ADJUSTABLE HANGER SYSTEM AND METHOD FI ELD OF THE | NVENTI ON 5The pr esent

i nvention relates to an adjustabl e hanger system for connecting a hanger to
a wel |l head. More particularly, the adjustable hanger systemis used for
tensioning a tubul ar extendi ng downward from the hanger and secured at a
l'ower end in the \AADJUSMWEJHERN@ERJSYSEI'EM\/ANDCMETHODVMI ous types
of hanger systens have been devised for tensioning a tubular in a well.

Many prior art adjustable hanger systens include nunerous conponents within
t he wel | head housi ng which are adjusted to achieve tensioning of the

t ubul ar. FELPRFeRHEINMVENPHINdI scl oses a threaded sl eeve 15 which is

| anded inside the well head. The sl eeve interfaces with the hanger by
rotating the hampepresdminvention relatestean adjudtable Pringet spstémilfos12,
5,255,746 and 5,944,111 utilize various arrangenents of an internal | oad

shoul der ae@hr?edﬁﬁggaeﬁaﬁgérfto@\k/émm& ONRAY BAAICRIAE iRy BaRaldsié Ahbst Y- U S

Pat ent 6, 065, 542 di scl oses anot her desi gn wherein adjustnent for

tensi oni ng s?er%cg u?\é@%?"%%%ldﬁr@' @mgféxtteHdﬁg cﬂk/ﬁ\%r&ftrgﬁfthg%dan%'e?%hases

anot her te%¥1n| qu anger ensi o

TG

securec\é\%t a'lower end in the well.
*]59159*

10 BACKGROUND OF THE INVENTION
Various types of hanger systems have been devised for tensioning a
tubular in a well. Many prior art adjustable hanger systems include numerous
components within the wellhead housing which are adjusted to achieve
tensioning of the tubular. U.S. Patent 5,176,218 discloses a threaded sleeve
16 which is landed inside the wellhead. The sleeve interfaces with the hanger by
- rotating the 'hanger_ relative to the sleeve. U.S. Patent 5,671,812, 5,255,746 and
5,944,111 utilize various arrangements of an internal load shoulder and a hanger
with multiple grooves to achieve adjustability.
U.S. Patent 6,065,542 discloses another design wherein adjustment for
20 tensioning is achieved within the hanger. U.S. Patent 8,066,764 discloses
another technique for making adjustments to the hanger to tension the tubular in
the well.
U.S. Patent 7,040,412 discloses an adjustable hanger system wherein a
series of axially spaced groove sets are provided in the wellhead, with the
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U S. Patent 7,040,412 discloses an adjustable hanger system wherein a
series of axially spaced groove sets are provided in the well head, with the
hanger including a support ring and a | ockdown ring each for fitting within
one of the sets of axially spaced grooves. The sealing surface between
groove setbangeninduding asupper ringrant:a lockdoven tieg Idashdor tittingewithimgngiath t he
hanger. Prior art adjustable hanger systens tend to be conplicated, which

in turn 5 fheasststsf guialy spaedd groeasabiThiet yealifges wysdee betieat grss/eUséts
Patent 7,040,412 is reliable since the hanger is connected directly to in

t he well heﬁr%vici}é@eé‘sé‘alga I@,ﬁ{% é'ﬁhé)%%wﬁﬁ sfseﬂlpggmﬁ?ﬁglrﬁ?,g@yt h the hanger

create too much or to tension int anger may be
axially raised gr. | owergd, sg that other vertically spaced, set. of grooves
w1 provide « HenabAY A el o NSRS MRy bRt Wi Whct e
This design i,s particularly jntend for very. deep | J and_fine .

2 st nant g thauesiopble elabi G tthe Susiott Uissosks e s 7 0412 i

di scl osed. The di sadvantages of the prior art are overcone by the
present i niediableosincgntienpaoged isgonseatede diigeibeito i sthenwehieaht hddhear @

herei nafter disclosed. 15
selected set of grooves for connection with the hanger create too much or too

little tension in the string, the hanger may be axially raised or lowered so that
another vertically spaced set of grooves will provide the more appropriate tension
10 desired for the hanger system. This design is particularly inte_nded for very deep
wells, and fine adjustment of the hénger relative to grooves in the wellhead is not
disclosed.
The. disadvantages of the prior art are overcome by the present invention,
an improved adjustable hanger system and method are hereinafter disclosed.
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SUMVARY OF THE | NVENTI ON I n one enbodi nent, an adj ustabl e hanger
systemis connected to a well head such that a tubul ar extendi ng downward
fromthe hanger and secured at a |lower end of the well may be tensioned at
a selected level. The hanger 5 systemincludes a well head housing with a
plurality SUMMARY QFsHAEdNVEIERNOON, with each groove having a profile to
receive a support nenber therein. The support nmenber may be carried in the

well on the hanmebneTbmbwimbﬁ@daﬂﬂ%tﬁbmmenqnbng@s syetedii igl tonseasgatoed and
generally cylindrical sealing surface spaced above the plurality of axially

spaced gr qgufsedPEudF tat™P tHISISHERINY ddwrillart REA] 1l RERGEr A%d WBEIre4he
ﬁ? r‘% Q)%fﬁe hg a }y n%l

wel | head housi ng and the hanger. nger 1s axi e relative to

Sel oot oa ced 181l SR FEmMe Ry irAgy 3L REIor N EE b B EL T gl

connect _the hanger to the well head. Accaording to the nmethod of the
i nvent i &n, SystemMviBriusiesda weltiead heusing with, addurality rf axi@llyrspaced Fro¥e$-al |y
spaced grooves to accept the support menber, and includes a generaIHy
cyl i ndri cawitk ezgdahngranyef bawng papsofilaxioatdcpivebavauppest pramber therein. gribeves.
The support nenber is positioned in the well on the hanger above sel ected
ones of a ghpport iMember gnapvss .caried ihhihehaefeonithel harged sThegwéltheiad t he
wel I, the support menber noves radially outward into the selected 20 ones
of the pl urgldihy iﬁélugéé’%\t‘ﬁéxiatm@l&%t&ﬂ [HRNGERSrafy | AihdrcVeBsiing stRiREENt
spaced above the plurality of axially spaced grooves for sealing engagement with
10 a seal element between the wellhead housing and the hanger. The hanger is
axially movable relative to the plurality of grooves, and the support member is
axially movable into selected ones of a plurality of grooves in the wellhead
housing to axially connect the hanger to the wellhead.
According to the method of the invention, the wellhead housing is
15 provided with a plurality of axially spaced grooves to accept the support member,
and includes a generally cylindrical sealing surface spaced axially above the
plurality of grooves. The support member is positioned in the well on the hanger
above selected ones of a plurality of grooves. When the hanger is lowered
slightly in the well, the support member moves radially outward into the selected

20 ones of the plurality of grooves, thereby preventing axially downward movement

of the hanger with respect to the wellhead. A seal is sealed between the hanger



of the hanger with respect to the well head. A seal is seal ed between the
hanger and a generally cylindrical sealing surface while the support
menber is within selected ones of the plurality of grooves. These
and further features and advantages of the present invention will becone
appar ent famina generlly sMingrichitsaalisg sletane philethevivppeirh mesnkerciscwithis 5
made to the figures in the acconpanying drawi ngs. 10 15 BRI EF DESCRI PTI ON
OF THE DRASMIBEIRd ones offthgwiwalitiAdofagrdovds.are cross-sectional half views of a
wel | head housing, with a hanger connected to the housing at the | ower end

of the axially PRE&EANAr RANBE féftuldie anB! AdiRAtadiaust ik pRéyht iifvdritidwr RillLA
and at the upper end of the 5 axially spaced grooves in the well head

housi ng sh i i i-Qur N et aj | - jonal
Vi ow 1 ol Uareg e At P BAIG oBsE TR SoheR FeBRGs R
'engagengnt vvitq tﬂe i roov.ei in the wel)head housing.

made to t eflgures in the accompanying drawings.
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Figure 3 is a detailed cross-sectional viewillustrating the | ockdown ring
10 out of mating engagenent with the well head grooves, and the | anding or
support ring in mating engagenent with the wellhead grooves. Figure 4
is a cross-sectional viewof ato ortion of the hanger and a seal | ower
sl eeve bet BRYRF DESGRIPHIEN Qnd @EQMMM,S and a portion of mandrel
radially within the hanger. 15Fi gures 5A and 5B are cross-sectional half
views of a runnFigaré®dA drd 1BoaIengrasesextippalr half viegvs of a welthieag eowsing rent
with the grooves in the well head housing. In Figure 5B, the hanger is not
yet engagegimid hahgér BOMSA18d %Ctﬁéqao@m%bﬂ thd Wi efd To"ﬂQhé'%l%f dpfaceagaged
with the housing grfooves. Figure 6A and 6B are cross-sectional half views
of a runni . ' | et e and
t he hangerg'%gkggf%;ﬁén\ﬁéﬁrﬁ%% hl@ﬂ%gé%@g&ﬁ%b i Ftn'gu'i%nf%’ %ﬁ‘% %ﬁg{ée% a%r\égnynﬁgt hi n
t he grogves _ip t he e‘gal | head. n{)usi @'g c!:i1aur.e 6A sho\/\ﬁ:.t he al installation
starting, adaNEPRREEY 8190¥ASR e wellieqd pousinp shgwninFigure 8.5, 6 7 s a
detail ed cross-sectional view showi ng the support ring in mati ng engagenent
with the grooveEiguie 2nis & detaileg, craps-sectioral | \view dodlHdingng suppertsing and a

engagenent wth the grooves in the well head housing. Figure 8
i |l ustrat elckdowntrivg eactk datvof matipgaenpademsntpwith the ignepves ierihegeeliheadwi t h
the grooves in the wel |l head housi ng. Figure 9 illustrates the seal

instal |l ed hetgegn the hanger and the wellhead housing.
Figure 3 is a detailed cross-sectional view illustrating the lockdown ring
10 out of mating engagemént with the wellhead grooves, and the landing or support
ring in mating engagement with the wellhead grooves.
Figure 4 is a cross-sectional view of a top portion of the hanger and a seal
lower sleeve between the wellhead and the hanger, and a portion of mandrel
" radially within the hanger.
15 Figures 5A and 5B are cross-sectional half views of a running tool for
moving the support ring into mating engagement with the grooves in the
| wellhead housing. In Figure 5B, the hanger is not yet engaged with the housing
groove, and in Figure 5B the hénger is engaged with the housing grooves.
Figure 6A and 6B are cross-sectional half views of a running tool for
20 setting the seal to seal between the wellhead and the hanger, and for moving the

lockdown ring into mating engagement within the grooves in the wellhead



10Fi gure 10A and 10B are cross-sectional views of the |ower seal sleeve
setting the |l ockdown ring in Figure 10A engaging the |ower threads on the
housi ng, and the | ockdown ring in Figure 10B engagi ng the upper threads on
t he housing. DETAILED DESCRI PTI ON OF PREFERRED EMBODI MENTS The
hanger sysheusing.sEigusemehews the sealdestaliatier starting, angblriguse6Bishywsutheace
on the interior of the well head housi ng above an axially spaced plurality
of groovessedl itidtalie®! | head housi ng. Regardl ess of the position of the
hanger with respect to the grooves, a seal will seal between the hanger and

the cylindrical Feepding aUaERMBd aROYE sEBfoRYI Uil §hbvﬂﬁg§th@0é’t%orﬁ'ﬂiﬁﬁt ine
~hanger will be axially secured to the well head housing to provide the

desired okl dbBRAHT RS bR SHIRBHARIAL Vi WR) ook SOt s

hanger . emall ows>ror very Tine adjustne

of the 10 hanger relative to,.the wellhead, therepby obtaining fine
adj ust ment 0¥ tq{@qg@ﬁé‘?rgﬁv'&b%ﬁ@@ol’%s ith et‘ﬁ%'ﬂ)‘a@rdb%%%ﬁ’ﬂii ng downward from

t he hanger. For _many applications, the axially spacing of the grooves wll
be one-quarter Figsre o8 ilustsateBebatis dhehlockdowesngagedtthe SHRBOGr BRGen
profile and axi al spacing, the support ring and the | ockdown ring will fit
wi t hi n anyendagdmestavitt thelgmovesds the &elthéad hbusiognt rary to di sclosure with
U.S. Patent 7,040,412, in which the support ring had a different profile
than the | OPkdOF‘@_u'i'é odilustated He S8sNnstaned betwaén tHehandgereid Bepesitdad
groove profile. Figures 1A and 1B disclose a portion of the surface

wel | head aﬁéggﬁ y including a casing head or wellhead housing 10 and a
general |y tubular shaped 20 hanger 12. One shoul d appreciate that Figure 1A

1 ust Elst ©s theF%%rr] oA 33 10B are cross-sectional views of the lower seal sleeve

setting the lockdown ring in Figure 10A engaging the lower threads on the
housing, and the lockdown ring in Figure 10B engaging the upper threads on the

housing.



| ower position within the well head housing, and Figure 1B depicts the sane
hanger in an upper position within the well head housing. The tubular 14
supported on the hanger extends downwardly fromthe hanger, and is
conventionally secured in the well at or near its |lower end. A spacer spool
16 i s showREJMhED RESCRIPREONDF iREF hBREEMBORIMENT S| ural ity of
conventional dogs 17. A series of axially extending grooves 18 are provided
on the inner 5 Fheflargydrrsyishemhdissliosed HereiBoptovides an it elohgate2ealindy a

| ockdown ring 24 di scussed subsequently may be noved into engagenent mﬁth

sel ect ed 09@%@3 ohtAeRhieridl of heivellheay Boudihg ABRIehN axRilyIspaget Hurad
to the well head. Seal 82 may optionally be provided so that the seale

chanber % i ded
for commn?‘f §F°&%§b§f?m%§&%"ﬁéa§8‘°2“ﬁﬁfﬁ"uf%gﬁ‘?% 3 4 SRisKfEM, P Fefla
interio he hou u at es portion_of 1he

wel I head T8thnteshRet (B2t romes: 3 sPdlwilapel Bebledt el Bidect aBY, ik
grooves 18 on the mellhead for rece|V|nP both the support ring 22 and the

| ockdown r Eyiipdrical sealing surfress ageviihe plurality of areeves, rendnenhangar wilbe
supplying pressurized fluid to one or nore circunferentially 15 spaced

pi st ons 28axiatly clecorad: to dbie akvélihead hausingstospromide thd-idgsired 3ehsionniat they
engagenent of the support ring with the grooves on the wellhead housing.

Duri ng r?di@ulﬂ%tﬂﬁ?@uﬁpyﬂg@mtl‘@‘wéiﬂﬁoﬁvméqﬁéngdrng, the lockdown ring 24
remains in its position out of mating engagenent with the grooves 18. Each

of the support ettt JBAKIBHTr Ao AN otf'tﬁé%sﬁpﬂfuai he

iﬂvvalrdtoi]ts 2 ngtu][ ) rel axed positton. ure 4 i stratgs
e U LB AN o T AR SHRBARCH o

applied to the tubular extending downward from the hanger. For many

applications, the axially spacing of the grooves will be one-quarter inch or less.

- Because the grooves have the same groove profile and axial spacing, the

support ring and the lockdown ring will fit within any of the selected grooves,

15 which is contrary to disclosure with U.S. Patent 7,040,412, in which the support

ring had a different profile than the lockdown ring, so that each ring fit within its
corresponding groove profile.

Figures 1A and 1B disclose a portion of the surface wellhead assembly

including a casing head or wellhead housing 10 and a generally tubular shaped

20 hanger 12. One should appreciate that Figure 1A illustrates the hanger in a

lower position within the wellhead housing, and Figure 1B depicts thé same

hanger in an upper position within the wellhead housing. The tubular 14



housing and the radially outward surface on the hanger 12. A portion of the
running tool 40 used to set to the seal may be sealed to the hanger 12 by
one or nmore seals 42, while seal 44 seals between the | ower sleeve 30 and

t he hanger 12. 5Referring now to Figures 5A and 5B, a running tool 50 may
be used t osupRAriask eon hibeshanger extends adewinwasdiywirom theyuhangss i#nd tis run
I n position, wherein the support ring 22 is not yet activated. A ball 52
may be dr opgredntionalbasedigedtindne melli atcorazesrrity loiver ends shiispaagospoal Hid isal |,
whi ch increases pressure in the axially extendi ng passageway 26. Wth the

i ncrease i ghaweohectdd o 89 lwéiheaBYhdGsing Ve dathnavplubality &f sestiveffioaad t he

sleeve. High fluid pressure will then force the pistons as shown in Figures

2 and 3 L 0aBBY 97 "R, SURBOGH i Behasdiob,BU R LR, Sholibak dd thd 5

engage t he ooveés 18 i n the we rohi novenent of the

tubul ar _stri supported on e ha r, as shown i,y Figur ... The support
g 225megiribs B B, e sl 18°, BaEHe, sORedR 68 416 BeRpwe i 2
surface 32 on the hanger (see Figure 7) engaging radially inward surface 34
on the suppiseussadgubsequently duay e meved dpter engagainenbowithwgleried ames) ofy

I nward. Figures 6A and 6B illustrate a running tool 60 for running the seal
assenbl y 6the plupalifcef gemoreal1So therebysecuiing the bargergorthe gvetlhepddiSgal $2
outward. 20 Fluid pressure bel ow the cl osed BOP above the spacer spool 16
may thus nhgy éptRnatlplbebprovited & tisstatherdezded 2hambed m@g betestedn Onerori ts

upper position as shown in Figure 6A to its |ower position as shown in
Figure 6B. if3ge %ﬂ‘(}@nﬂicfhal gate valves 25 are provided for communication between the
10 annulus about the tubular 14 and the interior of the housing 10.

Figure 2 illustrates a portion of the wellhead 10 and the casing hanger 12,
and more ciearly illustrates the grooves 18 on the wellhead for receiving both the
support ring 22 and the lockdown ring 24. A fluid passageway 26 is provided in
the hanger for supplying pressurized fluid to one or more circumferentially

15 spaced pistohs 28, which move radially outward as shown in Figure 3 for mating
engagement of the support ring with the grobves on the wellhead housing.
During radial outward movement of the support ring, the lockdown ring 24
remains in its position out of mating engagement with the grooves 18. Each of
the support ring 22 and the lockdown ring 24 may be biased radially inward to its

20 natural or relaxed position.

Figure 4 illustrates the lower sleeve 30 of the seal assembly discussed

subsequently inserted between the cylindrical sealing surface 20 on the wellhead



Figu}e 9, the seal 62 may be positioned on the running tool 60 for reliably
seal i ng between the housing 10 and the hanger 12. As shown in Figures 7 and
8, the lower sleeve 30 attached to seal 62 noves downward with the seal 62
during the seal setting operation, and becones trapped between the radially
out er sur f heusiag éndihe hediahngeitwardl audacehonr b bangen Ader Aspertias eofedieon
the | ockdown ring 24, thereby forcing the | ockdown sleeve 24 radially

out war d i niuhnimgRee dOnised tohsdt le tiys seslemaybe sealed$o tie hanger 12 by osleoon i n
Figure 8. Figures 10A and 10B illustrate the sleeve 30 in an upper position

to act uat endghe skaEKAPWIhild 58alf £ sEASAEINBeAE MWEr SIBEVEBOUERPHRShARgem
Figure 10A, and in a | ower position in 10 Figure 10B to actuate the

| ockdown ri?g to engage a | ower set of grooves 18. The operati onal
sequence for tension a tubular is described below The riser (or other

tubular) is lowered.in the | on running tool .and is. connected at, its
| ower e)ﬁd to an"SIRTEPGJIOW it‘\é\ﬁ%i%ll{reéoﬁ?ﬁ@ﬂ‘ﬂbg( ﬁoﬁu@H&ﬁBQISEIQr B@US% l‘lsggt@ are
commonly made by pressurizing the riser through the running tool, and the
15 runni ngaetbite tke support éngyvand israleowa iy EigysaSLel thrBuigHason wharging
spool and weight is set down onto the inner riser tieback. The riser is

rot at ed t othehsupparhtringr22 tsonofupet aclivates. ol balt SRymaphe droppedcamdsat Fhe
riser is then pulled to obtain the desired riser tension. Wile holding

t ensi on onydheby irkfeasifg MAG IpréSsute ARRe thBrsalg vHidte intPeskdd {ard@'vspré whiteh

lands in a |ower sleeve in the clutch tool. Pressure is applied through the

drill pi peayfiigBxiBndRty pASsagaWdy 55 SURRY B iRuusRedn prbiite 'Be ball 52 may

10 move down with the seat 44 and the sleeve. High fluid pressure will then force

the pistons as shown in Figures 2 and 3 to move the support ring 22 radially

outward so that its teeth engage the grooves 18 in the wellhead to prohibit

downward movement of the tubular string supported on the hanger, as shown in

Figure 5B. The support ring 22 may be retained in its radially outward position

15 by support surface 32 on the hanger (see Figure 7) engaging radially inward

surface 34 on the support ring 22 to prevent the support ring from moving radially
inward.

Figures 6A and 6B illustrate a running tool 60 for running the seal

assembly 62 in place, and also for moving the backup ring 24 radially outward.

20 Fluid pressure below the closed BOP above the spacer spool 16 may thus move

the tool 60 and the seal ring 62 supported thereon from its upper position as

shown in Figure 6A to its lower position as shown in Figure 6B. As shown in



pressure to comunicate with the radial pistons located in the riser hanger
to drive the support ring radially outward. Wile holding pressure in the
drill pipe, the inner riser is slowy |owered by the support ring until the
ring snaps _into the first set of circunferential grooves |ocated in the
housi ng ankiguree9r theeseal 62dmpy berpasitignagker theetunning ool 60Jer reliablyesealinge
pressure in the drill pipe may be 5 rel eased, and approximately 5000 pounds

set down apetiveencthetlgduding0 diethd hbnget 02) As shbwn indighred T andhg; thef t
whi ch rel eases the clutch tool fromthe inner riser hanger, allow ng the

tool to beolepddtivedrkithéhdd'® seHlfeCoves downnir WiH el Sl 82! dlrirgtheo t he
hanger, the riser hanger seal is nade up to the seal with the installation

. " e | aw , . . | h
| anded on' 247 s5d HRersliBpy, QMR oolé<iraBod Belinath He uiafy BHidh subfte, o7,
the h ith t I i t qol.. .The B I d th
ari 1 popeobiad vl 1 588008 erBK Mt S ias SRty T EcaSK R d Tes
the running tool and the seal assenbly down onto the inner riser hanger.

Pressure |therely fareimouthe lockdewnrdeewe 24 edipltyhautirard|infg peoagemepywé to

15 approxi mately 5000 foot pounds to | ock the netal seal onto the hanger.
An ext er nathet gobvesiin theljcasimgt hargerpas ahoswain Figuré 8. r Eigovesi 16Adard 10B
hydrostatic test performed to verify pressure integrity of the nmetal seal

to the hanggstratadtHehele@dve! 30 ng @?Q@Eer \Poeiiopotiplagtuate the Tbbkddwe Sing fort est ,
the tool may then be picked up and brought back to the surface. 20For the

enbodi ”Enténi{gﬁv@drﬁuﬁb&“é@tsoflgﬁosvfe%ﬁsﬁHPngJre R eNnd fif 8! I%S%r}ﬂo"sﬁio‘ﬁ, jhe

grooves in't ead housin aped support ring menbe Simlarly,
R R e e e A
e o S cps it e 8 s by BF W BoRub oSRFR 78
engagenent with the grooves in the well head housing. These dogs may be
riser (or other tubular) is lowered in the well on a running tool and is connec%gd at
its lower end to an external tieback connector (not shown). Pressure tests are
commonly made by pressurizing the riser through the running tool, and the
15 running tool is then removed.
The hanger passes through the drilling spool and weight is set down onto
the inner riser tieback. The riser is rotated to the right and torqued to
approximately 5000 foot pounds. The riser is then pulled to obtain the desired
riser tension. While holding tension on the riser, a ball is dropped through the
20 drill pipe which lands in a lower sleeve in the clutch tool. Pressure is applied

through the drill pipe which moves the shuttle sleeve downward, allowing

pressure to communicate with the radial pistons located in the riser hanger to

-10 -



5 biased radially inward, or may be noved radially by various types of dog
actuati on mechani sns. Al t hough specific enbodi nents of the invention
have been described herein in sonme detail, this has been done solely for

t he purposes of explaining 10 the various aspects of the invention, and is
not i nt enddive the support meggedjadly siutwaed.i NVile helding pergsuredn the dilk pipei s
which follow Those skilled in the art will understand that the enbodi nent
shown and tthesianebeiser & siz@typlowered dydtheasuppost dhdentisthesting shapsdnto the
alterations and nodifications, including but not limted to those design

alternat virst s8eef dreaidreAliaCyRRtesNBERED inThe REUIRGarid i Redioloptial! | ce
of the invention w thout departing fromits scope. I IS CLAIMED I S: :

1. An adj b r,s negt.in AN o) uch
that a t UBTPDr "ERPBRACH ey diarhy ¢ nhbrErsSs A a7 ink . Be R 8
selected leyel, and fhe hanger system conprising: 5the wel]head including a
ous: nob netersed find 2pprK DRtelt IR ERERE seb AN 1 Ruitbied” R Feng a
profile to receive a support nenber therein, the support nenber carried in
the wel | bglutdhetophisgiben rotated te e gft whichaelrassisitge falteh deoli frrmdbe ignern
axially elongate and generally cylindrical sealing surface spaced axially
above t he rpgentdngey, alfowdng dhé toad pabe dragghiriankds theisugfaaéi ng engagenent of
a seal elenent with the cylindrical sealing surface and the hanger; and
Following installation to the hanger, the riser hanger seal is made up to
the seal with the installation running tool. The tool is lowered into the housing
10 while metal seal has landed on the outside of the hanger. The piston seal is
formed on the ID of the hanger with the seal running tool. The BOP rams are
closed around the drill pipe and the annulus above the hanger is pressurized,
which drives the running tool and the seal assembly down onto the inner riser
hanger. Pressure in the annulus is then released and the drill pipe is torqued to
15 approximately 5000 foot pounds to lock the metal seal onto the hanger. An
external test port adjacent the metal seal may be removed and a hydrostatic test
performed to verify pressure integrity of the metal seal to the hanger and the
drilling spool. Upon completion of the pressure test, the tool may then be picked
up and brought back to the surface.
20 For the embodiments shown in Figures 1-6, the support member received

within the grooves in the wellhead housing is C-shaped support ring member.

Similarly, the lockdown member is another C-shaped ring member. In other

-11 -



t he hanger being axially novable relative to the plurality of grooves, the
hanger supported by the support nmenber which is radially novable into

sel ected ones of the plurality of axially spaced grooves in the well head
housing to 15 interconnect the hanger to the well head. 2. An

adj ust abl eembogdiments oam ors batt bfidak isupEPHi memberianchéne deglsiomst member

| ockdown nenber carried in the well on the hanger and radially nnvable 20

into one omayohevefa chafiguratiehidthiepfthan dimsp C-shaped,uahddor lexanglgemadyo t he
wel | head to prevent axially upward novenment of the hanger relative to the

wel | head. céMBHQétc#lﬁj'i‘ﬁﬁfeﬁt CP @éé?ﬁédr adgd! Wlich"WAE: raxflalfyn i€ &18d alteof

hanger system as defi ned aim 1, wherein the support "nmenber is novable

radially o p n of

pi st ons sugéﬁé%é%“ﬂﬁeﬁﬁeﬁr&&ﬁg fio e WRloae HighoR v el B8R 38 Bt om
as defiped jn .wherein an 1Q exter surface op the e

P event 5t RESE o TR, 9To AOIG MOV SRRV hr VA S, BPERGOE Hr
menber is in the selected ones of the plurality of grooves, the exterior

st op surf agetuabon mechanisms. f rom an unI ocked position to a | ocked p05|t| on.

Although specific embodiments of the invention have been described

herein in some detail, this has been done solely for the purposes of explaining

10 the various aspects of the invention, and is not intended to limit the scope of the
invention as defined in the claims which follow. Those. skilled in the art will
understand that the embodiment shown and described is exemplary, and various
other substitutions, alterations and modifications, including but not limited to
those design alternatives specifically discussed herein, may be made in the

15 practice of the invention without departing from its scope.
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156. An adj ust abl e hanger systemas defined in aim1l, wherein the support

menber is a substantially C shaped nenber. 7. An adjustabl e hanger
systemas defined in Caim1l, wherein the seal elenent is seal ed between
t he hanger and the wel | head housing. 20 8. An adjustabl e hanger

system as VWEHATED GLAIMED #S1, wherein each of the plurality of axially
spaced grooves has a common groove configuration, and each of the

plurality of axiallyAapaijesiabledwarererisysen & conpratieg aftamgenito adyelthead
groove by a conmmon axi al spacing. 9. An adjustabl e hanger system for

connect i ngsgangieh f&@ar"‘@kﬂe‘ﬁ@ﬁﬂ% RloWHward hﬁématﬁéﬂmlngér 9 t8RgloRBddavavar d
fromthe hanger and secured at a lower end in the well is tensioned at a

sel ected | t c t he wel | head
i ncl udi ng géllg%jlﬁgﬂﬁgelhgﬁg ﬂ@ﬂgﬁ '%/%fs‘?% STENG a¢| y spaced gr ooves, each

fi t t nb t th 10 t
0ro0ve DoV 10 oy Eh) e ERELY, 3 EARROR TR ) oy 1 R0EP

grooves, each groove having a profile to receive a support member therein, the
supp.ort member carried in the well by the hanger;
the wellhead housing further including an axially elongate and generally
cylindrical sealing surface spaced axially above the plurality of axially spaced
10 grooves for sealing engagement of a seal element with the cylindrical sealing
surface and the hanger; and
the hanger being axially movable relative to the plurality of grooves, the
hanger supported by the support member which is radially movable into selected
ones of the plurality of axially spaced grooves in the wellhead housing to

15 interconnect the hanger to the wellhead.

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

a lockdown member carried in the well on the hanger and radially movable

20 into one or more of the plurality of grooves for securing the hanger to the

wellhead to prevent axially upward movement of the hanger relative to the

wellhead.
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t he wel | head housing further including an axially elongate and generally
cylindrical sealing surface spaced axially above the plurality of axially
spaced grooves for sealing engagenent of a seal elenment with the
cylindrical sealing surface and the hanger for sealing between the well head
housi ng and the 15 hanger; t he hanger being axially novable relative
to the plurality of grooves, the hanger supporting the support nmenber which
is radially novapl e Antadjasiabis @dngeesystent ae ¢efirraal Int Clai axwherginstbeced
grooves in the well head housing to interconnect the hanger to the well head;
and 20a | oglgdoym niEnbSY istRaddPrhdidllyliRfare! | by the hanger and radially '
novabl e into one or nore of the plurality of grooves for securing the
hanger to the wellhead to prevent axially upward novenent of the hanger

relative to the well head. 10. An adjustabl e hanger system as defined
in daim?9, wherein the support nenber is biased radjially inward. 5
11. An &dj ust abfte haﬁ@e?dlgg inn2008EsYSER B8 ¢¢fined o Bt di whereigther i or

stop surface on the hanger prevents the support nenber fromnoving radially
i nwar d whi seppare nserpper s mavable iradially oubvargl isctespopsesioorne ios rpeig Huidt y of
grooves, the exterior stop surface noving axially froman unl ocked position:
to 10 a | opkegupoeadponsive pistons supported in the well on the hanger.

5. An adjustable hanger system as defined in Claim 1, wherein an

10 exterior stop surface on the hanger pre'vents the support member from moving
radially inward while the support member is in the selected ones of the pl.urality

of grooves, the exterior stop surface moving axially from an unlocked position to

a locked position.

15 6. An adjustable hanger system as defined in Claim 1, wherein the

support member is a substantially C-shaped member.

7. An adjustable hanger system as defined in Claim 1, wherein the
seal element is sealed between the hanger and the wellhead housing.
20
8. An adjustable hanger system as defined in Claim 1, wherein each

of the plurality of axially spaced grooves has a common groove configuration,
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12. An adjustabl e hanger systemas defined in Claim9, wherein each of the
plurality of axially spaced grooves has a common groove configuration, and
each of the plurality of axially spaced grooves is axially spaced from an
15 adj acent groove by a commobn axi al spacing. 13. An adjustable
hanger sysartneashdef thee@luralitgl of axially wpacet rgronues uppaiallynepagad fromevabl e
radially outward in response to one or nore fluid pressure responsive

pi stons suagiaceridgroove by aedbmnwn atial spEvdey.. 20 14. An adjustable
hanger system as defined in Caim9, wherein the | ockdowmn nenber is a
substantially C shaped nmenber. 15. A nethod of adjustably

connecting a hanger to a wellhead with a tubular suspended in a well from

the hanger and gecur I | - JgSt no:
provi di ng the \/\21 I heg‘ %ﬂiuést&%l& %rg@gﬁ t'}?g rlf'o km%y}ﬁr@%s?)%ge g%(r)oves 5
each co f| e ort ne he, wel | head hous ving a
gener al hﬂ'@&lacté‘l “gﬁaﬂ)ﬁ??@éjgg naz%aala‘?(f‘ér‘g?r ay \?‘@CW?LJ'%I %? %ty of
gr ooves; p03|t|on|ng t he support nenber on t he hanger; posi tioni ng
the supporendeimbéne anell Hantgnsianed a6 aeselesied: Ilﬂé/eﬂ\aﬁgér thehdvangss| exated ones

of the plurality of grooves;
comprising:

the wellhead including a housing having a plurality of axially spaced
grooves, each groove having a profile to receive a support member therein the
10 support member carried in the wall by the hanger;
the wellhead housing further including an axially elongate and generally
cylindrical sealing surface spaced axially above the plurality of axially spaced
grooves for sealing engagement of a seal element with the cylindrical sealing
surface and the hanger for sealing between the wellhead housing and the
15 hanger,;
the hanger being axially movable relative to the plurality of grooves, the
hanger supporting the support member which is radially movable into selected
ones of the plurality of axially spaced grooves in the wellhead housing to
interconnect the hanger to the wellhead; and
20 a Iockdowﬁ member carried in t.h'e weil by the hanger and radially movable

into one or more of the plurality of grooves for securing the hanger to the
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10t hereafter raising or |owering the hanger in the well to achieve a

sel ected tension |level in the tubul ar; novi ng the support nenber
radially outward into the selected ones of the plurality of grooves while
the tubular is at the selected tension |level, thereby preventing axially
downwar d nwelheat tonprenenhaxiglly upward gsprarnento of Hbe 1Bangan reialive dadhe
sealing a seal with the generally cylindrical sealing surface while the
support newbhiieads Wi thin the selected ones of the plurality of grooves. 16.
A method as defined Caim15, further conprising: 20increasing fluid

pressure to a rymni nAntKYlstaBleR¥RgéMSysteRPastdéTRidein CilliAb! wheéinethe i nto
the selective ones of thé plurality of grooves. 17.A nethod as defined

Cl ai m 15, o f i : : a plurality of pistons supported
on the hané@%oiﬁ’&ql‘%r%B!%éﬁwﬁgfaggtﬁﬁvgg@me responsi ve pi stons nove the
support5rrenber radially outward. -
11.  An adjustable hanger system as defined in Claim 9, wherein an
exterior stop surface on the hanger prevents the support member from moving
radially inward while the support member is in the selected ones of the plurality

of grooves, the exterior stop surface moving axially from an unlocked position to

10 alocked position.

12.  An adjustable hanger system as defined in Claim 9, wherein each
of the plurality of axially spaced grooves has a common groove configuration,
and each of the plurality of axially spaced grooves is axially spaced from an

15 adjacent groove by a common axial spacing.

13.  An adjustable hanger system as defined in Claim 9, wherein the
support member is movable radially outward in response to one or more fiuid
pressure responsive pistons supported in the well on the hanger.

20
14; An adjustable hanger system as defined in Claim 9, wherein the

lockdown member is a substantially C-shaped member.
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518. A net hod as defined Caim 15, further conprising: positioning a

| ockdown nenber on the hanger, the | ockdown nenber engagi ng one or nore of
the plurality of grooves to prevent upward novenent of the hanger with
respect to the wellhead housing. 1019. A nethod as defined O aim 15, further
conpri si ng: 15. | ofemithpd bk adjustably enpnecting a hangeritg a wallhead ovitha el |
after the support nenber has expanded outward into the selected one of a

plurality wbuuspendedhvasweldm the hanger axd sktyredoat itegylowes ewhini thg
el enent to seal between the hanger and the 15 well head. 20. A nethod as

defined O @b ke St GGd sing: providing the support nmenmber with a
generally C shapengl confi gl]Jrat I'on. 20

providing the wellhead housing with a plurality of axially spaced grooves
5 each configured to accept a support member, the wellhead housing having a
generally cylindrical sealing surface spaced axially above the plurality of grooves;
positioning the support member on the hanger;
positioning the support member and hanger in the well on the hanger
above selected ones of the plurality of grooves;
10 thereafter raising or lowering the hanger in the well to achieve a selected
tension level in the tubular;
moving the support member radially outward into the selected ones of the
plurality of grooves while the tubular is at the selected tension level, thereby
preventing axially downward movement in the hanger with respect to the
15 wellhead; and
sealing a seal with the generally cylindrical sealing surface while the

support member is within the selected ones of the plurality of grooves.
16. A method as defined Claim 15, further comprising:

20 increasing fluid pressure to a running tool to move the support member

radially outward into the selective ones of the plurality of grooves.
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15

20

17. A method as defined Claim 15, wherein fluid pressure acts on a

plurality of pistons supported on the hanger, such that the fluid pressure

~ responsive pistons move the support member radially outward.

18. A method as defined Claim 15, further comprising:
positioning a lockdown member on the hanger, the lockdown member
engaging one or more of the plurality of groove's to prevent upward movement of

the hanger with respect to the wellhead housing.

19. A method as defined Claim 15, further comprising:

lowering the seal element on a running tool into the well after the support
member has expanded outward into the selected one of a plurality of support
grooves; and

axially moving the sealing element to seal between the hanger and the

‘wellhead.

20. A method as defined Claim 15, further comprising:

providing the support member with a generally C-shaped configuration.
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