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ADJUSTABLE HANGER SYSTEM AND METHOD *159~59* Field of the Inve

invention relates generally to a well head and nmethod for use in thecooooz~

drilling and conpletion of subsea wells and, nore particularly, to

i nprovenents in a welihead wherein a tubular, such as a well caS| ng or a

liner, may be connected at its lower egd to a nud line hanger nge
k
f

casing extending into the drilled borehole, wherein the casin

to a hanger adjustably supported within the surface wel | head. Back

the Invention I n convaRDUUSTABLEUWHARGERSYSTERIEANDINNETIHOD! ace casi ”ﬁanger
has a shoul der adapted to be | anded on a seat in the bore of the surface
wel I'head, and is then sealed to close the annulus about casing string. For

shal | ow welHigld ofdhe Invesition strings are not tensioned, and the casing hanger
is sinply hung f th sho |, der i th S|r d l.engt f the
casing rel ati veﬂ‘@ f‘Y]‘%n E’Hdﬁ ge'z}ﬁ{ag’fjf%@h? &r@@ﬁ ;}95&' 8?%\“ ded
whi ch al | owgiifrgf &l USdrnPRtidni &f! $uBS¥ET dells NGRES meeseaﬁidwa st ygen the
engagi ng surface on the hanger and the shoul der on the wel | head 'for

space- out . lmprcb\mme@ts in lewelipead wthareia avduludad, suebtas aovefl easingtdrea desi red
space- out t he casi ng hanger .and the oul der be predicted
W thr easonast &iaCBe caged R AL S e it B2 MERr nde Wit o Soid ol y
greater dephdshdidRtPRR &kl totehdie aﬂhéﬁem‘thteht%sﬁfgqg tiREbck 0 Bl Ay t 00
little tension to the casing string once the hanger and thus the casing
support ed @djudieblysugported withinldwe surfadeewelidéad)y shoul der within the

wel | head. As a related problem the operator preferably desires a certain
tension on the casing once hung off fromthe shoul der on the well head. As
wat er dept Ig kBESRRESY thitinkaaes nore difficult to calculate the correct
space-out, "and even it properly cal culated, that space-out requires for a
deep well a | ontn con@r\i@pabsuéme nmﬂhaadsnﬂversurfm:ecra@m@ haagee hasoa
engagenent n the cas s h and e

i ust nent Shelteler SaP@RpHE by dn' 4 SedlR el PR firfacd elbiStave «he
desired teRpdos thBnldeRIEhEd %ﬂasléa!?ﬁ:eénntﬁué‘%ohh%agﬁlguﬁhﬁﬁmF6FE§I|3@|BV$m cannot
pass bel ow the shoul der on the well head, the operator iS forced to either
(a) accept weils, mathcesmgah@ngmaremQtH@nm@edwgmdﬁbe casinghaxiges ds sioply b)

d i ff | |
D e 1 nead thl Shls SR o ichidh bueseiichdh artfe faThaTbnileld h Tows.
for an evetthé @ﬁ@@lﬂeﬁté@b@jdsﬁﬂ@hhmécﬁaﬁhéﬁ’i ATEy BErEviMed Wiidh afildivdsbrent of

the casing relative to the
adjusting axially several inches the spacing between the engaging surface on

the hanger and the shoulder an the wellhead for space-out.

As long as the depth of the water is not too great, the desired space-out
of the casing hanger and the wellhead shoulder may be predicted with
reasonable accuracy. However, as wells are drilled to considerably greater
depths, the operator is faced with the problem of applying too little tension to
the casing string once the hanger and thus the casing supported on the
hanger is landed on the casing shoulder within the wellhead.

As a related problem, the operator preferably desires a certain tension
on the casing once hung off from the shoulder on the wellhead. As water
depths increase, it becomes more difficult to calculate the correct space-out,

and even if properly calculated, that space-out requires for a deep well a long



wel | head are nade, extrenely |ong wel | heads or hanger systens are required
to accept the length of adjustnment. Systens of this design result in
substantially increased stack up height, which then requires nore space
bet ween deck |l evels on offshore facilities. Providing a plurality of
vertically spaced seats of varying dianmeters on which the casing hanger
shoul der may be | anded, depending on the desired casing stretch, is not a
satisfactory solution. Varying dianeter“seats would increase the radi us of
the bore through the well head housing in which the hanger is |anded, thus

i ncreasing wellh ' e I GF d
greatly addé{}@strﬂ%te%%é\%g%}ﬁ @v??%lcl%%ycﬂzm%% ﬁt h\‘(B,FA\I %ﬁ’%\@&% %G}Nﬁﬂ{ hen
have to be ghowddedWin theaddsiy ¥ hilng affydneothe sfjestaieriten@mbenid Helly
wel | head, and hangers with different diameter shoul ders woul d have to be

kept in invelfieked:” the opariphglilbmanaokhaye theydesired densiandn thpmasiid or art

for the | enindbsy S BSEGMetTuoctalst ARt et oo IO 1S ey
be used to theoheNticRl ltie bperiteéoRTefded! tbithed (4 ) dudept tHERRRES tenidi$irf! | di ng

seal provides a substantial |eak path in the casing hanger system and the
| at ch ri ngsther casingdbat iscablaingdtargld providequ diffeyedl ppase-oubatanggthe -3 The

Frproved veferainb tsPcdsio, dnceh SoFa RHTeRd Andia hRERhentbERhadEm uner oi n
t he tubul arforihé Basimgdifiiges which aléws felampelé® fbrigjer shiokugéndtaad may be

sel ectively positioned with respect to the well head so that the operator
may apply a prop8rsysemisowhete vadical adiustmant iokgheveasingrelatiye tenthehanger

Cubutar o r el plemae e RREY AR TihArfigt SRmE A Seduiid °
I nvention |@ acpepf ¢hé adngmbeti a@astmdme \SistdraadoPthit h@edigRsRzulti mvent i on

is provided with a Blprallty of axially spaced | anding or sSupport grooves
whi ch are usuhptaatialyetgreangd packuipihgighamdich then requieas mME. spacuppor t

ring on the i %ﬁ% Jadially outward for engagenment with
one of the 8@§§%£§d$ rgé%gﬁggﬁﬁgﬂ?ﬁggggggd fluid pressure. Lowering of the
tubul ar hanger quowmwg?r\@lduht@aqfcsfrmtiéaw\swt&dFsbat§umvm?rdi@|®eiéf@rﬁmovI ng
radially inward and reliably supports the caS|ng hanger tromthe well head.

A | ock ri ngwhisBrthefgstpachangesshogidermaay beita wepepdingait the drsitasbul ar

hanger fro I i rel & i t > ) i erefore
the pri mar yeonaareBi Fhngt MR Ut v Bt erplroulcn
enabl es t heinbrager thestiriiussf thecBofathrbagly tie wellhead gty rndhistetred within
the casing head, with a desired tension in the casing, by allow ng

subst ant i al hangerats danded thus drseasidt thee bt nofatie tWelthaase egeinrpent stret ch
of the casi ' e d. Mre
particul arl lI;;'gr('f$ e ha&‘gﬂ?wun@y%gg@%@v@@?%%g&oé\@égggpﬁ“dgﬁgves, and

bel ow a | ockigo! sg4leavsuldsheh ﬁéwwds\%ﬂmdedfmaﬁh withhaavingudibgdterpowar d to
put tension in the tubular string. en at or slightly above a desired

t ubul ar t erReres inthe wellhgad, arg hapgarsowith giffegent diemeieeshewWderewarld head.
-4 1t f eat f th i i on,.to, ' | head and
hangerI \?\/nfalrt«lﬁl ﬁtﬁe RSB{J'PS{P%&G@%%@Q%Q?%bﬁﬁge%ét?é\%\éhgﬁﬁg S\é’é ereav\h?(r:]h fixes
the lower end ofsdhie ﬁriébﬁhaéy{[sirt]é}nﬁc\bﬁidin agse,fgtfnbtéﬁuééﬂﬂw& fibuiekmeRergt the

mud |ine, and the hanger at e upper en 1e tubular string, wthout
the use of 0 thatibeseal slidesforithegength off thesdesiredsadjustmenta $plittlatoh f eat ure
of the invention {0 intersperse rimary and a backu al, abpye and bel ow
one. of t he ek tends FANBR el B erhdnfnty ARGl BeR e MR RIIAT cqut r e
in the vel lhaatherdhitiis %lidﬂnp Qéé?\ﬁrgwﬂgstd@ulﬂﬁﬁﬁﬁéﬁé&k%ﬂitﬁ'%‘i RS lcakimgobt ai n
the desired stretch of the fubular string. Al so) sonme of the groovés may
serve as eihdmgerasystgmoandgtheoladclorings! o khreads geduee fatigue difeaduadivant age
of the prezfnt jnxg&iion that the casing hanger may be run into the
wel | head usPBIICPRFIBE- t ype running tool. These and further objects)
features, and advantages of the present invention will becone apparent from

the follow ng detail ed description, wherein reference is nade to the
figures in the acconpanying draw ngs. Brief Description of the Draw ngs



Figure 1 is a side view of a well head according to the present invention
prior to receiving a production casing thereon. Figure 2 illustrates the
wel | head as shown in Figure 1, with a casing hanger suspended within the
wel | head froma drill pipe, and production casing extendi ng downward to the
mud [ine for interconnection with the tie back at the upper end of a
subsurface casing hanger. Figure 3 simJarly illustrates the casing hanger
with a selected tension applied to the producti on casing by the operator,
and subsequent to dropping a bail to actuate the piston to bias a support

i t d. Fi t th
:)ngga?grmﬁ;s sl :ﬁf’é@ é?‘?dﬁ%éé‘ht%yel éﬁo&ﬁﬁ{i?(?’%eéﬁngz%%ves g{\/\\/’r?\?'vfgzr) rto Fock
t he suppor tinram@mpeoviddewetthéd fet klmmrﬁgﬂ a hahgéi Buherdinafter distloged,

illustrates downward novenent of the work string to aIIOM/unthreadlng of
the runni ngvhesin Hsnybuar sueh amcariagcerdings sHrRpsted on i webheadimay Iy

illustrates I tion of
L tool 1o o SEGERIER Bosiibndd Vith YEHALY1d A wAlSalin® AU IRIbor FRSL . °" b
casi ng hangsply & prspercisheih tdthidistrireg. Degt imptived Wfalll?é@cﬂ efnidedafgdodi ment s
Figure 1 illustrates a surface well head housing 20 at the upper end of an

outer casi n¥ystameagcerdingly iahaneinafiet disglosedor f%l@@lsovéupaezmg(a]m Wown) .
The housin t ially spaced support grooves 23
each adapt%ﬁnﬁé%wgg%ﬁg§"éd§h%&ﬁébtﬁﬁﬁéngi a casing hanger, as wll be
descri bed, and one or nore | ockdown grooves 23 or 24 above the support
groove for optionally receiving a |l ockdown ring on the hanger. The support
grooves ar t spaced from one another, and the | ockdown

Cpper most _supportt pEIEagas rﬁ@#%g?ﬁ?bﬁ% TEIRUAL o e SOl Bo0se (e
subst ant i al provRizdAkith el ;ﬂhiallbﬁbﬂ\éﬁﬁllyaépéﬁ@cmarﬂfr@bﬁSupﬂ'@ﬂ dreveeahgh has an

enl arged bore 26 above bore 22 to receive a tub |ng hanggr to be | owered
into the hodr§iysgd ior seandng e ivbalanitanaesito e welihoad: VospPArbEBg 98nsor s

may be use Vi i ght of
casi ng huﬁé\%&a&ﬁq rﬁ‘?ﬁhgﬂe%fgﬁhgg%& H%&ngllyﬁBG%ra'&glt 8?4’%@%‘?‘%{3\3&“ of t he
support grosivite gddvas mhreepoasmubancwaeedeﬂm@gne@sm)e 2B6wedRB. of2ﬂh@ each

ext endi ng radlally outwardly fromthe bore. The topnost | ockdown groove 24

has only tvyb gmmgeégﬁéh@yvezumagdbeem?vwaéheepﬁpmrm fremy poviBgei ve

only the |

Dependi ng 3%‘%’%@%‘@’@@3‘?@fﬁﬁﬁwgﬁgﬁﬁnﬁ%‘ﬁ%@%w)@ he%dr%eﬁl ockdown
ring may bedocleeiigvatiehnetgmyerf irf bhecaxt tld lockpgoedes yrpoehtsotheotudsilait her
than the | owernost support groove, as di scussed bel ow -6 As shown in

Fi gure 2, d‘%frﬂ@mé‘?@é@g 96'5‘"7%%#'@'@“‘(%&0 Browelheath casing 31 is

d d,
ockdown 1ing dCRhHRrE RS drifbbiget & fis FlERfotfo piViE BBIRRAT |
three ribs weliffeddowhiehoambigs techangémeuthiaeen sasingtamget, @ selawedead

support groove 23, and the |ockdown ring 34 has two ribs for |ocking either
wi thin t he anstrelgd withia siae sasinghiead, walls aglasireddensipadn the casing. Pyone of

e SoP iRy SRoSaRE| TR the Sratktut bl HEINE g Hedihpor !
| ower ed ontgirdtdteof me@e@r@a@upmn@armﬂhefcysu@a@é@@meemnae Wetihega
surface both beneath and above the | ockdown rlng so as to close the annul us

bet ween t heMsaie |mqlqu¢attyeﬂwednm1qaﬁ@1wass)bel@wéh ndirgar RRAThGIOOMES shown i n

Fi gures 2 apd he ca an 30 .1s.| d ' t 40 by
ar 11 pi pe B0 Beie 3 FRRO0F AR s b lisnd bHP R e S8 ey Bedp a2
which is cqgjmﬂet@ PAOKSIAIL inVithe h@@mahewggw{&enﬁl%ﬁﬁﬁmwe&%@hy has a
bore aligned with and sized with bore 26 shown in Figuré 3, the dril

pi pe 41 hadldsired tubitardtensiqn,ltheshahgsrr mayt ibesi be reliablyesqoused doi be casi ng
31 which ralﬁﬁ] the support ring 32 and the | ockdown ring 34 to a desired
el evati on W% qqg spect to the wellhead 20 for inparting tension to the
casing. The normally retracted support ring 32 is then in a position
axially inline with a sealing surface 25 and between a pair of the support
grooves, e.g., between the second and third | owernbst support grooves as
shown in Figure 3. Since both the support ring 32 and the | ockdown ring 34
are normally retracted, they do not engage either the | ockdown or the
support grooves during this raising of the casing hanger. Once the hanger
30 is positioned above the groove 23 in which the support ring 32 is to be
engaged, one or nore circunferentially spaced pistons 48 are urged
outwardly to urge the support ring to an outer position for engaging the
|ntended support groove 32 To energlze the plstons 48 a bal | 49 may be

o — v o oy o o



_7_in Figure 3. The increase in fluid pressure within the running tool 40
thus shears the pin 43 which holds the sleeve 45 in its upper position, as
shown in Figure 2) and causes the inner sleeve 45 to nove to the position
as shown in Figure 3, so that ports 50 in the body 44 are open to fluid
pressure within the drill pipe 41, and transmt pressure through the fluid
passageways 52 to each of the pistons 43. A series of ports in sleeve 45
al | ow comruni cati on with passageways 5#in a casi ng hanger 32 to act on

pi stons 48. The pistons 48 are thus biased radially outward by fluid

pressure applied, £Q, fegﬁjrféacg :t@!f hyeéeﬁi ﬁ{\/ieﬂﬁor?[{ﬁ?%%q‘:]eg& glrelﬂbééc? dnd nghgr

mai nt ai ni ng the 1 nNcrease pressure w plpe,

oper at or meywhateis khedfubutdri gy big comtinbais beveaipihey nembeg vddch ikésthe s
bi ased out by the pistons, snaps into the next | ower groove 23. The casing

hanger may loWen essefithedubulapn Bowel,cictirs theatie hack deol @shednud ligg, t he

32" s posi 1B GideRable domf OB RRbar iy iR brE ol RE, T
surface 56 unls 8edds bfior Bargefesevents the support ring 32 from nmoving

radially inward, and casing weight is reliably hung off fromthe well head
housi ng wi t h t hdt tse8ifudliet watienof thet inveplia i intefspesse agpramaneasdm ned by

ppr cci at o PSP oY, Bl Bt e BF i ottt 08 e BN AE 1 fibfegt of)
exert the tgpesitack ipldngth geg\gﬁr@a i} thid weliisddd) hile sl prsviding theem8tegdapy red) so

t hat when the operator slacks off and the ring 32 snaps within the annul ar
recess 23 badjpainentttogdiainitba desiredsdrsitely ok the wular stringyy Alsch sosss bf ed

with oneh B BPeOER Bl erRE s et & Slndt FrtBRh ARkl EadiE br coves by
a cylindrical saqgisididaduiftags okihe froisefiBitiveAtoN iRAhe BasingdiadeRmapppor t

grooves will be spaced aX|g??y three inches or nore apart, since the
oper at or cabe st inethRwellbead waingod slutclvtypsf runmingtesiing hanger rel ative to

t he wei | head housi Lt hin i f several i or re. g_ Both
t he support ri n;ﬁ?%%a%%‘a z”ﬁ‘%%@@%ﬁ{sr ?ﬁ%‘“ﬁ%sv qi&sp%ﬁ@ﬁ%wf&g% QreSFnE- shaped
rings, wthnesnor atill Shedaae ampdretit ifesn® e falfowigg Vddthils®rdespiptidhng
grooves in the well head housing 20. Various mating configurations between
the C- ringswhaigin Fefetpnsgisnade to theBgunes da thasseigparyngdiawintgssi bl e.  As
shown in Figures 3, 4) and 5, the running tool 40 conprises an upper
tubul ar body 60 threaded to the tower end of the drill pipe 41. A

cl ut cht ype priefhagerigtion efthdiialwasesl in U.S. Patent 5,226,493 allows the
production casing or the tubular to be manipulated so that it may_ be
connect ed at it SY¥Ret ischaideyiew ofia wellfeadiagsgeding b the presantiBvetion ed,
e.g., by a Wit hi wel | . . r eeve 68 may nove axially with
respect to%ﬁggqégﬁynb% B\f,é“ C '\Alﬂnéisb(%fh%zg?(ﬁ'es an inner sleeve 45 with the
| andi ng seat 46 Fijien iikstratey tirowelRéad Qsishow@sirt Figues 1aswithhawasing Fi gure
4, the splines on the | ower sleeve 61 of body 60 engage correspondi ng

spl i nes 62, hangeristspentied witkin the wellnaad Forea drith pipen and psedurtioarnasingso and

the a1 CRIPR NG OR T8 BReirB RhSiaheERITIRIBL sERAGHE) oo
off ports itﬁetdiﬁ)e!méﬁddf@{sumeca@?ﬁ%@ah@@r.de | i ne connection is nmade up

and the support ring 32 has noved to t position as shown in Figure 4, the
operator may setFigwieghsimitasly itustrates the casipg hanger withca selegtegttenisionspl i nes

62 and ] | y 63 he body 44 h in Fi 5.

Coen TSR b SR S e Sersl R dLS

the drill ;:% BSl t® abitials ﬁﬁjﬂ&&ﬁ] {H agwswﬂﬁﬂggu%@e threads 64 at the
0 ang t the

upper end t he casing er 30) sot rill pipe may be raised for
renovi ng the rutigure 4 smhilatly illustratesstthe rcasing handgdreafterthesopegatcdies t he
runni ng tool has, beep renoved seal elenent ,and | ockipg tool 70 as shown
in Figure @lﬂgﬁf’do‘é ﬁﬁﬂhfms?ﬁﬁgﬂ/@?lmrﬂw%d@w}é’?r FF&IEE* '%Grqypcﬂ?ﬁn ar 72.
The tool 7Q; Jonal J-1ock mechanism 74 for carrying seal

el enent 76q—|"{r(r{]fc~())I #\%gﬁ%lg}ééﬁwn 'gé)'wel | head housing. The |lower end _g_ of
the seal elenent 76 includes a nose 78 which presses the | ockdown ring 34
radially outward into either the | ockdown ring groove 24 or into the
support ring groove above the groove occupi ed by the support ring 32. The
sealing elenment 76 preferably includes at |east two axially spaced
efastoneric and netal rib sealing bodies 80 and 82 which are connected by a
common seal el enment base. The seal bodies 80 and 82 are spaced above and
bel ow one of the grooves, so that each seal body 80 and 82 forns a reliable
seal wth the inner cylindrical surface 25 of the well head housing. By

o, . Y " o . B Y M . S -




-11 desired tension will be applied to the casing string and the hanger
may thus be hung off fromthe well head assenbly with the desired tension in
the string. The operator may thus apply tension to the casing hanger to
cause the casing to stretch, then increase fluid pressure within the work
string by dropping a ball, so that when the operator stacks off slightly)
the support ring snaps into the next I_ogv_est groove. The application of
fluid pressure through the work string along with the downward notion of
t he casi ng hanger activates the support ring to support the casing string
from the wel|heagqu/ b SRS WBRAAR IV MEHE SEtbRad!sting &1 NI
string cannot nmove upward rélative to the welthead. A support groove may
al so serve alow unthrkdding aftibe vanniiy ¢ocledmponérits dromtiee pasihgrtwnigerspaced
befirveen the grooves to qininz he stack up hejght of the wel|head
nssenbly. The welBWERs SEsRRANEAleH i FpoVa Ol UGG $o0 Snd, ey ep:

wel | head w é%ééc*t@%fns%ﬂfcﬁbgﬁaftﬁ& tbeéfda‘gneng l@cl&%}rﬂﬁng@ﬂ?ﬁhe RBh&dy upper

bore 26 for recelving a tublng hanger. e present 1 nvention nmay be used in
a wel | head hbusihg camd/ tesegldhe sasingdrsamgeriatige wellaedda separ at e upper

wel | head may support the tubing hanger, or tubing nmay not yet be provided
within the well. While hydraulic fluid pressure is preferably used for

bi asi ng t NepBlilAiSe b bl PréfertiPPRidodihBitd adi ai Iy outvard, ot her

t echni ques ng in the radially outward

posi tion so thatFigarect iliustratagopsutface mgliargddmiisirnigs20 it évelappgr e@avef i n t he

wel | head housing, the hanger may be |owered to effectively | ock the support
a‘&ﬂﬁ! s\?}M

ring in itsap CAsiBg: ¢hrexteading; dawn dpya cegwelbead{get and

t he tubul ar rt ; g I ing. whil e

a C shaped %@ppor’t T?‘féng&é%'ﬂi%% ?Ié niéﬁ?ebtﬁfﬁﬁrégﬁﬁggp%&?ﬁ %@Jﬁ(}'

reliabilitygmiolvbes 28reachidddpted & fecedle = papparg ringtdfiarcasirghiaangars aswyll be used

for interconnecting the hanger and the housi in a sel ected axi alorEOSi tion
e

once the deB® AEACH AR O QTECHR JOGKIRWR GEOBES 2 bk 26 ABAVE the Supp
c | ¥ QrHBOR : !
Lechni ques, glodBR0PORRSRIBUEIHGR IGURGRA b6 AL ltler. WSttt |

obtaining t esired in~Ya casing str I Xe 0O a su
near the nugrdaves ardipeeferatdy etuaily spacedh fronvvnd emothew bhtddhd [ockdowan

interior surface pted to lock with the casi string at one of a

ol et od pl GHORVELS) 2a70r A raiesabiyapaces sr Uik st disangs ek e

i ncl udi ng é}mtﬁql i J d hanger
secured toa%"ﬁ‘se we ﬁgggsﬁyr{aﬁ\é%et@%ﬁ uegm |s((:: @é@‘gaﬁgééelf%rﬁct%@vgfrﬁf be
gnder sll;) ogd_ @;bstdndialﬂy =kjubl tgaighlrt_)étWeearatr(]ijadmrtt grcbm/esmﬂth himmin% ROWasaan ]
escribed is exenplary and various .other nodifications e made, in the
by act i co. of SHABATRARZEAPOVE TP AR GITCoRE Wb 204 18 B IORRIBTAtS noul
be under st r[blql? i i 5ato i | LN jrit of
t he invent ?@%_ﬁdﬂsﬁ F%@&?g Eﬁﬂg‘dﬁ %Qnécl)mArﬁtba | g)gpa%%“esgﬁ%ﬁﬁgﬁﬂsyst em
for connectuser o peovige ahoupueidr tea dperaer tanpdicatutieweighd of dasing ar

secured at jts lower end in the | 1) the hanger system conprising: the
vel | head i ndY43g; @mg‘&Wﬁﬂhﬁ%@nﬁﬁsﬁgpihural ity of axially spaced support

grooves; and  agijllustrated, each of the support grooves 23 has three annular groove
segments, 23A, 23B, 23C, each extending radially outwardly from the bore.
The topmost lockdown groove 24 has only two groove segments 24A and
24B, thus permitting it to receive only the lockdown ring on the tubing hanger,
and not a support ring. Depending on the level at which the hanger is to be
supported, the lockdown ring may be received in one of the axially spaced
support grooves other than the lowermost support groove, as discussed

below.



a hanger axially noveable relative to the support grooves, the hanger
supporting a support ring radially noveable into a sel ected one of a
plurality of support grooves in the weil head housing to interconnect the
hanger to the well head. 2. An adjustabl e hanger systemas defined in Caim
1, further conprising: the wellhead including a | ock down groove separate
fromthe plurality of support grooves; and a |ock down ring for securing

t he hanger to the well head by preventfﬁb‘axially upward novenent of the
hanger relative to the well head. An adjustabl e hanger system as defined in

Claim2) whereint ri - | [ ition
wthin a recess%?sn‘\t’}ﬁ]‘)g?ﬁﬁﬁglg'\rp@&r’ ch?a étuig ﬁgéééﬁggmﬁ?@n‘gﬁ%% %S’%%‘é’ |y

out war d i nteasifie3{ Boduspentedr apnies the suppording 32 £ rdvwzg 33, aKd cariess
defined in aim2 or 3, wherein the |lock down ring conprises two or nore

axi al |y spatlackdpwauifg: 34 mbioat ar fekiced ciamgtermnftion 36adl ke sypeert Wagd i nt o

of Q ai s e - el (e iBidi Sis PPl S SELER S TRl o,
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i s positioned aysaMily bkeldesciibsd |idwd N agihglay &sead- méshadsms hdy ®ehanger
systemas defined in any one of Clains 2 to 7, wherein the | ock down ring

i s a subst daweead gntatae durasing hangeffer sealably engaging the seal surface
both beneath and above the lockdown ring so as to close the annulus

between the casing hanger and the bore of the wellhead housing.

As shown in Figures 2 and 3, the casing hanger 30 is lowered on a
running tool 40 by drill pipe or other work string 41 through a blowout
preventer or BOP 42, which is connected above the wellhead housing 20.
The BOP preferably has a bore aligned with and sized with bore 26. As
shown in Figure 3, the drill pipe 41 has been raised to pull a desired tension
in the production casing 31 which raises the support ring 32 and the lockdown
ring 34 to a desired elevation with respect to the wellhead 20 for imparting
tension to the casing. The normally retracted support ring 32 is then in a
position axially in line with a sealing surface 25 and between a pair of the
support grooves, e.g., between the second and third fowermost support
grooves as shown in Figure 3. Since both the support ring 32 and the
lockdown ring 34 are normally retracted, they do not engage either the
lockdown or the support grooves during this raising of the casing hanger.

Once the hanger 30 is positioned above the groove 23 in which the
support ring 32 is to be engaged, one or more circumferentially spaced
pistons 48 are urged outwardly to urge the support ring to an outer position for
engaging the intended support groove 32. To energize the pistons 48, a ball
49 may be dropped through the drill pipe 51 to land on the seat 46, as shown



9. An adjustabl e hanger system as defined in any one of the preceding
clains, wherein the support ring is carried in a retracted position within
a recess in the hanger prior to the support ring noving radially outward
into the selected one of a plurality of support grooves. 10. An adjustable
hanger system as defined in any one of the preceding clains, wherein the
support ring conprises three or nore axjally spaced circunferential ribs
each for engagenent with a selected on€ of the plurality of support

grooves. 11. An adjustabl e hanger system as defined in any of the preceding
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cl ai ms, wheéfdhe pisfoas s i Brsesiesfpotatesieave 4 alavgepmprunieatian with support
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stop surf acembueshiased i ragiallyt butivesddst fllid prasateppplied itoghtoradidilgcked
position radially inward at 1ts sel ected support groove. 15 17. An
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wher ei n t he32nevHisie isibiasediond biyrthe istens, Sefds iaty ﬂﬁ;:@eitoowéegtdm wth a
seal i ng nechani sm acti ng between the hanger and the wel| head. 19. An
adj ust abl e hhagasingyhanger aaydbenceatinye &g be fawered until a shoulder 55 lands

on the upper end of the outwardly disposed support ring 32. Once the support
ring 32 is positioned as shown in Figure 4, the exterior cylindrical stop surface
56 on the casing hanger prevents the support ring 32 from moving radially
inward, and casing weight is reliably hung off from the wellhead housing with
the desired tension in the production casing as determined by the operator.
From a review of Figures 1 — 3, those skilled in the art will appreciate that the
operator may pull upward on a casing string to briefly exert the tension in the
casing string slightly above the level desired, so that when the operator slacks
off and the ring 32 snaps within the annular recess 23 below that position, the
casing string will have the desired stretch.
In many applications, three or more support grooves are provided, with
each support groove being spaced axially from other support grooves by a
cylindrical sealing surface 25. For many applications, adjacent support
grooves will be spaced axially three inches or more apart, since the operator
can accommodate a final position of the casing hanger relative to the

wellhead housing within a spacing of several inches or more.



further conprising: a plurality of substantially cylindrical sealing
surfaces on the well head housi ng, each of the sealing surfaces being spaced
bet ween an upper and a |l ower one of a plurality of support grooves for
seal i ng engagenent with the sealing nechanism 20. An adjustabl e hanger
system as defined in Caim118 or 19, further conprising: at |east one |ock
down groove spaced above the plurality &f support grooves; and a sealing

surface on the wel |l head housing between the at |east one | ock down groove
and a support groove having an axial spacing substantially equal to an
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G aim26, TuLlRRSIrobRER%S Pdkd up at the level of the mud line. Rotation of the casing
string 31 also may be used to close off ports in the mud liner hanger. After
the mud line connection is made up and the suppott ring 32 has moved to the
position as shown in Figure 4, the operator may set weight down on the drill
pipe 41 to disengage the splines 62 and engage the lower splines 63 on the
body 44, as shown in Figure 5. When in the position as shown in Figure 5,
torque may then be applied to the drill pipe to unthread the running tool 40
from the threads 64 at the upper end of the casing hanger 30, so that the drill
pipe may be raised for removing the running tool 40 from within the wellhead
housing.
Once the running tool has been removed, a seal element and locking
tool 70 as shown in Figure 6 may be run in the wellhead at the lower end of
work tubular 72. The tool 70 includes a conventional J-lock mechanism 74 for

carrying seal element 76 into the bore in the wellhead housing. The lower end



17 increasing fluid pressure in the well to nove the support ring radially
outward into the selected one of the plurality of support grooves. 28. A
nmet hod as defined in Caim26 or 27, further conprising: |owering the
hanger axially to nove a stop surface on the hanger radially inward of the
radi al |y expanded support ring, thereby preventing the support ring from
nmovi ng out of the selected one of the plurality of support grooves. 29. A
met hod as defined in Claim26, 27 or 28 further conprising: providing a

| ock down ring on the hanger; providing at | east one | ock down groove on

th | | head i : d iti i t he | k d i in the | k d
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of Cains ngt g g?Fc:>Lc’)veTsl,J EE rt]ﬁart e%o srélzalsé)gg)} 80 and 82 forms a reliable seal with the

inner cylindrical surface 25 of the wellhead housing. By manipulation of the

tool 70, the body of the tool may be released from the seal element with the

J-lock mechanism, and the tool 70 then pulled out of the wellhead 20.

It should be noted that the gate valve 84 as shown in Figure 6 will
conventionally be positioned below the seal element 76, and allows
communication to the annulus between the production casing 31 and the
outer casing 21. The production casing 31 may typically connect to a mud
line tie back connector on a casing hanger, while the outer casing 21 typically
connects to a subsea housing. Also, it should be appreciated that the port of
the wellhead body in communication with the gate valve 41 is shown at the
same elevation as in one of the support grooves 23. This does not decrease
the reliability of these components to perform their desired function, since the
grooves are preferably provided circumferentially around the full bore of the
wellhead body, and the C-shaped support ring 32 and the lockdown ring 34
have sufficient strength to perform their desired functions even if the annular
groove is briefly interrupted by a port. The support ring 32 may thus prevent
casing from moving downward with respect to the welthead housing 20 and
thus supparts the production casing 31. The lockdown ring 32 prevents any
upward movement of the casing with respect to housing 20, which may occur
if there were a pressure surge.

The seal element 76 is thus moved axially into position for performing

its function after the casing hanger 30 has been supported in a selected one



18 increasing pressure in the well to axially nove a sleeve, thereby
exposing ports to fluid pressure to nove the support ring to its expanded
position into the selected one of the plurality of support grooves. 33. A
met hod as defined in Caim32, further conprising: shearing a pin
supporting the sleeve, such that upon shearing the pin the sleeve nobves to
open the ports. 34. A nethod as defined,yin any one of Claims 26 to 33,
further conprising: providing a pIuraI|9y of fluid pressure responsive

pi stons from noving the support ring to its expanded position into the

sel ected ongs @b vdidus gdfsﬁb'lé VeR‘Ean'@Q%ﬁs WAitATESPectds thé\w&hﬁﬁg Gnel | ned
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wellhead stack up is reduced. Locking groove 24 is configured differently than

groove 23 to insure that the support ring 32 cannot snap into the groove 24,

since then no groove would be provided for a lock ring 34. Regardless of

which axially spaced groove the operator decides to engage with the support

ring 32, the lockdown ring 34 is spaced above the support ring and fits within

the next upper groove 23 or 24 above the groove 23 which receives the

support ring 32.

The wellhead of the present invention thus provides a high degree of
flexibility to adjust the casing hanger relative to the wellhead, thereby allowing
for a desired stretch in the casing. This increased flexibility is a significant
feature of the present invention, since the support surfaces and the lockdown
surfaces on the wellhead may be provided radially inward of the central bore
in the wellhead. The casing hanger may thus be lowered below and, if
desired, a substantial distance below, the support surfaces. When in its
desired position, the casing hanger and the casing secured thereto may be
pulled upward into the bore of the wellhead and, when a desired tension is
obtained in the casing, the hanger may then be supported on the support
surfaces of the wellhead, as discussed above. If the casing hanger is not at
a desired position relative to the wellhead when desired tension is applied in
the casing string, the operator need not hang off the casing string from the
wellhead, but instead may elect to reposition the casing hanger at either a
higher or lower position refative to the casing string such that, when the casing

hanger is subsequently raised to its desired position within the wellhead, the



wel | head to set the seal between the hanger and the well head. 37. A nethod
as defined in Caim36, wherein the seal elenent is runin the well wth a
| ock down ring actuator for nmoving the | ock down ring into the | ock down
groove. 38. A nethod as defined in any one of Clainms 26 to 37) further
conpri si ng: 19 utilizing a clutch-type running tool to run the tubul ar
into the well and secure the lower end of the tubular in the well. 39. A
met hod as defined in any one of Clains'®6 to 38, further conprising:
slacking off on a running string to | ower the support ring into the

sel ected one of the pluralit f grooves. .40. A nethod as defined in any
one of Ol aigpeted EnsBwil e SeiediodPe crisiie suba e RS RGNS t ne
tubular st (b oftfonieid wéuh@a&ygsémayrwam@edesnéa-teﬁsiaﬁtnh% &fingef i ned
in Caim40, further conprising: providing a running tool having a“first
set of splines dhecspergtamay thusrapply tension i tha casingrtethgesttataose et ween a
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and t he hange I sconnecting the 'running too ger er the
support ri nendpssintoothechéxtiowestegreeve.c Therapplitatiore opfluidaressureftheougbor t
grooves. the work string along with the downward motion of the casing hanger activates
the support ring to support the casing string from the wellhead. A lockdown
ring subsequently insures that the casing string cannot move upward relative
to the wellhead. A support groove may also serve as a lockdown groove. The
seal surfaces are preferably spaced between the grooves to minimize the
stack up height of the welthead assembly.

The wellhead as shown in the enclosed drawings is a “two step”
wellhead with a lower bore 22 for receiving a casing hanger, and an upper
bore 26 for receiving a tubing hanger. The present invention may be used in
a wellhead which only supports a casing hanger, and a separate upper
wellhead may support the tubing hanger, or tubing may not yet be provided
within the well.

While hydraulic fluid pressure is preferably used for biasing the pistons
and thus the support ring radially outward, other techniques may be used for
biasing a support ring in the radially outward position so that, once the-support
ring engages its intended groove in the wellhead housing, the hanger may be
lowered to effectively lock the support ring in its radially outward position,
thereby supporting the hanger and the tubular supported on the hanger from
the wellhead housing. Also, while a C shaped support ring and lock ring are
preferred to obtain high reliability with very little vertical sbacing, other
mechanisms may be used for interconnecting the hanger and the housing in
a selected axial position once the desired stretch in the tubular has been

obtained.
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elevations. Various types of oilfield tubulars, including a production casing or

a riser, may be supported from the hanger secured to the wellhead by the

techniques disclosed herein.

It will be understood by those skilled in the art that the embodiment

shown and described is exemplary and various other modifications may be

made in the practice of the invention. Accordingly, the scope of the invention

should be understood to include such modifications which are within the spirit

of the invention.
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1. An adjustable hanger system for connecting a hanger to a
wellhead, the hanger suspending a tubular secured at its lower end in the
well, the hanger system comprising:

the wellhead including a housing having a plurality of axially spaced
support grooves; and

a hanger axially moveable relative to the support grooves, the hanger
supporting a support ring radially moveable into a selected one of a plurality
of support grooves in the wellhead housing to interconnect the hanger to the
wellhead.

2. An adjustable hanger system as defined in Claim 1, further
comprising:

the wellhead including a lock down groove separate from the plurality
of support grooves; and

a lock down ring for securing the hanger to the wellhead by preventing

axially upward movement of the hanger relative to the wellhead.

3. An adjustable hanger system as defined in Claim 2, wherein the
lock down ring is carried in a retracted position within a recess in the hanger

prior to lock down ring moving radially outward into the lock down groove.

4. An adjustable hanger system as defined in Claim' 2 or 3, wherein the lock
down ring comprises two or more axially spaced circumferential ribs each for moving

radially outward into the lock down grove.

9. An adjustable hanger system as defined in any one of Claims 2 to 4,
wherein the lock down ring is biased radially inward.

6. An adjustable hanger system as defined in any one of Claims 2 to 5, wherein
each of the plurality of support grooves has a profile for receiving the support ring, and

the lock down groove has a profile for rejecting the support ring.
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8. An adjustable hanger system as defined in any one of Claims 2 to 7, wherein the

lock down ring is a substantially C-shaped unitary member.

9. An adjustable hanger system as defined in any one of the preceding claims, wherein
the support ring is carried in a retracted position within a recess in the hanger prior to the
support ring moving radially outward into the selected one of a plurality of support grooves.

10. An adjustable hanger system as defined in any one of the preceding claims,
wherein the support ring comprises three or more axially spaced circumferential ribs each for
engagement with a selected one of the plurality of support grooves.

11. An adjustable hanger system as defined in any of the preceding claims, wherein

the support ring is biased radially inward.

12. An adjustable hanger system as defined in any of the preceding claims, wherein

the support ring is radially moveabile in response to a fluid pressure member.

13. An adjustable hanger system as defined in Claim 12, wherein the fluid pressure

responsive member comprises a plurality of circumferentially spaced pistons.

14, An adjustable hanger system as defined in any one of the preceding claims,
wherein the support ring moves radially inward in response to increased fluid pressure in an
annulus surrounding the hanger.

15. An adjustable hanger system as defined in any one of the preceding claims,
wherein an exterior stop surface on the hanger prevents the support ring from moving radially
inward while in its selected support groove.

16. An adjustable hanger system as defined in Claim 15, wherein the exterior stop
surface moves axially with respect to the support ring to a locked position radially inward at
its selected support groove.
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preceding claims, wherein the support ring is a substantially C-shaped

unitary member.

18. An adjustable hanger system as defined in any one of the
preceding claims, wherein the wellhead housing includes a seal surface
for sealing with a sealing mechanism acting between the hanger and
the wellhead.

19. An adjustable hanger system as defined in Claim 18,
further comprising:

a plurality of substantially cylindrical sealing surfaces on the
wellhead housing, each of the sealing surfaces being spaced between
an upper and a lower one of a plurality of support grooves for sealing
engagement with the sealing mechanism.

20. An adjustable hanger system as defined in Claim 18 or 19,
further comprising:

at least one lock down groove spaced above the plurality of
support grooves; and

a sealing surface on the wellhead housing between the at least
one lock down groove and a support groove having an axial spacing
substantially equal to an axially spacing of a sealing surface between
an upper and a lower support groove.

21.  An adjustable hanger system as defined in any one of the
preceding claims, wherein a shoulder on the hanger lands on the
support ring to prevent axially downward movement of the hanger and
the tubular with respect to the support ring fixed to the wellhead
housing.
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22. An adjustable hanger system as defined in any one of
the preceding claims, wherein the lower end of the tubular secured to
the well by a mud liner hanger.

23. An adjustable hanger system as defined in any one of the
preceding claims, wherein a bore in a wellhead housing includes a
radially enlarged upper portion for receiving a tubing hanger.

24. An adjustable hanger system as defined in Claim 23,
wherein the wellhead housing includes an upper shoulder for
supporting the tubing hanger above the hanger secured to the wellhead
by the support ring.

25. An adjustable hanger system as defined in any one of the
preceding claims, further comprising:

a BOP above the wellhead, the BOP having a bore diameter
substantially equal to the bore diameter of an upper portion of the
wellhead housing.

26. A method of adjustably connecting a hanger to a wellhead,
the hanger suspending a tubular secured at its lower end in the well,
the method comprising:

providing a wellhead housing having a plurality of axially spaced
support grooves;

providing a hanger including a radially moveable support ring;

lifting the hanger and the support ring above a selected one of
the plurality of support grooves; and

thereafter lowering the hanger such that the support ring moves
radially outward into a selected one of the plurality of support grooves,
thereby preventing axially downward movement of the hanger with
respect to the wellhead.

27. A method as defined in Claim 26, further comprising:
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increasing fluid pressure in the well to move the support ring

radially outward into the selected one of the plurality of support
grooves.

28. A method as defined in Claim 26 or 27, further comprising:

lowering the hanger axially to move a stop surface on the hanger
radially inward of the radially expanded support ring, thereby preventing
the support ring from moving out of the selected one of the plurality of
support grooves.

29. A method as defined in Claim 26, 27 or 28, further
comprising:

providing a lock down ring on the hanger;

providing at least one lock down groove on the wellhead housing;
and

positioning the lock down ring in the lock down groove to lock the
hanger to the wellhead, the lock down ring preventing axially upward
movement of the hanger with respect to the wellhead.

30. A method as defined in any one of Claims 26 to 29, further
comprising:

lowering at least a portion of the hanger below the plurality of
support grooves;

thereafter moving the hanger upward to provide a desired tension
in the tubular; and

thereafter locking the support ring to the selected one of the
plurality of support grooves.

31. A method as defined in Claim 26, further comprising:

landing a tubing hanger on a shoulder of the housing to support
the tubing hanger in the well.

32. A method as defined in any one of Claims 26 to 31, further

comprising:
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increasing pressure in the well to axially move a sleeve,

thereby exposing ports to fluid pressure to move the support ring to its
expanded position into the selected one of the plurality of support
grooves.

33. A method as defined in Claim 32, further comprising:

shearing a pin supporting the sleeve, such that upon shearing the
pin the sleeve moves to open the ports.

34. A method as defined in any one of Claims 26 to 33, further
comprising:

providing a plurality of fluid pressure responsive pistons from
moving the support ring to its expanded position into the selected one
of the plurality of support grooves.

35. A method as defined in any one of Claims 26 to 34, further
comprising:

providing a plurality of sealing surfaces on the wellhead housing,
each sealing surface being spaced between a respective upper and
lower support groove.

36. A method as defined in any one of Claims 26 to 35, further
comprising:

lowering a seal element on a running tool into the well after the
support ring has expanded outward into the selected support groove;
and

axially moving the seal element relative to the hanger and the
wellhead to set the seal between the hanger and the wellhead.

37. A method as defined in Claim 36, wherein the seal element
is run in the well with a lock down ring actuator for moving the lock
down ring into the lock down groove.

38. A method as defined in any one of Claims 26 to 37, further
comprising:
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the well and secure the lower end of the tubular in the well.

39. A method as defined in any one of Claims 26 to 38, further
comprising:

slacking off on a running string to lower the support ring into the
selected one of the plurality of grooves.

40. A method as defined in any one of Claims 26 to 39, further
comprising:

securing a lower end of the tubular string in the well by a mud
liner hanger.

41. A method as defined in Claim 40, further comprising:

providing a running tool having a first set of splines allowing axial
manipulation with secured rotation between a running string and the
tubular to secure the lower end of the tubular in the well; and

providing a second set of splines on the running tool allowing
axial manipulation and secured rotation between the running string and
the hanger for disconnecting the running tool from the hanger after the
support ring has moved into the select one of the plurality of support

grooves.



