24 March 2006 -1 ADJUSTABLE HANGER SYSTEM AND METHOD Field of the |nvention
This invention relates generally to a well head and nethodzﬁgﬁmﬁg 046, t he
drilling and conpletion of subsea wells and, nore particularly, to

i mprovenents in a well head wherein a tubular, such as a well casing or a

i ner, may be connected at its lower end to a nud |ine hanger, with the
casing extending into the drilled borehole, wherein the casing is tied
back to a hanger adjustably supported within the surface wel | head.
Background of the Invention In conventional surface well heads, the surface
casing hanger has a JHONIEABLEAANGERSYRIEMAMIMETHODseat in the bore of
the surface wellhead, and is then sealed to close the annul us about casing
many casing strings are not tensioned, and the

string. For shal .S

casi ng hanggw&dﬁm@ ht ng off this shoulder. To provide the desired

| ength of the cdfiig iGd | | hani sm ma
g i8 thviealien rélﬁte%%eﬂtg{’éi@lxwg%é@%ad %ﬂd?ﬂét"lﬁcﬁ mg}ﬁme y

be provided which allows for a g axially severa spaci ng
bet ween t hed@fig@grng sonfpdetioronof tsubshangeslisarmhd; hmosbopherRulRTY, t Re

wel | head f o -out. As |long as the depth of the water is not too great,
the desi redﬂ'ns%g@%'ﬁgﬁtjs N V‘fq%ig’eggéﬁﬁ'fﬁeﬁ‘aﬂ “‘ﬁhcﬁ@ﬁ@%l“’@ib‘é@ﬁlm\@_ﬂlwer may
be predi ct ethad By beedhpBa@ket #S tAW&nd Mﬁ\‘(ﬁr!meé’%nﬁtL@{rﬁ{g%p%ﬁgle%dog 0

consi derably greater depths, the operator I's fac
applyi ng t gadendiag inte thesddledthorehdle, wharengthetonsing i tie@ babietd @ Raggerand t hus

t he casing ed on the. hanger is | anded on the casing shoulder within
the wel | head: %BQSPJ?PQF@H %MB%T?”[{W welheador preferably desires a
certain tension on the casing once hung off fromthe shoul der on the

wel | head. As water depths increase, it becones nore difficult to calculate
the correc fthedmeerdipan i f properly cal cul ated, that space-out

requires for a EF

ggm\r'é'enltilongl lst?r?gce wellheads, the surface casing hanger has a
s‘houlder adapted to be landed on a seat in the bore of the surface wellhead,
and is then sealed to close the annulus about casing string'. For shallow

-wells, many casing strings are not tensioned, and the casing hanger is simply
hung off this shoulder. To provide the desired length of the casing relative to
the shoulder, an adjustmeht mechanism may be provided which allows for
adjusting axially several inches the spacing between the engaging surface on
the hanger and the shoulder on the wellhead for Spacemout. |

As fong as the depth of the water is not too great, the desired space-out
of the casing hanger and‘ the welihead 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 ftoo little fension to
the casing string once the hanger and thus the casing supportéd 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 caiculate the correct space-out,

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




24 March 2006 -2 adjustment mechanismin the casing hanger for engagement
with the shoulder. Wen the casing is hung off and the adf G@ﬂﬁb gfgenber

is "fully stroked," the operator still may not have the desired tension in
the casing hanger. Since the adjustnent nmechani sm cannot pass bel ow t he

shoul der on the well head, the operator is forced to either (a) accept the
limted tension in the casing that is_gbtained, or (b) provide a different
space-out along the length of the casing, or (c) select a wellhead and an
adj ust ment mechani sm for the casing hanger which allows for an even |onger

stroke | engubjustmenly shechanidrar i tes tdazilg ddingst enterpfagehtert agithotheel ati ve
to the wellhead are nade, extrenely long wellheads or hanger systens are

required t shadidept When thengasingfs megﬁmtheamm@m%memb@r ige@illyn result
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vertically ﬁQﬁg@d Sifed m@édjuﬁhﬁérmmébhéﬁ%hﬁéz%@% pavb belowvi e shiaided oRanger
shoul der be | anded, dep endln% on the desired casing stretch, is not a
off

sati sfact or eswelheash the/epgrater igifereedde cifbar a)aseept therdisitesstension inadi us of

| ner oasi n Mecreind tfls 850 &1 BEaiyite  dirrnt BT o BB o

greatly addlehgtﬁ BEthXRRNEE drf(cpsdtedd 4 wellhéfBAY an dﬁjﬁﬁmew%e&:hmwrﬁl t hen
have to.be -provided for sealing with varying dianeter bores in the

wel | head, alod theyaasing hanger whiG l&ws foir ameaven iohger steole l@ﬁgthﬂ have to be
kept t th nt. si zed seat rior art
system contai n 1t SBlmEHEE, Hubt aflkrcRns B BaskE i HE ey
slides for hghdRnaeimade, dxefiRH loRY v@élmeﬁaﬁsﬂhan%%n@ygteln?é% reflLig$ or

threads may be used to nechanically interconnect the two tubular nembers.
This slidintg aeaﬁaptpthﬁnlmhadé@dmsﬁnenél Bystemsaoh this ﬂlaelguamsujﬁ imanger

system and tbs‘?a uatu%hm&e% Sedosftaéi? rtjeaf(1jelg['|fe duﬁich t engrléce]u}rfleé emore space
between deck levels on offshore facilities.

Providing a plurality of vertically spaced seats of varying diameters on
which the casing hanger sﬁoulder may be landed, depending on the desired
“casing strefch, is not a satisfactory solution. Varying diameter seats would -
increase the radius of the bore through the wellhead housing in which the
hanger is landed, thus increasing the |.D. of the wellhead equipment
thereabove, which would greatly add to the expense of overall equipment.
Also, seals would then have to be provided for sealing with varying diameter
bores in the wellhead, and hangers with different diameter shoulders would

have to be kept in inventory for landing on the different sized seats.

Some prior art systems contain a seal between two tubular members,
so that the seal slides for the length of the desired adjustment. Split latch
rings or threads may be used to mechanically interconnect the two tubular
members. This sliding seal provides a substantial leak path in the casing
hanger system, and the latch rings or threads reduce fatigue life due fo

dynamic loading.




dynam c | oadi ng. 24 March 2006 -3 The di sadvantage of the prior_art is
overcone by the present invention, in an inproved mellhe§634§Ph§q¥borting
a hanger is hereinafter disclosed, wherein the tubular, such as casing or
| iner, supported on the wellhead nmay be selectively positioned with
respect to the wellhead so that the operator may apply a proper tension to
the string. An inproved wel |l head and thanger system accordingly is
herei nafter disclosed for reliably supporting a tubular string with a
desired stret cHhefisadvasiagery thesphiamary iopvaraeme hydhe prsept twpaliaty to a
first aspect of the vention

i h IS, i.d dj bl
hancer - onds e apiel iRtk @ RihbdRng A Tefiget i hareidater tlsyiied oo endi ng

a tubul ar gec i ' {}%nfg ﬁ'%)&%

conpri si ng: tﬁ@e‘\ﬂgﬁf’%‘géﬁ %u%}é\%ﬁg]da&h@ﬁi %@ Oe'{t\?fd@ ap %Eha [ ty‘ég:c axially
spaced supROsdlediveR\ssitioR8d withtagaift taticAlvbihedB \soahhtahe Rbpatdtiembg t he
support grooves, the hanger supporting a support ring radially hoveabl e
into a seppht edpmper dénsiopl tor thiei syingf Asujrppravedrweltesad and Heangelr| head
housing to interconnect the hanger to the wellhead. According to a second
aspect of syh@npassedingihisehercsiafter igisclosed for ooliatbt supparing edtudelaidj ust abl y
connecting, a hanger, to | | head, ,.the hanger suspending a tubular secured
at its | o%gf"ge‘ﬁ'g‘??ﬂe?'ﬁ%‘?ﬁ\éf\ﬁw in tﬁﬁé"trﬁﬂ' hod conprising: providing a wellhead
housi ng having a plurality of axially spaced support grooves; providing a

hanger including a radially noveabie support ring; lifting the hanger and
t he supporgun{rhggcgbmﬁwgn&m ected one of the plurality of support grooves;
and thereafter Towering € hanger such that the support ring noves

radi al |y out waigconfirg @ sfiistasmdt ohtheqiresdimt inyeintiod| théne iefprevidgabat gr ooves,
t her eby preyentinﬂ axially downward novenent of the hanger with respect.to
t he wel | h@diyistable 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.
According to a second aspect of the present invention, there is provided
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
moveabie 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.
According to a third aspect of the present invention, there is provided an

adjustable hanger system for connecting a hanger fo a wellhead, the hanger




According to a third aspect of the present invention, there_is provided an
adj ust abl e hanger system for connecting a hanger to a wel Phddarch 240 hanger
24 March 2006 -4 system conprising: the hanger suspending a tubul ar secured
at its lower end in the well; the well head including a housing having a
plurality of axially spaced support grooves, each groove having a profile
to receive a support ring therein; 7anhd a hanger axially noveabl e through

the well head and relative to the support %r ooves, the hanger supporting
t he supposystempmipiiging the hangeaprsrenting a wbylar seqused ahits lower gBd @ ural ity of

t jn t l.1 d h ' o .the h h
SuPPort DRSS B e T AR, bt BB 2 (1
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at its | angraapfhgen dxiily Wwablealilé ottdlighotre Wellhé@pdndousatig ka\theg a
plurality of axially spaced support grooves each having a profile to

accept a suppat grooves);the haogerdsupgottingahgeuppaort ringl radialtymaoveabilainty noveabl e
support ring; lifting the hanger and the support ring above a sel ected one
of the pl @sfleated gne i dpe pluralfy o6 weBpoTh gipaves e dhe wellpeagk houying 2 hanger

such that .the su rt. rin ves radially outward into the sel ected one of
the pl uramt@?og@gcgﬁ}b%la?qgegrt(gg‘;ee\g@lhe@ ereby preventing axially downward
novenent of th re W : sQ i sed is a
wel | head provi gggg@m%hto\g ﬁ&tﬁ]ﬁ%{ %ﬁtﬂgfﬁgﬁn\ﬁﬂ%gg@gc}héaen' ipg%\ﬁgéd)support

grooves Wi flRtRIE of RfutBly SRRELIY N Pahylutera WelRE&d, e hiwhye! | head. A
support ring on the casing hanger nay be noved radially outward for

engagenentomptisingneuspentimg ariobvies from adsgges ethiectubuliae rseaared &t its d
pressure. Lowering of the tubular hanger on the well head may then prevent
t he suppolawerieng in tiewetiviragdingd welljead-heusinghavinga iphisalty ofagiply t s t he
casing hars];gaeéedf Esgp%cgrthegrg\g\le!shgggi h%v!n%cg {)}o |9e \{\Qeanccgg %gggp;i)onrt ring;

providing a hanger including the 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 the selected one of the plurality of support grooves,

thereby preventing axially downward movement of the hanger with respect to

the wellhead.

Also disclosed is a wellhead provided with a plurality of axially

spaced landing or support grooves which are used for securing the tubuler

hanger to the wellhead. A support ring on the casing hanger may be moved

radiélly outward for engagement with one of the grooves in response to

increased fluid pressure. Lowering of the tubular hanger on the wellhead

may then prevent the support ring from moving radially inward and reliably

supports the casing hanger from the wellhead. A lock ring when engaged in

one of the lock grooves may prevent the tubular hanger from moving axially

upward relative to the wellhead.




one of the |l ock grooves may prevent the tubular hanger from noving axially
upward rel ative to the well head. 24 March 2006 - 4a Enbo@ﬂﬁéﬁﬁthﬁithe
present invention nmay provide inproved well head which enabl es the hanger,
such as the casing hanger, to be | anded and sealed wth the casing head,
with a desired tension in the casing, by allowing substantial variations in
t he space-out |ength and thus the de Pred stretch of the casi ng supported

on the casing hanger secured to the well head. Mre _particularly, the
hanger may pas$THARCRRIOS e gresgnbinvenipibmay frevde dmarayed weallbead | ockout

I d I hen the h | | ed d, t t.t [
Phe 1 ubut AGEVHES GRsRMaet, SR b e R iber o8 PRlcd oo cncion,
the h ¢ ; i 8 s Qi N I , -ent f th
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nmay be comubstantis WRehueRNin ihe spRiFbIut MHgth andlithes thd 8esirdbstrattl opf the
tubular in a well, such as the tie back tool at the nud |ine, and the

hanger at théeasippesuppadedfont the caging dangen seguredito thetweallheadsbood sl i di ng
seals used in prior art systenms. Enbodinents of the invention ma(%/
i nt er sper §é“¥§’”%"ﬂnﬁﬁyh%ﬂﬂﬁ dAna erep belouyiheslgpdiag HicsURPPBEreneesoand he grooves

h || d I ni_mi h I i i h | I head,
whi |- st 1 PRRR S iehp R StoReS Fis chusso Selas tefde hebSea e vhierdf Ted
stretch O@UI Ib‘?ls[dhbéII e ﬁlIahIaI?%Itri . Wners A1'6r Qi ht&%o%%%(&a dPibdiGk Ve as

ock- ? ar oove he dad ng K ge

ei ther a support groove or a ou _ C anger may be run
into the ywaisidieak higed nfayctheh 68 TEIEMY st Rathb liheddese and furt her
obj ects, features, and advantages of the present invention will becone

appar ent from Endhddvhérdsi ofgthdeprasémtdindestion ptayoprovidshar weltheadf adnce i s
made to the figures in the acconpanying draw ngs. 24 March 2006

hanger wherein the tubular may be continuous between the member which

fixes the lower end of the tubular in a well, such as the tie back tool at the mud

line, and the hanger at the upper end of the tubular string, without the use of

sliding seals used in prior art systems.

Embodiments of the invention may intersperse a primary and a backup
seal above and below one of the grooves on the wellhead to minimize the
stack up length required in the wellhead, while still providing the necessary
adjustment to obtain the desired stretch of the tubular string. Also, some of
the grooves may serve as either a support groove or a lock-out groove.

The casing hanger may be run into the wellhead using a clutch-type
running tool.

These and further objects, features, and advantages of the present

invention will become apparent from the following detailed description,

wherein reference is made to the figures in the accompanying drawings.




--4b Brief Description of the Drawings Figure 1 is a side view of
wel | head according to the present invention prior to rec@ftMagh 4006
production casing thereon. Figure 2 illustrates the well head as shown in
Figure 1, with a casing hanger suspended within the wellhead froma dril
pi pe and production casing extending, dowward to the nud |ine for
interconnection with the tie back at the upper end of a subsurface casing
hanger. Figure 3 simlarly illustrates the casing hanger with a sel ected
tension applied to the production casing by the operator, and subsequent

to dropp| e piston to bias a support ring outward.
Figure 4 Etief eg iptiohbr e ¢ Me casi ng hanger after the operator has

sl acked of f sli bY 8@ dideliels é‘ﬁ@ﬂf&ad%&juﬁwrﬂésér@ |ﬂ\%ﬁﬁoﬁ he support
ring to the wel I'head housing. 24 March 2006 igure 5 simlarly

i | 1 ustr at esioftoveseivithgropredacionadasirgethe@ok. string to all ow unt hreadi ng of
the runni ng tool conponents fromthe casing hanger. Figure 6 simlarly

il lustrates thé&igused ilusioates tee welihead) as ahiovanid Eibere suwile @ueasing nserti on
of a tool to en a%gaa | ockdown rlﬂg with the well he housi ng,, and to seal

the casi n§@R9F dedh withie| the dviincash fram a grifhdung 2 PBW“S?'O’PP B9 ed

Enbodi nent.s, Fi gur i | ] pst t he upper
enc ot 2081 fodmvgr E%Eia Mg b RGP iro Rl Wi P23 head Thot
shown) . 'é?ﬁ c?%rﬁzb%arfg'@éca%:r@ gty of axially spaced support
grooves 2 e adapted to recelve a support ring of a casing hanger, as
wll be descr Fipile 3agithilang illastrates @hé eakidgWangePaitR s Sdected 2dndidiove t he
support groove for optionally receiving a | ockdown ring on the hanger. The
support @ppkede hegrodudition aasipgdyuthiel gpesatat ethdf subsequentdocirdmning and t he

| ockdown

a ball to actuate the piston to bias a support ring outward.
Figure 4 similarly illustrates the casing hanger after the operator has
slacked off slightly so that the hanger moves downwards to lock the support

ring to the wellhead housing.




groove(s) 23 or 24 are preferably spaced axially the same di stance above
the ‘uppernpst support grooves, thereby forming cylindricdfMash28 f aces
25 of substantially equal height between adjacent grooves. The housing 20
has an enlarged bore 26 above bore 22 to receive a tubing hanger to be

| owered into the housing for |anding on a shoulder 27. Conventional | oad
sensors maybe wused to provide an outpui_for the operator to indicate the
wei ght of casing "hung off" fromthe well head housing 20. As illustrated,
each of the support grooves 23 has three annul ar groove segnents, 23A,
23B, 23C, each eFRigansbrimilad sbbyatedtdsvmitardimevarhbat Sthe worlt Rirgopnost

| ockdown groove 24 has only two groove segnents 24A and 24B, thus
“permitting @lowdintesding @%’/th? reRRingdeRbenpenenys diom e cagingfangeger, and

not a support ri p i . vel at i ch the. ha r_is,to be
~supported, the |g%HH%&Hﬁﬁﬁﬁggﬂﬁ&ukggig%%PWEBV?%Q% Q'HP"FHEEEEFQﬁﬂyespaced
support gr ogubseqidiginddifich bha theMe! dMfdgeSa RRXdowsy @Y Kithahe dafaged
.bel ow. 24 March 2006 As shown in Figure 2, a casing hanger 30, from which
the product heHsingaandhtp saalithe sasivgrivager dathe welloérd.support ring 32 in a
recess 33, and carries a |lockdown ring 34 about a reduced dianeter portion
35. The supportring has three ribs each for engaging one of the three

segnent s of DatgiRldeDERHiptioH RIF PréfedicdO¥mbedimard t he | ockdown ring 34 has two
ribs for locking either ~ W thin tThe Tockdown groove 24 above the support

grooves, or wi tHrigugntillgstrates a suiipee wellhead bousibg\29 atthesipppoend@f oove

whi ch ' t.h ' .32. [ As wil] , be d I.bed b |

seal mechantGrRUHIEs cSRG) & e ETRd i dalhd, i SHBF MRS neRY . (BLal bl 3
[ th f i h | |

engagi ng thehsed. Jwel ReGsing Ydie BN @RIsha aNdrARPVE atﬁ'tﬂwe%%e&“"g?ﬁ;%ﬂg SO as

to close the annulus between the casing hangér and t
wel | head hogreomgs 2Asach edaptead tbirgoeive 2uppdri3ing ¢fea casingbahgearges valD i s

b oot e debibed?ahd She &0 mbre Wdidov! G800Es 587 24 Wobe thé bishart 019"

grooeve for optionally receiving a tockdown ring on the hanger. The support
grooves are preferably equally spaced from one ancther, and the lockdown
groove(s) 23 or 24 are preferably spaced axially the same distance above the
uppermost support grooves, thereby forming cylindrical sea! surfaces 25 of
substantially equal height between adjacent grooves. The housing 20 has an
enlarged bore 26 above bore 22 to receive a tubing hanger to be lowered into
the housing for landing on a shoulder 27. Conventional load sensors may be
used to provide an output for the operator to indicate the weight of casing
“hung off” from the wellhead housing 20.
As illustrated, 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.




reventer or BOP 42, which is connected above the well head housing 20. The
BCP preferably has a bore aligned with and sized with bor 84Marciig006shown in
Figure 3, the drill pipe 41 has been raised to pull a desired tension in
t he production casing 31 which raises the support ring 32 and the | ockdown
ring 34 to a desired elevation with respect to the wellhead 20 for _
I nparting tension to the casing. The nﬁ[nally 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 | owernost

support  gr oovesA@sheWAIM FidurEi YW Gasing RaRGEr 9?#2(;/&1 iéh‘m’é’ﬁffocﬂcﬂgn 32 and

the | ockdown ri n?_34 are nornal |y rettacted, ¢ 0 not ehgage ‘elther t he
| ockdown or casieg 31 ipeapendedyvensrias thensupursingddinrayrentss B8, aad cagebanger .

On the h Q i i ti oned Qv he groove 23_in _which the support
ri (r:IS 326i saggg%(g%«g’ﬁ'ﬁrbiga Ut g r F«?Séﬁ‘?‘_@ﬁ%’é}%’ﬂn 351 ;}r@p%‘&%m BAgt ons 48
d i t I L or

engagi no the Bl cegis eadbfor APl S0 i RebAle 808 Sl . bl
49 may be dsupneEdgrioere ddh amﬁethdribtkdqsir!]rpeingﬁéttlmd mwri??fmgecﬁagteitﬁér afh'

h 24 h 2006 -7 in Fi 3. T i ncrease in uid pressure within
the runni ngdig) 94@0‘(‘%‘21’2'?95413’%@ ’f"ﬂ%"epﬁ?‘ﬁ SHRPRR JEOPVRS| AWINB aeclie 45 i n
its upper pagipbHYroors mﬂé%upﬁbﬂﬁéﬁ%v%}vgﬁgﬁrmgﬁ?é gngt)é}‘f'%g gheeve 45

to nove to the position as shown In I gu so tha I'n" the body
44 are open to Asuiil peedssaribed belaw,t e aniwildd spalpmethanang rhapei t

Ji h of the pi 48. A
Cer i o5 of - PRREETqntS s Bad B3 RBE6RA i scalbbrenaading PecAmENars 52 | n a
casing hanggih Ferieaitd EhdAbsie {RE JotRiowh Girf Sb OIS 1d G0 ;f,hé HiRuRisased

radially outward by fluid pressure app he ra tertor end of
each pi st orbetwien thenedsinghanggr ahd theboraskifiefiealindagdiersiige W thin the

32 which | s bi ASGHOMR MoyGURE B AKbris!hes g Fiapder A i koWerRoE agr oovs
23. 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. .A's
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 lowermost 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 dill pipe 51 to land on the seat 46, as shown




The casing hanger may then continue to be |lowered until a shoul der 55 | ands
on the upper end of the outwardly disposed support ring 324 Mzee2¢dfe

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 fromnoving radially inward, and casing weight is reliably hung off
fromthe well head housing with the degt[ed tension in the production
casing as determ ned by the operator. roma review of Figures 1 -3,
those skilled in the art will appreciate that the operator may pull upward

on a casi ngirsFigurg 3.0Theiiaélensexa fluid Pedsans wWihid the Afnit@idldiosinusng
slightly above the |l evel desired, so that when the operator slacks off and
the ring 32sbearsdhaipimdd which heldsthe sleeve 46 in#is wppempaedition, ssihowarin t he

casing.stri L Il es| t h. In applications,. three or
nor e gupporFr ﬂ’g‘&%&é@%ﬁ&%ﬁ% @éﬁ?g\%at"%%i‘é&westggﬁ%PP%PB&\?@“B&HHQ spaced
axi al l'y froFigir8e] s6 WRRPTrtsIBORVIRS Batyad S s foFRlid 5ﬁé§shfww&§ﬁ1ftﬁée 25.
For many appl.ications, adjacent support grooves wll be spaced axially
t hr ee i nchedribpipeotie angdransmit pressuieethopghathe fivitpassageways datte each i nal

it f i relative.tg th | head housi it hi
Phaci ng of . @bl BRI AU ASTHANS it SerVS g5 elon SmTHAREMER 11 ng
32 and a | opisiRigewdy8B23A PEAs] ?ﬁﬁgemp% tS Akt dn ﬁi&tong:_‘tﬁﬁ]a@ﬁ@ gfsité}gsgtw""i th an

outer surface configured for mating _correspondi ng grobves in the
vel | head hodi€i Hyis2biased rradially neutivagd hyofkid qureasurenapplbest toe d¢ime radially 1 i ngs
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-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 stacks
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.




within the well. Quter sleeve 68 may nove axially with respect to inner
‘body 44, which in turn carries an inner sleeve 45 with tRé4 Naeh20@ seat
46. When the running tool 40 is positioned as shown in Figure 4, the
splines on the |ower sleeve 61 of body 60 engage. correspondi ng splines
62, so that the inner body 44 as well as the casing hanger 30 and the
casing supported therefrom may be rotaged to nmake up at the level of the
mud 1ine. Rotation of the casing string 31 also may be used to close off
ports in the mud liner hanger. After the nud |ine connection is nmade up

and the support BothgthaZuppertminge3 and bleckdswa fihg B4 3Fe PRI it € 4,
the operator may set weight down on the drill pipe 41 to disengage the
splines 62 Smeh@iRshgdndshe Withwetn seitlenesugacencenmfiguresddfor44pating swithn i n

ool ed i o Poesfordifi PARlobS nting Ay i 2, 5o JRAIRG T e eads
64 at the upmdiguations bétaechdte nnnlg?@gﬂa tﬁ@gr@@e&mﬂhé-\nsumddhrg%%ﬁh@e may be

rai sed for renpving the running to 40 fromwithin the well ousi ng.
Once the rudid thystassitigs been renoved, a seal elenent and | ocking tool 70
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end 24 March 2006 -9 of the seal elenent 76 includes a nose 7
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and 82 ar e Ve dae wely Ouedsibeyats omry molvetaxilly vathvrespestdo tifradr leatyh  seall
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the running tool 40 is positioned as shown in Figure 4, the splines on the
lower sleeve 61 of body 60 engage corresponding splines 62, so that the inner
body 44 as well as the casing hanger 30 and the casing supported therefrom
may be rotated to make 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 finer hanger. After
the mud line connection is made up and the support 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 Figuré 5. When in the position as shown in Figure 5,
torque may then be applied to the drili pipe to unthread the running tool 40
from the threads 64 at the upper end of the casing hanger 30, so that the dill
pipe may be raised for removing the running tool 40 -from within the wellthead
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

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




tool 70, the body of the tool nmay be released fromthe seal elenent with
the J-lock nechanism and. the tool 70 then pulled out oR4tMach@ddlhead 20.
It should be noted that the gate valve 84 as shown in Figure 6 wll
~conventionally be positioned bel ow the seal elenment 76, and all ows

conmmuni cation to the annul us between the production casing 31 and the
outer casing 21. The production casing 31 may typically connect to a nud
line tie back connector on a casing haﬁaér, while the outer casing 21
typically connects to a subsea housing. Also, it should be appreciated

that the por | 0 A Lan Wt h,th ate valve 41
I S shown at (%fhtg& Sseré‘ng'e\gﬁéwt% ﬁgﬁlggggidnﬁ%%ewcﬁﬁﬁ%ggﬁgﬁe 5}‘%‘@9@5‘ r%’_ Thi s
does not dec34esfallytdutware inkbitticr fhefockiess riag RIS of MG &Td igpdrhei r
desired function, since the grooves are preferably provided

ci r cunf er entiNg 9LP0Ne SbRYe th 9feave erpupiest by the supndrheag 38odihe aealinghe
C-sh d ' . ' 4  havi ffici.ent st th
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i nt errupt ed rhgtahripaealing bedies @0oand BRwhidR af@Yohmtted bY@ BbmntaF 588 from
nmovi ng downward with respect to the well head housing 20 and thus supports

the product idemeathase. shhe seal hogigeiBhandidigpre sppred ahove ang balpwand
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supported in a_sel ected one 24.March 2006 -10 of thé various possible
vertical podealiiGhihebedy eldbpdeel may begelpsset daun tienseal altmentwithdhenent 76
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1) between the sippeuld i3 AOKRB IR thedloWaNY 99VR. s M TigRe' §iig the
seal above and bel ow these groove protiles, the length required for the

vel | head st gervergionglly dufqusitianeek ibelpwr bev sealt elameohficguand dilder ent | y
t han

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 welihead body in communication with the gate vaive 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 énd 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 welihead housing 20 and
thus supports 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



groove 23 to insure that the support ring 32 cannot snap into the groove
24, since then no groove woul d be provided for a |ock ri atyMauch2ar dl ess
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 wellfpead of the present invention thus
provi des a high degree of flexibility to adjust the casing hanger relative
to the well head, thereby allowing for a desired stretch in the casing.

Thi s i ncr easéthd vanous podsible vesticzil positionamith regpedirte thé widiheld e thite

I nvention, since the sugygtt syrfaces and the | ockdown surfaces on the

vel | head may®acqy&iemert’s kupegilignadagphown in Riguse f: tha seal element is Re
wel |l head. T ' I I £ ired, a
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string fromthe wellhead, but instead nay elect to reposition the casing
hanger at efiftReAhen npj gieeve yyouldher prevised fon a lecktringe34.0 Regardlgss of string

such that, : I r rai sed, tpo its desired
osi i on i VTER Bl ERIcRE gr0Efe ArRisk RBGHER o FobBus Mtodfe shBpdf i 11 be
appl i ed to filg3gagienaciiowmningod is Seadrnatsdve®y duppert g Rnesifhid r om t he
wel | head assenbly with the desired tension in the string. The operator may
thus apply fenmedriippertgreovaddngr Rarrhavet hecgipawet 23 whisisireceives $he et ch,

then incre | L essure within the work string by dropping a ball, so
t hat when t%‘@‘%’ﬁ&gg sl acks off slightly, the support ring

The welihead 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 éigniﬁcant |
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 hangér 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 welihead when desired tension is applied in
the casing sfring, 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 relative to the casing string such that, when the casing
hanger is subsequently raised to its desired posit_ion within the wellhead, the




snaps into the next |owest groove. The application of fluid pressure
through the work string along with the downward notion of4dMack3iong
hanger activates the support ring to support the casing string fromthe
wel | head. A | ockdown ring subsequently insures that the casing string
cannot nove upward relative to the wellhead. A support groove may al so
serve as a | ockdown groove. The seal_qygfaces are preferably spaced

bet ween the grooves to mnimze the stack up height of the well head
assenbly. The well head as shown in the enclosed drawings is a "two step”

vel | head wi gésifed RiiorPATIbAppiRid totheicYsiiy ﬁriﬁg%énﬂaheqmﬁér nx%ﬂy hEQ upper

bore 26 for receiving a tubing hanger. The “presént invention e used in
a wel | head ahung®ifl fyors dppvietisead asssimigy vdthgthe desired fersigraindhe stijfner

wel | head may support th tUbi{P\% han erh or 'ttﬁ)i ng .ma%@not %Het be provi ded
“within the vel | . THPPEARIGANTS 40Pl (ghploade fhe cieing Nepgpnio GAuedae f or
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techni ques may De used for Dbiasing a support ring in the radially outward -
posi ti on sodropaing @bel, schikat whpo the operejorsigekrestt stightlyn trenstgsbagt doye i n t he
wel | head housin t he hanger be owered to effectively | ock the

support ri @qq?gim%{ﬁea{bq)gﬁmpsga%ﬁ < APPigRationgf Qf%sﬁéfﬁ) P¥gh t he
hanger and shhevdrka i : Bﬁ;%q ousi ng.
Al so, whil etha grghg*%algﬁ%glgﬂ@?%ngﬁﬁj @ggg??fﬁl%%agrsle pr@%trgre % obt ai n
hi gh rel i atheisuppaitiring/ersupipotitthe casingi steihg Spae thegwelthdwt. Adedaiows s may

be used for.interconnegctjng t \anger . and the housing in a, selected axial
positi on ol % e&HEPﬁléﬂ‘Sg{qsgﬁéﬂf?‘PrP%Sm $4ipgcapnelinoye Spwaghtalativey. 24
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wel |l suited for obtalni e"desired stretch in a casin rin I xed to
a subsea wsleahsadacesare pheferabdy spased betwesre fengrdovesrtti minimpievitdes a
wel | head Wis é?Ckal?p ihgltg rtio?[he wellhead assembly.

The wellhead as shown in the enclosed drawings is a “two step”
welihead 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
welihead 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 welthead housing, the hanger may be
lowered to effectively lock the support ring in its radially outward positioh,
thereby supperting the hanger and the tubular suppdrted on the hanger from

- the wellhead housing. Also, while a C shaped support ring and {ock ring are
preferred to obfain high reliability with very little vertical spacing, 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.




surface adapted to lock with the casing string at one of a selected
plurality of elevations. Various types of oilfield tubul #g#Marchédding a
production casing or ~a riser, nmay be supported fromthe hanger secured to
the ‘wel I'head by the techniques disclosed herein. It will be understood by
those skilled in the art that the enbodi mrent shown and described is
exenplary and various other nodificati.gas may be nmade in the practice of
the invention. Accordingly, the scope of the invention should be
understood to include such nodifications which are within the spirit of
the invention. ZPhdohhidiRB6hof-th8 présentiisvetitionrard pastictlarlyVehgintsd fpl e
hanger system faqr connecting aaﬁnger to a well head, the hanger suspendi ng
a tubul ar seblAiRg dke desired RetehiT arcasing siigg) fixadito A sylsea wellhead

Cpated supheRBrRAERe. TREHEER iBicHUR PRIAC b IR il o elor T

support groswésce hduptod by kick withpihar tashey strivgRr@ne dfiangeleatdd Plriityareabl e
into a selected one of a plural i@éf(fql()f support grooves in the well head
i
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grooves; angchnigaet disotesed ngrefmr securing the hanger to the wel |l head by
preventing axially upward novenent of the hanger relative to the well head.

3- An adj ust abl dt wiiee undeestaed by these skilledqindheaiart that\the resibodiment | ock

down 1ing &G hhd Yekrifed i LRShBAN SRH VB e mBdlrRSESSs }n%ytbhee hanger
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 invenition.




prior to lock down ring noving radially outward into the | ock down groove.
4- An adj ust abl e hanger systemas defined in Claim?2 or 3,24M¥P]é?996tghe | ock
~down ring conprises two or nore axially spaced circunferential ribs each
for moving radially outward into the | ock down grove. 5- An adjustable
hanger system as defined in any one of Clains 2 to 4, wherein the |ock
down ring is biased radially inward. 6. gﬁn adj ust abl e hanger system as

defined in any one of ains 2 to 5, wheféin each of the plurality of

support grooves has a profile for receiving the support ring, and the |ock
down gr oovg.ﬂggﬁ E#QE of ' ise for rejecting the support ring. 24 March 2006 14
7. An adju ystem as defined in any one of Clains 2 to 6,
wherein the sefecteg, RiabiBenhahyEels frgu I Qs 1S ppsitioned
axially below the | ock% gr oove.§| r;‘s'y %e@dfozsggﬁﬁécﬁﬁaig%g%s@re% 85

defi ned i nwelilyeadethef hghgensudpendihg ahtabeiar sdirelioskitd WWef eRd ihgha
subst anti al Ih/k C-shaped unitary nenber. 9. An adjustabl e hanger system as

def i ned i nwelytherkangen systprecedipilging:ai ns, wherein the support ring is
carried in a retracted sitiqn within.a recess in the hanger prior to the
support ring ?ﬁﬁeﬁﬁ%‘q‘?}u AP UsiRg aving @ elucalityopleawally sprged) ity

of support iﬂml . Eﬁ.@ adj ust abl e hanger system as defined in any one
of the pre%'gfl ngsﬁogi%%é, erein the support ring conprises three or nore

axi al | y spaced xhasger axiallyirabveable reftivef @ the %ow;% hhe l%‘h'g%?t ed

one of the plurality of support grooves. 11. An adjustiabl e hanger stem as
def i ned i reUppprong arsuppart dogriadeallyl moveabler iatm a s¢lectadpne tofra plgraligy bi ased
radially iqr}vvard. 12. An adj ustaegte haglger, system as defined in any of the
pr ecedi ng A SAPRErt giveves in the welliead-hoysing te intesepnnedt the\hauges to the
response 0 écajdji d pressure nmenber. 13. An adjustabl e hanger system as
defined in aim1l1l2, wherein the fluid pressure responsive nenber

2] Ust abi e hanger Syot o EGlThERGE atemeRa aenid B et 1, Mrthers
- 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 welthead 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.

5. 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.




wherein the support ring noves radially inward in response to increased
fluid pressure in an annulus surroundi ng the hanger. 15. ﬂﬁdﬁﬁh%@¥hble
hanger system as defined in any one of the preceding clains, wherein an
exterior stop surface on the hanger prevents the support ring from noving
radially inward while in its selected support groove. 16. An adjustable
hanger system as defined in Claim15, wWderein the exterior stop surface
moves axially with respect to the support ring to a | ocked position

radi al |y i7awar dnadjustable haapereyetamas dpiined igpaowns. of SpimaR &hé. 2deinBe 17, An
adj ust abl g.RaBYShe BY e Pluriity A TsLpsk §BoRRYis %ﬁt.medtela@auy BER&AHL Mk To®h S,
wherein the support ring is a substantially C shaped unitary nmenmber. 18.
An adj ust 8B1%€-hanger system as defined in any one of the preceding clains,
wherein the well head housing includes a seal surface for sealing with a

seal i ng chani sm act betme n th er and

20 ust abl & handBAdLstebBheRgerdusinm e detheauiny o1 of LRy Ala 7 SRS B ng:

pl ural ity loak dswipgitgista smbbtgntjly Cretlapecialnitsgadanitgr.sur f aces on the wel | head
housi ng, each of the sealing surfaces being spaced between an upper and a

| oner one of a plurality of support grooves for sealing engagenent wth
t he seal i ﬁg meéhadjustable2@ngensysei as teliried imanygewe of stnesnedisg diesneltiertin A ai m

18 or Sbbdeling MRS A% reﬁ%cté@ﬁééltlo‘ﬁr\ﬁitﬂlrpﬁ if'e(%@m ﬁh@%ﬁﬁer%@P%Cthé‘bove
t he plurallty of support grooves and a sea surtface on wel | head
housi ng b&YRKeE Hing ﬁ’é"”&ﬂ racialy putwsrbinfodg selrsige gm%w%@w %TSEW‘?OV@’F oove

havi ng an axi al spacing-
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 moveable 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.




substantially equal to an axially spacing of a sealing surface between an
upper and a | ower support groove. 21. An adjustabl e hanger243jarcleaP(s
defined in any one of the preceding clains, wherein a shoul der on the
- hanger | ands on the support ring to prevent axially downward novenent of
the hanger and the tubular with respect to the support ring fixed to the
wel | head housing. 24 March 2006 16 22. An adjustabl e hanger system as
defined in any one of the preceding clains, wherein the | ower end of the
t ubul ar - secured to the well by a nudqdiner hanger. 23. An adjustable
hanger system as defined in any one of the preceding clains, wherein a
bore in a well head housing includes a radially enlarged upper portion for
receiving a tulli7ng Aangdjustatfle Hungel sysdtell eishdasfesd siy singnore gfghiened in
- Caim23, wherein the wellhead housing includes an upper shoul der for
support i ngretrﬁdmgmlal@lmawberelabtbmesuppoﬂmus secsubsiantially Ke-shepetead by
the support.rin a% An adj ustabl e hanger system as defined in any one of
t he precHHﬂﬁB’8F%V I further conprising: a BOP above the well head, the

o0 0, 5 D85 AT AR SteP et WA AL o

connecting ré’cegﬁlzg%'!ath% @vﬁ@r‘élﬂ%@ welﬁfé%d"ﬁ@ggih gSHERRIE Ageal éuﬁébér secur ed

at its | ower in the wel t he net hod conpr|5|ng provi ding a wel | head
housi ng hfori sealing Withahi $@3Iuig amechdyisapactdg bejween the dwrger 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.




prOV|d|ng a hanger including a radially noveabl e support n lifting the
hanger and the support ring above a sel ected one of the Bﬂﬁzﬂthgﬂﬁﬁ
support grooves; and thereafter |owering the hanger such that the support
~ring noves radially outward into a selected one of the plurality of
support grooves, thereby preventing axially downward novenent of the
hanger with respect to the wellhead. 27. A nethod as defined in C aim 26,
further conprising: 24 March 2006 17 increasing fluid pressure in the well
to nove the support ring radially outyg@rd into the selected one of the

plurality of SEEPOVAn 9 Sﬁle Aan ”%yéf&naésd@éﬂﬁ@ﬂj ihNafl 2me 28 or 27,

further conpri sing: ng t he axially to nove a stop surface on

the hangethe paeicedihyg alamas,dwblfereimetheatttmét enexphtive dulsulap@dcureddo t her eby
preventi nﬁ‘ﬁthe support ring fromnoving out of the selected one of the
plurality weHmearmu ligey&angey. A nethod as defined in Caim26, 27 or

orovi i ng at | €4t B 2§¢JH§f@?§%ﬁw®%§»&‘i§wd8ﬁ%@q%ﬁﬂahﬁiwi‘é"%‘?ﬁandh
ot he web a0 (Rerfis tiertih 4 ot KOer weteatt RpYSid Ihagteb 8 ot of

the hangefaGMNWeh%?Qédtuppértﬂtﬂleﬁ|ﬂ)hﬁ@@blv%afutﬂiﬁ Hﬁ.ﬂ'\@ér defined in any one
of Clainms 26 to further conprising: |owerin |'east _a portion of the
hanger bel ow t P plﬁnaadjqﬁtable hanger system as geﬁned 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 conﬁprising:

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 28, further comprising:




support grooves; thereafter noving the hanger upward to provide a desired
tension in the tubular; and thereafter |ocking the supportMagsly20e t he
sel ected one of the plurality of support grooves. 31. A nethod as defined
in Claim26, further conprising: landing a tubing hanger on a shoul der of
t he housing to support the tubing hanger in the well. 32. A nethod as
defined in any one of Clains 26 to 31, further conprising: 24 March 2006
18 increasing pressure in the well to axially nove a sl eeve, thereby
exposing ports to fluid pressure to npye the support ring to its expanded

post U100 1L YBGBEHET Y6l 39BSird I, " BRI, Blor S e 5 A

nmet hod as defi conpri sing.

suppor ti ngadiaflys bagNard SHED theatsalesrds R | 610 thEe pluralityt s %hggvsﬂ moves to
open the ports. 34. A nmethod as defined in any one of C'ains 26 to 33,

further goopvesing: providing a plurality of fluid pressure responsive
pi stons from noving the support ring to.its expanded position_ into the

sel ected one . éB. th wethed ﬂﬁﬂ@ﬁn%{bﬂbgﬁi"’ﬁ@&f%?: fgéheﬁ\pﬁmm&‘dn% def i ned
2y, one of RLaUTRG e Bntbr AL R S SR S B L
spaced bepygally hwERPEFHe FadiBF expBAded ¥ipott ARG theteBY teventing
- 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 iock 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:




36. A nethod as defined in any one of Clains 26 to 35, further conprising:
| owering a seal element on a running tool into the well afZdéviach@00&upport
ri ng has expanded outward into the sel ected support groove; and axially
novi ng the seal elenent relative to the hanger and the wellhead to set the
seal between the hanger and the well head. 37. A nethod as defined in Caim
36, wherein the seal elenent is runin the well with a |ock down ring
actuator for noving the lock down ring into the | ock down groove. 38. A
met hod as defined in any one of (O aingg26 to 37, further conprising: 24

Varch 2006 19 hLidading Bradotr i VB THRN NG tASKI Gl thegleypul ar into.

t he wel | and secure ower end ["ar 1’n e we

as defi nedhefebepﬂgr@f p6HeItoENAE presstre tohhbes thé@tfiﬁ{ploﬂ ﬂﬁ? toliggki ng of f

on a running string to lower the support ring into the selected one of the
pl ural ity eXpagndes gositid iniordheodelectedf omedof thanylucality obf Guppwst 26 to
39, further conprising: securing a |lower end of the tubular string in the
wel | by a9f8VePi ner hanger. 41. A nethod as defined in O aim40, further

OB SN, PR O B8 B8l A R SRR TS g
oot g, 5 ceShAISeS HFSLBBONME I B0k, D Bk Aon hedhateld - o
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 iock down groove,

38. A method as defined in any one of Claims 26 to 37, further

comprising:



axi al mani pul ation and secured rotation between the running string and the
hanger for disconnecting the running tool fromthe hanger 24fNMearch 2066

support ring has noved into the select one of the plurality of support
grooves. 42. An adjustable hanger system for connecting a hanger to a
wel | head, the hanger systen1conprisin%: t he hanger suspendi ng a tubul ar
secured at its lower end in the well;"™ the well head including a housing
having a plurality of axially spaced support grooves, each groove having a
profile to recutiNging &gpgehttype mgnningetagito mndthe hangar irstsaitguel wehoveabl e

Supporti nfe HEcU AL IGNE: £ BLINSbOI AT I WERCT | 8" 00 e uct o one of the
plurality of sspporh methdeasidefined webhhyiené bPTairg 2600 B8efuttharect the

hanger to the wellhead. 43. An adjustable hanger systemas defined in claim
42, furth€PMPEAPr i si ng: 24 March 2006 20 the wel | head including a |Iock

down groove se h : s r L | ock
down ring for gg%@bgn%ﬁ ﬁﬁetahglflrg.leléﬁ féy"ﬁetoaéméﬁggg %Li}g{)o?fe)xﬁﬁt l|n;’q61gqh§xi ally
upwar d noselpeied afe oftthe pdurgbty ofgradvase t o t he wel | head. 44. An adjustable

hanger system defined in claiin 43, wherein . SURRoOrt, ri Is carried
~in a retract edil@osi irﬁﬁgwd?ﬁﬁrf?%t"ﬁegc'@sgw r?nteh@} Eﬁﬂ@”@r ngtpl %é F@ﬁeﬁe suppor t
ring nmovi ggmpaghg! |y outward into the selected one of a plurality of

support grooves. 45. An adjustabl e hanger system as defined in claim43,
wherein the |seturingva lowey eadcel thedubwan stdngdot e pedi byonmidhin a

recess in,. er prior to lock down ring noving radially outward into
the | ock I&%ﬁh%ﬁ%&e.
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 intoc the select one of the plurality of support

grooves.
42,  An adjustable hanger system for connecting a hanger to a
wellhead, the hanger system comprising:
the hanger suspending a tubular secured at its lower end in the well;
the wellhead including a housing having a plurality of axially spaced
support grooves, each groove having a profile to receive a support ring
therein; and
a hanger axially moveable through the wellhead and relative to the
support grooves, the hanger supporting the support ring radially moveable
" into a selected one of the piurality of support grooves in the welihead housing
to interconnect the hanger to the wellhead.
43. An adjustable hanger system as defined in claim 42, further

comprising:



46. An adjustabl e hanger systemas defined in claim42, wherein the
support ring conprises three or nore axially spaced ci r curdvianek 2806 r i bs
each for engagenent with a selected one of the plurality of support
grooves. 47. An adjustabl e hanger systemas defined in claim46, wherein
the lock down ring conprises two or #ore axially spaced circunferenti al
ribs each for noving radially outward into the | ock down groove. 48. An
adj ust abl e hantjer welfiseahireiudirng arleck dowol grionvd 2epatade diom tie plsalipor t ring
is bi ased ad| aI | nvvard 49. An adjustabl e hanger systemas defined in
clai m43,° R¥ES WMk down ri ng i s biased radially inward. 50. An

adj ust abl e hanﬁ%cl@d&hﬁ%@%ﬂ%c&d}ﬁ@ the I'ﬁslr@'eﬂd’fﬂle W@mﬁ@éd"bfg%venﬂﬁ gt he
plurality of support grooves profil e for recel Vla£ e support ring,-

and the |a&tﬁ!lsd@mwagim@mmoétr@mngeérebtlve@thﬁwa@he support ring. 51.

g s o radi o 13 AB AdNRRBE P syBETy 52 doel Aoatl 35 Wheldlf e 5P,
adj ust abl sufysrt eing Siy dzetiedisn defdtreted poshan rwighHin a/\/f@de%tsrintthe hdrigerd

pressure responsi ve nenber conprises plurality of circunferent | ally
spaced pi BiQnt. thessuppors gingshawing ’ﬁQI?d;'&rOlg‘V@f(bmt@sih@eﬁq]?@ﬁd ionecPlad m 51,

wherein t es radially inward in response to increased
fluid preggarlgy?ﬁwf%g&%g'% 21 an annul us surroundi ng the hanger. 54.
An adj ust abl e #angeradiystakle kengeefsyste ias ddfmec inXiaiwhdBeivhessin that er i or
stop surfac n the han prevents. t r|n from novi n radially
hvr d- whPFE dBin 190 BEpacieatn A diaciedposliBl Wb atds wfgsﬁ@ Foer
syst em aspfidtbesk dewhriolding YaRY Buiviftd iRSURE Ik GOVAR gRytveace moves

axially W|th respect to tthe support Ting to a p03|t|on radi al ly
inward at its 4%®|Acadiustappdranggr system as defined in claim 42, 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.

47. An adjustable hanger system as defined in claim 46, wherein the
lock down ring comprises two or more axially spaced circumferential ribs
each for moving radially outward into the lock down groove.

48. An adjustable hanger system as defined in claim 42, wherein the
support ring is biased radially inward.

49. An adjustable hanger system as defined in claim 43, wherein the
lock down ring is biased radially inward.

50. An adjustable hanger system as defined in claim 43, 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.

51. An adjustable hanger system as defined in claim 42, wherein the

~ support ring is radially moveable in response to a fluid pressure member.

52. An adjustable hanger system as defined in claim 51, wherein the
fluid pressure responsive member comprises a plurality of circurhferentiaily
spaced pistons.

53. An adjustable hanger system as defined in claim 51, wherein the

support ring moves radially inward in response to increased fluid pressure in




56. An adjustabl e hanger systemas defined in claim43, wherein the

sel ected one of the plurality of support grooves is posit26AMachio¥ |y

bel ow the | ock down groove. 57. An adjustable hanger system as defined in
claimd42, wherein the support ring is a substantially C shaped unitary
menber. 58. An adj ustabl e hanger systﬁm as defined in claim43, wherein the
| ock down ring is a substantially c ¢ aped unitary nmenber. 59. An

adj ust abl e hanger system as defined in claim42, wherein the wellhead
housi ng i#tRAOEdYs suFeHNdiggihadanger sealing with a sealing mechani sm

actingbet weers e, haaetn@ithrigh? syl Saierfilc g Uat defefiagiger system

as defined in r nprising: a plur ty' o ubstantially
cyl i-ndri catteserastopgsistadeace sherhanger \peévdreadhe supportging fom ofovitnge seal i ng

surfaces being.spaced beifween an ypper and a |ower one of a plurality of
suppor t d,aﬁa?lgén\ﬁ%r,d whi 5"\r,\1'§5 %ﬂagﬁaéﬁpo iHROYHe sealing nechanism 61. An
adj ustabl e hangprasyajRiae HRbER8dsteh &b AMhBA.in [dikhed, whergh kid ng: at

| east one | ock down groove spaced ove the plurality of support grooves
- for securédigriehetopasydace anoves axiallyicsith respect wethmeuppaitinng $ord ace on

t he wel | head housj.ng i ocate t ween he at, | east one | ock down groove
and one dporasLoaiBaradighSRRERl DR SRR bl RE%n "axi ai spact ng

substanti al | y sgjush atijustdbl@tadlkd sgstani 89 defindd S8 Vdimg43, Swhérae thet ween t he
upper and a | ower support groove. 24 March 2006 22 62. An adjustabl e hanger

syst em asselrated eneiaf the aluialiy of supperé groavssds ipositigned mxially ibelamthe ncl udi ng
a | ock d%\gk gé&ﬂ\@%é@eqarat e fromthe plurality

57. An adjustable hanger system as defined in claim 42, wherein the
support ring is a substantially C-shaped unitary member.

58. An adjustable hanger system as defined in claim 43, wherein the
-lock down ring is a substantially C-shaped unitary member.

59. An adjustable hanger system as defined in claim 42, wherein the
wellhead housing includes a seal surface for sealing with @ sealing
mechanism acting between the hanger and the wellhead.

60. An adjustable hanger system as defined in claim 59, further
comprising:

' a plurality of substantially cylindrical sealing surfaces on the welihead
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.

61. An adjustable hanger system as defined in claim 60, further
comprising:

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

~ grooves for securing the hanger to the wellhead; and

a second sealing surface on the wellhead housing is located between
the at least one lock down groove and one of the plurality of support grooves
having an axial spacing substantially equal to an axially spacing of a sealing

surface between the upper and a lower support groove.




of support grooves; and a |lock down ring for securing the hanger to the
wel | head by preventing axially upward novenent of the hardgédareP@G ve to
the wel | head. 63. An adjustabl e hanger system as defined in claim42,
wherein a shoul der on the hanger |ands on the support ring to prevent
axially downward novenent of the hager and the tubular with respect to
the support ring fixed to the well h€&d housi ng. 64. An adjustabl e hanger
system as defined in claim42, wherein the |ower end of the tubular
secured to the f&beﬂn Beiustablel hangar Rty asedefing dnj elaimiptd flhger system
as defi ”eéjorr m 42, wherein a bore in a well head housing includes a
radially en rge " upper portion for receiving a tubing hanger. 66. An

adj ust abl e hantherwslistagninalsidief a deck downlgroove Sepaats diom the plunality head
housi ng |nfcl udes an u%)er shoul der for supporting the tubing hanger above
t he hange?! SHRPGFQOPYCE el | head by the support ring. 67. An adj ustable

hanger_Syst em Sadieldiefing forcleuingane HahBelo tRABIeAS) pRvBRfingbove 't he

wel | head, the BOP havin ore net er he bore
di anet er amalanum@reirmpmmeohoiiihethwgﬁelmlahwto theuseligades. A nmet hod of

dj ust abl i ng,.a_h t th
suspendiny o (ob AT e, SYife fuirard SaiEn 2 EEGher  end
in the wedHguldsroH menmf@émértdse@ﬂ tﬂwsnspmm hﬁg tdprevept dxially Hywalvapei al |y

spaced support Erooves each havi ng profile to accept a support ring;

provi di ngmaveesgeef thedangiengneribe ft-awlaw with respegb te thaupyrpart Ang§ixed | ft i ng

t he hang ring above a selected one of the plurality of
support }Bt)tggg\éé“%aé%gﬁg%gfch 2006

64. An adjustable hanger system as defined in claim 42, wherein the
lower end of the tubular secured to the well by a mud liner hanger.

65. An adjustable hanger system as defined in claim 42, wherein a
bore in a wellhead housing includes a radially enlarged upper portion for
receiving a tubing hanger. '

66. An adjustable hanger system as defined in claim 65, wherein the
wellhead housing includes an upper shoulder for supporting the tubing
hanger above the hanger secured to the wellhead by the support ring.

67. An adjustable hanger system as defined in claim 42, 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.

68. A method of adjustably connecting a hanger to a wellhead, the
method comprising: ‘

suspending a tubular from a hanger, the tubular secured at its lower
end in the well;

providing a wellhead housing having a plurality of axially spaced
support grooves each having a profile to accept a support ring;

providing a hanger including the radially moveable support ring; lifting
the hanger and the support ring above a selected one of the plurality of
support grooves; and




23 thereafter |owering the hanger such that the support rlngdnnves
radially outward into the selected one of the plurality of24dypb2€0&yrooves,
t hereby preventing axially dowward novenent of the hanger with respect to
the well head. 69. A method as defined in claim68, further conprising:
increasing fluid pressure in the well to nove the support ring radially
outward into the selected one of theé® plurality of support grooves. 70. A
met hod as defined in claim®68, further conprising: |owering the hanger
axially to noViereaftesployaring: thethanger raighie thaty Hie Aupportniiag dmeves he

di all d f
oY, RISV 164 B APLRBYOPIRY LAY AN SupaiiPRiEduds 10 1 o,
met hod asthéedbynereventirg axnai[fﬁﬂowhwardhmouammmcmth@hangepwitulregoectlt@ck down

ring on the hq provi ding at | east one | ock down groove on the well head
housi ng; E%?ptloning the I ock down ring in the | ock down groove to

| ock the tUb'ﬁ“QJ Rangiod! 8 tcﬂﬁn@ﬁ ih"\g&ith 6T8h?uﬂtﬁl§rkccﬂﬂpﬂsﬁ1ﬁnﬁ10?§ﬁﬁg“ ng
axially upward novenent o anger with respect to d. 72. A
met hod asfltdéfnrewlrerindhaivmlt‘)m nfamet ﬂr@rsmpm’r rieg mgdiallpwaitivard boto teast a

portion of .the han of support grooves; thereafter
novi ng th%eiﬁglﬁagpe&g\m h{rﬁ't g\?ﬁﬂ 'ig ¥%Ped tension in the tubul ar; and
thereafter | ock, andﬂﬁbcﬁé@l@l@ﬁhed imdain® 6BhRirgRy e6hiptlistige of the plurality of
support grooves. 73. A nethod as defined in claim68, further conprising:

landi ng a t ubilfyeriaadae bangersagallade roeve 1 stapusHAgoe O g dangehe  t ubi ng
hanger I bP&yilvhed of the radially expanded support ring, thereby preventing the

support ring from moving out of the selected one of the plurality of support
grooves.

71. A method as defined in claim 68, 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
tubing hanger to the wellhead, the lock down ring preventing axially upward
movement of the hanger with respect to the wellhead.

72. A method as defined in claim 68, further comprising:

lowering at [east 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.

73. A method as defined in claim 68, further comprising:

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

74. A method as defined in claim 68, further comprising:

increasing pressure in the well to axially move a sleeve, thereby

exposing ports to fluid pressure to move the support ring to its expanded




74. A nmethod as defined in claim®68, further conprising: increasin

pressure in the well to axially nove a sleeve, thereby exfddus20¥rts to
fluid pressure to nove the support ring to its expanded 24 March 2006 24
position into the selected one of the plurality of support grooves. 75. A
met hod as defined in claim 74, furthﬁﬁ conprising: shearing a pin
supporting the sleeve, such that upori'shearing the pin the sleeve noves to
open the ports..76. A nethod as fined in claim®68, further conprising:

P v di PSS S SRS o Be I SYRBPUGTBP G ons 1 rom hovi G- t he
support ring tesiAmdanedadedinedii taimi7a fuilke el one of the
plurality of support grooves. /7. A nethod as defined in claim®68, further
conpri si ng: prehvaatingga pirpbuprdring the skeexk| aycls thatapen shearing thelpimead

housi ng, gac of the pluralit o& seal i ng surfaces being spaced between an
upper an £ qvemgeﬁoPR%nm%P%I‘T"ty of support grooves. 78. A nethod as

defined in cl apén Hehethod bEefifedM LRIMSS, FHRiricoenisiRpl el enent on a
running tool into the well after the support ring has expanded outward

into the sel ecRroNidie aoplutakity pf fividl prepsure respppsive Ristops M aneviegi al | y
ceal bt g Ret TR S ExPadsh bRyOT HOTHE sstRied Bffe of MR PERINST 21 i
78, wher edfrsuppertsgrabved.enent is run in the well with a lock down ring
o o T K s kEkanel T SRR oboh e e T 20V B0 A
running tool ol Bl Gitsdallhg shiiGcdSbh 8 Weifiesd holBfigl B4er  end of
of the plurality of sealing surfaces being spaced between an upper and lower
one of the plurality of support grooves.
78. A method as defined in claim 68, further comprising:
lowering a seal element on a running tool into the well after the
support ring has expanded outward into the selected one of the plurality of
-support grooves; and _
axially moving the seal element relative to the hanger and the
wellhead to set the seal between the hanger and the wellhead.
79. A method as defined in claim 78, 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.

80. A method as defined in claim 68, further comprising: utilizing a
clutch-type running tool to run the tubular into the well and secure the lower
end of the tubular in the well.

81. A method as defined in claim 68,' further comprising:

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

82. A method as defined in claim 68, further comprising:

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

83. A method as defined in claim 82, further comprising:



81. A nethod as defined in claim®68, further conprising: slacking off on a
running string to | ower the support ring into the sel ect@ﬂ%‘ﬁéhg@%t he
plurality of grooves. 82. A nmethod as defined in claim®68, further
conprising: securing a |ower end of the tubular string in the well by a nud
i ner hanger. 83. A nethod as defin in claim82, further conprising: 24
March 2006 25 providing a running tool" having a first set of splines

al | owi ng axi al i

ni pulation with secured. rotati pn hetween a running string
2na"t he t ubut ahTOVERIE o e 40P WRYING i T6Pt SRe0f GplivGs AviNe SR - and

provi di ngmangeaied W sebutll fobstforPBeiiter 40hAfgithg ahtianknabarstal

mani pul ation"and secured rotation between the running string and the hanger
for di scdorsscurenthet lower endiafithe tdiulaniothe wellhamdier after the support ring

has noved i ntp?ro%n ?ngsgl seé:éon%ngetog)f tsBﬁ’néDsl %athiatéﬁn%}cngs%od? OarIIE)\A%gO eV
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.






