BELLONS TYPE ADJUSTABLE CASI NG BACKGROUND 1. Field of Invention [0001]The
devi ce described herein relates generally to the production of oil and gas.
More specifically, the device described herein relates to an expandabl e
and/ or contractable tensioning device for a tie-back assenbly. 2.

Description of Related Art 00021 Sone offshore Rll atforns have a
production tree or trcBSLEOVRTYRE ARSTABLE CASINGhe platform In this

configuration, a casing string extends fromthe platformhousing to a
subsea wel | head housi ng di sposeBACKGRQAUNDAf | oor. Production casing
inserted within the wellbore is supported on the subsea floor by a hanger
in thel'subsﬁslﬂhﬁlﬂ‘iﬂggﬂThe casing string between the subsea and surface
wel | head housings is tensioned to prevent flexure that may be caused by

t her mal008Wpanidiegavite deseititedthecbinveldtdsqeaerillyuiodke produétion af otiand gesm Mpil | ed
side |loads. Additionally, the string length or height is typically adjusted
t o seatpedficdiynthe dcaipsendbed dsicimgreluts ge an wkgahddbletarsiior camaciblel thrpding [ 0003]

A sub assenbly can be attached to the casing string and used to tension the

casi nglesiceiforg tRrtdclaghsetablyi t s | ength. The sub assenblies typically conprise
a pair of mated housings that in response to an applied force are
mechanically retractable in |l ength The adjustabl e sub assenblies connect

i nline.wt DescrigtionSlf Re@edArton its upper end and when retracted inpart a
tension force on the casing string and by its retraction, shortening the
casi Nnqoe02] i NGomebBEEHdre platforms have a production tree or trees above the sea surface on the
platform. In this configuration, a casing string extends from the platform housing to a subsea
wellhead housing disposed on the seafloor. Production casing inserted within the wellbore is
supported on the subsea floor by a hanger in the subsea housing. The casing string between the
subsea and surface wellhead housings is tensioned to prevent flexure that may be caused by
thermal expansion from heated wellbore fluids or vibration from applied side loads.

Additionally, the string length or height is typically adjusted to seat or land the upper casing

hanger within a surface wellhead.

[0003] A sub assembly can be attached to the casing string and used to tension the casing
string and adjust its length. The sub assemblies typically comprise a pair of mated housings that
in response to an applied force are mechanically retractable in length The adjustable sub
assemblies connect i.nline within the string or on its upper end and when retracted impart a

tension force on the casing string and by its retraction, shortening the casing string length.



SUMVARY OF | NVENTI ON [ 0004] Di scl osed herein is a tubular assenbly for
connection between a platformand a subsea wellhead assenbly. In one
enbodi ment the tubul ar assenbly conprises an annular riser for connection
bet ween the platform and the subsea wel | head assenbly and an axially
expandabl e and contractabl e nenber connected to the annular riser. The
expandabl e and contract abl eSHMMARY, QF INMENTEONubul ar having a wal | forned
to axi al I&/ expand and contract a greater amount per |inear increnment than
the rislép .4]Thg’iaclﬁbﬁd kerein vz thianldrassemd!lyf fooronpectinn bwdsn cplatdarmuandiasnbsey\hen
expandi ng and contracting, the expandabl e and contractabl e nenber wal l

mai nt aiwellhead @xénaiily.f dn ope einbodinent thécubndak hssemlyi coniprides s aewlaesisef fosl ot s
along the wall length alternatingly formed about the wall inner

ci r cunfoenmetien betatechlthel platftuen wad the aubsed welllicad afsemblycmd spaxiullglekpandytleg i n a
pl ane substantially perpendicular to the nenber axis. Alternatively, the
menber andldontfaiabRemBmb® dbBndttedaonihb ahnkid ARP! eThzeaipRiableCa@Xéchthdtaliit acked
al ong the nenber axis. The fol dabl e segnents nay have an "S" shaped cross

sect i Ofnetdr ndRISSATENAr HAVhE b vANTdointi§s alREb&Id MmaRoNBlYa BleRBfahdifye MEMDer
axis length. The wall may have a bellows |i’ke shape. A helix fornmed in the

menber amyn e RfheSihin BRARE:. ¢ Mo Whbiar carl &O%ﬁrﬁxg éjhﬁ%o?g%gnm& N is a

met hod” of connecting a subsea we ead asse a surface platform The

00 A S, A0 o A ) SR .

connecting t iNt0 a riser ex
wel | head assenbl y. a the surfa pl at.f or and appl yi tensi on.to the

ri ser 3’&‘8‘a$s"ﬁ° Wgﬁ%% 21[?‘3 r?@i’ﬁ@?x mtcﬁl'ge lalfﬁﬁ‘fsa‘?ﬂ}f’é%%@?g E@i %ﬁp%{igtg agtgraa | e per

| i near .increpent, than, the riser. [0006]1n the present art of adjustable
subs. . {9rEL ARt dheswall fngs aquwersaﬂiesw eiiehie el Qe e peeaphglot

| engt heni ng or shorteni ng of the casing string. The device described herein
el i mi niigsAplanssustangalhspareandigulseto the memberaxisa itftopizely the mgabpigielban be

used for higher
may be made up of annular foldable segments coaxially stacked along the member axis. The

foldable segments may have an "S" shaped cross section and the segment outer and inner
diameter can vary along the member axis length. The wall may have a bellows like shape. A

helix formed in the member may selectively shape the wall.

[0005]  Also disclosed herein is a method of connecting a subsea wellhead assembly and a
surface platform. The method may involve providing an axially expandable tubular member,
connecting the tubular member into a riser extending between the subsea wellhead assembly and
the surface platform, and applying tension to the riser and the tubular member, the tubular

member being more expandable per linear increment than the riser.

[0006] In the present art of adjustable subs, there exists a plurality of seal elements to
accommodate the lengthening or shortening of the casing string. The device described herein

eliminates the need for sliding seal elements and hence the design can be used for higher



el evated tenperatures and pressures of the produced fluids or gases.
Alternately, the bellows type sub w il accommbdate higher tenperature
injection of liquids or gases into a reservoir. BRI EF DESCRI PTI ON OF
DRAW NGS [0007] Sone of the features and benefits of the present invention
havi ng been stated, others w | becone apparent as the description

pr oc eetlevalsiempeirares jand presgunescaf| the preiduded tfivédsar asasamliengitaly, ahé bejlowsi n
which: [O0008]FIG | is a side view of an offshore platformw th a casing
st ri ngtypssubrwill pecommadhte higher temperatuteiajectioni of fqsitls dr@sdsaib AgesarvbRNSi oni ng
devi ce.



[0009] FIG 2 is a side cutaway view of an enbodi nent of a tensioning
device. [0010]FIG 3 depicts an enlarged portion of the tensioning device
of FIG 2. [0011]FIG 41s a side cutaway view of an alternative enbodi ment
of a tensioning device [0012]FIG 5 is a sectional perspective view of an
alternative enbodi mrent of a tensioning device. [00131FIG 6 is a side

sectional view of an emMBRIEFDESCRIPTIONOF BRAWINGSI ce havi ng an outer

support sleeve, [0014]Wiile the invention will be described in connection
w t h t hipogTlef Somedf drlfesture® midsbenkfits of the present invention having been stated, others

will become apparent as the description proceeds when taken in conjunction with the

accompanying drawings, in which:

[0008] FIG. I is a side view of an offshore platform with a casing string extending to the

seafloor, the casing string having a tensioning device.

[0009]  FIG. 2 is a side cutaway view of an embodiment of a tensioning device.

[0010]  FIG. 3 depicts an enlarged portion of the tensioning device of FIG. 2.

[0011]  FIG. 4 is a side cutaway view of an alternative embodiment of a tensioning device

[0012] FIG. 5 is a sectional perspective view of an alternative embodiment of a tensioning

device.

[0013] FIG. 6 is a side sectional view of an embodiment of a tensioning device having an

outer support sleeve,

[0014]  While the invention will be described in connection with the preferred embodiments, it
will be understood that it is not intended to limit the invention to that embodiment. On the
contrary, it is intended to cover all alternatives, modifications, and equivalents, as may be

- included within the spirit and scope of the invention as defined by the appended claims.



Wi Il -be-understood that it is not intended to limt the invention to that
enbodi nent. On the contrary, it is intended to cover all alternatives,

nodi fications, and equivalents, as nay be included within the spirit and
scope of the invention as defined by the appended clains. DETAILED

DESCRI PTI ON OF I NVENTI ON [0015] The present invention wll now be descri bed
nore fully hereinaft BPEFAILED DESCGRIPLTON OF INVENG #Nanyi ng drawi ngs in

whi ch enbodi nents of the invention are shown. This invention nay, however,
be embl81dd iThermaesontdinverdonewill ficoy he desadbesimourt dullydterdienfiepmith refeatnaestol i i t ed

to the illustrated enbodi nents set forth herein; rather, these enbodi nents
ar e pribe iachothpguyinghdiawings & whislc bmbordiments bf thb énviehtdonoarg khoaid Tidsrjrvedton and
will fully convey the scope of the invention to those skilled in the art.

Li ke rambdwweverf iy enttodiet e mahy diffeieht fdrme uadshsuld nbd B4 6dndiruéd sclimrainee now to
FIG 1, provided therein is an exanple of an offshore platform 20 in a

si de vheillusified ahfcimnes ot foith Werdin QatER b RbodindRG rdgrovidbd 88 @k iRove the
| evel of the sea surface 21 with a derrick structure 24 attached atop the -

deck Z@sclosuRpeilltbe! tﬁ&%uéﬁarﬂﬂoﬁ%tél, lraam»\gh ?ulBPEJanE? gk thgb‘\:/é Sah& ix%%?tgdgndtoat tach

on the sea floor 28. A subsea wellhead 30°is forme er a wel re 31. A

ti ebagkose aRilIBDinGhd airﬂQi@nxﬁﬁﬁgsggéégﬂggreﬁrx{eﬁgﬁvﬁbﬁoﬁybsea vel | head 30 and is

coupled with a surface we spose I'nthe deck 22. In line
with the casing string 34 is a tubular conpensating nmenber 36. The

conpenggis) Ng Wl_ﬁnr@féfeln@@nﬁ% 1e. i ni5enal !thefnﬁi% gi:? g>§a | pﬁ@b%é&iﬁ%?ﬂﬁ?ﬁ%ﬁn casing

string 34. Optionally, e conpensating ne may eparately

from bie, E'S@g gfékv CARI Ph e [)%199?1? g% g&e}gprlls%g g ﬁe%tzf)zﬁsﬁﬁ‘ dengg)eégigﬂg\z# I%E gs by a

weld, threa connect1 on, connec menber
36 cap,c nsate.for ti.ehack casi string 3 gth changes, whi |
mai nt g%n@%g%igm@taa rrick Tq 05‘5‘?12% éﬂ%hﬁ‘i PP q‘éet éeélégal ﬁ"&’ﬁ%r?ll‘%éagc%teegsi ng
string 34 | ternativel t he cqnpensati pg nenber 36 may be connected on
one eﬂamt the ﬁﬂtéo"? f’g@f’ d%%é/peﬁ"gaﬁé‘ﬁ‘ Apihe peailoar ghe A %‘hﬁaé’\‘ﬁxﬁ"}ﬁi 1%is fypsdr end to
either the surface well head 32 or subsea wel | head 30. The conpensating
menbefVes@ waalhosel 1 dutigback ing sting 3diestendsatpwardstrom the subser avellhend 3andi t h a
tieback casing string. The conpensating menber 36 may be exposed to the
seavaisepupled with alserfase ovelbead 3R isspdeedandthin thededk 22adi tige with ithegmsin®stieg
exanpl es

34 is a tubular compensating member 36. The compensating member 36 may be integrally

formed within the tieback casing string 34. Optionally, the compensating member 36 may be

formed separately from the tieback casing string 34 and later attached therein such as by a weld,

threaded connection, or flanged connection. The compensating member 36 can compensate for

tieback casing string 34 length changes while maintaining a substantially constant axial stress in

the tieback casing string 34. Alternatively, the compensating member 36 may be connected on

one end to the riser 34 terminal upper or lower end and on its other end to either the surface

wellhead 32 or subsea wellhead 30. The compensating member 36 can be coupled with any riser

. and is not limited to use with a tieback casing string. The compensating member 36 may be

exposed to the seawater or may be enclosed inside additional casing strings. Other examples



i ncl ude tubing, subsea transfer |ines, subsea flowine connections, and
tubul ar nenbers inserted wthin a wellbore. [00171The conpensating nenber
36 is axially conpressive or axially expandable in response to an applied
axial force. The nenber 36 conpresses or expands dependi ng on the magnitude
of the apFIied force and its direction. As noted above, a tieback casing
string Bwludgpibing upsaagraniferslinies) sulexas flowliskieannestiopse arat fubwlar merslarslinseted, t he
menber 36 can be conpressed in response to casing string 34 (or other

ri ser) witbingatdllborewi t hout renoving tension fromthe casing string 34.
[00181Wth reference nowto FIG 2, illustrated therein is a sectional view
of an enbodi nent of the conpensating nenber 36. In this enbodi nent, the
conpensiOlHg rihebempdhsatime Imedeber S6bizdyxidly aodpresadso3@xiallhexpaaidsle 3@ ext end
from opposite ends of the body 37 for connecting the body 37 to the casing
string @dpondhtoeadppliebiid dhiconThé neatter Shownpresied eedpamB depehdidg dhehel eads
39; however welds or flanges could be used for connecting to the casing
string Béanitiiebf fherapBekdi fotce Ghdlits Wirk&idnh EAE asdted @bk 4 Higbadk cadifi€ sgi@ggBensat i ng
menber 36 may optionally not include specific connections to the casing

Str i N9 GicallfemRAdn Bfsid AREobAATor ' ARGRIRIRIhehohbh @A boadiprenn t he

| eads 39 to"a larger thickness along its md portion to forma wall
bet wee I, L] C : ' i : '
repeat g Pahea0 Shhe Bing T8 to bt RGeS AR AU B8 i g

slots . i nner and outer circunference of the wall 38.
Strat e;hlg%lg %@népfernati ng the slots 40 between the wall 38 inner surface

and wall 38 outer surface along the body 37 axis Ax forns the "S"/"Z"
shaped er Ry I ati. h |.o 4 I .St . Cross
sectio g‘?ltsit r %%hir?%?e%%@oﬁﬂoﬁ@r %’_tlg%nilafgéli\ereé}r‘\fsaarsg(étgm%ﬁéng P?gﬁ@”&’f?@%e wal |
38 cr 0% tlﬁeec%gﬂpggsagggnggrlnﬁe%%éa If this gx%bc?c{imrerz‘letmg rcgmgeé}lsft%%hmember 36 includes a

body 37 and leads 39. The leads 39 extend from opposite ends of the body 37 for connecting the

body 37 to the casing string 34. Threaded connections 41 are shown on the free end of the leads
39; however welds or flanges could be used for connecting to the casing string 34. When formed
'integral with the casing string 34, the compensating member 36 may optionally not include
specific connections to the casing string 34. The body 37 transitions from a smaller thickness
adjacent the leads 39 to a larger thickness along its mid portion to form a wall 38 between the
transitions. The wall 38 cross section is contoured in a repeating "S" or "Z" shaped pattern. The
pattern may be created by forming slots 40 into the inner and outer circumference of the wall 38.
Strategically alternating the slots 40 between the wall 38 inner surface and wall 38 outer surface

along the body 37 axis Ax forms the "S"/"Z" shaped pattern.

[0019]  Incorporating the slots 40 alters the wall 38 cross sectional structure. As illustrated in

an enlarged view in FIG. 3, the wall 38 cross section comprises a series of members 44 each



having a web el enent 46 from each end and extending therefromin an
opposite direction. The nenber 44 to web el enent 46 connection i s anal ogous
to a cantilever connection C. The nenbers 44 are shown ali gned
substantially parallel to one another arranged perpendicular to the web

el ements 46 and the body 37 axis Ax. However other enbodi nents exi st

wher ei Vg2 web pisment i gach 4ndyaud enterdingablerefiin quan ¢ppositealiectiororBheof t he
ot her nmenbers 44, oblique to one or nore of the web el ements 46, or oblique
to t hempobsgr 47 toaieks chomenOf6 icommblion, isomalogousntor € caibevel esmpBdtidn40. NMBhe be
oblique to the body 37 axis Ax. [0020]Unlike a solid tubular, an axi al

f or ce meinbérs #hhieyshappdligaet substaiallyphrhlia So ﬁl&%ﬁotﬂéﬁar@ﬁgbdlp@@encﬁﬂﬂw& Hey
distributed stress across the wall thickness. Instead the resulting stress

concenvetatlemerts 46 lagd thertotly 8 axie ¢ OHOWS/cE IS SmRRAINGE i WheRMIDSke 44 and
web el enment 46 thereby exerting a bending nonent B about the connection C

A suf frheleamdmbeyvll 18 aRIFeN bbIRue o éné”'&rﬂ?@ré of’ffhe%ﬁ{el' ﬁféﬁx%exrs Qg &ﬁﬁg@ fo &b toward

an adj acent slot 40 that in turn shortens the wal Iength.

Si m | ajrlnyore 8fthaWeB klehehts 86 %PB%I'icﬁxg td fhe %o%ﬁ?e&txé R’ét 91§f Snd ?rhr]iagx% wep' €€

produces oppositely ori ent’ed |ng norfents th ncrease e slot 40
wi dt h eﬁ&én?s”%%ﬁ%o tolﬂg Mbod93 houI d be pointed out that the
er 36 con zlon

conpensati ng me I gura described herein is designed to
deflect, either in conpression or tension, before applied forces approach

the vyi 6’62@ st Uﬁﬂ%}}bso?g é&dﬁﬁlr ra'n fal f%f’ceq?r mﬁ}ang e%p(f%{irPootﬂ?e IQV%IZ a§ é‘?ﬁiﬁ%ﬁ%ﬂ(ﬁc@f ess

conpe sat ng nme exﬁan res

t han e nsion/ c n of the, riser 021] Due to the dynam c

nat ur é}”%M@%%é@%wﬁaa%ms&?%?wﬁfi%%wg e th TSt S eomsn e i | 2

shoul ff| ientl tlcaII def ormabl e to acconmdate such dynam c

| oadi ﬂtf ﬂéfé?'esre ﬁ%’%ﬁ“%f‘ E}’VPSBrt %?‘eﬁé?ftﬁ-ﬁ'aé‘dw bedsmpeat (6 thereb ArfdePE Bow nuch

_ depeng on the force F magnitude, the wall 38 and sl ot 40 dinensions, and
val | ding wemgnt B #heis thenconpestign §7 fresuficiont bending mammentiBrom giraember ddnber  of

slots 40, and wall 38 thickness depend on the anticipated tieback

at t acHeflasts thpmembenid tewardianiadiasent S&‘/\é@élat intthmssbortdus theewali 38 4rdememberar e

capabl e of estimating these variables. In the enbodi ment shown, the body 37

pri madé llgngthonPimibely, an skialfoecemappibied in hedisbijorhaptiosite ® thaifolee dy prdacdsr uct i on.

In this enbodi nent, the body 37 itself expands and contracts to maintain

ri ﬁﬁr opiperitdly nrmtedbwdmg eloatehisehdrincgsise thelsRi e aidth WleAgthdithe neaibel 361
menbers.
It should be pointed out that the compensating member 36 configuration described herein is
designed to deflect, either in compression or tension, before applied forces approach the yield

strength of the riser 34 or other components. As such, the compensating member 36 expands or

- compresses at a linear increment less than the linear expansion/compression of the riser

[0021]  Due to the dynamic nature of the expanding and contracting riser 34, the wall 38
material should be sufficiently elastically deformable to accommodate such dynamic loading.
As is known, the number of members 44 deflecting, and by how much depends on the force F
magnitude, the wall 38 and slot 40 dimensions, and wall 38 material. Thus the body 37 material,

slot 40 dimensions, number of slots 40, and wall 38 thickness depend on the anticipated tieback



100221FI G 4 depicts an alternative conpensating nenber 36a in a side
sectional view. In this enbodinent, the conpensating nenber 36a includes a
body 37a, |leads 39a for attaching the body 37a to the riser 34, and a wall
38a between transitions adjacent the leads 39a. In this enbodi nent the wall
38a cross section illustrates a series of folds resenbling a repeating

seri es oftachment| qpeiating catlitionh e Homdwirathosmnskilkd inalie ar agpecapable |of estimatgigaped
cross section conprising a first and second portion oriented generally

per pendithesd eariables.t frethb etpodrhantaskown, Aké bpdyi 3epritytila chdpisep arsinighnmembar e t he
base portion runs generally parallel to the body 37a axis Ax'. Spaces 52

ar e def theebly ihavihp @ 1i-balyd@hretios althie&mitdimeng the body 3Nndsaegankdspaidt i on.
[0023]Referr|ng still to FIG 4, the folds circunscribe the body 37a axis
AX' N gdnidtidlto SRGHAIR @ﬁeﬁ@mntvhﬁddt xelﬁﬁ@cxlﬁs%n?éne) Bawteéhewhpeym%?@c&@r&t h; the
annul ar sections lie in a plane substantially perpendicular to the axis
AX'. Sl fbhnBésto the wall 38 of FIG 2, the wall 38a of FIG 4 can respond
to the expansion or contraction of t he casing string 34 by correspondingly:
expanding or contracting while retaining sufficient tension in the casing

string RfazyA tﬁ@“@k%&é ¥n Eﬁbﬁaﬁ‘w@ LA xﬁ@?ﬁﬂ%?%fﬁaaé’}@é%]cﬁﬁﬁlg HFIIQ‘ 41is

fornmed into a bell e st ucture n anot enbodi nent, the

folds apg e‘;n%Bgfﬁ%ntb%[e%oﬂaé&rs?&% éMb%l‘ 58 i 83&%‘1 b%B%’ia, Eé%%ls'; ﬁ%o%a@l'uhéf ko med

in the 1nner C|rcu erence
ci rcunf.er 37a xt nd|n ltiOﬂS.
00247 SRRRA" B0 W VAR 4 87U BV GE%, FARTRR: A %Yﬁ%e‘egés a1
anot her 0di f.oa notio nsati.on er 36b. In this enbodlnent
hel i cale"g’"g ab g poflciga Gros %eamﬁlaft 4 RHOLRPIO8 RIS SPEHE SRS v, an
i nner % &g groove 54 is forned the inner surface of the wall 381,
with a9 &jom aPndhe Hrdwatigay ?%ﬁvegr&?a%l%éll 1 Wa%hcrasswlmrf@mwmg 38b
outer surface. The grooves 54. 56 are shown staggered al ong the nmenber 36b
axi s Afirgtriad sespnd pprion grigried generlly perpesdieantothe BedysHat sijoinedby 8o t he
enbodi nent of FIG 2. Enbodi ments exist having a single helical groove
ei t her base pokféon, whene therbastipaetionvaing g88inlly pafabieldo tiedodpAZd dxis Akh Spaadp237b
could conprise multiple helically grooves along its surfaces, i.e. inner,
out er, agrdefin¢chin theX@@BkRden efchdegpective fiat anpidcombporsarpport sl eeve 58
circunscribing t he body 37. The support
| [0023]  Referring still to FIG. 4, the folds circumscribe the body 37a axis Ax' in annular
sections sequentially stacked along the body 37a length; the annular sections lie in a plane
substantially perpendicular to the axis Ax'. Similar to the wall 38 of FIG. 2, the wall 38a of FIG.
4 can respond to the expansion or contraction of the casing string 34 by correspondingly
expanding or contracting while retaining sufficient tension in the casing string 34. Alternatively
the compensating member 36a wall 38a of FIG. 4 is formed into a bellows or bellows like
structure. In another embodiment, the folds are formed by a pair of axially spaced apart helixes

- axially formed in the inner and outer wall 38a circumference. The helixes circumferentially

traverse the body 37a extending between the transitions.



sl eeve 58 may be included to add structural support to the notion
conpensati on nenber 36, especially |loading tangential to the axis Ax. The
support sleeve 58 may conprise a single tubular nmenber or nultiple elenents
di sposed al ong the body 37. The sl eeve 58 may be conprised of any materi al

capabl addj ng strength to the body 37, exanples include steel, alloys,
and c oﬁ%@{s‘q t egh‘é\?’bﬁni aaﬁﬁgtgm%pgrsg?cgg@,@egsn FIG. 3rigp apriipn of anethar eabagéiment of upper
end to the, surface wellhead 32, to the platform22, to the tieback string
34 bet ReRHORFEMBeEtionmenshgr $6he 8 this ephodigeent heligal ooven$4, 56 arerfombealosg mi | ar
structu]Tre. O%ti onally, the sleeve 58 can be anchored at its bottomend to
t he welfterhody 330 Moresipecifically.ranripnes helisel sveevs HtisfopetorBthe imer tunfcavefithhread 30,
or another simlar structure.. [0026]In one exanple of use of the device
descri BeH 38bmaihs cosgsrionding puteinkelisal gaove 56 frared atong ghemeatbash @fieransfacaf f i xed
bet ween seafl oor wel |l head 30 and surface well head 32 and axially tensioned.
Suf f i cilbeigropegssidofo ame shéven stagypred sivnig g membe 368 Gxis Agah@ttasfotgial lay "gref or ns
the wall 38, 38a and increases the slot/space 40, 52 thickness that in turn

el ast i oal4"yshepedryass asctioh eintiRAREMS @inbSAMBRISTRIG3S. ERbbdifchd xS ting
menber 36, 36a is elastically deforned, the conpensating nenber 36, 36a

can cosipgleslidab glookesitheeoANBRAIAGE Gl i I3 HORPEES ab idully, 4R bog SHY | N9 _34
el ongation due to high tenperature fluid exposure. tionally, the actual

t ensi ogpuRP@nipRe fAltplehefatlyBeoovbd IR R4 qRMREDSAkNG yIpIber 36, 36a may
exceed the réﬁui redipcasi ngsls%%bri ng %%lst gﬁ}?klgls’zi hmgﬁé\}’a%éé’.&lbhué t he casing
string 34 tension can renmain above its required value after any tension

f i b " i 0027
or ce [08ZB]Ct IFG, CddPRitd Wﬂn@%x&ﬁﬂggﬁfﬁ%‘% &%U%W@ﬁ%gw glzh:e's orl ]

One of the advantages presente e conpens cri‘bed herein

ne of 't} ! | Ty T | deScrritd
const riatT oo, BORBE SRSty R SR TR IAE S e B Bt i 6

: i i ngl it. The uni-bod tructi
el i nat s don FHERRRAATIONE i e, e B MR ARG TS el 1 as
i faj | d t f failyre [002811t js to b
under (095 pihS B BT SRhGRS e, b8 told e Diasemvsctmay tor

construction, operation, exact materials, or enbodi nents shown and
descr i"B‘@B{‘S“gs"fr?aéii@f}*%f&E caRele g pddingistranath tos thei hody BE. exspwiesrincluds seed ski | | ed
in the art. |n the draw ngs and specification, there have been discl osed
i |1 useheys and eampogitomatesialss Theesldere 88ts prefesably sesbied ongts wpecedd o ther ms ar e
enpl oyed, they are used in a generic and descriptive sense only and not for
t he péirfee éveﬂgeddi 32 tatheglatforn @3y thi thgltiebadkhstriign3deintwesn ths bbixeB2had thet 0 be
limted only by the scope of the appended cl ai ns.

surface wellhead 32, or to another similar structure. Optionally, the sleeve 58 can be anchored at

its bottom end to the wellhead 30, tieback string 34 between the body 37 and the wellhead 30, or

another similar structure..

[0026] In one example of use of the device described herein, casing string 34 and
compensating member 36 are affixed between seafloor wellhead 30 and surface wellhead 32 and
axially tensioned. Sufficient tension in the compensating member 36, 36a elastically deforms the
wall 38, 38a and increases the slot/space 40, 52 thickness that in turn elastically elongates the

compensating member 36. Since the compensating member 36, 36a is elastically deformed, the



CLAIMS WHAT | S CLAIMED I'S: 1. A tubul ar assenbly for connection between a
pl atform (20) and a subsea wel |l head assenbly (30), the tubular assenbly

conpri si ng: an annul ar riser (34) for connection between the platform
(20) and the subsea well head assenbly (30); and characterized in that
t he tubul ar assenbly includes an axially expandabl e and contractabl e nenber

(36) coferengaiing mepiher 3 A6A ean comprers tp 349ss elongatedisiein andwompsprgtediontasiiet abl e
menber conprising (36) a uni-body tubular (37) having a wall (38) forned to
axi al | ysterpan clengetianoduer tachigha tanpewtuae flaidoenposyer Qptionally, ithecactunbrensionan t he
riser (34). 2. The tubular assenbly (36) of claim1l, characterized in that
wher ei napiphied éx fenchsing etraagdB4camit corpeadating mentber 36yaida 1BBxcrmd theaiequredn axi al
force therein when axially expanding and contracting. 3. The tubul ar

assenbl yasinfy saing 84 stabitiving vhhg, THRMAE caving? sieing 134t th@ionvwdrar eiaint Aiwvedtsl ( 38)
has a series of slots (40) along the wall length alternatingly formed about

the wal feqdifed) vdli @fterCanyCiedie ERES redigtiohDedpleriéded \b%| donfpafatifg! nfdimber 36
ci rcunference, each slot (40) lying in a plane substantially perpendicul ar

to the yRIB&LIoAXI S.
[0027]  One of the advantages presented by the compensating member described herein is that
it can be comprised of a single member formed into a uni-body construction. Moreover, each of
the compensating member embodiments presented are formable into a single unit. The uni-body
construction eliminates additional components that can complicate manufacture as well as

increase failure modes and percentages of failure.

[0028] It is to be understood that the invention is not limited to the exact details of
construction, operation, exact materials, or embodiments shown and described, as modifications
and equivalents will be apparent to one skilled in the art. In the drawings and specification, there
have been disclosed illustrative embodiments of the invention and, although specific terms are
employed, they are used in a generic and descriptive sense only and not for the purpose of
limitation. Accordingly, the invention is therefore to be limited only by the scope of the

appended claims.
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4. The tubul-ar assenbly of any of clains 1-2, characterized in that the
expandabl e and contractabl e nenber wall (38) conprises annul ar fol dabl e
segnents coaxially stacked along the nmenber axis. 5. The tubul ar assenbly
of claim4, characterized in that wherein the fol dable segnents have an "S"

shaped cross section, wherein the segrrent outer and inner dianeter can vary
aI ong the nmenber axis length. 6. bul ar assenbly of any of clains

%g&rgézed |n that wherein the wall (38) has a bellows |ike shape.
7 The I of any of clainms 1-6, characterized in that wherein

t he expandabl e and contract abl e menber wall (38) conprises a helix form ng

a_cor r ugak e e assamblydirconestiombétweds) platforia(2@). and a siltven welthehdair assenbl y
of any of clains 1-7, characterized in that the expandabl e and contractabl e

menber (36)a$@3nbibé?»9i),eill¢gabldmsnmbd,sdcamprismghe riser (34). 9. The tubul ar
assenbly of any of clains 1-8, characterized in that the tubular assenbly

further congrangelsr duer (3dpfor cormactiondetvicem thePBtfoan (20) end B ibs@nweiRkad he
expandabl e and contractabl e nmenber (36) and a | ower |ead portion (39) on
t he | onwerasseméilyqBO) &l expandabl e and contract abl e nenber (36), the |ead
portions (39) being cylindrical nenbers connected to the riser (34). 10.

s o, o dassamnon o AP A i ApahEE D e
amount  geSifaelable fenlbkF@8S cdnRSh&ITE e ammar ARPEUS ML &pdable and

contractable member comprising (36) a uni-body tubular (37) having a wall (38) formed to

axially expand and contract a greater amount per linear increment than the riser (34).

2. The tubular assembly (36) of claim 1, characterized in that wherein the expandable and
contractable member wall (38) maintains an axial force therein when axially expanding
and contracting.

3. The tubular assembly of any of claims 1-2, characterized in that wherein the wall (38) has
a series of slots (40) along the wall length alternatingly formed about the wall (38) inner
circumference and about the wall (38) outer circumference, each slot (40) lying in a plane
substantially perpendicular to the member axis.

4. The tubular assembly of any of claims 1-2, characterized in that the expandable and
contractable member wall (38) comprises annular foldable segments coaxially stacked
along the member axis.

5. The tubular assembly of claim 4, characterized in that wherein the foldable segments

have an "S" shaped cross section, wherein the segment outer and inner diameter can vary

along the member axis length.
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11. The tubul ar assenbly of any of clainms 1-10, characterized in that the
tubul ar assenbly thither conprises a support sleeve (58) circunscribing at

| east a portion of the expandabl e and contractable nmenber (36). 12. A
conpensati ng casing sub nechanically attachabl e between a platform (20) and
a subsea wel | head assenbly (30), the conpensating casing sub conprising: a
t ubul ar bodyTke3Bhuldraviemylyaof anxofclaime -5, characteriagddio thet wherdinitie walb(38) e body
conprises a series of expandable and/or fol dable segnents integrally fornmed
in the body {Bfpweliikesaperi bi ng the axis and sequentially arranged al ong a
| ength of the body (36), so as to allow the body (36) to elastically

el ongat e a@ndliraniulaaisemby. of ko fatiRe NSadharkgtetias il haswhereih tigd expidhBle
characterized in that wherein the segnments lie in a plane substantially

per pendi cul adndicontidbRble asenber WhIP(38Xéompribds a heli@ fGRIMA ®RubA& FaSinWorpub Of
any of clains 12 and 13, charac%e?izéﬁ in that wherein %he g%?dabf%y
segment s ar engphil (38Ylsics! ots (40) Wernatingly formed about an inner
circunference and an outer circunference of the body (36). 15. The

conpensat iST‘gfh%i'{’xgigga? assbib fogt?lgy(%f%faixﬁé ﬁ'g,ef%%agtgﬁﬁed i Bar ﬁggg{?@g@%ﬁ% 4m that

wherein the fo e seg orma I'’ke con (1 on. 16. The
conpensatin | y. of. ¢l ai 2- cha terized in that
wherein the%f)@?%%g%eﬁés@)ge%g?{sl Cg%)éal I n&%@élwé&'%%r r{S%g) are fornmed froma

single pi §C¢ e[‘h%ubﬁfa?%slsémbly of any of claims 1-8, characterized in that the tubular assembly

further comprises an upper lead portion (39) on the upper end of the expandable and
contractable member (36) and a lower lead portion (39) on the lower end of the
expandable and contractable member (36), the lead portions (39) being cylindrical
members connected to the riser (34).

10. The tubular assembly of claim 9, characterized in that wherein the expandable and
contractable member (36) axially expands and contracts an amount greater per linear
increment than the lead (39).

11. The tubular assembly of any of claims 1-10, characterized in that the tubular assembly
further comprises a support sleeve (58) circumscribing at least a portion of the
expandable and contractable member (36).

12. A compensating casing sub mechanically attachable between a platform (20) and a
subsea wellhead assembly (30), the compensating casing sub comprising:

a tubular body (36) having an axis; and

12



17. The conpensating casing sub of any of clains 12-14, characterized in
that wherein the fol dable segnents are defined by a series of slots (40)
along the wall length altematingly forned about the wall (38) inner

ci rcunference and about the wall (38) outer circunference, each slot (40)
lying in a plane substantially perpendicular to the menber axis. 18. The
conpensat i nehaeastsringyl in that the badyycapiprisésai semesiki egpandatieand(t éolidablecsegmenthat t he
casing sub further conprises a support sleeve (58) circunscribing at |east
a porti oninegrabhformed idale dg €fyehtnsciling thenris hndlseqhentioin@eipaialéngsibsea
wel | head assenbly (30) and a surface platform (20), conprising:

assenbl i rigngth dfitlxbbory (36)s@rs koyalloRGhe BodygB6)ith glatRhNEaEndafeand vhifRat. Wel | head
assenbly (30) and the surface platform (20); and characterized in that an

axi al |y aspaiecobipensatielf @king O facha Ib hbrdbieiAd iNBaDeerdis B skgmdnfiieal | €d in
series with the tubular assenbly. 20, The method of claim 19, characterized

in that thenaRldesushtN pRRAMEIRRS (RGYEL 08 A4ie riser (34) and tubular

menber (36) in tension orf conpression between the subsea well head (30)

assenbly I@nﬂaetcbﬁlpmsgﬁrfgcgam%éﬁ)of 3@%&' cT fis @?LX&P E’x, gﬁarfc@fiz&l %ﬁiﬁag%gﬁe 9- 20,

characterized in that "the Tretho urther “conprrses provi abl e

t ' h t .e defined b
STors. ( a0y o] PRkl REREel BE s XA ool ERAEPAR A ef "o ot of
circunfere %rgurgf(‘eréngee anréea%%{er £i§c§1)xﬂference of the body (36).

15. The compensating casing sub of any of claims 12-14, characterized in that wherein the

foldable segments form a bellows like configuration.

16. The compensating casi1‘1g sub of any of claims 12-15, characterized in that wherein the
foldable segments and the tubular body (36) are formed from a single piece of steel.

17. The compensating casing sub of any of claims 12-14, characterized in that wherein the
foldable segments are defined by a series of slots (40) along the wall length alternatingly
formed about the wall (38) inner circumference and about the wall (38) outer
ci_rcumference, each slot (40) lying in a plane substantially perpendicular to the member
axis.

18. The compensating casing sub of any of claims 12-14, characterized in that the casing sub
further comprises a support sleeve (58) circumscribing at least a portion of the foldable
segments,

19. A method of connecting a subsea wellhead assembly (30) and a surface platform (20),

comprising:
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22. The nethod of any of clains 19-21, characterized in that wherein the
tubul ar nenber includes a wall along its length, the nethod further
conprising providing a series of slots (40) along the wall (38) length
altematingly formed about the wall (38) inner circunference and about the

wal | (38) outer circunference, each slot (40) | yi ng in a
subst ant i al | 4ssqsehling Adbslar assembly (3 cxendies beswées the subsca elihdad astembly

(30) and the surface platform (20); and

characterized in that an axially expandable and/or contractable tubular member (36) is
installed in series with the tubular assembly.
20. The method of claim 19, characterized in that the method further comprises securing the
riser (34) and tubular member (36) in tension or compression between the subsea

wellhead (30) assembly and the platform (20).

21. The method of any of claims 19-20, characterized in that the method further comprises
providing foldable segments on the tubular member (36), wherein the segments are
defined by slots (40) alternatingly formed about an inner circumference and an outer
circumference of the member (36).

22, The method of any of claims 19-21, characterized in that wherein the tubular member
includes a wall along its length, the method further comprising providing a series of slots
(40) along the wall (38) length alternatingly formed about the wall (38) inner
circumference and about the wall (38) outer circumference, each slot (40) lying in a plane

substantially perpendicular to the member axis.
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