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mti ny

i nvention rel ce and downhol e equi pnent enploying | a

shoul ders formmmwmumnmmu(‘! t her equi pnent and nore particularly subsea
wel | heads, where the |anding shoul der;can be renptely actuated to be set
Into position in %88 e after | ar ger casing has been run. BACKGROUND OF THE
I NVENTION I n oil and gas well operations, particularly in subsea
applications, well heads are used to support concentric casing strings

whi ch extend to varying depths in the wellbore. Landing shoul ders are

provi ded TITLEIich wel | heaREMOTELYDEPLOYABLE LANDING SHOULDERI ngs.
These wel | heads have seat bores and the | anding shoul ders provided in them
general ly, ' he maxy Lt gr e nce so as to limt the maxi mnum
si ze of c'ﬁ'ﬁb'm th can pé@r&éﬁﬁ%@'ﬁl head. That is to say, the seal
bore has a greater dianeter than the bore defined by the | anding shoul der.
The projecting | anding shoulder Iimts the |argest casing size that can be

run thr oug|ELDOREFHESGNVENTION was not in the way) another |arger casing
string coura fiT through the sanme wel |l head body. This is the objective of

the I nvention)The field ofthissinvehtiohaetites telsurfate andtdownhole equipprentat a

| arger additional string can be run and |ater actuate the |anding shoul der
i nto the pmployinggdandingushouldersforhsupporeqf cothes nequipmentsand molengs.
The need to fit in an extra-l| argg shri ng into.an existing well head config

urati on hpartigulady subseawslibeads,where the lapding sheulder can be remately s

wel i bor e. SEEIPOIE HESRH I RO Frd sBvp e BeBet BARE A DeOhtLR. ¢ e
infiltration of water into the well bore at shall ow depths have had
undesirabl e costs associated with them Since the water mgration into the

wel I bor e BAGKGROUNDYOFITHEINVENTPION ol Wi th nud becones costly since

the nud i S uring € casing-running operation through the zones where
water is infilinailiargl gds welimperations; pesticalarlysn subsezpapplidations)\avell- i s
infiltrating also involve significant costs with the anount of cenent that

i s requir éeads arerusad tasypperd eopceptric pasingskingsewhinh.extenddoneanyings
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casi ng. Théjgcg %gélga%@n he é)%ljdect Pves qupﬂg%gﬁ?séeﬁrﬁr I hvent |dotr'1{é|)s to provide
a wel | headnternal eiearaneass asoicelimitattiel atdbdmiandsize cihcadingrwhichctan it
nounted in a recess sufficient to allow very-cl ose-cl earance casing to be
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act uat ed ger size casing Is being run throu
housi ng.  shoulder out of the way so that a larger additional string can be run and later

actuate the landing shoulder into the bore to get a support for the subsequent
smaller casing strings.

The need to fit in an extra-large string into an existing wellhead config-
uration has arisen from subsea completions where substantial amounts of
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, 14 MAR 20n 3 Designs in the past have enpl oyed either fixed Iand||[ RQQAR 2003
shoulders I n wel | head housings or shoulders that can be run-in

casing string. These devices have generally had to catch recesses in the
wel | head housing. The devices were generally held in place with shear pins
and were prone to premature set. Cper%éors at the surface did not have good
f eedback as to whether the string had“set on the | andi ng shoul der properly,
and many times shoulders run-in with the string to catch a groove in the
wel | head body would fail to actuate or fait to actuate in the proper

| ocation) undernmining the desired intent of support of the string. A few

5! 655, coovatT afe proqusstl afVey stiailw deBE IS te WeIRbiE: Ereidusddehr
supports 4ifjeithBE Adto ed i Availabithta Geal Wit tﬁaqﬁﬁll?aééﬁ%?m?eﬁﬁ&e the

ng shoul der is provided on Series of

col l ets eayblitssrendt dhatiowedépths iavechad ugdeé‘i’@ble%dsts%s%ro‘éummtﬁém a

groove which is itself in a recess in the wellhead housing. Deployment of

t he | andiSigcefthelwter migrationrinto the wellborsi isiab a fairlylew adepibidcontrolavitht ri ng
of casing to be run which is nomnally close to the inside seal bore

di amet er raudibecones seslly siRGe; th@ mugisdest duyng sheeasing-skunning operaasi ng
string on,a wel |l head housin artic b r, size allows isolatjon of

wat gr pr MW@UQB%G ZQBg$ V&Pﬁ@s‘ﬁ?&&dﬁ "l"ﬁ aliggs Attempls | m&%ﬂmcrmg; e nud
the | ar g ePhg P wlvb%ﬁaﬁﬁ%i '%vﬁﬁnﬁm‘?%? od'iri&lvé @%ﬁﬁa&&%@%&&%&h& ngs
or cssur ¢ At copnt tiatisiieduied #EHRENGY acimplsl shEBrRKeltre, | o,

of the riyTHuSUNEhbeahas arisen fcﬁ{é niére Bﬂécﬁ\)”@tédﬁrﬁ dé wqaomé thgZepe down
in a set ~4 MAR 2003 4 position where they deflne a | anding shoulder in

the bore where wales ésjindiitrating byfrusming @n additienabstringnthreugbnan existing
manner to give surface personnel a signal that the collets have been

act uat ed wellhegaski tﬁosrﬁxmalﬁ;epelgrﬂed rra;dd ean begusediand recoverestE8"PTI ON
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ousi ng)  CrehitiEt ﬁﬁ%ﬁﬂﬁwﬁ”ﬂ%@‘@%ﬁ 3@4‘%@@9%3? bpstffiiSe 'ﬁﬂ?ﬁﬁwg

the- br okeacBa8t §B0ERTG: TTHUS nd IR LGS O e prSdtIndaon R ke "
in positi Wovnaet:hﬁeﬂh@@d heasingithha rdﬁmen(;actﬁabw RandifA csmuldér Whlch

ri ght-hand section) a detailed view of the’landing shoulder in the

ret r act ed igpourited in Birgeess sufficiant td allownvbryeclisas-obéarances/casingtobaur e 3

in the set position. DETAILED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
run through a high-pressure housing of a wellhead. At the same time, after

the large casing is installed, it is another objective of the invention to be able
to remotely actuate a landing shoulder to accept a smaller size casing which
is run through the larger casing. It is desirable to actuate the landing shouider
remotely in a manner that gives a signal at the surface that the actuation has
occurred and that the landing shoulder is in place. Itis another objective of
the present invention to configure the remotely actuable landing shoulder so
that it cannot be accidentally actuated while the larger size casing is being run
through the wellhead housing.



Referring to Figure 2) the well head Whas a housing 10 which is gener ally
supported off an outernost casing string (not shown) at shoul der J.Z. M)\Re2003
hi gh- pressure housing 10 has an internal seal bore 14 and a series of

i nternal grooves which will be expl ained bel ow. An upper groove 16 and a
t'ower- groove 18 are the internal grooves of interest for the present
invention and will be described in node detail bel ow. Shoul der 20 defines
recess 22 which is larger than bore 14. As shown in Figure 3, the | anding
shoul der assenbly 24 conprises a ring structure 26 which preferably is in
one piece, which in oper 1 4 MAR 2003 5 ation is broken into several

P& emgaged_t JDEkfaNs o He bR HAPBRinIoVed efthebdbécd RiRINGSBtider L' "
| andi ng smﬂ'h%gd héﬁgfﬁfﬂlsyo?‘hﬂﬁﬁdérs? A ca'ggs’? FUhLEH With 3¢ cfa%gg gg{iﬁg{ea ds

extend a plurality o ngers 36. Fingers ermnate in hea

38 have aThesdidevices haveegéfierally daektol catch vosesseyin heswelhehdi HoLsihig

depl oyed into the position shown in Figure 4. Collectively, all the
surfaces 7hefdeviceswerergeéneraiiydeldin placewithssiiéarmpmsnand wereuproherds h an
i nherent bias toward the high-pressure housing 10 shown in Figure 3. Due to

L, L P achnilh ST gt e o o o ckemtar,
LA el o kg rassd i i
Eloggp:] esi %P'gu%]rg(‘g’?'h?ﬁﬂb??pgﬁhb38i@ ‘?‘é%‘e’?@ﬁ’?&_’t}tﬁ%mﬁ'ﬂ?‘aﬂ%&%‘gew 8 and
ower i niribt et ob ity eedierdlin 108 proporBoafiBh hBetiuEife dedied T
Phey can noert Pstppoft e, Smg. /1 T oo SRy o IR atei g™

separ at ed Pratehts,067{388; 4,917,001 £5,655:606.f Aldreet geheraldhtarestvnl the/agsh t 0
hol d themtogether. Rings 28 and 34 need not be contiguous at junction 51

as an i nt @fmultieslringcasing suppens imweheads isthe $TG-1Qwelihea decby
designed tQ break at a predeterm ned force. Wien a force is applied through
the use oﬁSQQEeW AA®I9™ 0ol R shown in Figure 1, which has below it setting
toot S, the lower ring 34 breaks away fromthe upper ring 28) as shown in
Figure 4. The heads 38 are pushed al ong tapered surface 50. Each of the

heads 38 @ggﬂqgl@p@pq—g!wmgﬂends into recess 54 of the

hi gh- press ; defines a reverse shoulder 56 ~ ~ MAR
2003 6 whi ch opRtasdingshdulder fs2proVided onna iseeiciRost dolidts E)eBRding frosiac 4)
| ower surface 58 reaches its travel stop when it encounters uppéer surface
60 of the fsangible ring.4Themolletsara biagedinto ehgrdovaiwhich is itself ippaecessause
of their aqutward bias which pushes shoul der 52 behind reverse shoul der 56,

thus | ockilgheweligad beusing. Haeployswentef the landing shoulderdndispteactedces
40 extend bevond surface .an r.e NQW in position to accept.a casin
string in %oég% @Eﬁ\gfﬁta’} %&ém%é %EQQ Cgs! IR W @PB@U‘?@ g@ﬁgat ed
with a rung i o] o RN iccally
(see Fi gursitp intile Foat B8RS biimBloriehb WEIfGattidlbing, T BpaRiBbaC
in nmore dehpidddi ' o i ' i ' lej

act uabl e dggsédgllﬁ%%jﬂgédesrwg irst S S&?Q‘é‘ﬂmdﬂ\mggagﬂq&g‘?g? %}ﬁ? &/a%r?cﬁ'i;e %ggws own
in Figure igpldtioh ofogateidproctunig 2oney peabthd sarfagktincostloffodtive mane’
dogs 66 which are carried by piston 68. Piston 68 defines a pressure
chanber 70nenwhere mudusedntocondital sater production is récoverad: iRa stbsesat h
72 can be pressurized through the string 62 for actuation of the piston 68.

il bt ohragen bt - Fonv ol g
Frgure 2. WHRIAGASHOPOTNG e gollely ofignadhe 18nding sheulder: sHre byaralc
string o2 PIEniRIE Ph IR 1AE 58RE008) RERATBE 4 Blsgdf g tiepR 4 Bl Bi e
ey pul at 1 510 SpBERia B B S, il Biey b ALLAZIRY 6K HORR! ina st

tool R finds tenporary support within the high-pressure housing 10. The
same notion that pushes the dogs 64 outwardly brings up cam 80 to push out
dogs 66. A detent ring 82 holds the piston 68 to the mandrel 78 until
sufficient pressure is built up in chanber 70 , 14 MAR 2003 to force the
detent 82 out of its groove 84. The buil dup of pressure in chanber 70 noves
the piston 68 and forces the projection 74 against surface 76, ultimately
breaki ng the junction 51.

D!



Surfacé personnel nust increase the pressure in flowath 72 to a point to
drive.the detent ring 82 out of groove 84 and to break the juncti 3”L5ﬁAR 2003
bet ween tower ring 34 and upper ring 28. When the ring 82 junps out of
groove 84 and the junction 51 is broken, novenent of the piston 68 results
in a pressure drop at the surface that is noticeabte) giving a real-tine

i ndi cation that the setting sequence fas been initiated. Wwen the heads 38
reach their maxi mumtravel stop by engagi ng surface 60, the pressure at the
surtace will build up, indicating that the set is conplete. The applied

pressure is then bled off nd the running . tool R and setting tool S are
further nmsmrhwaerq)mm()éafn%a landing|shesidenia theporedoeasubsequenhunt he
running togql R.and.setti f ool cap he retrieved., One qf the advantages
o ¢ hepr EdASIRG ITa BREEHSRY 5 JRTS Ihdie ARYSL b sulese Persannel &
exanpl e of_. v ANL Q= R1 OLS4 i or
desi gns hfd&ﬁaﬁﬁ‘%‘ﬁﬂ% #%BW@?&“O#%?@Qﬁ%&@FM%%%ﬁﬁﬁa&ﬁgﬁ not
accommdatc%s}‘géfmng. Wth the configuration as shown in Figure 2) an
183/," housin can have an internal bore of 18.63" which can accept 18"
casi ng, which has an outside dianeter only slightly smaller. Thus, using
the renotely actuabl e | andi ng shoul der assenbly 24) the particular

hi gh- pr es BREEFDESQRIRTION Ck JHEDRRAWENGS i tial and additional casing
size larger than prior designs. This ability to run another casing section
t hr ough t he housigige doist asectionakelavational view of the ruoning:and -settingitoolg .

zones inthat it permts . themto be isolated with drilling nud w thout
si gni fi carD tRBJUNGX POSRION.he addi ti onal casing section is used and

d ab L ~ ~] A~ 5 ducgi L J 1l
Chrough i 0.1 n FeDrazds 2 FiCsdnal O Eaha Yew & A Bring and selting ' ™
housi ng 'ty O); . L4 H : ' t 86
or bl ow 11701 P 16> WEAREAA robsfieh Snelwing e SYRIng ol HerOlie s o

i ff i | | G BhB%i | |
241 5 act ut oo e TG SOppCAANe IAhdRg Shollder i hoide R e drantes.™!
strings caand¢he vingiintherbrbkentpositien Wath theslanding shoutdeshillingdeplo art

wi |l appreciate that there may be internedi ate strings between the 18"

casi ng andanddeekedin position inhtherothier part of the drgwing.suspended of f of the

| andi ng shoul de, ass Ly 24. The string that may,k he . syspended from surface
40 Courd be. 133FIGURh SIS I A liabtchand sedbon; BiARtalad haw: ok hergnding

r enot e- act ' ve represents an inprovenent over ot her
desi gns m#@hﬁﬁ#ﬂﬁg@%@%@%‘g&%@?&m Shear screws have |imted

resi stence capabidilel £ a [dRihand'Séctifit SPBViEW i i ki
string) they ar?‘ u%j!‘gct to bel ng set prematurellggziggﬁts?%%ﬁﬁgﬁﬁgg'tow
forces are required to shear shear pins and the weight of the casing string
being run is so large, there was not in the I?rior desi gns a good nechani sm

for feedba®ETAILED BESCRIPTION OFTHEPREFERRER EMBOBIMENTE essful |y

| anded on its desired | andi ng shoul der. Additionally) various coll et

mechani sns or . ot HRIEMIRG I RIGUEE 2, the webheagWihasaiheyising: 10 Whieh is\geparwer e
delivered by the stri eing run. were subjeect 't r ture actyatign if
t he assenbl m@@&%@ﬂeﬁﬁ?ﬁ%%@sﬁﬁb q%r%nh%?t %’r‘%‘é@ﬁ[q nvﬁ?\?i on
il lustrates;ihe el : R L f = X LBl

wel | head. omgcPGRELES ol BirkEio BHR e final sort Rt LA B £ bEEhal
through it groloVee whike ivill ¢ A | f P
assenbly.  THOOYES whi tc‘f"!!ﬁt%é"SXPE"D?%WSE‘{%&HBPS‘S&’%@?%| BRPd lower
recess facigdroogber8 afeethrifitérnahgloovesraffinterestioh e ptadeit inveritioir had will
speci fic downhol e (1 ~ MAR 2003 9 problem such as the need to

econom cal | lye idesicebedadnzmoee wetaib betgwr Sisoulder 120 defings recessRRbwhieh is
Addi tionally, the system cannot actuate prematurely as it is located within

a .recess inarger thanharg 1. Asishown ind-igur@ Sn the fandisgl shajdder assembiy@dng
with the | owest clearance w ]| t engage,an art of the heads, 38 because
they are prenBRNSESB/ES SiUFHe Zhoviah Meteraaty Bun e e WakhJD oper-
Eventual |y, the | andi ng shoul der assenbly 24 is actuated into position
hydraulically and in a manner which gives positive feedback to surface
personnel to tell themthat the |anding shoul der, represented by surfaces
40 on heads 38) is nowin position. In all other respects) the well head W
operates in a manner known in the art to accommodate a plurality of
concentric casing strings. Although the technique of a |anding shoul der
which is recessed and renotely actuated has been presented in the context
of a wellhead W other applications downhole are also within the purview of
the invention. Thus) in a particular assenbly) the system can be depl oyed
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1'4 MAR 2003 als, as well as in the details of the illustrated

construction) may be made without departing fromthe spirit of tke, MAR 2003
i nventi on. 9 4 MAR 200 i~ CLAIM5 1. A downhole tool, conprising: (a) a
body having a bore defining a m nimum di aneter therethrough; (b) a |anding
shoul der assenbly novabl e between a retracted position where it is disposed
within said recess and out of said bore so that it can support an object
passing into said bore said | anding shoul der assenbly bei ng capabl e of
sending a signal that it has reached its set _ position in response to a
pressure sufficient to cause said | andi ng shoul der assenbly to nove to its

set posi tagen i€ brdken into soveral pietds. Rirey strocturai 26 badyan Uppertitg 28

detent, sald |l anding shoul der assenbly engagi ng said detent to retain said

r et r act edwhich hasthreads A0dwhichdanecergagediermatchinglthreads B2eintthel high—cl ai m
1, wherein: said |anding shoulder assenbly is biased toward said detent. 4.
A downt oopressiuse hausing sithg The Janding shesigemassempbly 24 bagea iowegriag

m ni mum di anet er _t heret hrough, said bod%wdefining a recess outside said

bore; andstrugtuse B4ftomyvhieb@xdend aqurality ohfingerse36etfipgers 36terminate

2 Set positt neAdsS-< Heads Bchdye & nifind suago afito atcent a Sibteqtont

obj ect  PagsLng difihd witia8Bio§ed into e pddRtlorhdWA i Figurd'$" “EBitectively,
all the surfaces 40 form the landing shoulder. Fingers 36 are manufactured
with an inherent bias toward the high-pressure housing 10 shown in Figure
3. Due to this built-in bias upon manufacturing, the heads 38 remain in
groove 18. It should be noted that surface 42 in the position shown in Figure
3 defines a larger diameter than surface 44 of stop ring 46, thus putting it clear
of bore 14. The bore defined by surface 44 is equivalent to bore 14 in high-
pressure housing 10. Stop ring 46 is secured to the high—pressure housing
10 by virtue of thread 48.

Referring again to the upper ring 28 and lower ring 34, there exists a
junction 51 which represents the connection point between the two rings. The
two rings can be an integral design or they can be secured to each other in
other ways so that they can be separated with more force required than if
shear pins alone were used to hold them together. Rings 28 and 34 need not
be contiguous at junction 51 as an intermittent connection can also be used.
This junction can be designed to break at a predetermined force. When a
force is applied through the use of the running tool R shown in Figure 1, which
has below it setting tool S, the lower ring 34 breaks away from the upper ring
28, as shown in Figure 4. The heads 38 are pushed along tapered surface
50. Each of the heads 38 has a shoulder 52 which extends into recess 54 of

the high-pressure housing 10. Recess 54 defines a reverse shoulder 56



sai d extendi ng segnment and a portion of said base structure, aft?&’xﬁggzmm
break, are novable longitudinally with respect to said body. 1t~ 2003

12 6. The tool of claimb5, wherein: said body further conprises a travel
stop to limt said |longitudinal novenent, and a camm ng surface to push
Sai.d.l andi ng shoul der of said extendinng segnent into said bore. 7. The tool
of claim®6, wherein: said extending segnent further conprises a plurality
of collet fingers termnating in heads, each said head conprising a |anding
surface, each said surface defining a portion of said | andi ng shoul der. 8.

urface, each s defini y ey
The L.o0!  Anich BpBokes'@iitar 523/ Thizachn teposiEish $halen 19 Figard 4, fower! °

\ b
om base structure in a manner that biases %ai d heads into

sai d det eg{yrfage S8aRathed itsdralel stop whmteit encotmtersepper suface 6076 tHe cess.

9. The tool of claim9, wherein: said canm ng surface further conprises a
portion obteyirihgid6erit the same timved tharhtads 88rdraclkeapped ibecayseaotitheindi ng
shoul der are camed out of said recess and into said bore when a portion of
sai d baseoutwardbias avhichspushgs sbeuldernd? thehind neyersa sheulder $6gthus
locking in position the heads 38. At this time, the landing surfaces 40 extend
beyond surface 44 and are now in position to accept a casing string in a
subsequent run.
The design as previously described is actuated with a running tool R
supported by a string 62 which is shown schematically (see Figures 1 and 2).
The running tool R with the setting tool S are shown in more detail in the run—-
in position in Figure 1. Running tool R has actuable dogs 64 adjacent its
upper end. When actuated outwardly, as shown in Figure 2, the dogs 64
engage groove 16. The setting tool S has lower dogs 66 which are carried by
piston 68. Piston 68 defines a pressure chamber 70, which is in communica-
tion with interior flowpath 72. Flowpath 72 can be pressurized through the
string 62 for actuation of the piston 68. Dogs 66 have a projection 74 which
is designed to engage surface 76 on lower ring 34. This surface is shown in
the detailed view appended to Figure 2.
The mandrel 78 of the setting tool S supports a cam 80 which ultimately
is raised with respect to the mandrel 78 due to rotation of string 62 from the
surface to force the dogs 66 outwardly to bring the projection 74 adjacent
surface 76. Through a series of rotational manipulations, the dogs 64 are
actuated into groove 16 after the running tool R finds temporary support within
the high—pressure housing 10. The same motion that pushes the dogs 64
outwardly brings up cam 80 to push out dogs 66. A detent ring 82 holds the
piston 68 to the mandrel 78 until sufficient préssure is built up in chamber 70




10. THe tool of claim9, wherein: said body conprises a shoul deg &omgggaﬁg
an opposi ng shoul der on said heads to trap said heads against s

stop, said bias on said fingers holding said shoul ders opposite each other.
11. The tool of claim®6, further conprising: said body fornmed to trap said
ext endi ng segnent adj acent said travel stop in a manner as to support said
| andi ng shoul der in said bore. 1~ R 2003 13 12. The tool of claim 11,
wherein: said extending segnent conprises a plurality of fingers
termnating in heads, each head having a | anding surface which fornms a

portion of said | anding shouldeg; sai d headaﬂgo ri.se a shoul der which
engages andoifercesihg detanh§2 guta s GEOOVS 84, the buildupotpressuee inucham-nt o

e e i) b R R 74 St ShE 8, oo
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| andi ng shoul der is position to be priessure actuated Into s

posi ti on whisetwden lowver Mng84dnd Opperaing 28! Wit thes ﬁrﬁ_ﬂttjﬁrdps éut of
reduction of applied pressure to initiate said novenent ich in turn acts

as a si gnal grdove 8Shandtbe junctiontst isdiroken; movementofithe piston 68desalts ir
subsea wel | head having a | andi ng shoul der operable fromthe surface,

conpri si ng: agEessudliopratihe gudaee thatis ineticaable; givingea real-tipse indicatien
 movabl y - niiptie Selifie'sesliancaihss DReniniRysd. BSR 186 haads. 38 acadh theen | <
drsosed | nrRSiET 898 8o ARl SHRR BRTG Bt b il SFHabl "
suPeesent| O SPRNRCFEY g 6 sompl. The s sk i
off, and the running tool R and setting tool S are further manipulated by
rotation to release the dogs 66 and 64 so that the running tool R and setting

tool S can be retrieved.

One of the advantages of the present invention should be immediately
apparent. In a specific example of an 18%" high—pressure housing for the
wellhead 10, the prior designs had a maximum internal bore of approximately
17.8" which would not accommodate 18" casing. With the configuration as
shown in Figure 2, an 18%" housing 10 can have an internal bore of 18.63"
which can accept 18" casing, which has an outside diameter only slightly
smaller. Thus, using the remotely actuable landing shoulder assembly 24, the
particular high-pressure housing 10 can accommodate an initial and addi-
tional casing size larger than prior designs. This ability to run another casing
section through the housing 10 facilitates isolation of shallow water-producing
.zones in that it permits them to be isolated with drilling mud without significant

mud losses as the additional casing section is used and cemented above the



at least a first portion thereof configured to separate froma second
portion, supported by said body, upon application of a predeterm ned force.
Q4 M-4R ~~~3 14 15. The wel | head of claim 14, wherein: said bad

LSes
a camand a travel stop to guide said first portion of said IaﬂdZﬁ@ﬁg%hh
shoul der assenbly into said bore andgto support it in said set position in

said bore adjacent said travel stop. 16. The wel | head of claim 15, further
conprising: said body trapping said first portion of said | andi ng shoul der
assenbly adjacent said travel stop. 17. The well head of claiml14, further
conprising: a setting tool insertable into said bore fromthe surface to
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a sufticrent
magni t ude ' [ " iBa 1 i SEthe
| evel at ?ﬂgwggﬁﬁ g@%,g@@%g%l P?\gsa'ggc}b'?ﬁéaﬁ%n%%pﬁn'g?y’? sal drse 'tei ng

t ool conpehdest theldrawingiat 86 ot below th®bodyd (at Anotisér string, suchcasihise, dog,
sai d dog, when extended, engages said first portion of said | andi ng

shoul der gandedhyngwartbep@! casingrefiof ppint86d Hubsequently; afterthedanding st

AN SeCOon G B ider assembly 24 s achiated hydraulically with the Séttihg 100l §. smaller
casing strings can be run internally to the 13%" string. Those skilled in the art
will appreciate that there may be intermediate strings between the 18" casing
and a smaller string which will ultimately be suspended off of the landing
shoulder assembly 24. The string that may be suspended from surface 40
could be 13%" casing, for example.

The described design for the remote-actuated landing shoulder above
represents an improvement over other designs which incorporate shear
screws. Shear screws have limited resistence capabilities. Thus, when
actuable using a particular casing string, they are subject to being set prema-
turely. Additionally, since low forces are required to shear shear pins and the
weight of the casing string being run is so large, there was not in the prior
designs a good mechanism for feedback to the surface that the string in
question had successfully landed on its desired landing shoulder. Addition-
ally, various collet mechanisms or other mechanisms, actuable by breaking
shear pins which were delivered by the string being run, were subject to
premature actuation if the assembly bound during any portion of the run-in.

The present invention illustrates the ability to get additional utility from
a pre—existing wellhead of a given size by allowing yet another casing string
to be run through it without sacrificing the pressure rating of the wellthead
assembly. The ability to put a remotely actuated landing shoulder in a recess

facilitates the additional room for another string to handle a specific downhole



surface signal by virtue of a change in hydraulic pressure acting on said
hydraul i ¢ piston. 19. The well head of claim 18, wherein: said hydraulic

piston is releasably retained by a retainer which adds to the nfiubfﬁd
hydraulic pressure required to initiate novenent of said piston? %2 A 403

wel | head of claim16, wherein: a ~r,~~ 2003 15 said first portion of
sai d | andi ng shoul der assenbly furthe? conprises a plurality of collet
fingers termnating in heads, each of which has a set surface where said
surfaces collectively define a |l anding shoulder; said camforned as a part
of a groove in said body; said fingers formed with a built-in bias to push

sai d hea ' ' \ Idy.ieSai d
heads ar gf?ﬂrﬂgm’e%@%%jﬁgﬁ ﬂse giacjj{ 0t §g%qmts(%d(;|gqg§l) ‘aetﬁgéagg %ﬁho ?gﬁgd Fd er on

sai d bodynfiratih Insere. oAddiiohaligatie system banastastuzieprematarély

built-in bras. 22. The wel | head of Claim14, wherein: said |anding Shoul der
assenbl y agotnis iceated within afrebess in the housing 10 rBwus, dthieyruyrming dfttheeach
other in a connection designed to fail under a predeterm ned force; one of

sai d basdargestysizedicasisgwitiythelowest cleasance wilt noteagageany part afitbeot her
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position hydraulically and in a manner which gives positive feedback to sur—
face personnel to tell them that the landing shoulder, represented by surfaces
40 on heads 38, is now in position. In all other respects, the wellhead W
operates in a manner known in the art to accommodate a plurality of concen—
tric casing strings.

Although the technique of a landing shoulder which is recessed and
remotely actuated has been presented in the context of a welthead W, other
applications downhole are also within the purview of the invention. Thus, in
a particular assembly, the system can be deployed to allow a maximum bore
diameter for certain downhole operations, coupled with remote actuation to
subsequently suspend a particular downhole tool at a predetermined location.

In the specific installation depicted in Figure 2, the ability to have a landing
shoulder assembly 24 in a recessed location allows 18" and 16" strings to be
hung at point 86. Thereatter, through the use of the running tool R and the
setting tool S, the surfaces 40 can be locked into position, as shown in Figure
4. Thereatfter, in the traditional manner, the 13%" and smaller strings can all
be supported from surface 40.

The foregoing disclosure and description of the invention are illustrative

and explanatory thereof, and various changes in the size, shape and materi-



23. The wel |l head tool of claim22, wherein: said body conprises a travel
stop and a | ock shoul der; said | andi ng shoul der conprises a pIuraL&hy of
surfaces on collets that are formed with a bias toward said bQ‘W., i Q003 as
hol di ng said collets adjacent said travel stop with the aid of said |ock
shoul-der. 24. A nethod of operating a subsea well head, conprising: (a)

provi ding a body having a bore whi ch ¥®efines the smallest di aneter

t her et hr ough; 14 MAR 2003 16 (b) providing a novabl e | andi ng shoul der
initially in a recess so that it does not extend into said bore; (c)
installing at |east one tubular first string past said |anding shoul der;

act uat i n@lsans wellasin éhem!eiaﬂsmftmes&me;tmged;cqngtrum.wnay ke shadel at
the surface that said | andi ng shqubger has been actuated into said bore;
and (e) Mﬂpﬁﬂ‘i’%ﬁmgé R&]@PE'& He dNeNtioN.st ring on sai d | andi ng

shoul der. 25. The nethod of claim 24, further conprising: actuating said

| andi ng shoul der out of said recess with a setting tool. 26. A nethod of
operating a subsea wel | head, conprising: (a) providing a body having a bore
whi ch defines the small est dianmeter therethrough; (b) providing a novable

| andi ng shoulder initially in a recess so that it does not extend into said
bore; (c) installing at | east one tubular first string past said | anding
shoul der; _ (d) actuating said | anding shoul der into said bore;



(e) supporting at |east one second tubular string on said | andi ng shoul der;
(f) actuating said | anding shoul der out of said recess with a setting tool;
(g) receiving a signal at the surface that said | andi ng shoulder1ngu@ﬁ?@ﬁ
actuated; (h) engaging said setting tool to a portion of an assenbly

i ncl udes said | andi ng shoul der; and (i) _ breaking off a portion of said
assenbly with said setting tool; 27. T Y method of claim27, further
conprisiég: 4 MAR 2003 i~ providing a pair of rings connected together
at a wea @g ction as part of the support for said | andi ng shoul der;
separating said rings wwth said setting tool. 28. The nethod of claim 27,
further conprising: providing a plurality of fingers, extending from one of
said rindys, eActowshpietaalpgomprisingad whi ch has a surface such that the

2d recess dBposhngedy o e 1% AT TUOVOE ob) HAUNUPRRT | SUBTISER |
bui 111 b SRRy, 0% gers to hol d sai d heads | n sai d groove: foreing
sai d heads outb)of salahdingoshoudiery adsensklyt inngvahblel betweenore refrasted
rings w Itx?si i%indw ie?g St is ichssp%esgarv%lt ?n fsra? rggcessoég rourti ofsaid bore so that
it can support an object passing into said bore said landing shoulder
assembly being capable of sending a signal that it has reached its set
position in response to a pressure sufficient to cause said landing shoulder

’ ) assembly to move to its set position.

2. The tool of claim 1, wherein:
said body comprises a detent, said landing shoulder assembly
engaging said detent to retain said retracted position of said landing

shoulder assembly.

3. The tool of claim 1, wherein:

said landing shoulder assembly is biased toward said detent.

4. A downtool hole, comprising:

(a) a body having a bore defining a minimum diameter
therethrough, said body defining a recess outside said bore; and

(b) a landing shoulder assembly movable between a retracted
position where it is disposed within said recess and out of said bore, and a
set position where it is set in said bore so that it can support an object

passing into said bore.

S. The tool of claim 4, wherein:
said extending segment and a portion of said base structure, after

said break, are movable longitudinally with respect to said body.



30. The nethod of claim 29, further conprising: noving said heads to a
travel stop after pushing themout of said groove and into sai gofgim
trappi ng said heads adjacent said travel stop. .) 31. The neth @QP%
30, further conprising: providing a shoul der on said body; engaging a
shoul-der on said heads to said body; using said built-in bias to secure

sai d heads adj acent said travel stop b} eepi ng sai d shoul ders engaged.
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fingers holding said shoulders opposite each other.

11. The tool of claim 6, further comprising:
said body formed to trap said extending segment adjacent said travel

stop in a manner as to support said landing shoulder in said bore.
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12. The tool of claim 11, wherein:

said extending segment comprises a plurality of fingers terminating
in heads, each head having a landing surface which forms a portion of said
landing shoulder;

said heads comprise a shoulder which engages and is retained by a

shoulder on said body due to bias built into said fingers.

13. A subsea wellhead having a landing shoulder operable form the
surface, comprising:

(@@ a body having a bore which defines the minimum diameter

) therethrough, said body further comprising a recess outside said bore;

(b) a movably mounted landing shoulder assembly that in a
retracted position is disposed in said recess to allow tubulars to pass that
will clear through said bore and is a set position extends into said bore to
support subsequently installed smaller tubulars, said movably mounted
landing shoulder is positioned to be pressure actuated into said set
position whereupon its movement into said set position results in a
reduction of applied pressure to initiate said movement which in turn acts

as a signal that said movement to said set position has occurred.

14. A subsea wellhead having a landing shoulder operable from the
surface, comprising:

(a) a body having a bore which defines the minimum diameter
therethrough, said body further comprising a recess outside said bore;

(b) a movably mounted landing shoulder assembly that in a
retracted position is disposed in said recess to allow tubulars to pass that
will clear through said bore and is a set position extends into said bore to
support subsequently installed smaller tubulars;

said landing shoulder assembly selectively retained to said body and
at least a first portion thereof configured to separate from a second portion,

supported by said body, upon application of a predetermined force.
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10 10 10! OG 1951’8 Wody HoHptikes a cam and a travel stop to guide said first
portion of said landing shoulder assembly into said bore and to support it

in said set position in said bore adjacent said travel stop.

16. The wellhead of claim 15, further comprising:
said body trapping said first portion of said landing shoulder

assembly adjacent said travel stop.

17. The wellhead of claim 14, further comprising:

) a setting tool insertable into said bore from the surface to apply said
force to separate said first and second portions of said landing shoulder
assembly;

said separating force required being of a sulfficient magnitude to
require energy input to said setting tool at a measurable level at the

surface.

18. The wellhead of claim 17, wherein:

said setting tool comprises a hydraulic piston supporting at least one
retractable dog, said dog, when extended, engages said first portion of said
landing shoulder assembly whereupon movement of said piston separates
said first and second portions of said landing shoulder assembly, giving a
surface signal by virtue of a change in hydraulic pressure acting on said

hydraulic piston.

19. The wellhead of claim 18, wherein:
said hydraulic piston is releasably retained by a retainer which adds
to the required hydraulic pressure required to initiate movement of said

piston.

20. The wellhead of claim 16, wherein:
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said cam formed as a part of a groove in said body;

said fingers formed with a built-in bias to push said heads into said

groove.

21. The wellhead of claim 20, wherein:

said heads are trapped adjacent said travel stop by engagement of a

shoulder on said body with a shoulder on said heads with the assistance of

: ) said built-in bias.

22. The wellhead of claim 14, wherein:

said landing shoulder assembly comprises a pair of base rings

circumferentially joined to each other in a connection designed to fail

under a predetermined force;

one of said base rings travels longitudinally after it is severed from

the other base ring which remains supported by said body;

said base ring, which travels longitudinally, supporting a landing

shoulder which is cammed into said set position by said body as a result of

said longitudinal movement.

23. The wellhead tool of claim 22, wherein:

said body comprises a travel stop and a lock shoulder;

said landing shoulder comprises a plurality of surfaces on collets

that are formed with a bias toward said body,

said bias holding said collets adjacent said travel stop with the aid of

said lock shoulder.

24. A method of operating a subsea wellhead, comprising:

(@) providing a body having a bore which defines the smallest

diameter therethrough;

9
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actuating said landing shoulder into said bore;
(d) receiving a signal at the surface that said landing shoulder has
been actuated into said bore; and
(e}  supporting at least one second tubular string on said landing

shoulder.

) 25. The method of claim 24, further comprising:

actuating said landing shoulder out of said recess with a setting tool.

26. A method of operating a subsea wellhead, comprising:

(a) providing a body having a bore which defines the smallest
diameter therethrough;

(b) providing a movable landing shoulder initially in a recess so
that it does not extend into said bore;

(c) installing at least one tubular first string past said landing

shoulder;
(d) actuating said landing shoulder into said bore;
‘ ) (e) supporting at least one second tubular string on said landing
shoulder;

(f) actuating said landing shoulder out of said recess with a
setting tool;

(g) receiving a signal at the surface that said landing shoulder has
been actuated;

(h) engaging said setting tool to a portion of an assembly which
includes said landing shoulder; and

(i) breaking off a portion of said assembly with said setting tool,;

27. The method of claim 27, further comprising:
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disposing said heads in said groove to initially keep them clear of
. ) said bore.

29. The method of claim 8, further comprising:
using a built-in bias ins aid fingers to hold said heads in said groove;
forcing said heads out of said groove using the setting tool after one

of said rings with said fingers is separated from the other ring.

30. The method of claim 29, further comprising:
moving said heads to a travel stop after pushing them out of said
groove and into said bore;

trapping said heads adjacent said travel stop.

31. The method of claim 30, further comprising:
providing a shoulder on said body;
engaging a shoulder on said heads to said body;
using said built-in bias to secure said heads adjacent said travel stop

by keeping said shoulders engaged.



