;e3e" WTFf 86nT; F; 1 4 JAN 2003 *@00002* ADJUSTABLE CASI NG HANGER W TH
CONTRACTI BLE LOAD SHOULDER AND METAL SEALI NG RATCH LATCH ADJUSTMENT. g#@ 003
*Thi s 'Emmm\wmwwt es to an adjustable casing hanger for use in of} M
oi | ion. There is sonetines a need to make up a renovabl e
fl ow conneciiwom* bet ween a platform or other well head system conponent and a
subsea wel | head or nudline casing suspension system The follow ng

description ref YFusF ﬁﬁfﬂté W@dﬁﬁtﬂ ﬁﬂ(ﬂ{ﬂ] wel | head
o e DR S e ™

and may be uS
suspensi on system or a pI at f orm nount ed wel | head corrponent to a subsea

wel | head conponehbis Mentianglagssinae edivptabls srsire hanespie picein evihesed

ti eback casing string. As neither the spacing between the nudline

suspensi on sy sthéngandrddaetiqrl. alThae msvehichierd nareet he nekgth aofentdvablrssenbl ed
ti eback casing is known with great accuracy, there is a requirenent for

axi al | engt floRdictisicoBed bétivebhea Fl'aﬁWn@@F‘ defef wRMNheddUdysRAT capatenBslidust nent
al so permts application and rel ease of tieback string pre-tensioning

strain. Ad) URhaPheIREs] SOnIBRACGRYShETRLAR Sysepk Y, ystmtghﬁwwnposes

but suffer m vari ous nown a justa e ‘casing
hanger desi t he axi.al ust nent .to give re ionin ral n nust
o added to TS mepoua 48 hen EOTRgIPT & t%ple&@zsfﬁm B ol

bet ween the rel axed | ength of the casing string and the di stance bet ween

t he connect PUSREFMEsESteR, i the Havention 1§ ef %%ta@ﬁh%bdhtpnaaﬁiﬂmwemq head.
These cunul ative adjustnments nmean that the total axial novenent at the
hanger duri fig dxasipll loatdnpactcasutisea mﬁhéadetnaabtrmdliﬁmrmsmsiomosylsteheamet t he
tieback string it is necessary to relieve the tensile i~re~e~~' 2" from

bel ow t he agjausirabh@ntAngéihead Befipdrent BNOEEREa vBRhaad]cumipoRai:. Mechani sm
then to break out the lower tieback string to nudline suspension system

connectj on and f irgal hyupbhndlien ! iseaRk ﬁtltgxpe PR BRAUAAGEI Ofasfier at | ons

is time-consum ng and reqU| res conplex and 5|ve runni ng to In a
first aspect,. the |nv I QVi es an able casi.n i ch
t hese di sad@%ﬁgagé‘g nli?lF 85‘?‘&% 8tPN68T| 1&16 f‘t?@e‘hsé?tg@?%lé‘g ng ng a
first tubular conpon havi ng an_en connect on attachable to th er
e:’tdsof g N patformrrpwell?tead norVItheglength o? the asscmblclad chack casing &s known “%hUpp

"b

great accuracy, there is a requirement for axial length adjustment in the flow
connection., Further axial adjustment also permits application and release of
tiecback string pre-tensioning strain.  Adjustable casing hanger systems are
known for these purposes, but suffer from various drawbacks.

Firstly, in known adjustable casing hanger designs, the axial adjustment to
give the pre-tensioning strain must be added to the axial adjustment required to
accommodate any mismatch between the relaxed length of the casing string and
the distance between the connection points at the subsea hanger system and
platform wellhead. = These cumulative adjustments mean that the total axial
movement at the hanger during installation can be considerable.

Further, to release the tieback string it is necessary to relieve the tensile

AHVAVAAAY
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casing string in use; a second tubular conponent securable to the first
conponent, the relative axial position inwhich the first conponent if
Secured to the second conponent being adjustable to vary the vertica JAN 2003
position at which the casing string is supported; and a | oad shoul der
radi al | y novabl e between an expanded position in which in use it supports
the second conponent on a co 14 JAN 2003 operating | anding surface and a
contracted position in which it allows passage of the shoul der past the

| andi ng sur fage. pdHEN thd adjastSiSs haRskr! e b he tﬁenqh@%h‘u%gen@gne%wiaﬁ,
attached to such a hanger, It 1s not necessary to dls%ur t he adj ust nent of
the first c onen rglatévg @o th?.gegong‘ Iqsteagrthe | oad shougder can
be contract &% of h’%fg aB‘é 6 SR e "PRHE A Sur'? R ‘E%ﬁ‘ésPafésﬂ%{b|%Vs et
sinplifying the retrieval procedure and retrieval tool required., .

Fur t her nor e SORMFSHOR apd Alally Bal | then tishark fingrs, TACHRMNEFAY Qeeions is

m smat ches between the tieback string I ength and the spacing of its
connect i on psieacestming pnd mquie eosipadN srdeapgeie rasping toakecessary, the | oad
shoul der can be contracted and run past the |landing surface for connection
of the tieback stfianfirsi sspest, tiednesneioh Peovidedlannadjnsaplercasiyg hemger twiecH | eback
tensi oning pull then 3~ being used to bring the | oad shoul der above the

| andi ng sur ipge (ﬁmwshtagéaearh%ﬁig%@uquﬂeerun]ginftﬁuéb@% pgtngép@d?ﬁ‘;%’sh?g‘g fignded on

t he | andi ng surface by axial adjustnment o and second conponents.

Once adj ust the first, and.second co ents. c be l,ocked together to
i nt -t nao b Soroprth, AR o e RN, BuaSBihue o, MGty G e <
necessary on the one hand to accom]gate casing string_ |l en th/conlpecti on
poi nt spaci (85A8 SHABAMEL arfd HROMhetuSilEr CHBRNHE e StWFONIhgthst (s are
not cumul ative. A second drawback of many prior adjustable casing hangers
is that theyompkecd, dhealrelgliteraxidl ositismm whishi thg fistisimppnant ais| searédn above
the | andi ng surface which varies dependi ng upon their state of adjustnent.

This | eads tte thargeondexqagedleste delngrdfustabioe s anhihe vefcal phsitidncatlvihito
machi ne and prone to damage. These problens are overcone in sone prior

desi gns whi Ghe EddelgitBngisf dubPértddyDinldar 10RINGRSu1 &R TRAREN Inolv 518 ¢iv@h Yad ecei ved
wi thin a second tubul ar hanger conponent to provide axial adjustability,

the first C%%%@tpolgﬁi\éh e Bhich in use it supports the second component on a co-

operating landing surface and a contracted position in which it allows passage of
the shoulder past the landing surface.

When it is desired to pull a tieback casing string attached to such a
hanger, it is not necessary to disturb the adjustment of the first component relative
to the second. Instead the load shoulder can be contracted for passage past the
landing surface, considerably simplifying the retrieval procedure and retrieval tool
required.

Furthermore, such a hanger can, in some forms, accommodate
greater mismatches between the tieback string length and the spacing of its
connection points than prior adjustable hangers as, if necessary, the load shoulder
can be contracted and run past the landing surface for connection of the tieback

string lower end and the mudline hanger system, the tieback tensioning pull then



"l ower end connection for the tieback string, the second conponent having a
support shoul der for co-operation w tth a3hanger |anding surface, a s 2I N.2003
-bei ng provi ded between the second conponent and a surroundi ng housing a% g
fixed location, and a further seal being provided between the first and
second conponents. However, as there is both relative rotation and axi al

di spl acenent between the first and second conponents, only el astoneric

seal s can *B@ing%?s@d Q@tb%@g{kghhg@esd?hmer | febvENRe ﬁ@rsatn?n ﬁgfaleﬁagam,r gRSgses and

chem cal environnments anger can wt second aspect,

t he inventipn.,proyi des an adj ust abl al -to;petal. 14 J 2003 seal i ng
casi ng handﬁ?‘ﬂ@%{ Psisoﬁalga P%({c%tad‘gullggae c8ﬂ‘§8?1e dW§viSH a%h &x1a?4.
connection attachable tq a casing string, a second tubul ar cgonponent

secur abl e wdiugteent jof dhe figst andsesoidi OMDIBEMS 1 t | ARFerfivtdnethe St gRdr el ati ve
axi al positions of the first and second conponents, a |oad shoul der awanged
in use to sequpdraontposenteceand beolgebed tigether ¢ owirdparthe desired dretiackgprsur f ace in
a sun~oundi ng housing and a sealing surface for the second conponent for
form ng a se@rlonM tThishehdioushpe, adfvetn@ints thedaiyusinmahé oRehRaidsmieonpri ses
a ratchet latch nmechanismand a netal -to-netal seal is provided between the

first and sg ,o&eﬁgp&@ﬁ\%t &m%@&;tﬁﬁ@dnn@aw{egema 2888 AR SERROREbn and t he

surroundi ng housi ng may be na a axed | ocation, elimnating the need

for |arge al..surfaces. The.second conponent y be axially adjusted
ol atve't e pBH iAot SPAE BRI  ne tee of a
netal -to-netal seal be en the first and second conponents. As adj ustnent
of the hanger irﬁo‘ff’&%’é‘l\S@PW?Fka)?fa‘Pa%\@%nﬁ‘%Wt? 6UEIBANHEHE FofMtot at | on,
t he hanger running tool and installation/retrieval procedures are

si npl i fi ed.thesumeker spalefrethr i sereimdingahausing atladloertivarabere thel landisg An
illustrative enbodi nent of the invention is described below wth reference
to the drawurfgse whichhivaties ddpgndiitg i $poa ltleangsthtedifradjustiadnt. SEhiki Radoftoan

adj ust abl e casi ng hanger and tensioning tool, showing a contractible | oad

shoul der expapded bl AR k@R whitk! hizeatkroMpdionBadid A% prdnBao
| eft-hand half of the figure show ng the hanger in a relaxed Sstate and the

right hand cﬂ%lafgepf Thélg &6@%@ a2 QW And n\esomgp?{or aﬁlé.s@lts 8nfeR include a

first tubular hanger component threadingly received within a second tubular
hanger component to provide axial adjustability, the first component having a
lower end connection for the tieback string, the second component having a
support shoulder for co-operation with a hanger landing surface, a seal being
provided between the second component and a surrounding housing at a fixed
location, and a further seal being provided between the first and second
components. However, as there is both relative rotation and axial displacement
between the first and second components, only elastomeric seals can be used
between them, limiting the temperatures, pressures and chemical
environments which the hanger can withstand.

In a second aspect, the invention provides an adjustable metal-to-metal

sealing casing hanger comprising a first tubular component having an end



"pre-tension a tieback casing string; Fig. 2 is a section corresponding to
Fig. 1 show ng the expanded | oad 1 4 JAN42003 shoul der in nore detaiql‘MquM
-Fig. 3 is a section corresponding to Fig. 1 showing the netal -to-netal sea
element in nore detail; Fig. 4 is a section corresponding to Fig. | show ng
the ratchet latch mechanismin nore detail; Fig, s is a section
corresponding to Fig. 1 showing details of the tensioning tool's |atch
mechani sm Fj B i ngi . nal Cl i i d rel ease
Fool - and 1 ranfeiBnaSachabROR S KEIAP srBErhiond ABULP BofoaRRF,RURBIEIRS (P Phe
wel | head | apdi.ng surface; .and Fig, 7 j.s a section corresponding to.Fig. 6
showi ng ¢ hdhe GRY r Bes apchiniem raRiteradiR R d@@awfatwmé%@frn%@%O&i g.g l
t he adj ustabl e casi ng hanger conprises a first conmponent 10 having a | ower
connect i on thie figst aand seccnld ewaionents,pre hdadnshohidenarranged i keswy) suppertabainect i on
to a tieback casing string (not shown). First conponent 10 is adjustably
connect ed tsecandpmiripohentain Acs epitthec tidpesnifabyinda sicthéing hatshg ard hani sm
14. Toget her the component 10 and part 12 conprise an adjustnment sub having

a nmetal -t o-"ghRhg APARE ?or%ﬁ@'sed%h@%ﬂlbo%ém f6r 18R £ANGitd She Rodshiyl | 1 ent
seal spacer ring 20 and a backup nut 22 (Figs. | 'and 3). The second

conponent f r QL id . r 2 0 tg.the part
12 by met al‘y}getégﬁﬁitplgg ré%%ﬁﬁ]mt%ﬁ}?aggsh]s c%% a‘ﬁ%aﬂg\gfﬁh%t gartl&ll %gir%zrl{g?msaggl Qpr gfi |l e
and | eft-hand fCNE tpre d. 27 t%{ seal ed, cqonnecti on 40 a |l anding string 29.
Mandrel 24 TRefpi-fosmetal s is REQVIdRdDWer B G 4-T SSCANY FERWERSof a split ring

28 which in the preferred enbodi nent is spring biased towards the 14 JAN
2003 radial |y inhRer, sednt baotest dsndieconsh. compraenteniodii nbatsyrranedipgssi bl e,
| whien hcgusing may be made at a fixed location, eliminating the need for large seal
surfaces. The second component may be axially adjusted relative to the first
without rotation, allowing the use of a metal-to-metal seal between the first and
second components.  As adjustment of the hanger involves purely axial
movement without the need for rotation, the hanger rtunning tool and
installation/retrieval procedures are simplified.

Further preferred features are in the dependent claims. An illustrative
embodiment of the invention is described below with reference to the drawings in
which:-

Fig. 1 is a longitudinal half-section of an adjustable casing hanger and
tensioning tool, showing a contractible load shoulder expanded for reception on a
wellhead landing surface, the left-hand half of the figure showing the hanger in a
relaxed state and the right hand half of the figure showing the hanger adjusted to
pre-tension a tieback casing string;

Fig. 2 is a section corresponding to Fig. 1 showing the expanded load

shoulder in more detail;



t.he load shoulder ring 28 is biased outwardly, permtting use of an
alternative installation procedure, advantageous in certain circunstances
described bel ow. Externally the mandrel 24 has a netal seal packoff pt&fJANG0
30 at its upper end and a md-portion 32 providing twin steps 34, 36 on

whi ch the | oad shoulder ring 28 is carried, as best seen in Figs. 2 and 7.
The upper step 36 has a |larger dianmeter than the | ower step 34 and supports
the |l oad shoulder ring 28 in its expanded condition (Fig. 2), whereas the

| over step suppoFfgs3tifig sédtidd cBftesgontiing t6 PN Nadhio®ing AR detalRo-tfekdd seal) -  Hang
| oads are transmtted fromthe mandrell 24 to the ring 28 by a 45 degree

| oad surfac . tep 36 which co-operates with a correspondi ngly
i nclined up%eerzﬁltggé%ggr%%tgﬁe 39 on ring 28. When expanded, a 45 degree

| andi ng shoul der __of the ring 28 cones . to rest qn .a l.anding surface 32
provided in a sufBodhif ﬁgsewgfm REHEPRBLSE 1Y 6. ?Tﬂwv&gt rREhe g 1 1
expanded condition to the mandrel 24 by shear pins 44 during installation
of the hang@echapisphintmererdetrd); 28 contracted so as to reside in step 34 (Fig.
7) the | andi ng shoul der can nove past the well head | andi ng surface 38,
allow ng full paBgagé df at keeti@nrgaesgohdiogab tHig. wel shesidg deudisasl thet ment
sub formed by the conponent 10 and part 12 includes a ratchet |atch

mechani sm CQHﬁBﬁﬁ%m&lgxétg{ﬂ@Lhﬁ[ﬁp’ves 46 on an upper section 48 of
conponent 10 which is telescopingly received within part 12. The grooves 46

may be, for exa”?l ?6i9ag&¥iégﬁ1§91 Dugibg mlgggg@ﬁ sfh%{ﬁ\e{ AE VAN og‘aﬂ'&’mward'y

directed square ce an pl ng upper A'split ratchet ring 50

housed in i nterpnal recess is sprin i,ased . .into,en e t wth the
O boves 46 Prigdt Sl e dSEF Homblep cButtedgnd 1AVGRd e JORBERG g on ¢ he
ratchet ring 50 is 14 JAN TO03 such that an upward pull on conmponent 10
will camt h"élfchﬁ;ga@@) outwardl vy, al | owi ng conponent 10 to ratchet upwardly
relative to part 12, the ring SO latching into the grooves 46 to | ock
conponent 10 agaFipst7 doawsewiod cvonespomding nFig: Cothawiinn theymnbdcted ddadude
inwardly fromthe |ower end of part 12 to be received in |ongitudinal
grooves 56 gHpuldee iredloed d«sil.of the conponent 10 upper section 48. As shown
on the left-hand side of Fig. 1 the conponent 10 and part 12 are held

Fatohet 1 atch meskar T 35 Shodn Bh FHERET O A g g O Mo
LN TR AT R R e A R R
thread, not shown) for connection to a tiet;ack casing string (not shown). First
component 10 is adjustably connected to a part 12 of a second component by a
ratchet latch mechanism 14. Together the component 10 and part 12 comprise an
adjustment sub having a metal-to-metal dynamic seal element 16, a bearing ring
18, aresilient seal spacer ring 20 and a backup nut 22 (Figs. 1 and 3).
The second component further comprises a solid body mandrel 24
connected to the part 12 by metal sealing premium threads 26 and having an
internal seal profile and left-hand ACME thread 27 for sealed connection to a
landing string 29. Mandrel 24 carries a contractible load shoulder in the form of

a split ring 28 which in the preferred embodiment is spring biased towards the

radially inner, contracted condition. Other embodiments are possible, in which



"resilient seal spacer 20, and is threaded at 62 to receive the backup nut

22. The conponent 10 has an internal |atgh profile 63 which is engagegd, hyy 003
.pre-tension tool 64 during hanger installation/retrieval. The pre-tension
tool 64 is used to apply tension to the tieback string after its | ower end
has been connected to the nudline suspension system The tool 64 is
therefore nun above a subsea tieback tool (not shown) and has the facility

to drift thro he L.ust,abl e.casi ng hanger duyring t make- up..sequence
of the tie@gﬁﬁggf%P%@%ﬁth?ﬁésgﬁgféﬁ?ggﬂagygF%W#Hgﬂ%ﬁé?ﬁgh.aﬁﬁgg%‘%-tension
tool 64 is of solid body construction and is run using top and bottomdril
pi pe conneé@ﬁt@mloecnrO%Klreesa&ééwmuy. inpeerigRgusumstappeg slescribgd felgw; ¢
conprises hydraulic passageways 70 termnating in circunferentially spaced
cavities 72 for fdernaly the ngasdrph @4t hdsodymatdl hsehld pactff yeofde 1thet itower end
of the body 78 of the pre-tension tool by a nut 76. The cavities 72 house

pi st ons 80 yhpasehdondes medpsrtiaft 3®rbxﬁﬁdirgVM1d|sYep@i 34,586 ofiBlith feNBadB2 to
eject it froma circunferential recess 84 in the ring support ~ 4 JAN 2003

body 74 anqr\&ﬂhé’r ﬁggagerirse&tn'ié’g,tﬂ ﬂe@tesegr?hfg'iégr%%'jdl’ﬁ q{ﬁie @P%g égﬁ@ghgyl | on

the 8 tool 64t causes a backup sur of the pport body 74

to nove behi,nd the ring, 82,whose | o edge ¢ s.tq rest,againsg.an
upwardly 1 Adriest gt deaand S b et TrpGRyBe e IR B L 0ot 6a
is locked to the first hanger conponent 10 for application of upward force,
even aft er iseppanded sondiign AFiig.c 2h rdessss dhe losr stRR Serperteithssting 28 Befterring to
Fig. 6, there is shown a | oad shoul der release tool 90 fitted between the
end of the conmalitedycanditiong (Big. dnd Hére loadsdare tragsmigted t fnemhthegeandsed c2hd
conponent. The rel ease tool 90 includes an outer annular piston 92 actuated

by hydraul ite thy 528 By appldeg@de lendaarfded 35 09dppefhaepidst ohich2csopgiteses a
dependi ng skirt 96 engageabl e behind the outer rimof the | oad shoul der

ring 28 to it at N@rEBRAIRIgl MAMEd "UBBI TAdSEuifaBP 3394 &1t by e twhbhe | oad
shoul der ri nlg 2§, sheari ng gtyzhe pli ns dgg and si rrSI taﬁeguslr\% | evering the | oad

18 dovmet B B APPSR o AR s >
Panger - ar o SUfTacTS piovElR 1 6 AgT I EeHe e boana e The g S iedh 1o o
its expanded condition to the mandrel 24 by shear pins 44 during installation of
the hanger. With the ring 28 contracted so as to reside in step 34 (Fig. 7) the
landing shoulder can move past the wellhead landing surface 38, allowing full
passage of the hanger through the wellhead.
The adjustment sub formed by the component 10 and part 12 includes a
ratchet latch mechanism comprising external grooves 46 on an upper section 48
of component 10 which is telescopingly received within part 12. The grooves 46
may be, for example, a modified buttress thread form, having a downwardly
directed square face and a sloping upper face. A split ratchet ring 50 housed in
an internal recess 52 is spring biased into engagement with the grooves 46.
The profile of the grooves 46 and of corresponding teeth on the ratchet ring 50 is

such that an upward pull on component 10 will cam the ring 50 outwardly,



hanger | oad shoul der remai ns above the well head | anding surface 38 during
make up of the subsea connection. 1) Run tieback casing string, suspe in
rig floor slips and nake up | ast joint tg adj ust abl e casi ng hanger. §4Nﬁ%bwm
up landing string 29 to hanger. 3) Renove slips, run hanger in hole, and

stab tieback casing string |ower 14 JAN ?0~3 end into nudline suspension
system connection. Pull back a short distance and ~9 suspend | andi ng

string 29 in rig floor slips. 1 4 JAN 2003 4) Make up subsea tieback tool

to drill string, run in hole to required depth and suspend in split slips

at the rig dllovong Makpongpt plle- toemagihen wpocirdl§aretative op peft I ithd risgr iSAg,

renmove split slips and run drill string in hole. 5) Engage subsea tieback
tool in nudhichfgSHEP &S bRdvEYAS RTbdlcdthitdem &f 'aFﬁnstT&dV@w&dr@hﬁﬁKméﬁt“ ng

wei ght on drill plpe Rennve rlg fl oor casing slips, lower tieback string

onto nmudline P ORI Ao iy P&nﬁ@"fﬁwé{-ﬁgfﬁpﬁiﬁﬂe CIBG/@P&% Q)X;)arq)n sengage

subsea ti eback too app e puI I strin the rill

string is rjisin ssu e throu

hydr adl i cal *reyreg%ssfﬁﬁp [%gafg%mtgw? 21, hep%mt%%? t %cmqneeﬁ%ﬁamrat ch it
into profile 63 of the hanger flrst conponent Conti nue overpull to
mechani cal | §eligie k81 hésshewk ondhoiefi-band wle %Fltghé th@ﬁ@@ponqnf 4P 2péPbinent 10
and apply required pre-tension to tieback casing string. 9) Apply axial

| oad to thel2ap bifldtthgethembeshaanpids &8, RHich vira Hrakds toperaninadjugmpntafsure) to
shear pins 58 and allow the mandrel 24 and | anding string 29 to ratchet

down until fhbeatteadatslnaieblidiisni hhodB bRbdTight-hbhesidebf higad. | andi ng surface
3 8. 10) Release drill string overpull to transfer tieback casing

pre-tension to wepl {kﬁﬁ‘émefﬂ%!e?geng%i feCu g@%spfe&mﬁedse%gg Apbient Sid hA0

pressure, |ower dr| str |senga ring om hanger profile

63. 12) Ret 4 ' g)ytgmg{ recesssv;[/hrléh gacgonrgmlogﬂ nge Sea eTc%xen? 16, bearing ring 18 and

resilient seal spacer 20, and is threaded at 62 to receive the backup nut 22.

The component 10 has an internal latch profile 63 which is engaged by
a pre-tension tool 64 during hanger installation/retrieval. The pre-tension tool
64 is used to apply tension to the tieback string after its lower end has been
connected to the mudline suspension system. The tool 64 is therefore run above a
subsea tieback tool (not shown) and has the facility to drift through the adjustable
casing hanger during the make-up sequence of the tieback string/mudline
suspension system connection. The pre-tension tool 64 is of solid body
construction and is run using top and bottom drill pipe connections 66, 68
respectively. As shown in Figs. 1 and 5 it comprises hydraulic passageways
70 terminating in circumferentially spaced cavities 72 formed in a ring support
body 74 held captive on the lower end of the body 78 of the pre-tension tool by
anut 76. The cavities 72 house pistons 80 whose outer ends act on an inwardly
biassed split ring 82 to eject it from a circumferential recess 84 in the ring support

body 74 and into engagement with the latch profile 63. An upward pull on the



"10 Hander Retrieval Procedure a) Make up | oad shoul der release tool 90 to

running string 29, run in hole and attacls to mandrel 24 of adjustableqy JAN 2003

-hanger. b) Make up subsea tieback tool to drill string, run in hole to

requi red depth and suspend in split slips at the rig floor. Make up
pre-tension tool 64 to top of drill string, renove split slips and run
drill string in hole. c) Apply a nom nal pressure through the drill pipe to

hydr aul | oal byt EXAAACLGE 2 BlibpThifdds olr REEHHENSiARLtR0L AP {aatch it

into profile 6 anger tirst conponent overpull to

mechani cal | t he e- tens on t 64 to the hanger firs onent 10
and Tife w%hrrtsﬁﬁ*esw& RhSHHoR? nisvss B8 FFes (h LSRR e R P aTY BRI | nead

| andi ng surface 38. e) Activate hydraulic piston 92 on_ the shoul der rel ease
tool 90 to shenidendd onibe |sypppribedy Her In thisgvasthpyod 4 ds laskediththefirsing
forcing the ring 28 into the lower step 34. f) Slack off tieback string

pr e-t ensi orhanged cwerponentdi( fdr applicagon g)f Rplvasds forck,i bvenstafengelgsesdur e,

|l ower drill string to disengage split ring 82 from hanger profile 63. h)
Engage subsgairhilRbpeksur®Gtonh Mhebigiiicdgasuspensi on system | andi ng profile.
Take tieback string weight on drill pipe. Break-out subsea connection. i)

Piick up, Lisback Rasif % 7ipds 3k SHRGAC, | Bad! bR rddele 14oP08 FPiSenaage

subsea tieback tool trleve rill strin |'oad shoul der

ot at  emretle shaShRdat e %f@b%?cwnigﬁ wamﬁ?l‘]%g tﬁﬁﬁ%%'#ﬁ&%@&? el

set to maxi mum | engt _} hanger are "too short"” | ess than the required
pre- t ensi orfomPBeRta; nlhearsleare ohe |1ﬂﬁéuqeﬁ§t1@PFeétaF@Haprlé*@é(?@r actpated §¥si bl e,
in which steps 2), 3), 8), 9) and 12)

hydraulic pressure applied to conduits 94, The piston 92 comprises a depending

skirt 96 engageable behind the outer rim of the load shoulder ring 28 to lift the
mandrel 24 and running string 29 relative to the load shoulder ring 28, shearing
the pins 44 and simultaneously levering the load ring downwardly past the

landing surface 38, out of the step 36 to contract into the step 34.

Hanger Installation Procedure

The following procedure applies in the usual case where the tieback
casing string and unadjusted hanger are of sufficient length to ensure that the
hanger load shoulder remains above the wellhead landing surface 38 during make
up of the subsea connection.

1) Run tieback casing string, suspend in rig floor slips and make up last
joint to adjustable casing hanger.

2) Make up landing string 29 to hanger.

3) Remove slips, run hanger in hole, and stab tieback casing string lower

end into mudline suspension system connection. Pull back a short distance and



above are replaced as below. To enable use of this procedure, the |oad
shoul der ring 28 nust be capabl e of being biassed outwardly fromthe | owe
step 34 onto the upper step 36, rather than being inwardly blassed1d%J4&2W3
preferred in the installation procedure described above. 2') Make up | oad
shoul der rel ease tool 90 to hanger and running string 29 to rel ease tool
90. 3') Renove slips, run hanger in hole to |land | oad shoul der 28 on

wel | head | andi n u out..a short distance and suspend runni ng
string in SFquﬂgﬁ &PévaggpI"A§§p559%p%ydraul|c pi ston 92 on the shoul der
rel ease tool 90 to contract the | oad shoul der ring 28 by shearing pins 44
and forcing thedk Makea® subses tighack sndito drillptrg, reeitohele 40 remrired dgpdt ab

ti eback casing string lower end into nudline suspension system connecti on,

wth | oad sheditdpend insgliP8ipsavihegrigdlebvr.l aMdkampsrefasinndBol Fulol top i eback
casi ng back a short distance and suspend | anding string 29 in rig floor

slips. 8') GANGirieereicRplit slip§ afeamadHICatihy i 1K the pre-tension tool 64
to the hanger first conponent 10, raising piston 92, brlnglng t he | oad

shoul der ring | v@ ﬁ%\%& Quﬂ%o tlxé?ﬂgll r}gols%f 1&861@%?"8%1{ o | Han tdpngexpand

and seat on tha ce nt1 nue over pu requ pre t%ensi on
to tieback casi ng axi,al, l.oad o the._.t of t he hanger
mandrel 24 PO eé[t%‘}‘f) Ak grtga el s ERU migtnar ki aﬁgﬂ%ﬁww ring 20
to ratchet down into contact 12 wiith the | oad shoulder ring 28, 1 4 JAN
2003 12') RIYSrevHeback| sirigg ronigy mpdling snpgnHer yseensad t@@ke-gn #baea unni ng
string 29. 1 4 JAN Z003 I3 dains 1. An adjustabl e casing hanger
conpri si ng: canrfectimt. t ubul ar conmponent havi ng an end connection attachable
to the upper end of a casing string in use; a second tubul ar conponent
securabl e to thg) Dik&igagd WAL Nebadk¥@0l and apply overpull to drill string.
7) As the drill string is rising, apply a nominal pressure through the drill
pipe to hydraulically expand the split ring 82 of pre-tension tool 64 and latch it into
profile 63 of the hanger first component 10.
8) Continue overpull to mechanically lock the pre-tension tool 64 to the
hanger first component 10 and apply required pre-tension to tieback casing string.
9) Apply axial load to the top of the hanger mandrel 24 (via jacks or
annulus pressure) to shear pins 58 and allow the mandrel 24 and landing string 29
to ratchet down until the load shoulder ring 28 lands on the wellhead landing
surface 38.
10) Release drill string overpull to transfer tieback casing pre-tension to
wellhead landing surface 38.
11)Release drill string pressure, lower drill string to disengage split ring 82

from hanger profile 63.

12) Retrieve drill string and landing string 29.



relative axial position in which the first conponent is secured to the
second conponent being adjustable to-varyothe vertical position at mﬂécﬂN
the casing string is supported;. a | oad shoul der radially novabl e Bet é JWB
expanded position in which in use it supports the second conponent on a
co-operating landing surface and a contracted position in which it allows
passage of the shoul der past the | anding surface; wherein the | oad shoul der
cvrnprises cogt aﬁpkg Sehit ring; and wherein the second tubul ar
conpgnen; c_t o T |ph§rallstep in mhhch fhetspl!t &LDgh .
resides in its expanded position and a | ower peripheral step in iC e
split ring resi @eMpke aééfwtrlé%rtrékfaisfot@pk PQip rupning sEEE RS, HaRgB Mok
defined in claim1, wherein the upper step includes a | oad surface inclined
at subst ant iaad htgachSo degded 84 06 adhustahlei lmngér. t he second tubul ar conponent for
co-operation wth a correspondingly inclined upper |oad surface on the
split ring in the Makneprbsstdeck Red1go |ldildsrifg, Gan G Bol2a6 @Bghited ieh Y
conponent to the split ring. 3. A casing hanger as defined in claim1,
further co i S| ; Lt 440y 3 Jist ' ' ' ext er na

gr ooves onngﬁ%§$¥?%ﬁ"%ﬁmgm%%q%gﬁ%R%qg%%3n§ﬁ%eo ﬁ%ghﬁgkggsgﬁghgggoﬁg
conponent s hWeh. i S | escopj.cal ly received wiihin the other of the first
and second ?@Hﬁ@ﬁk&{%,oggﬁgﬂghlgﬁp "?hlghgpngthnﬁbused in arecess in the
other of the first, and second conponents and resiliently biased into
engagenent wit hCk h‘%ppgy oBv@sminal  Dressure roﬁé}hééf‘r gdll g ginenda }Iyﬁraéllhﬁmﬁ 1,
further conprising an anti rotation key protruding fromone of the first
and second cspgydnibesplit mmmH82 ¢fomeg-tensiomadol Ppdoanddaich it into prafide 6dfoftthee i r st
and second conponents. 5. A casing hanger as defined in claim1, further
conpri si ng hangendimtcompbadnttl0- net al seal operatively arranged between the
first and second conponents. 6. ~1 casing hanger as defned in claimb,

wherein the dyna;ﬁ&ppa%lvexﬁelmhﬁaﬁn?cénﬂ@dg tREBle-BhGOPR1 64 BERL hdfiger | N9 and

a resilient seal” spacer ring received in recess I n one or the other of
the first a@ﬂstsc%&%ggerﬁq'apa%ﬁqm She load shoulder ring 28 a short distance clear of the

wellhead landing surface 38.

e) Activate hydraulic piston 92 on the shoulder release tool 90 to
contract the load shoulder ring 28 by shearing pins 44 and forcing the ring 28
into the lower step 34.

f) Slack off tieback string pre-tension by lowering drill string.

g) Release drill string pressure, lower drill string to disengage split ring 82
from hanger profile 63.

h) Engage subsea tieback tool in mudline suspension system landing
profile. Take tieback string weight on drill pipe. Break-out subsea connection.

i) Pick wup tieback casing string and suspend in slips at rig floor.
Disengage subsea tieback tool.

j) Retrieve drill string, load shoulder release tool 90 and running string 29.



A method of installing a casing string using a casing hanger as clainmed in
claim1, conprising the steps of: attachitng the casing string to the first
conponent end connection; contracting the | oad shoul der and running12hﬁ 00
hanger past the | anding surface; attaching a |ower end of the casing's ﬂiﬂé
to a subsea connection; applying overpull to the first conponent to bring
the | oad shoul der above the | anding surface and apply pre-tension to the

casing striRgrqifie i onent relative to the first
conponent tgﬂ’grll r H?hg&?g‘tg latioh gcecd&rr'::go contact with the |anding surface;
and 1 4 JAN 20 15 relieving the aoverpull on the second conponent to
transfer the pre & ithh tieprgkn slrgagrlgaoquﬁdgqadgﬁae Heé- 155hdP ndPEimPce.
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landing surface 38.  Pull tieback casing back a short distance and suspend

landing string 29 in rig floor slips.

8) Continue overpull to mechanically lock the pre-tension tool 64 to the
hanger first component 10, raising piston 92, bringing the load shoulder ring
level with the landing surface 38 and allowing it to expand and seat on that
surface. Continue overpull to apply required pre-tension to tieback casing string.

9} Apply axial load to the top of the hanger mandrel 24 to shear pins 58

and allow the mandrel 24 and landing string 29 to ratchet down into contact
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component being adjustable {o vary the verlical position at which the casing

string is supported;

a load shoulder radially movable between an expanded position in
which in use it supporis the second component on a co-operating landing surface
and a contracted position in which it allows passage of the shoulder past the

landing surface;

wherein the load shoulder comprises a contractible split ring; and

wherein the second tubular component comprises an upper
peripheral step in which the split ring resides in its expanded position and a lower
peripheral step in which the split ring resides in its contracted position.

2. A casing hanger as defined in claim 1, wherein the upper step
includes a load surface inclined at substantially 45 degrees to the axis of the
second tubular component for co-operation with a correspondingly inclined upper
load surface on the split ring in the transmission of hang loads from the second
tubular component to the split ring.

3. A casing hanger as defined in claim 1, further comprising a

longitudinal adjustment mechanism including external grooves on a portion of
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longitudinal groove in the other of the first and second components,

5. A casing hanger as defined in claim 1, further comprising a
dynamic metal-to-metal seal operatively arranged between the first and second
components.

6. A casing hanger as defined in claim 5, wherein the dynamic seal
comprises a metal seal element, a bearing ring and a resilient seal spacer ring
received in a recess in one or the other of the first and second components.

7. A method of installing a casing string using a casing hanger as
claimed in claim 1, comprising the steps of:

attaching the casing string to the first component end connection;

contracting the load shoulder and running the hanger past the
landing surface;

attaching a lower end of the casing string 1o a subsea connection;

applying overpull fo the first component to bring the load shoulder
above the landing surface and apply pre-tension to the casing string;

adjusting the second component relative to the first component to

bring the load shoulder into contact with the landing surface; and
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