SUBSEA WELLHEAD STABI LI ZATI ON BACKGROUND OF THE | NVENTI ON 1. Field of the
I nvention: This invention relates in general to subsea wells, and in
particular to a neans for stabilizing within an 5 out er housi ng an inner
housing that secures to a riser |leading to the surface. 2. Desa& ipti o 0§ <
the Prior Art: In a subsea well of the type concerned herein, a guide base
w |l be placed on the sega_flgor. u 10 .. hoysing wll be inserted
into the guide base. ﬁh ter”?g’ﬁ%? ha'g‘rf‘ff'ﬁégﬂi'qn’e‘Wer condui t,
typiseal ly 30 inch/, that extends into theeeardh a selected distance. The 30
inch conduit wll be cénmented in place. Then, an inner housing will be

| onered into the 15 out er hoBACKGROUNDOF THE INVENTIONW | | be secured to
50.8 cm | esser dianeter casing, nornmally about 20 inch/. The 20
inch/casing will be cenent i | age. Typically, there will be a

cl earance between ?he E{]e&%dﬁ£§gﬁgf?ﬁ?'éﬂ%ﬁ and the inner housing
exterior. Ariser wll 20 extend fromthe inner housing to the drilling

vessel . The drilling vemsid iWviehténftoPdtdd) in2GdnbPat £5 sl @stave

and wi nd action. ° riser |1 .bend as the drilling.vessel nmoves FelAtive
to the subsea wel prgd #’Ei%a%%jlfég?ragﬁeﬂdfuﬁﬂnﬁc#?’fmsg#ﬁ%e#q?né'ritbﬁn an '
housi ng. The¥ e i sOdtPphQuaing an Hanerhhousing jthat: sesuyesntocaukdseruse

fatigue of the innbeadinesitegthéhstreaedd cause the inner housing to part.
-2-

2. Description of the Prior Art:

In a subsea well of the type concerned herein, a
guide base will be placed on the sea floor. An outer
10 housing will be inserted into the guide base. The
outg G.rﬁoucs%fxg' has large diameter conduit, typically 30
inch/ that extends into the earth a selected distance. ~
The 30 i&\%ﬁ}%oﬁggit will be cemented in place. « 7

Then, an inner housing will be lowered into the

15 outer housing. The inner 'housing will be secured to

les eor sdia':leter casing, normally about 20 J.ncg/s %ﬁle 20

inch/'casing will be cemented in place. Typically,

there will be a clearance between the outer housing

_ interior and the inner housing exterior. A riser will
20 extend from the inner housing to the drilling vessel.

The drilling vessel will be floating, and thus is
subject to wave and wind action. The riser will bend
as the drilling vessel moves relative to the subsea
well. This causes a bending action on the inner

25 housing. There is a possibility that the repetitive
' movement could cause fatigue of the inner housing.
This could cause the inner housing to ‘part.



Cenent |ocated between the inner and outer housing helps to prevent

rel ative novenent. Al so, | ong tapered sections extend downward from
the inner housing to the casing to reduce the bending stress. Wiile this 5
is successful, these long tapered sections are expensive to

manuf acture. Al so, if the cement does not extend high enough in the

cl earance between the inner and outer housings, support for .bending
novenent woul d be | acking. 10 There have been proposals in the_past
to stabilize the inner housing within the guter housing by neans of slips
and slip rings, such as shown in U S. Patent 4,499,950, Bruce J. Watkins,

i ssued February 19, chdnt 3sdaded Hetdadn thenbandr aN-vutar Abusisgued June
2L, 15 | 1988 neldip QUCIERLJedt © ATILIAR' hovdmifie. | | IAfadie! | {3ad0 DE
abandoned subsequently, it 1s desirable to renpve and retri‘eve &3 nner
housi ng. The op’é#%&’iﬂgmtéeﬂ’tﬁ@%iWHéFﬁmﬁ‘t’% thh dinnesyu bpugingovever ,

pgl ! ISBIQ\'/N}A ge Ic;n?é E&rlwsimni;r an 2@duce ttie Behalingostidus.camnizedthis cgl : 3
out oo HERIALDH: bt "YERY, CRaphble, TREECIGHE, "Hrd"T |7

out er housi™ng we ge ne an I'Ze novenen f i nner -
housi ng. This expersiMeEopanyfactura. 5 Also,od€ the renants desBonets or ned

in the outer hoggt@sd bRigh 28fowdh Liie théd "Eledrinte hetviethi the inh@ese

oot mene: oneains PEeE neufiddl! ofe’ EbP bifiabdl Wijedble wEigacnC!! NS
housing as it iBe| bagkdRg n

10 There have been proposals in the past to stabilize
the inner housing within the outer housing by means of
slips and slip rings, such as shown in U. S. Patent
4,499,950, Bruce J. Watkins, issued February 19, 1985,

" and 4,751,968, Thomas J. Ames, et al, issued June 21,

15 1988. Improvements ars desirable.

Also, if the well is to be abandoned subsequently,
it is desirable to remove and retrisve the inner
housing. The operator can cut the casing below the
inner housing. However, pulling the inner housing from

20 the outer housing can be difficult.



10 pl ace. A | atch subsequently | atches the inner housing to the outer
housing. Part of the latch is located on a clanp ring which clanps to the
upper end of the housing. The clanp ring bolts together. Renoving the 15
clanp ring allows the latch to be di sengaged. This allows the inner
housing to be retrieved fromthe outer housing. In addition, preferably a
sl eeve neans is enployed to prevent cenent frdbm contacting the I nner

housing for 20 a certain dista si ng. Thi s
preferably conprises a sleeve whi gﬁﬁf}&@kgﬁi é&?hgwq#from bonding to the
exterior of the inner housing. This sleeve neans all ows the inner housing
to flex a slight anpbunt InetRis Vinventida, CER@Ninnbie HRsRRGIAAG e o éﬁ"i:d

-4- BRI EF DI SCRI PTI T Fi arter vertl
sectional view of agsﬂugég UE“WQ&% uc'%ec?qc’s?h&&%PdéﬂEE%\H% R¢yement
invention. 5 of the FHigper housing.an Ehisr jedhandled! by mmpeironandf the
i mner and out e hougwags tapeiée ﬂ&%&%s\/\@biméﬁ i %Heeo%teg' Hb'ﬁfuﬁ% bdre 2N

enl arged vi ew of ar;n ter n portion

at%g errbodl n
i nner and outer hod¥°ngS" const r aeY &Y i ué&ﬂ%r cﬁ#l@ ®Fth tﬁ‘Pe*!an%#ﬂqw
Figure 4 is a parﬁeicéillpyss%PFBnéﬁl ?e#‘b#ﬂtﬁ ianglei gwlativactenpexck ioml, of

Fi gure 2, The sections are dimensioned so that the inner housing
will wedge within the outer housing as it is lowered in
10 place.

o A latch subsequently latches the inner housing to
AN ' the outer housing. Part of the latch is located on a
clamp ring which clamps to the upper end of the
housing. The clamp ring beolts together. Removing the
15 clamp ring allows the latch to be disengaged. This
allows the inner housing to be retrieved from the outer

housing.

In addition, preferably a sleeve means is employed
to prevent cement from contacting the inner housing for
20 a certain distance bhelow the outer housing. This
preferably comprises a sleeve which prevents the cement
from bonding to the exterior of the inner housing.
This s!.ecvc means allows the inner housing to flex a
slight amount relative to the cement due to bending

25 loads.



and 15 Figure 5 is a partially sectioned perspective view of

t he enbodi ment of Figure 3. -5- DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Referring to Figure 1, a guide base 11 will be located on the sea fl oor.
An outer housing 13 will insert inte & receptacle within the guide base 11

inab conventional manner. The outer housing 13 is a |arge tubul ar
menber secured on its lower end to a string of conductor 15. The conductor
15 is preferably 30 [err]inch/ dianeter pi pe. The conductor 15 will be

cenented in place by 7 Wifg@ bore 19 10 -
ext endi ng | ongi tudi nalTy r%Iusg d}?P I'nner r%R}éu ng %1 wi Il then be

| onered into and | anded in the bore 19. The inner housing 21 has a | ower
portion or extension nmenber 22 which is spaced fromthe outer housing 13
and considered herein as a 15 |ower part of the inner housin

1.
Ext ensi on nenber 22 FEOWRS by ddt Guarter ivaryicnh sﬂ?@tmn%lﬂa"4%"wch

thinner in wall section than thef d Gilnssa Glellnconiruded i om of the
i nner housing 21. Extension nenber 23 secure jts, lower, end to a string
of casing 23 of 20 |esser di &ffi¥ 'b‘aé? ntg“i% inyeRetom y 20 inch

Casing 23 extends to a selected depth in the well and is cenented in place”

by cemgnt 25. Ports the ﬁ@ltﬁl t f . genent to
retur rrIPs Referring al sl',(?)i |€urce§% er %‘%ﬁ%&‘i% Qe‘,}%{-@,‘{é‘% ?J%per
tapered section 29. This taper cthe dnnermn oy ionter i hougings yof othed
frusto-conical band extending gypsea well of Figure 1.

Figure 3 is an enlarged view of an alternate
embodiment of an upper portion of the
10 inner and outer housings constructed
in accordance with this invention.

Figure 4 is a partially sectioned perspective
view of the embodiment of Figure 2;
and

15 Figure 5 is a partially sectioned perspective
view of the embodiment of Figure 3.



circunferentially around'the bore 19. It has an upper edge 29a and a | ower
edge 29b. It tapers froma larger dianmeter at the upper edge 29a to a

smal | er diameter at 30 the | ower edge 29b. The taper is. preferably at
an -6- angle 31 in the range from2-to 8 degrees relative to the
Iongltudlnal axi s of the outer housing 13, and in the preferred enbodi nent
S degrees Simlarly, inner housing 21 has an upper tapered 5 section
33. " The upper tapered section 33 has the sane taper as angle 31, and al so
the‘sane axial extent for mating with the T ered section 29. Tapered

et housi hg o1 1629 ! orfYeiE BEoth e oRonaE R Y or Lo O]

i nner housi ng ct ownwar rom
the | ower edge 29b of the upper tapered section 29. A pair of internal
grooves 36 are formed iRefdwricy Iwrrm&réewen dde Hade Uﬁfdwiipr be

pur poses ot her [ ntj_qn. of | indri tion
35 is 15 t he sagggatéé]hénd%get%% %lc’t%%é Z%g g%t§5c§¥3ﬂ1§% ﬁaggigd at -
the | ower edge 29binsert| irty a trrgeptasle sythxnn#hgugumﬁg|hg$eoﬁ1tha
exterior of the ingeaveRttonyl ZdannEiar € e dubel’ Goussag nadliamat Qa¥ge

bet ween the oyl | NdLledh s bl Saciila' BE TUL' DU4F Und §d ke 09“ the’
exterior of inner housin I'n cl earance a acen .2 cm)
cylindrical sectloﬁ°9§u°¢9¥oh§r tSBErEEné%EEQRNi53ﬁ§s?#QﬁQﬁﬁblxt3Phénpbmer
end of the cyli adametér pEpéi onThaS.condudberelsi wild bendeirnhtble iaxi al

di stance fromthe pRagk bIPLetdne® 17, SOfd lortdhdtd s | RUET ' BBEREYs

section 37.
-~ extending longitudinally through it.

e An inner housing 21 will then be lowered into and
landed in the bore 19. The inner housing 21 has a
lower portion or extension member 22 which is spaced
from the outer housing 13 and considered herein as a

15 lower part of the inner housing 21. Extension member
22 secures by a weld 24 to inner housing 21 and is much
thinner in wall section than the thickness of the upper
portion of the inner housing 21. Extension member 22
secures on its lower end to a string of casing 2%58f

20 lesser diameter than casing 15, preferably 20 inch/.
Casing 23 extends to a selected depth in the well and
is cemented in place by cement 25. Ports 27 in the

outer housing 13 allow the flow of cement to return.

cm)

Reterring also to Figure 2, outer housing 13 has

25 an upper tapered section 29. This tapered section 29
is an integrally formed frusto-conical band extending
circumferentially around the bore 19. It has an upper

edge 29a and a lower edge 25b. It tapers from a larger
diameter at the upper edge 29a to a smaller diameter at

30 the lower edge 29b. The taper is. preferably at an



| ength of the cylindrical section 35 is approximtely five tinmes the axial
extent of each tapered section 29 and 37 in the preferred enbodi nent The

| ower tapered section 37 tapers at the same angle as angle 31. It -7-

al so has the sane axial extent as the upper tapered section 29.: The | ower
tapered section 37 has an upper edge 37a and a | ower edge 37b. The di aneter
at the upper edge 5 37a is the sane @s.the dianeter of the | ower ‘edge 29b
of the upper tapered section 29. The dianeter at the |ower edge 37b is_less

than the di angfpr 1.0f31t h& tmerraﬁeaef%a erarra' be ﬁdh#‘srgﬁalh gy the

| ower edge 29b an | nner housi 21 has a
| ower tapered %& ggﬁgh Fg§§d°?oF ﬂa??ﬁﬁtvﬁ‘?‘ﬁ'%% 3 ¥hction 37.
The | ower tapethad prefervad3énbedinentuppef degpeed@®a and a | ower edge 39b.
The di ameter of the upper edge 39a is less than the diameter of the |ower

edge 29b of the 15 mﬂgger t aper ed ect on 29.. This is necessary . to allow
the inner housing B El¥ar 1PRET Sﬂg? 59, 2t B28 2R YRPSE 5APRFEd| ouer
t apered s®cti oseddiaw\ias pStie dpperngtapered [sscdtdon B3t basnthassamests for

latching the i Sam“%u?% anlt \U1'sd) Rhel f&%ncoukihlhﬂﬂihﬂﬂ after

the tapered surtaces 29 39 have fully enga ed e er. The
| atch neans prBd%t Qﬁﬂﬂ}ﬁquggﬂhé§parPgtEﬁ cHmy rEﬁHi% sﬁPBréﬁtlal

grooves 42 on iss axt éntegrally\ Sfuirmed| ahmdrlmmdihocaamndthhn a 25
recess 45 on tDee&Xide id¥ inhebhRohiilRy 2MQusing 21. The

10 A cylindrical section 35 extends downward from the
lowver edge 29b of the upper tapered section 29. A pair hd
of internal grooves 36 are formed in the cylindrical
section 35 and used for purposes other than this
invention. The diameter of cylindrical section 35 is

15 the same as the diameter of the tapered saction 29
measured at the lower aedge 29%b. Similarly, there is a
cylindrical section on the aexterior of the inner
housing 21. There is a difference in diameters between
the cylindrical section 35 and the cylindrical section

20 on the exterior of inner housing 21, resulting in a
clearance adjacent the cylindrical section 35.

A lower tapered section 37 is formed at the lower

end of the cylindrical section 35. There 1is a
considerable axial distance from the upper tapered

25 section 29 to the lower tapered section 37. The axial
length of the cylindrical section 35 is approximately

five times the axial extent of each tapered section 29

and 37 in the preferred embodiment. The lower tapered
section 37 tapers at the same angle as angle 31. It



split latch ring 43 has mating grooves 44 and will ratchet into and |atch
into the latch ring 41. The split in the latch ring 43 and the depth of
the recess 45 allow the latch ring 43 to deflect radially or 30 contract
within the recess 45. An elastonmeric O-ring -8- 46 locates in the
recess 45 behind the latch ring 43. o-ring 46 acts as a spring to urge the
latch riing 43 radially outward to an expanded position. The latch ring 41
is stationarily carried n a b recess 47-wythin a clanp ring 49. danp
ring:49 nounts releasably to the outer housing 13 and forns the upper end
of outer housin@lsP3 has thenpsamej gxialgextentyas rfiexupper r tapermtic up
of two halves. Clgastionnge49 has a flange 51 on its |ower end that
protrudes 10 radially inward for engaging a nating recess in the outer
housi ng 13. The outer housing 13 has a flange 53 that protrudes radially
outward and | ocat es onTheplevertaperedysestion 3hdasy am upbpgresdgeditay bol t

ES will |ock thef tapa hal Merfert qmﬁhh@w?.ﬁme ]gi?ﬁe&feiﬁiﬁﬂeaﬂﬁb&téhgé g]yre
, Means exis i 50] ahin e exteriaqr _o e_exiensi on nenber 0

i nner housi ngE21 19{7&111%%& .%-ém’e aﬁort?’fo%iﬂgi:eﬁugf %@eigﬁ‘l’%ﬁe £ j ust
above the weld 24 efh¢hectunrrer (tdpevednsection. 39¢) Thendbametemmt vikha o ten
feet . The mearsowet idage2@7b il Qe ¢HancthadaiRBéter Sof the ChFSONEr i C

sl eeve 57. Sleev IS qaboylt f@]}? WY a W th
cenent 25 to all o%%ealgg\herxp%#ﬁb%a?@hgzi]ﬁ%‘ér ousi nd’c’%?gt édgg%b
and the upper edge 37a.

10 The inner housing 21 has a lower tapered section
L/ 39 positioned for mating with the tapered section 37.
The lower tapered section 39 has an upper edge 39a and
a lower edge 39b. The diameter of the upper edge 39%a
" is less than the diameter of the lower edge 29b of the
15 upper tapered section 29. This is necessary to allow
the inner housing 21 to clear the upper tapered section
29 as the lower tapered section 39 moves past during
installation.

lLatch means exists for latching the inner housing

20 21 within the outer housing 13 after the tapered
surfaces 29, 33, 37 and 39 have fully engaged each
other.  The latch means preferably includes a latch

ring 41 having circumferential grooves 42 on its
exterior. A split latch ring 43 locates within a

25 recess 45 on the exterior of the inner housing 21. The
' split latch ring 43 has mating grooves 44 and will
ratchet into and latch into the latch ring 41. The
split in the latch ring 43 and the depth of the recess

45 allow the latch ring 43 to deflect radially or

30 contract within the recess 45. An elastomeric O-ring



flex. The cement 25 will be in contact with the, 25 sl eeve 57.

Sl eeve 57 could also be a heat shrink thernoplastic nmaterial, a coating, or
a nmetal tube spaced fromthe extension nmenber 22 by standoffs. In
operation, when the inner housing 21 is lowered into the outer housing 13,
the | ower tapered section 39 30 wi |l nove past the upper tapered section
29 and engage -9- the |lower tapered section 37. At the sane tine, the
upper tapered section 33 will engage thejupper tapered section 29. Becguse
of tolerances, initially one of the tape?eg sections 33 or 39 will not

tightly engagesg 1othted C2RCEhRYEebditP! 5! BEHNL L AKLE Fing & Ot
radial gap wll exist._ The vvelght Ofﬁ%he strl%ab&/e rge I nner using 21
wi Il be pl aced9GRiBEe4f nACES 3% P nBPBANT THFR WRIY LA ATHE T8 43 upper
and | ower taperadisdlyi outwazdl 3@ a0 expani@y pe@sitient| cause the inner
housi ng 21 to nove farther downward and wedge tightly wthin the outer

engage each ot her | BeidFER, HIBEs 4k ofpantacionasifly Yedrtied' Ta i 'ts 1n o
| ocki ng tgper Yracessi 47 within g cliamp mingnéht , Qlagp xiog 49 mouddcsyi | |
ratchet into ang)gagageytts twé Cbutdrhobbing’ €3cBhaNPoshY LREOESHEPYENMENT
of the inner housin 221bu Th%ovl\ﬁd I_.ng (.:t!onc auses .a ragaﬁtl grel oad force
on the inner h&%& ng 219ULeF ‘%@maﬂi? Wil | ]tcfé“puﬁ‘élg d the 3 ser
string and up tinflsxibler ripgcdadervpunlli fYot halvesi ngClemp rimg séenent,
indicated by thp«UGEr 2lards W1 | ohi kity floWér end that protrudes
10 radially inward for engaging a mating recess in the
outer housing 13. The outer housing 13 has a flange 53 o’
that protrudes radially outward and locatss on top of
the flange 51. A horizontally extending bolt 55 will
lock the two halves together.
15 Referring again to Figure 1, means exist for
isolating the exterior of the extension member 22 of
inner housing 21 from cement. The portion that must be
isolated starts just above the weld 24 d extaends
downward from two to c£§°'z%.%7. to 3'191?0' Bmg?‘hs in the
20 preferred embodiment is an elastomeric sleeve 57.
Sleeve 57 is about 1/8 (t%Bi}i /cf.nnc%o %Gﬁig%cu.
Sleeve 57 Dbreaks any  shear bond with cement 25 to
allow the lower portion of the inner housing 21 to
flex. The cement 25 will be in contact with the
25 sleeve 57. Sleave 57 could also be a heat shrink
thermoplastic material, a coating, or a metal tube
spaced from the extension member 22 by standoffs.

In operation, when the inner housing 21 is lowered
into the outer housing 13, the lower tapered section 39
30 will move past the upper tapered section 29 and engage



up and out the port:-27. The cenent will not bond to an upper portion of the
extensi on nenber 22 of the inner 25 housing 21. The cenent wll flow
around and contact sleeve 57. Subsequently, if the riser begins to bend, a
bending force will be placed on the inner housing 21. The wedgi ng tapered
surfaces 29, 33, 37 and 39 prevent 30 substantially all novenent of the

I nner housing 21 - 10 - relative to the outer housing 13. Any slight
nmovenent - that may still occur will tend Po-cause the inner housing 21
to {lex at a point I e t cti 39, This flexing,is

al l oned due to thetﬁs)ega%)%%PStie%gq h%%gei(rzr’gn?ﬁ% %m&?‘ne e#glﬁ)‘h ﬁé?rber
22 of the inner hotRpewy taperede section 3y Willrengage rthesmpperbsapened of
tBe gemegt _2t5, y\/::é%mmnw.a' t_eshbieuédtae&n&omami@é&, iﬁiﬁfhalw_elénélgofag er
abandoned, it wi e S recover uter .housin an

I nner housing 21. Hr"ne e%%?eorseldde\;eéeg anlg \%I3| I%%b\é%us‘}é'git §‘°§ut“8 igagflﬂﬁgQS
fr-om t he i nner® houk¥shgrespective karered santdamatht avd vakicl e welighbosen
bolt 55 and renoversd D gap¥idd. edints. rel ease the latch ring 43 fromthe
15 latch ring 41. The inner housing 21 can then be pulled to the

surface. The outer housing 13 will be renoved conventionally. In the
enbodi nent of Figure 3Theharaighthat, dheostaiing, abpNg the inmerchansingby a

solid retaining rizg will bebPlac&dten nilg inney hGusing RIor ahdli weight S
tightly around t hear?d(tﬁgé Oﬁaeiné h?pﬁzar%i if&e]r‘lgcape\é‘aﬁt is%%ltions 29,33
10 and 37,39 will cause the inner housing 21 to move
farther downward and wedge tightly within the outer

U housing 13. The tapered sections 29, 37 will slidingly
and frictionally engage each other in metal-to-metal
contact. The angle 31 results in a locking taper

15 fit. During this movsment, the latch ring 43 will
ratchet into and engage the latch ring 41, preventing
any upward movement of the inner housing 21. The
wedging action causes a radial preload force . on the
inner housing 21.

20 Cement will be pumped down the riser string and up
the annular space surrounding the casing 23. This
cement, indicated by the numeral 25, will likely flow '
up and out the port 27. The cement will not bond to an
upper portion of the extension member 22 of the inner

—/ 25 housing 21. The cement will flow around and contact
sleeve 57.

Subsequently, if the riser begins to bend, a

bending force will be placed on the inner housing 21.
The wedging tapered surfaces 29, 33, 37 and 39 prevent

30 substantially all movement of the ‘inner housing 21



bolts 61 bolt the retaining ring 59 to the two halves of the clanp ring 149
Latch ring 143 has grooves 142 which ratchet into grooves 144 forned in

t he bore of 25 the clanp ring 149. O0-ring 146 biases the latch ring 143
outward. For renoval, pry apart slots 63 |locate on the | ower end of the
retaining ring 59. This allow a pry bar to be placed bet ween t he upper end
of the outer 30 housing 13 and the retgining ring 59 to push it upward

after bolts 61 have been renoved. Once 1(.et aining ri %59 i s above the clarrp
ring 149, the ¥NAHHY IO Fhe QUtEr husing kho ARV pELiahh, RoyemeBt, t he™
out er housi ng ¥at Smay stinTheccvhnvthl‘Lortdms toi graumec athhe dswmagt ages.

It stabili t
seen the LvioinLreL BUSH NE N pOliR Bty AHE ﬁ'to%r bel ow ¢ he

bet ween the two

i nner housi ng 8MEERR é’r9'hoi¥§|iﬁgfaaég‘?% it alicueddumi tp the gt he 10
cenent fragn thegl enar cpaihtonsoffrbhe thlnaxtbnltongmihcreznebm «henenber of

t he i nner housi chy | e dl@fa ¢ tqgg,ge menber .
The clanmp ring gﬂcga !Eegnin]:her oﬁmir'lg to %’g eag%:&f‘en r%ﬁr%%] t he
outer housing anGhéqv\E#It’PS . accommod hele¥&Rght i on has

been shown in qavEméne. of its forms, It should be apparent to those skilled
in the art that it is not so limted, but is susceptible to various changes

wi t hout departing fromthe scope ?. the i nventi on. ,
If the well is later abandoned, it will be

10 desirable to recover the outer housing 13 and inner
housing 21. An explosive charge will be used to cut
off casing 23 from the inner housing 21. A diver or
remote operated vehicle will loosen bolt S5 and remove
clamp ring 49. This release the latch ring 43 from the

15 latch ring 41. The inner housing 21 can then be pulled
to the surface. The outer housing 13 will be removed
conventionally.

In the embodiment of Figure 3, the two halves of
clamp ring 149 are retained by a solid retaining ring
20 £9. Retaining ring 59 has a bore which fits tightly
around the exterior of the clamp ring 149. Vertical
bolts 61 bolt the retaining ring 59 to the two halves
of the clamp ring 149. Latch ring 143 has grooves 142
which ratchet into grooves 144 formed in the bore of
25 the clamp ring 149. O-ring 146 biases the latch ring ~
143 outv'ard.

For removal, pry apart slots 63 locate on the
lower end of the retaining ring S9. This allows a pry
bar to be placed between the upper end of the outer

30 housing 13 and the retaining ring 59 to push it upward



11111111121211211212412111- - 12 -* C L M S * CLAIMS 1. In
a subsea well having a tubular outer housing protruding upward fromthe sea
fl oor, the outer housing having a bore with a |ongitudinal axis, a tubular

i nner housing adapted to be |Iowered into the outer housing and having a

| ower end secured to a string of casing extending into the well, the inner
housi ng having an upper end adapted to be §e?gred to a string of conduit
ext'ending to a drilling rig, the inprovement 'conprising in conbination : an

uppel. tapered sect agBernbéies ey e nafvet Beeﬂtttﬂod&aus' Bfice Sr& N {ing? RS RG]
section in the borg of; tggog gﬁ smai_e gﬁﬁﬁgiaXIa I sttance " bel ow
t he upper tapered 32ctof! gp re Woo RaLVeBe §Eathe
formed on the exteFﬂéPPoFlngelﬁﬁnsﬂnhéusﬂﬁ@oxadsGBQ@aNhBahhﬁerhaans&agax|m
di stance apart as the upper and | ower tapered sections in the outer

housi ngs, the upper and | ower tapered sections on the inner housing mating

in metal-to-netal frictional contact with the upper and |ower tapered
sections of the outer hBusirivensipacthas| giguificantnedvantages. i s [owered

:c nt o Ithe oult er houglcasui@ehs rﬁmrﬂﬂna&thagn %Mz&mﬂ&%dﬁuiefno‘&%'iﬁg

e bt s ouat o Ehitseiad \Refbahdld BLeGl bl LB\ Hublon 1" rtilnl 0 [ ©
housi ng above the GQHEFebﬁpéﬁeélé€89¢oﬁ°oP°Fﬁ§ belev Kbesiinmgexndouspngt i on
on the inner housi agdabaver tHousimgedusaps etk Feevanwhich Fegdratesherai Ng
for 10 cement from the lower portion of the inner housing.

The extension member of the inner housing may be much
lighter than the prior art extension member. The clamp

ring enables the inner housing to be easily removed

from the outer housing if the well is abandoned.

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



slidingly engagi ng each other as the inner housing is |lowered into the
outer housing and for preventing upward novenent of the inner housing
relative to the outer housing once the upper tapered sections have fully
engaged each o m | ower ;mper ed sections have fully engaged
each ot her; Iﬂﬂ&l means -h My rel ease neans-operable prior to
dlsengaglng th , ections fromeach other and prior to -

di sengagi ng t he | ower sectlons from@&_g her for releasing the inner .

housing to be pulled fromthe outer gif the well is to be abandowed.
2. The subsea wel | accordlng to claim1, further conprising :

protective neans on t |_o t t |
downward a se?e’ct ed dltigit aan\ggl, (;t E’%‘h\?&eﬁeaﬁgﬁhﬁ?&% ngﬁ{tgée wer
end of the i npe'ptmdsimg ummb\ﬂmgt dhee @ed ifdroaawpddwl Quﬁ:@ertmusmg urn

flow for prevgntisn ng.% (‘aorl i tr3) eagiesrl c%] Qe end of
the i nner housing to OM/S| eX|nan£ the |nner hou5|n due
to bending ofhPHélpﬁkéﬂaH$e t° (RQﬁqﬁ)hQPiiQﬂrﬁq”

wher el}p the : nawg@ 'Seqiaﬁrefzo'&ﬁd w‘curea Qioarap dﬁﬂg@fb’ﬁ r&hﬁ f hnrounti ng,
nousi ng. above SKREREIAE, IRAGLANE ekl oEs TR S ierétﬁh."ﬁ;”
menber Iocatedppnrthadb@d@pﬁédlﬁn(ﬁeﬂqequnqg to a string of 'conduit
extending to a drilling rig, the improvement comprising
in combination :
an upper tapered section in the bore of the
outer housing; -’
a lower tapered section in the bore of the outer
housing at a selected axial distance below the upper
tapered section;
upper and lower tapered sections integrally
formed on the exterior of the inner housing at
substantially the same axial distance apart as the upper
and lower tapered sections in the outer housings, the
upper and lower tapered sections on the inner housing
mating in metal-to-metal frictional contact with the
upper and lower tapered sections of the outer housing,
respectively as the inner housing is lowered into the
outer housing, to transmit bending forces on the inner
housing from lateral movement of the string of conduit
through the inner housing to the outer housing; and
locking means having a portion located on the
outer housing above the upper tapered section of the
outer housing and a portion on the inner housing above
the upper tapered section of the inner housing for
slidingly engaging each other as the inner housing is
lowered into the outer housing and for preventing upward
movement of the inner housing relative to the outer
housing once the upper tapered sections have fully
engaged each other and once the lower tapered sections
have fully engaged each other; and



a Iatching'nenber | otated on the exterior of the inner housing above the
upper tapered section of the inner housing for mating with the | atching
menber in the clanp ring; and neans for allowi ng one of the |atching

nmenbers to deflect radially to allow the |atching rrerrﬂ mm)mu;“mﬂ“‘
housing to ratchet sinto the latching menpej3in the cl m“r "¥inner
housi ng roves downward into the outer housing, the nountihg fredhs *al I"owi ng
the.clanp ring to be renoved fromthe outer housing to disengage the

| at ohing menbers from eactheti@éki&q ﬁé@ﬁé%&@lnaef‘alééséfméhﬁsi Bp8kable
housi ng. 1111111111111%&% - 4. bsea wel |
er

111111& 111&11 1 Thg su

according to cl aiBfF49F vk sengaging -Fhe pepey hapered fertiopenfron
WEFFG; mthh i s semch eotther témd spriog ©d disengaging uhertbwerPSeeuhBﬁs
we urt her comp S n t r e a . [

ext ensi on nenber % &fheeg?}gn%ﬂ%%ugﬁgfga%%é%ﬁ@n%ﬁ%ghglgemgmnﬁér’ggéngﬁchgd
distance, the el publedifromcthe outenchowsingeifothehwellsisxposhe to
cenment return fl qypghidseh cenenting of the string of casing for preventing
cenent fromcontacting a portion of the exterior of the | ower extension
menber to allow slight lateral flexing of the inner housing due to bending

of the riser. 5. 2, A Irths esub®bd WEIDrdcegrding! 8o ncBaimhe, efareReR of
the | atching nenb?eés fﬁ%n%ri ses a set of teeth. 6. The subsea wel |
according to clai TP #Lih the | ocki ng means conprises : a clanp ring
having a bore and split iproteeiive means on the lower end of the inner

housing and extending downward a selected distance, the
protective means surrounding the lower end of the inner
housing and having an exterior exposed to cement return
flow for preventing cement from contacting the exterior
of the lower end of the inner housing to allow slight
lateral flexing of the inner housing due to bending of
the riser.

3. The subsea well according to claim 1, wherein
the locking means comprises :
a clamp ring having a bore;
mounting means for releasably mounting the clamp
ring to the upper end of the outer housing above the
upper tapered section of tﬁe outer housing;.
Y, : a latching member located in the bore of the
clamp ring;
a latching member located on the exterior of the
_inner housing above the upper tapered section of the
inner housing for mating with the latching member in the
clamp ring; and
means for allowing one of the latching members
- to deflect radially to allow the latching member on the
inner housing to ratchet into the latching member in the
clamp ring as the inner housing moves downward into the
outer housing; the mounting means allowing the clamp
ring to be removéd from the outer housing to disengage
the latching members from each other for subsequent
removal of the inner housing.



hal ves, each of the halves having a radially inward extending flange; a
circunferentially extendi ng recess on the upper end of the outer housing;

bolt neans for b | two hal ves of the clanp ring to each other on
the upper end of mﬂwmn’ﬂi&wﬁmg with the flanges extending into the
recess; a set of 0 " the hgre of the clanp ring; a set of
teeth located on the exterior of the inner housing for mating with t-he set
of teeth in the clanp ring; and neans for allowi ng one of the sets of teeth

to deflect radially tThel Babseacwedl atccoedilngorto daimdr, whemainto

ratchet into f i h I L he | noves
downwar d i nt o{:?ﬁeﬂé}dfgr hhggg'lnﬂg,ﬂa hg ggﬁ'@ngg‘%gn%ilo%‘wﬁ#% Jgﬁg’?r*pr% ng to
be renoved fr8arunedoticethrostriggt ofdicesiggac ande wharels the .supsea

C L M Sybtet bubingredempeilas f;or subsequent renoval of the inner
housi ng. 7. The subsea well accordin oclaiml erein the |ocking

means conprises : a cPBnPlPpetomexichgleey, °§H&e§bﬂﬁ:q dRF hal ves,
each of the hektefishon ngmberadifaithy innerdhexsindg and lextending

col i d cont | nuaRewEEL R RETeEEER BuRRaneR, WY eldbetndrll Ueyd O 1 7
ring to retai havihkpghanvexterior that is exposed to cement return flow
during cementing of the string of casing for preventing
cement from contacting a portion of the exterior of the
lower extension member to allow slight lateral flexing

of the inner housing due to bending of the riser.

5. A subsea well according to claim 3, wherein each
of the latching members comprises a set of teeth.

6. The subsea well according to claim 1, wherein
the locking means comprises :

a clamp ring having a bore and split into two
halves, each of the halves having a radially inward
extending flange;

a circumferentially extending recess on the
upper end of the outer housing;

bolt means for bdlEing the two halves of the
clamp ring to each other on the upper end of the outer
housing, with the flanges extending into the recess;

a set of teeth located in the bore of the clamp

- ring;

a set of teeth located on the exterior of the
inner housing for mating with the set of teeth in the
clamp ring; and i

means for allowing one of the sets of teeth to '
deflect radially to allow the set of teeth on the inner
housing to ratchet into the set of teeth in the clamp
ring as the inner housing moves downward into the outer
housing, the bolt means allowing the clamp ring to be
removed from the outer housing to disengage the sets of



together with the fl-anges extending into the recess;_bolt nmeans for bolting
the retaining ring to the two halves of the clanp ring; a |atching nenber

| ocated in the bore of the clanp ring; a |atching nmﬂﬁ"'lmm“m t he
exterior of the inner housing for mating with thel n the
clanp ring; ‘and neans for allowi ng one af jshe | at chi ng ménbdr st o*def | ect
radially.to allow the l[atching nenber on the inner housing to ratchet into
the-Fatching nmenber in the clanp ring as the inner housing noves downward
i nt et he outer hteethyfrione darh others fod aubiequent atemovaly of nghé o be

pul l ed upward fr e ggp ing, allowing the two halves to be renoved
fromthe outer hggg%ﬁb‘3é |§éngage the latching nenbers from each ot her

for subsequent renoval of the inner housing.
7. The subsea well according to claim 1, wherein
the locking means comprises :

a clamp ring having a bore and split into two
halves, each of the halves having a radially inward
extending flange;

a circumferentially extending recess on the
upper end of the outer housing;

a solid continuous retaining ring mounted around
the exterior of the clamp ring to retain the halves
together with the flanges extending into the recess;

bolt means for bolting the retaining ring to the
two halves of the clamp ring;

a latching member located in the bore of the
clamp ring;

a latching member located on the exterior of the
inner housing for mating with the latching member in the
clamp ring; and

means for allowing one of the latching members
to deflect radially to allow the latching member on the
inner housing to ratchet into the latching member in the
clamp ring as the innerfhoﬁsing moves downward into the
outer housing, the bolt means allowing the retaining |
ring to be pulled upwérd from the clamp ring, allowing
the two halves to be removed from the outer housing to

~disengage the latching members from each other for
subsequent removal of the inner housing.




