wedge surface beneath the
ratchet grooves, a normally expanded split ratchet ring disposed within and having upper
and lower ends slidable inwardly and outwardly in the recess, and upwardly facing ratchet
teeth about its outer side, said ratchet ring being landable on the locking ring to fower the
locking ring to a position in which its locking teeth are opposite the locking grooves, and,
upon continued lowering of the body, forces the teeth of the locking ring outwardly into
locking engagement with the locking grooves and the ratchet teeth of the ratchet ring into
engagement with the ratchet grooves of the locking ring, as the lower wedge surface
about the body slides into the lower wedge surface in the conductor bore and the upper
wedge surface about the body slides into the upper wedge surface of the focking ring, the |

wedge surfaces extending at a relatively small angle with respect to the vertical, and the

. upper wadge surfaces beirig coaxial with the lower wedge surfaces.
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wedge surfaces being coaxial and extending at a relatively small angle mﬁtﬂ
respect to the vertical to tightly engage one another as the ratchet teet
engage the ratchet grooves. According to a second aspeé%gg?“¥ﬂ§559@%ent

i nvention, there is provided a subsea well apparatus, conprising a
conductor having a vertical bore therethrough, |ocking grooves within the
bore, an upwardly facing shoulder within the bore beneath the grooves, and
a |l ower downwardly and inwardly tapered wedge surface within the bore
beneat h the shoul der, a well head nenber body | owerable into the bore of the
conductor and having, about its outer side, a recess, an upper downwardly
and i nwar dl y ek¢eriingig a thisldageed of tha peespelinvantiont thererieprovided aauispaaeti| y
facing seat beneath the wedge surface, and a |ower downwardly and inwardly
ext endi ng REERJBIUS FPMREENGLR B \RHEtREhayinga verticaldorphergtheeughrlalingdiroaygs i t

| ocking ring s orted on the seat and having, about its outer side,

| ocki ng teé‘g‘ﬁmgg%%“?'ta@ upygrdlydeangRioyrgonitd the here baprsth thewgsoqvemepd & ge,
ratchet grooves, and an, upper downwardly and i nward ext endi ng wedge
surface beff¥&l ﬁf’\é'%afﬁv 3?$’H@§rd&rt6?ﬁy%¥®e%eﬁ8 ?F@I"Y'S'?'“etﬁ?)é%ﬁ@ﬁn%aﬁl‘ %€ "r at chet ;
ring disposed w thin and havi upper .. and | gwer ends slidable inwardly an
out war dl y Fﬁm{l# ar‘@%’@%%“%?ﬂﬁ”&%%&@'ﬁ?b’fed@?rtfbe 5 %‘ﬁ%‘? G°”FH‘3‘E’W”§§6‘&'994 tshout er
side, said | el 0 he .l ocking ring to | ower the
ocki g r1 Ao B Eheladi?n DR A Bofin®ial afa LEEL et R Vi FERE | e

| ocki ng gr [ | NG .of dy., | es the
tooth of 't RSP REess, UG A Ay Y bR sider Bebaitne LOTR " e

l'ocki ng gr gRY&Ss@aek, bHephatREind RS BbrlhinthesHoRkiGh 8hd & oW r jic%rﬂvardly

and inwardly tapered wedge surface beneath the seat, a normally contracted, split
locking ring supported above the seat and having, about its outer side, a downwardly and
inwardly tapered shoulder disposed above the shoulder on the conductor bore and
locking teeth beneath the shoulder and opposite the locking grooves, and having, about
its inner side, ratchet grooves, a downwardly and inwardly extending shoulder above the
grooves, an upper downwardly and ihwardly tapered wedge surface beneath the ratchet
grooves, and a downwardly and inWardIy tapered shoulder beneath the wedge surface, a
normally expanded ratchet ring having upper and lower ends slidable inwardly and
outwardly in the recess and having ratchet teeth about its outer side, said ratchet teeth
being landable on the focking ring, upon initial lowering of the body, so that, upon further
lowering, the ratchet ring will force the locking ring downwardly to land its shoulder on the
shoulder in the conductor bore, and then lower the locking ring to dispose its locking teeth
opposite the locking grooves as the lower wedge surface of the body slides within the
lower wedge surface in the conductor bore, and thus, upon continued lowering, force the
~ teeth of the locking ring outwardly toward the locking grooves and dispose the ratchet
feeth above the ra{chet grooves of the lock ring, and then, upon still flitther lowering of -

the body, force the locking teeth outwardly into locking engagement with the locking
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engagenent with the ratchet grooves of the locking ring, as the | ower wedge

surface about the body slides into the | ower wedge su[;%g(aj@e irt@tg(?
conductor bore and the upper wedge surface about the o £&9%t o the

upper wedge surface of the locking ring, the wedge surfaces extending at a

relatively small angle with respect to the vertical, and the upper wedge

surfaces being coaxial with the | ower wedge surfaces. 4a 28 Novenber 2006

According to a third aspect of the present invention, there is provided a

subsea wel | apparatus, conprising a conductor having a vertical bore

t her et hrough, | ocking grooves wthin the bore, an upwardly facin%hshoulder
!

Wi t hi n t he B50RvEs BhiBER feresibe ftehstiesth oh g ratchet e intledtingeanghgemaniwithwar di y

t apered wedge surface within the bore beneath the shoulder, a well head

menber body'a BiEFAEINET Rt iBe PPRENGHI% 2k URdROVESIRE GEDS Bhaer AkRME fig bodabout i ts
t i de, d dl dj dly t ) d

surface  bANORF R IeEeele siege ARG eI tohleieasgmer Bibg e houl der

b th th f |y faci b th th

ohoul der . " rPESsad S eRkEs BT == R PR e PpR S bRk T B ERH Patoe

b th th Al lit. locking, ri ted

above t he SErreShelbRE nd gBHS A BEeite e SRLIR IR IR | hvr ol

tapered Shwgﬁéoﬂhéﬁﬁtéﬁgrds %ﬁﬁgé\p&gﬁgﬁh‘éc@%th%%ob@%tq%&%%&%d ore and

| ocking teeth beneat e opposite ocki ng grdooves, and
having, abgifaces extending at a relatively small angle with respect to the vertical, and the upper

wedge surface being coaxial with the lower wedge surfaces.

According to a fourth aspect of the present invention, there is provided subsea well
apparatus, comprising a conductor having a vertical bore therethrough, locking grooves
located in the bore, a shoulder located in the bore, and a lower wedge surface located in
the bore below the locking grooves, a wellhead member body lowerable into the bore of
the conductor, having a recess thereabout, an upper wedge surface located below the |
recess, and a lower wedge surface located below the upper wedge surface for tightly
engaging within the lower wedge surface located in the bore of the conductor, a normally
contracted split locking ring carried by body and landable on said shoulder in said
conductor when body is lowered and having locking teeth thereabout for engaging the
locking grooves, an upper wedge surface therein which mates with upper wedge surface
on said body when body is landed in said conductor, and ratchet grooves therein above
said wedge surface about this locking ring, and a split, normally expanded, ratchet ring
positioned in said recess and having ratchet teeth thereabout which engage with the

ratchet grooves within the locking ring when said body is landed in said conductor.

-de




its inner side, ratchet grooves, a downwardly and inwardly extending

shoul der above the grooves, an upper downwardly and i dI red wedge
surface beneath the ratchet grooves, and a downwardly F (¢ tapered
shoul der beneath the wedge surface, a normally expanded ratchet ring
havi ng upper and | ower ends slidable inwardly and outwardly in the recess
and havi ngvVQ ¥P¥NEP t eet h about its outer side, sai coraswhaussseeth being

| andabl e on the |l ocking ring, upon initial |owering of the body, so that,

downerdl y 1 o "aHEEHMnes ihBIKE FreRh®ahinrers M et IEousBAELor bore, and

then | ower rlng to dispose its locking teeth opposite the
| ocki ng grdgégg%thggg "l ower wedge surface of the body slides within the

| overf ng.  or oG e'éa'%"%%“?ﬁ@ A PGt e ReR R b e ot he 1 ocki ng
?LEEV??nSW’%&%‘t ec‘ ARAAE Il T her “Towering of the body, Torce the
Novenber 2006 1 *“%%thﬁﬁ’e@weﬁ Sy F%@%P”?e#év@r b ne at chet ring
upon 1 e PRAISTIATH BB R0r eichpalalF it B eyl °e?¥t§siat lobEr e upper wedge
the | ock: g ook i SRS whriy ey e RO TR E bt e combelabio ot B Touer ed ont o
‘ dispose the locking testh of the locking ring opposite the tocking grooves in the
( bore of the conductor,
Fig. 2 shows the wellhead housing body lowered from the position of Fig.
11 1 so as to release the retainer ring from the lock ring and permit the ratchet ring
to land on the upper end of the locking ring and Iowe-r as the locking ring lands
onto a shoulder in the conductor bore above the locking grooves;
* Fig. 3 shows the apparatus upon further lowering of the welthead
assembly body to cause the ratchet ring to force the locking ring outwardly to
16 move its locking teeth toward the locking grooves;
Fig. 4 shows the apparatus upon still further lowering of the wellhead
housing body so as to lower its upper wedge surface into the wedge surface of
. the locking ring and its lower wedge surface into the lower wedg_e surface of the
conductor, and force the locking teeth about the lock ring toward locking
21  engagement Wiﬂ'; the tocking grooves in the bore of the conductor and lower the
ratchet ring a position in which its ratchet teeth are opposite the ratchet grooves

of the locking ring;




t he tapered shoul der of the lock ring, and the wedge surface about the body
Is lowered further downward toward the | ower wedge surface of the
conductor bore, the wedge surfaces extending at a rel a5iNVYEPOEREU0 angl e
with respect to the vertical, and the upper wedge surface being coaxial
with the | ower wedge surfaces. According to a fourth aspect of the present

i nvent i on, W@ HMWIPE provi ded subsea wel |  appar at uPCTESHUIIESSNG a conduct or
having a vertical bore therethrough, |ocking grooves |ocated in the bore,

bore.bel ow t he  Toclean: G neBneRR B die (TRER BELOATEnARIT ' o (e
bore of t\n@dW%ﬁE’iig@@\@gﬁgg%alfoetmﬁﬁd&%ghﬁgpa?&et ﬁﬁgﬁ?g’%per wedge surface

| ocat ed bel ow the rece ower e surface ted bel ow t he

Upper WedGanid GRakly il oes A b BabhliRieREOe, Surface

| ocated in the bore o e conductor, a norna co %plit | ocki ng

ring carri,gg,hg%/grgﬂ%g0@{}{;ld,&rmg%@twpe@?%tg?ﬂ%ﬁ}ebgggorqug?%,?&igﬁ)&aconductor when

body is |owere having | oCking te _ ! ging the
25", 201 F, BB SHSREIAAE US55 S M S "5
and a1 e S A e RN g N R e e PRl iRk 73 6ess ana
YR | s SRS ool R FOORIE i B AU 2
engagement with the ratchet grooves of the locking ring;
(1 - Fig. 7 is‘yet another view of the apparatus wherein raising of the ratchet
ring with the body from within the locking ring to permit the fock ring to contract
11 out of the locking grooves and the retainer ring to be reconnected with the lower
end of the locking ring, so that the wellhead assembly body, the ratchét ring,
locking ring and retainer ring may be raised from within the mndudor;
Fig. 1A is an enlarged detafled view of the portion of the apparatus circled '
in Fig. 1 wherein the retainer ring has landed on the shoulder in the conductor
.16 bore;
| Fig. 2A is an enlarged detailed view of the apparatus circled in Fig. 2
wherein the ratchet ring has been lowered onto the locking ring, and a shoulder
about the lock ring landed on an upper shoulder in the conductor bore;
Fig. 3A is an enlarged detailed view of the encircled portion of Fig. 3
21 wherein the upper wedge surfaces about the body has moved downwardly within
the upper wedge surface within the lock ring;

“Fig. 4A is an enlarged view of the encircled portion of Fig. 4, showing a
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28 November 2006 WO 2004/001190 PCT/ US2003/ 018961 In the draw ngs, wherein
| i ke reference characters are used throughout to designate |ike parts:
Figs. 1-to 5 are vertical sectional views of a preferr F of the
above descri bed apparatus, wherein Fig.1l shows the well head assenbly body
as it is lowered into an initial 6 position in the bore of the conductor to
| and the MQXW4N%Ying at the |ower end of the | o®cTmsng0esian upwardly
facing seat in the bore of the conductor so as to dispose the | ocking

R T RN TR O
perm ¢« ndrieRihoPSind Radery b oBoriarBn ditare e S0 ocki ng ring and
et 2 KBTS ARa s ABfFo o ST, L1 e conductor bore
o b Rl B S Sl b o g
grooves: Ehéun i P42 Gpd arRRRRIG 5t tRBIas Lo dose'tid bl | Oering of the
8 . Fig. 5B is an enlarged detailed sectional view showing the
interengagement of the body, ratchet ring, locking ring and locking recess in the
conductor bore upon lowering of the body to the latched position of Fig. 5, and

( Figs. 1B, 1C and 1D are horizontal sectional views of the apparatus as
seen along broken lines 1B, 1C and 1D.

11 With reference rnow to the details of the above described drawings, and
particularly Figs. 1 and 1A, a wellﬁead housing10 welded to the upper end of a
casing C is shown as it is initially lowered into the bore 11 of the conducior 12 to
a position to fand the retainer ring 11A at the lower end of the lock ring 11B to
dispose a shoulder 12A about the ring above a downwardly a.nd inwardly tapered

16 - shoulder 13 in the upper ;nd of the conductor bore. This locates locking teeth

| 14 about a normally expanded Jock ring LR opposite locking grooves 14A in the
bore above a downwardly and inwardly tapered shoulder 15 at the upper end of
- arestriction 16 in the bore. Vertical slots16A in the restriction provide fluid
bypasses during Iowering of an enlarged portion of the wellhead housing body ol

21 | therethrough. The wel!head housing body has a lower downwardly and inwardly

tapered lower wedge surface 18 for sliding downwardly within a coaxial lower

downwardly and inwardly tapered wedge surface 19 in the bore of the conductor.
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housi.ng body so as to |ower its upper wedge surface into the wedge surface
of the locking ring and its | ower wedge surface into the | ower wedge
surface of the conductor, and force the | ocking teetkn%%ﬁ%&?“ﬁﬁémegk ring
toward | ocking 21 engagenent with the | ocking grooves in the bore of the
conductor and |lower the ratchet ring a position in which its ratchet teeth
are opposiW@0p¢a1PRt chet grooves of the | ocking riragyusBes@seaddovenber 2006
WO 2004/ 001190 PCTI US2003/018961 1 Fig. 5 shows the final |owering of body
so as to cause the upper and | ower wedge surfaces to tightly engage and
the body and the ratchet ring to be cammed outwardly within its recess to

cause iMts 1 at cTIRS odterdidle éfind By a0usdss M fomiedfidtaindif ARVE SN0 Lhe | ock
i g. I'S

ring and thereby latch the body to the conductor, still anot her

view of t hppanduwnaattiy ﬂd%hﬁﬂlyttéb&é&me@e%gs?%gﬁidﬂ iPuppist s threadedly

mount ed on the | ocking ring have been nov y tnwardly to force the

ratchet ridipobetf above SoWANAE a8 thviaRIpLpBE srwglﬁﬂéla%? %E-ubﬁ%tandom of

engagenment with the ratchet grooves of the cking ring, Fig. 7 is yet

gg gt her vilewerehds bfthé RBESE paiflallat TageR USWaraly 2hi E‘mfa?&lfﬁet ring with the
y fromwthin the locking ring to permt the'lock ring to contract
receive a normally expanded split ratchet ring 25.
6 The normally contracted split lock ring LR carried about thé body has, in
addition fo locking teeth 14 formed thereabout beneath downwardly facing
( shoulder 12A, ratchet grooves 29 formed about its inner side beneath its upper
end. The inner éiderof the locking ring alsb has a downwardly and inwardly
tapered shoulder 30 beneath its ratchet grooves 29. A downwardly and inwardly
11 extending tapered wedge surface 31 is formed on the inner side of the lock ring
beneath the shoulder 30 and thus in position to tightly receive the upper
downwardly and inwardly tapered wedge surface 22 about the body during
lowering of the body; and a downwardly and inwardly tapered shoulder 23A
above shoulder 23 in position to land thereon following tight engagement of the
16 upper wedge surfaces, as shown in Figs. 3 and 3A.
( ) As best shown. in Fig. 1A, a normally contracted split retainer ring 11A has
. an annular groove 36 about its inner diameter which fits over a rib 37 about the
outer side of the body and thus is releasably connected to the lower end of the
lock ring and a downwardly and inwardly tapered shoulder to engage the
21  downwardly and inwardly extending shoulder 15 in the conductor bore when the
wellhead assembly body has been lowered to its initially supported position of
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11 out of the |ocking grooves and the retainer ring to be reconnect ed wth

the I ower end of the locking ring, so that the well hea e t he
ratchet ring, locking ring and retainer ring nay be r%}i@?@&ﬁ% th|n t he

conductor; Fig. 1A is an enlarged detailed view of the portion of the
apparatus circled in Fig. 1 wherein the retainer ring has |anded on the
shoul der WP IpDOHShductor 16 bore; Fig. 2A is an eciusgsusdat ai | ed vi ew of
the apparatus circled in Fig. 2 wherein the ratchet ring has been |owered

onto the IRGKL Theouftd side'dfithd ré@ﬁlﬁ}%hasaabé}%vetﬂé%ljn% ‘{b&%u panded on an

upper shoul der in the conductor bore; Fig. I's an enlarged detailed view

of the enaifiigh, QQsWrilhqug; QfﬁtEbﬁra%n@éd%ﬁfﬁﬁanﬂ%ﬁé}ﬁe%@%‘ﬁﬁhéﬂﬁ%? surf aces

~about the body has nov downwar dl'y W er wedge surface within
b shovi ng e & a8 e LA BCARK &?%s%%&@%@%%@%@éé?-”. e
vl | head Tﬁéﬁ‘?!'%‘g“@g??“z%ﬁﬁaﬂg?%ﬁ%ﬁﬁ&fﬁ*’rt on the bore of the conduct E?e
fol 'ow ng | owess sibwin'ih FIZEH, theWekihg nglR is'18talhe8 ¥y ring 11A in a position
6  in which an upwardly facing shoulder 40 thereabout is beneath the downwardly
facing shoulder 41 about the ratchet ring 25. At this time, the locking ring
occupies a normally contracted position so that its locking teeth are removed
(\ from locking engagement with the locking grooves about the bore of the
| conductor. | |
11 The upper and lower ends 44 and 45 of the ratchet ring are tapered
downwardly and outwardly for sliding downwardly and outwardly within similarly
tapered upper and lower ends of the recess 21. The downwardly and inwardiy
~ tapered shoulder 41 on the lower end of the ratchet ring is, in this initial position
of Fig. 1, disposed above the dowewardly and inwardly tapered shoulder 40
16 about the inner side of the lock ring. Thus, as the wellhead assembly is lowered
from the position of Fig. 1 to that of Fig. 2, the shoulder 41 has moved
{_ downwardly into engagement with the upwardly facing shoulder 40 about the
. Inner side of the locking ring, all of which is shown in more detail in Fig. 2A.
Further downward movement of the wellhead assembly -to the position of
21 Fig. 2 has cammed the retainer ring inwardly so as to release it from the lock

ring; and thereby permit the body of the wellhead assembly to be lowered to the
position of Flg 2.




Fig. 5Ais a detailed sectional view of the encircled view of the apparatus
shown in Fig. 5, upon further lowering of the body to claqose the gap; 6 Fig.
5B is an enl arged detailed sectional view showi ng the J3Neealsh nt of
the body, ratchet ring, locking ring and | ocking recess in the conductor
bore upon Iomering of the body to the latched position of Fig. 5, and Figs.
1B, | C andvamMB%ori zontal sectional views of th&CHPIEMIE as seen

al ong broken lines 1B, 1C and ID. 11 Wth reference now to the details of

the aboye desc%gﬁ&wﬂﬁgﬂﬁ‘%@ﬁmh@ﬂ %@@g}rh&tﬂoﬁg?taﬁ:@ﬁ%%g%%g%{ééha vel | head

AT ATy By ol Ao ARt i gt 2 position Lo

| and theyret [ rlllgééu??wgé Wﬂgg{'ﬁﬁéég %Ovu\/‘e‘ié?gngﬁﬁgyﬁ{eﬁémﬁéc@art? ng 11B to

i spose. 2 ol HRndaokRlind D3uid 09 A0S BN A0, 9, oo
| ocking L sklion WPl iRARRIIBA A SAVGNS Lt L BhFogpge e, | ocki 19
he rostri Fritow o Sofipt i &gl iubla bl bl AP A BE, e argoa

Do o 'snpe o R G N ol B8 P, P20, P2,
sliding doupsibukiers3 B tRe BofRiith Bbre! OVET
As the body of the welthead assembly body is lowered to the Fig. 3
(- position, the tower edge of the upper wedge surface 22 thereabout has moved
downwardly into the upper end of the upper wedge surface 31 within the lock
11 ring substantially simultaneously with movement of the lower wedge surface 18
about the body into the coaxial Jower wedge surface 19 within the bore of the
conductor.
During continued downward movement fo the Fig. 4 position, the lower
end 41 of the ratchet ring has moved downwardly and inwardly over the shoulder
16 40 on the upper end of the locking ring so as to force the locking ring to a
position in which its teeth 14 are disposed within the locking groove 14A about
{ | | the bore of the conductor. This initial outward movement of the locking ring is
permitted by radial spacing between the locking ring and the upper enlarged end
of the bore.
21 As illustrated in Fig. 4, still further lowering of the body of the wellhead
| housing moves its tapered shoulder 23 onto shoulder 23A of the locking ring and
the upper wedge surface 31A downwardly and inwardly into tight engagement
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downwardly and inwardly tapered wedge surface 19 in the bore of the
conductor. 7 28 Novenber 2006 WD 2004/001190 PCTI US2Q ?ié{gll(spgm 1 The
outer side of the body has a recess 21 fornmed thereabo § e’I’;ﬁpo'supper
downwardly and inwardly tapered wedge surface 22, which in turn is

di sposed wardly and inwardly tapered shoul der 23. The upper and
| ower endg'%f)i}{[ﬁ{oﬁzg\a?ecess are parallel and taper dobi&r8#8%%hd i nwardly to

receive a nornmally expanded split ratchet ring 25. 6 The normal ly

cont r adt eabith fild wedgedarfate1 brikhe dddkiriRg, AR lockifPteBMbE tASckig addition to
| ocking teeth 14 forned thereabout beneath downwardly facing C shoul der

12A, 1 at chiag fugthersutwar2fy ihio tieigclenyatigagdrierit WRR lockihg 8rdafdsaata i ts upper  end.
The inner side of the locking ring al so has a downwardly and i nwardly

tapered shomlaiée cadbeoeatts, of Gurs) &ntidePosane by 81 radiadpuanped! v and
inwardly 11 extendi ng tapered wedge surface 31 is fornmed on the inner side

of the | ockanahceghbetivear thicloutshi of i lodRing Afly AitFthé DpSerieRd BARAL i on to tightly
receive the upper downwardly and inwardly tapered wedge surface 22 about

t he body danductor (asahewn irgFigf3)t he body; and a downwardly and inwardly
t apered shoul der 23A above shoulder 23 in position to |and thereon
fol owBng ti gift thengmgetmattholbwbheedge surface 18 about the body has moved
downwardly and inwardly into the outer wedge surface to a position, as best
shown in 4A, in which there is a small vertical clearance or gap 60 between the
) lower end of the body and the shoulder 61 on the conductor bore.
At this point, the Weight of the casing is slacked off to permit furthef
11 downward movement fo close the gap (see Fig. 5A) and dispose the ratchet
teeth of the ratchet ring in ratcheting engagement with ratchet grooves on the
inner side of the locking ring. This outward expansion of the raichet ring is
facilitated of course by the downwardly and outwardiy tapered surface on its end
slidable within the downwardly and inwardly extending lower end of the groove,
16 As best shown in Fig. 5 during this lowering of the body to the position of
Fig. 5, the ratchet ring moves radially outwardly to cause the ‘upper flanks of its
) _ teeth to tightly éngage with the lower ﬂa_nks of the ratchet grooves on the inner
~ side of the lock ring. In this final landed position of the body within the
conductor, the locking ring has moved into tight locking position within the
21 conductor as shoulder 41 slides outwardly over the upwardly facing shoulder 40
on the inside of the lock ring.
As shown in Fig. 5B, the engaged shoulder 72 on the lower end of the

11




16 upper wedge surfaces, as shown in Figs. 3 and 3A. As best shown in Fig.
A, a normally contracted split retainer ring | 1A has __an annul ar groove
36 about its inner diameter which fits over a rib 37 aB§diovem&er Hber side
of the body and thus is releasably connected to the |lower end of the |ock
ring and rdly and inwardly tapered shoul der to engage the 21
domnmardl@méﬁ%ﬂ$ﬁmardly ext endi ng shoul der 15 in ﬂﬁgﬂﬁﬂﬁﬂﬁ br bore when
the well head assenbly body has been lowered to its initially supported
posi ti dn ddckitg2i8g bnd thetshoul@&HTa in WO HOROEH N dorlctbi(ddnd2RanLAdi8061 1 Fig. 1.
The outer side of the retainer ring has a groove 38 fornmed thereabout

whi ch, as obaimouh 15 dedregs with reépdcs tothe horzonRleSigiiaryebehelildgs 72 ange 39 on the
| ower end of the lock ring, thus enabling the retainer ring to be carried
on the | oaed 7¢ad welbis theespperdfianks 6fghelkitdhabtebthi of thdl ralchdteih RiimQin t he body. As
shown in Fig. 1, the locking ring LRis retained by ring 11A in a position
6 in whi chngle ofiphut db gedress with relyssct @ehe ek ks afIAY tatttet HRBRAL h the
downwardly facing shoul der 41 about the ratchet ring 25. At this tinme, the
| ocki ng r bfihe lavking ping.sHewerar, thd Engagedion@EERE 48QF te ralehétoingBag i ts | ocking
teeth are renoved from |l ocking engagenent with the | ocking grooves about
t he bofe wedcesh2t in which it is disposed form an angle of about 17 degrees, and in any

event greater than 15 degrees.
Thus, the raichet ring is urged outwardly into engagement with the locking .

ring with a radial component of force greater than the inward components of

force between the conductor bore and the focking ring, as well as those bétween
11 the ratchet teeth and grooves. Thus, any motion between the conductor, locking
ring and ratchet ring with respect to the conductor housing will not only prevent
inward movement, but cause further outward movement fo eliminate‘any gap
between them.
As also previously described, the-engagement of the axially aligned upper
16 and lower wedge surfaces will resist bending of the wellnead housing body
above the conductor, and particularly of the riser string extending upwardly to the
) _ surface whose bending which might otherwise cause fatigue of the engaged
~ parts locking the body within the conductor. |
As shown in Fig. 6, a series of screws 44 are threadedly received in holes
2_1 through the upper portion of the locking ring for engaging the ratchet ring as the
bolts moved outwardly. This will force the ratchet ring inwardly within its recess

fo release the latching teeth from the fatching grooves of the locking ring to
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conductor. 11 The upper and |l ower ends 44 and 45 of the ratchet ring are
tapered downwardly and outwardly for sliding dowwardly and qutwardly
wthin simlarly tapered upper and | ower ends of the r AAQEIbEr e
downwardly and inwardly tapered shoulder 41 on the |ower end of the
ratchet rj ' in this initial position of Fig. 1, disposed above the
downwar dl Mﬁ’%@’?ﬂ%‘}arm y tapered shoul der 40 16 aboXffSH@3RIBKEr sij de of the
| ock ring. Thus, as the well head assenbly is lowered fromthe position of
Fig. 180 pbmmitthé ldeking rify totrhevedb iis hoterally tortastetpusitbn((Fdoryimar dl y into
engagenent. with the upwardly facing shoul der 40 about the inner side of

t he | ocki whichiitadgetinbie remhoveldifiom the Ickingryrooveswitien thetbdid ofitie Fi 9. 2A.  Furt her
downward nmovenent of the well head assenbly to the position of 21 Fig. 2 has
camed t heondetctr.nEhus; thegingmmyﬂéﬁftm&sthétﬂetaiﬁéﬁmgesitﬁeb‘oﬁgiﬁ the lock ring;
and thereby permt the body of the well head assenbly to be |lowered to the
posi tion cdisedivgth tBe b&dyFdniNeiidmihercor@ifor. WO 2004/ 001190 PCTI US2003/ 018961 1
As shown in Fig. 3, further lowering of the body of the well head assenbly
body wi || causéribheotiernmudificationsfta thegppalbul disdloséd heeimwhoiiid®er at chet ring to

6 apparent from the above description of preferred embodiment. Aithough the
invention has thus been described in detail for this embodiment, it should be

understood that this explanation is for illustration, and that the invention is not

,) ' limited to this embodiment.
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engage the shoul der 40 of the locking ring so as to camit outwardly into a
position in which the | ocking teeth 14A have noved toward. the_ | ocking
grooves 14 about the bore of the conductor. During thi%S Ngysaibes 206
downwardly facing 6 shoul der 12A about the |ocking ring has been | owered
toward thg‘i(#w@m;oy faci ng shoul der 13 of the conductor bore. As the body
of the wellhead assenbly body is |owered to the Fi BETES2EI0IBHL; ¢ on, the

| oner edge of the upper wedge surface 22 thereabout has noved downwardly
into the upheclaivgl of the upper wedge surface 31 within the lock 11 ring
substantially sinultaneously with novenent of the | ower wedge surface 18
about t he1bodySubséowélhappaesnd, abmpiisivey wedge surface 19 within the bore of
the conductor. During continued downward novenent to the Fig. 4 position,

the | ower ench ebhdudtorthasingatboretheretioudhafithiBokig gleovesnabasiit theand i nwar dl y
over the shoulder 16 40 on the upper end of the locking ring so as to
force thebdrecking ring to a position in which its teeth 14 are di sposed
wi thin the | ocking groove 14A about the bore of the conductor. This

initial outwardvelihvmioly adépted & belowbiag intd the Hofe foP Riding tReeiRy 1 adi al
spaci ng between the | ocking ring and the upper enlarged end of the bore.

21I lAﬁ 6 lj | ust r atsplit Ioak ring@arriéd by thd Bodly andé havingd Iaisking festwfor Higgodapdy of t he
e = opposite the grooves as the body is so lowered, and ratchet grooves therein,
a spiit ratchet ring carried by the body for disposal above the locking ring -
L and having latching teeth thereabout,
'said ratchét ring engaging the Jock ring, upon initial lowering of the .body.
11 so as to force the locking teeth into the locking grooves, and, upon further
| lowering thereof, causing the raichet teeth to engage the ratchet grooves,
a lower downwardly and inwardly extending wedge surface about the
conductor bore,
an upper downwardly and inwardly extending wedge surface within the
16 locking ring, and |
| upper and lower downwardly and inwardly extending wedge surface about
) thebody,
said upper and lower wedge surfaces being coaxial and extending at a
relatively small angle with respect to the vertical to tightly engage one another as

21  the ratchet teeth engage the ratchet grooves.
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housi ng noves its tapered shoul der 23 onto shoul der.- 23A of the |ocking ring
and the upper wedge surface 31A downwardly and inmardg% i,nto tigﬁg
engagement 10 28 November 2006 WD 2004/001190 PCTI US2G03Y4EB®EL206i t h t he
wedge surface 31 on the lock ring, as the locking teeth of the |ocking

ring furt rdly into the | ocking engagenent with | ocking grooves in
the bore'o m@ﬁ%ﬂ%%nductor. This, of course, is nmaBeVPBUPEIRL by the radia
spacing or clearance between the outside of the |ocking ring and the upper
end of fhe? coAginelaim {,a¢hesdiown in Fig. 3). 6 At the same tinme, the |ower
wedge surface 18 about the body has noved downwardly and inwardly into the
outer wedge surdlaiyelytsidablpasiacesof thamtdhesing siamoty,ithe béking fhghhi ch there is
a small vertical clearance or gap 60 between the |ower end of the body and
t he shoul déd Bdy.amdtthelockingland mchéteing areo dritingedbiatthe welyfit svaght of the
casing is slacked off to permt further 11 dowward novenent to cl ose the
gap (see Fiogy ugsp thenringsicapessdly with aradialicemponenebfforeb. t he ratchet ring in

rat cheting engagenent with ratchet grooves on the inner side of the

| ocking ring. This outward expansion of the ratchet ring is facilitated of
course by the downwardly and outwardly tapered surface on its end

15




slidable within the dowmmwardly and i nwardly extending | ower end of the
groove. 16 As best shown in Fig. 5 during this |lowering qQf the body to the
position of Fig. 5 the ratchet ring noves radially o ‘@FWBTQJ ause t he
upper flanks of its teeth to tightly engage with the |lower flanks of the
ratchet grooves on the inner side of the lock ring. In this final |anded
position SYOTMOHAYyY within the conductor, the | ocREWESHBBEIGas noved into
tight locking position within the 21 conductor as shoul der 41 slides

out war dl y 3pverad fnel, wpegifll y facing shoul der 40 on the inside of the |ock
ring. As shown in Fig. 513, the engaged shoul der 72 on the | ower end of the

L1 28 Novenberin3Qfor &fo? 4R HAG o é&&%@@%{e%ﬁ%r%ggggﬁﬂsgg ring and

the shoulder 74 in the bore of the conductor exten of about

15 degr echolt fohmogemeRtindily RFIoR8 e AHgt ringthiSiidehaes s fuf1oul ders 72 ~and

74 as well as the upper flanks of the ratche 0 he ratchet ring

tteet
forman poedse iefratohe et} Rof e r%?cﬁe(éﬁr& ds 3P A8 %cking rilé{;:ga a#gegrﬁﬁrmé | anks of the

rat chet grooves of the |ocking ring. wever, t I'ower ends 46 of

t he rat chiicking Rlg fith 0 réR&cehdm the d’%miiﬁﬁ‘ei&"i‘%ﬁdﬁfﬁ%ggﬁ‘gé g]re m an angl e of

about 17 degrees, and in any event greater t
' 6 rings may be raised with the body from the conductor bore.
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Thus, the ratchet ring is urged outwardly into engagenent with the | ocking
3ring wwth a radi al conponent of force greater than the Jinward conponents
of force between the conductor bore and the | ocking H%%ﬁm%%mﬁkﬁmxhs t hose
between 11 the ratchet teeth and grooves. Thus, any notion between the
conductor, |l ockin ring and ratchet ring with respect to the conductor
housi ng V¢Mq2%%@9ﬂ%h|y prevent inward movement, buPCHBR8BOBYMt her out ward
novenent to elimnate Any gap between them As also previously described,

t he- engagenent of the axially aligned upper 16 and | ower wedge surfaces
will resist bending of the well head housing body above the conductor, and

par ti cdl arl y oSutidoe wellapparatus doihpishgndi ng pwardly to the 3 surface whose
bendi ng which m ght otherw se cause tatigue of the engaged parts | ocking

the body wi t hi mcéritiiciop &V Hverticdt bsraWetethbubh Jockfg glocvss iwftifin Of SCrews 44
are threadedly received in holes 21 througﬁ t?\ce ng)“er pOI’t{IIOI’l of the

| ocki ng rEh@bdr@,ralﬁim\mmﬁchb%hé@&%iﬂp@go@%ﬁﬁéﬁh e Yrdoveyrgd out wardly.

This will force the ratchet ring inwardly within its recess to release the

l-at chi ng téwtdr downwatdiyeandaiedil SarbratPNEdye s inRFthe Bre'H o 12 28
Novermber 2006 WD 2002& 501190 PO 1T o5005) orlf%égbg“f{hﬂﬂmgre HeRlath

the shoulder, ‘

6 a wellhead member body lowerable into the bore of the conductor and
having, about its outer side, a recess, an upper downwardly and inwardly
extending wedge surface beneath the recess, an upwardly facing seat beneath
the wedge surféce, and a lower downwardly and inwardly extending wedge
surface below the seat.

11 a normally contracted, éplit locking rihg supported on the seat and having,
about its outer side, locking teeth opposite the locking grooves, and, about its
inner side, ratchet grooves, and an upper downwardly and inwardly extending
wedge surface beneath the ratchet grooves,

a normally expanded split ratchet ring disposed within and having upper

16 and lower ends slidable inwardly and outwardly in thé recess, and upwardly

) facing ratchet teeth about its outer side,
said ratchet ring being landable on the locking ring to lower the locking
ring to a position in which its locking teeth are opposite the locking grooves, and,
upon continued lowering of the body, forces the teeth of the locking ring
21 outwardiy into locking engagement with the locking grooves and the ratchet teeth

of the ratchet ring into engagement with the ratchet grooves of the locking ring,
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1 permit the locking ring to nove to its normally contracted position (Fig.
7) in which its teeth are renoved fromthe | ocking grogves within the bore
of the conductor. Thus, the rings may be lifted with tHNOEIHERENG i ng as
the body is raised with the body fromw thin the conductor. Various other
nodi ficati 04§0911%&he apparatus di scl osed herein should be 6 apparent from
the above description of preferred enbodi nent. Al t B6UYHBAEYL hvention has
t hus been described in detail for this enbodinent, it should be 11
under stioodstthrilowenvedgsgiirianaobamn thiesholip siidek lints thedbwerwedgadurtdeat t he
invention is not f [imted to this enbodiment. 13 28 Novenber 2006 WO
2004/ 0011 9vtheCondistoUiRre adbibe uppenwarihe sufaei mboutthe Sotsfidesifol appar at us,
conprising a conductor having a bore therethrough with | ocking grooves
about t he theyiepner wedgm sunfesaof thedyckindasipg,ed to be lqwered into the bore for
| anding therein, 6 a split lock ring carried by the body and havi ng
| at chi ng t eet Hhe viedge spidacab extepdingattarelatieehgsmalvarlanitt lagpdepdy i s so
| owered, and ratchet grooves therein,

the vertical, and the upper wedge surfaces being coaxial with the lower wedge

6 surfaces.
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a split ratchet ring carried by the body for disposal above the | ocking
ring and having latching teeth thereabout, said ratchet ring enga i ng the
lock ring, upon initial lowering of the body, 11 so aSR%P¥aPeR Q(%e

| ocking teeth into the | ocking grooves, and, upon further | owering
thereof, causing the ratchet teeth to engage the ratchet grooves, a |ower
downwar dl yaﬂﬁmﬁﬂ&'}ar dly extendi ng wedge surface abdGT/UEHENMEEnduct or bor e,
an upper downwardly and i nwardly extendi ng wedge surface within the 16

| ocki ndf ritmg, Aadh claipet, whekii ower downwar dly and i nwardly extendi ng wedge
surface about the body, said upper and | ower wedge surfaces being coaxi al
and extendi ng the raicheteingand bbgy, sreslbékimguingeandibiobly, raad tieecibeing dride vertical to
tightly engage one another as 21 the ratchet teeth engage the ratchet
grooves. J4chegringhaviigaelafadbslideitie 2004763 LAAnGAEhA TR AOGHMATEREL 2. As in
claim1l1, wherein relatively slidable surfaces of the ratchet ring and body,
t he | ocki rhgdy birggs the rings outwardly with a radial component of force.
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and body, and the | ocking and rachet ring are so arranged that the weight
of the body urges the rings outwardly with a radi al corrponenti3 of force. 15
28 November 2006 WD 2004/ 001190 PCT/ US2003/ 018961 1 328 AOVERDEr 2G0ker ei n
t he upper end of the |ocking ring extends above the conductor and carries
bolts for_novenent inwardly to force the ratchet ring into the recess and
thus rel 2MMIBO at chet teeth fromthe ratchet oPEIHFR®INIEEhe | ocki ng
ring to permit the locking ring teeth to retract fromthe grooves in the
conduct or6bodys ié whesint he 6 rings may be raised with the body fromthe
conductor bore. 16 28 Novenber 2006 WD 2004/001190 PCT/U52003/018961 1 4.
Subsea wel | afjsaunpeuend of dheplotiingingextandd aboverthé earidugionandeedriiesal  bor e
therethrougih, | ocki ng grooves within, K the bore, an upwardly facing shoul der
wi t hi n t heolis deranayementt inwartly to favca/the ratolred ringiintaihe recgesvandithds y and i nwar dl y
t apered wedge surface within the bore beneath the shoul der,

disengage its ratchet teeth from the ratchet grooves in the focking ring to permit

the Jocking ring teeth to disengage from the grooves in the conductor body, so

6 that the rings may be raised with the body from the conductor bore.
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6 a wel |l head nmenber body | owerable into the bore of the conductor and
havi ng, about its outer side, a recess, an upper downwardly and |nwardly
ext endi ng wedge surface beneath the recess, an upwar d}M;?Sf emRese®e peneat h
t he wedge surface, and a | ower downwardly and i nwardly extendi ng wedge
surface below the seat. 11 a normally contracted, split |ocking ring
suppor t ed YSH¥ ®eat and having, about its outer PEIBR00INBARI ng t eet h
opposite the | ocking grooves, and, about its inner side, ratchet grooves,
and an luppkr dAsvinvEiaied 4, wiiegein nwar dl y ext endi ng wedge surface beneath the
ratchet grooves, a normally expanded split ratchet ring di sposed within and
havi ng upper thé barsbiltieneomdactdshas 4 datided digmeeiartionseneathwar dly in the
recess, and upwardly 3 facing ratchet teeth about its outer side, said
ratchet rishgulteritimguglawhieh be enlargedoltion bf the boiyBericatt thwgsatidie | ocking ring
to a position in which its locking teeth are opposite the | ocking grooves,
and, uporguigablyipassed dsaebadyds ivetdteabdy, forces the teeth of the | ocking
ring 21 outwardly into | ocking engagenent with the | ocking grooves and the
ratchet teeth fluid bypaes slais@xtendvenigaliyhroug@Ras i orlidrish t he ratchet grooves
of the locking ring, 17 28 Novenber 2006

6
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WO 2004/ 001190 PCT/ US2003/018961 1 as the | ower wedge surface about the
body slides into the | ower wedge surface in the conductqr bore and the
upper wedge surface about the body slides into the upr;érN‘%@H’é’@f%Qﬂﬁf ace of
the |l ocking ring, the wedge surfaces extending at a relatively small angle
with respect to the vertical, and the upper wedge surfaces being coaxi al
with the "OWEP"EdYe 6 surfaces. 18 28 Novenber 2B0BUSZNGOBOB4/ 001190

PCTI US2003/ 018961 1 5. As in claim4, wherein the ratchet ring and body,
the | ocking ri AgimCHitadycud@mg the | ocking and rachet ring having
relatively slidable surfaces so arranged that the weight of the body urges

the rings outwamdialhrickar@ed astinér rimg¥n H offthd My Seat@nd® - -~ -0 oo
e Noemner a00 D e R TR SRRl of e il Soatnd

connected to the lower end of the locking ring for expansion and contraction with

respect thereto and upon lowering of the body as forced by the shoulder in the

bore to contract to be released prior to the lock ring, but, upon raising of the body

6 toexpand for reconnecting with the lock ring and thus retrieval with the body.
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1 6. As in 4, wherein the upper end of the |ocking ring extends above the
conductor and carries bolts for novenent inwardly to faorce the ratchet
ring into the recess and thus disengage its ratchet t SEYPYEFORT 2908 1 at chet

grooves in the locking ring to permit the locking ring teeth to di sengage

fromthe QOV. | n the conductor body, so 6 that the rings nmay be raised
with the %’a’@"“?’ﬁl&%the conductor bore. 3 20 28 NRAHEEAHEE WO

2004/ 001190 PCT/ US2003/015961 1 7. As in Caim4, wherein the bore of the

conductor Shas Subsealwelbappdirstne; tafiplishig | on beneath its shoul der through
whi ch an enl arged portion of the body beneath the seat is guidably passed

as the body i satondectechavingd vieticalbory tharshieligh, Rockind eoevedadithincal |y through
one of the portions. 6 21 28 Novenber 2006 WD 20041001190
PCTI US2008re(is4 i upwardly facing shoulder within the bore beneath the grooves, and
a lower downwardly and inwardly tapered wedge surface within the bore beneath
the shoulder,
6 a wellhead member body lowerable into the bore of the conductor and
having, about its outer side, a recess, an upper downwardly and inwardly tapered
‘wedge surface beneath the recess; a downwardly and inwardly tapered shoulder
5 ) beneath the upper wedge surface, an upwardly facing seat beneath the
shoulder, and a iower downwardly and inwardly tapered wedge surface beneath
11  the seat,

a normally contracted, split locking ring supported above the seat and
having, about its outer side, a downwardly and inwardly tapered shoulder
disposed above the shoulder on the conductor bore and locking teeth beneath
the shoulder and opposite the locking grooves, and having, about its inner side,

16  ratchet grooves, a downwardly and inwardly extending shoulder above the
grooves, an upper downwardly and inwardly tapered wedge surface beneath the
: ) - | ratchet grooves, and a downwardly and inwardly tapered shoulder beneath the
~ wedge surface,
a normally expanded ratchet ring having upper and lower ends slidable
21 '_ inwardly and outwardly in the recess and having ratchet teeth about its outer
side, |

said ratchet teeth being landable on the locking ring, upon initial lowering
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18 Asin Caim4, including a normally expanded retainer ring supported
on the body seat and connected to the lower end of the |l ocking ring for

expansion and contraction with respect thereto and upd§ YOREORHYPISE t he

body as forced by the shoulder in the bore to contract to be rel eased

prior to %eobﬁgckgri ng, but, upon raising of the body 6 to expand for
reconnecti PH" he 1l ock ring and thus retrieval PGIYSRBAESHody. 22 28

Novenber 2006 WD 2004/001190 PCT/ US2003/018961 9. Subsea wel | apparatus,
conpr i st nPféheckastiuga bet, bpan fugher lawaringcthe raciieerigwill drbe e gdtkingocki ng gr ooves
within the bore, an upwardly facing shoulder within the bore beneath the
grooves, dig downwaily todandritssholiigerandhe stwaifddt in thegomdedomsmigangur f ace wi t hin
the bore beneath the shoulder, 6 a wellhead nenber body | owerable into the
bore of t Haertlewetibe dcking dng teedispoge itatooking teeth appbsite thé Beking r ecess, an upper
downwardly and inwardly tapered wedge surface beneath the recess, a
downwar dl \3reRYEs pR ke lawsr wesge suxdacetod tiedmdy Siides mithih the beetypgiize Wedge sur f ace,
an upwardly facing seat beneath the shoulder, and a | ower downwardly and
i nwar dl y tSHpfeGesn theerpdueion e, and #nsauon continued lowering, force the teeth
6 of the locking ring outwardly toward the locking grooves and dispose the ratchet

teeth above the ratchet grooves of the lock ring, and then, upon still further

lowering of the body, force the locking teeth outwardly into locking engagement
- ) with the locking grooves and then force the ratchet teeth of the ratchet ring into

locking engageinent.imith the ratchet grooves of the locking ring, and upoh

11 - lowering of the shoulder about the body, and force the upper wedge surface
rabout the body into tight engagement within the wedge surface of the locking
- ring, as the tapé"red shoulder about the body is lowered onto the tapered
shoulder of the lock ring, and the wedge surface about the body Is lowered
further downward toward the lower wedge surface of the conductor bore,
16 the wedge surfaces extending at a relatively small angle with respect to
the vertical, and the upper wedge surface being coaxial with the lower wedge

‘ ) | surfaces.
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11 the seat, a normally contracted, split |locking ring supported above the
seat and having, about its outer side, a dowwardly and inwardly tapered
shoul der di sposed above the shoul der on the conduct or %ﬁ%veﬁ‘rl?ﬁr%/%ki ng
teeth beneath the shoul der and opposite the | ocking grooves, and having,
about its“i{%ﬁr%ﬁ%ode, 16 ratchet grooves, a downwardly and i nwardly
ext endi ng YShoU! above the grooves, an upper doRAHEFPHB®AG i nwardly
t apered wedge surface beneath the ratchet grooves, and a downwardly and
i nwar dlly tHWper Adirstlaion Yewvhermdmeat h the wedge surface, a normally expanded
ratchet ring having upper and | ower ends slidable 21 inwardly and
outwardly in tthe ralshelsighas alsafaceslidatic datmviadly andbwwhrdiytoveraut er  si de,
said ratchet teeth being | andable on the |ocking ring, upon initial
| oner i ng spdace of-the body, and thadooking einb bas 2 80rEace\MIADROMMWIRIYL A0
PCT/ US2003/ 018961 1 of the body, so that, upon further |owering, the
rat chet riowvarily bvérer swsfacd of the cénidugtor boregasthumpperdhyl ldwer wady i t s shoul der
on the shoulder in the conductor bore, and

surfaces are tightly engaged, and

6 the first mentioned surfaces forms a larger angle with respect to the

-horizontal than the second mentioned surfaces, so that the weight of the body

urges the rings outwardly.
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then I ower the locking ring to dispose its |ocking teeth opposite the

| ocking grooves as the | ower wedge surface of the body slides within the

| ower wedge surface in the conductor bore, and thus, NP VEBIveET #ifod

| owering, force the teeth 6 of the locking ring outwardly toward the

| ocki ng gwov(?? and di spose the ratchet teeth above the ratchet grooves of
the lock r %@,Ngﬂaothen, upon still further | ower PAEUBPKBIpody, force
the locking teeth outwardly into | ocking engagement with the | ocking
grooves! antl-t h8piTdrdwereime ratchet teeth of the ratchet ring into |ocking
engagenent with the ratchet grooves of the |ocking ring, and upon 11

| oweri ng of t hiestpgar enstofdidackingwingextbpds abaveftine comdubler andpariesedge surf ace
about the bod¥ into tight engagenent within the wedge surface of the

| ocki ng  rhol§Tor sovement inwerdlydo e eatchwbong intottbe bewelys arsl thusver ed ont o t he
tapered shoulder of the |lock ring, and the wedge surface about the body is
| over ed fraleasedfs raivhatiaeth foovihe tateiebgioovasrin tedoekinguinigde perft thée conduct or
bore, 16 the wedge surfaces extending at a relatively small angle with
respect t dockingdingdeath taetrael fiam the gwopaes in thedwadseiorndg, sodhatghecoaxi al with
the | ower wedge surfaces. 24 28 Novenber 2006 WO 2004/001190

PCT/ US$003i1g4 mal be raised with the body from the conductor bore.
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1 10. As in claim9, wherein the ratchet ring has a surface slidable
downwardly and outwardly over a surface of the body, and_the | ocking ring
has a surface slidable upwardly and outwardly over a SdriieiaEbsr 2¢0e
conductor bore, as the upper and | ower wedge surfaces are tightly engaged,
and 6 the first nentioned surfaces forns a larger angle with respect to the
hori zont al“_"h?mmﬁﬂ’e second nentioned surfaces, so FREVSHPBEIRYE| ght of the
body uyge thg ri@g_s outwardly. J 25 - -- --- --- -------- 28 Novenber
2006 2004/ 08 MYBIMPEWheRein03/ 018961 1 11. As in 9, wherein the upper end
of the | ocking,ring extends above the conductor and carries bolts for
movenent i nwar Be\POfROIRgE eendupter has aveducadi diameéter portidrebaneathdts and t hus

rel ease it?: r@t&Fet tee_t‘l;l fromthe ratchet grooves in the locking ring to
permt t he SRRy Whigh aaenlirged peaion afthebodnbereatigheseatds i n t he conduct or

body, so th the 6 rings may be raised with the body fromthe conductor
bor g' guuadtably passed as {e bodyyis lowered, and Y

fluid bypass slots extend verfically through one of the portions.

S’
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} 26 28 Novenmber 2006 WD 20041001190 PCT/ US2003/018961 1 12. As in Caim
9, wherein the bore of the conductor has a reduced di aneter portion beneath
its shoul der through which an enlarged portion of the %&ﬂ?veﬁ@ﬁé%ﬁ% t he
seat is guidably passed as the body is |lowered, and fluid bypass slots

ext end ve%&@@iﬂl t hrough one of the portions. 6 | 27 28 Novenber 2006 WO
2004/ 0011 003/ 018961 1 13. As in d ai m 9, PERERMEOH¥ A nor nal |y
exp-andeq] rﬁai er. E&h@'ﬁ supﬁo_rted on the body seat and connected to the

| ower end of th&™M Ry MR f or expansion and contraction with respect
thereto and upgn | owering of the body as forced by the shoulder in the

bore to contraétmf'BgYEeeng'I‘@g§@§mBF'i'rlSrSUPBOftelde)nltb%IaOdyiSﬁ)gtarinijt, upon rai si ng

of the bod '
donnected to the lower end of the tocking ring for expansion and contraction with
respect thereto and upon lowering of the body as forced by the shoulder in the
bore to contract to be released prior to the lock ring, but, upon raising of the body

6 to expand for reconnecting with the lock ring and thus retrieval with the body.

28




6 to expand for reconnecting with the lock ring and thus retrieval with the
body. 28 28 Novenber 2006 WD 20041001190 PCT/USZOOS/O%%%g} %F14. Subsea
wel | apparatus, conprising a conductor having a verticdl (=8 ?@Q%Qhrough,
| ocki ng grooves located in the bore, a shoulder |located in the bore, and a
| ower wedge surface located in the bore bel ow the | ocking grooves, a
wel | head Mehisevoopdely | ower abl e i nto the bore of theceoswaswised, having 6 a
recess thereabout, an upper wedge surface | ocated bel ow the recess, and a

| ower wWeddit. suShibsen welbapparhtRetamprisig upper wedge surface for tightly
engaging wthin the | ower wedge surface located in the bore of the

conductor, a naronduciorbaving 8vetidalbdld theltefifididhVloblimtPareéVes idicly body and
| andabl e on said shoulder in said conductordh\?\henﬁ%%dy I's Ioea/ered and

havi ng | odikihechdre,et shoultigr lobeted e boreDanEA RS Wedde X arfh@akédis i ooves, an
upper wedge surface therein which mates with upper wedge surface on said

body \Ahenﬂhmtiqreibeldmaihdmtkhggmbglg, conductor, and ratchet grooves therein
above said wedge surface about this locking ring, and a split, normally

expanded, r at chewelliieadgngnisdrbbdnRdetableSittodnd 868 SFthe Rnductor, having
6 | a recess thereabout, an upper wedge surface located below the recess, and a
lower wedge surface located below the upper wedge surface for tightly engaging
within the lower wedge surface located in the bore of the conductor,
( | a normally contracted split focking ring carried by body and landable on
said shoulder iﬁ said conductbr when body is lowered and having locking teeth
11 thereabout for engaging the locking grooves, an upper wedge surface thereiﬁ
which mates with upper wedge surface on said body when body is landed in said
conductor, and ratchet grooves therein above said wedge surface about this
locking ring, and |
a split, normally expanded, ratchet ring positioned in said recess and
16 having rafchet teeth thereabout which engage with the ratchet grooves within the

locking ring when said body is landed in said conducior.
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16 having ratchet teeth thereabout which engage with the ratchet grooves
within the |ocking ring when said body is landed in széqqcoanc%?r. 29 28
Novermber 2006 WD 2004/001190 PCTI US2003/ 018961 1 15. NV EEIORT 10P4,
wherein when said body is |anded in said conductor, the body being | owered
further with respect to said conductor to cause the tight engagenent

bet ween t WO 2004888P0 wedge surfaces between body and pcwusesiasespet ween upper
wedge surfaces on the body, and between the |ocking ring and | ocking teeth
of the-%6 |'H&ki Agin tlain Bhevheten | ocki ng grooves of conductor. C 30

when sald body is landed in said conductor, the body being lowered
further with respect to said conductor to cause the tight engagement between the
lower wedge surfaces between body and conductor between upper wedge
surfaces on the hody, and between the focking ring and locking teeth of the

6 locking ring and the locking grooves of conductor.

/""'“‘\
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