. ef ghe3em j Oj F\ 6T, d2uo~o~l 6 ~ - ~ 08 OCTOBER 2003 CO- LI NEAR TENSItH2t D O
METHODS FOR -ASSEMBLI NG PRODUCTI ON AND DRI LLI NG RI SERS U (fslba(g '
application is a continuation-in-part of U S. Patent Ap?#él\lga | onEg]e?ﬁgi? No.
091881, 139 filed June 14, 2001 and entitled Tensioner/Slip-Joint Assenbly
which clainms the benefit of U S. Provisional Patent Application Serial No.
601 211, 652, filed June 15) 2040. BACKGROUND OF THE INVENTION 1. Field O

The I nvention Theai ates t f drilling and production
operations and % fiS1 %&ﬁ@ SHOR, 4 Mﬂiﬂﬁn

tensi oners and ris DoAND PRILIING  RISEX  BAME | ption O
Rel ated Art A marine riser systemis enployed to provide a conduit froma
floating vessel at the water surface to the bl owout preventer stack or,

production tree, which is connected to the well head at the sea floor. A
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failure. éj_il?g ori &,&l I ﬁ conventional riser tensioner systens have consisted
of both dilsfyluae 1hF001,and enfifled, fiensionedSipplojnt Assgmbly which Claimsthepeselitf e at

one end of the cylinder and a novable cable sheave attached to the rod end
of the cyrevitienal Patens Application Serial Noh0R2 kg fded June 45,308€0.t i on on t he vessel
to all bw convenient nmuting of wire rope which is connected to a point at
the fixed end and strung over the novabl e sheaves. A hydrol pneunmatic system
consi sting of high pressuBAGCKGROIEND QRFHEINVENTION applied to the
cylinder forces the rod and in turn the rod end sheave to stroke out
thereby tensioning the wire rope and in turn the riser. The nunber of

t ensi oned. uni Fizld@pThyborentorbased on the tensi on necessary to naintain

The invention relates to offshore drilling and production operations and is specifically
directed to drilling and producﬁon tensioners and risers assembled using the tensioners.
2. Description Of Related Art

A marine riser system is employed to provide a conduit from a floating vessel at the water
surface to the blowout preventer stack or, production tree, which is connected to the wellhead at the
sea floor. A tensioning system is utilized to maintain a variable tension to the riser string alleviating
the potential for compression and in turn buckling or failure.

Historically, conventional riser tensioner systems have consisted of both single and dual
cylinder assemblies with a fixed cable sheave at one end of the cylinder and 2 movable cable sheave
attached to the rod end of the cylinder. The assembly is then mounted in a position on the vessel to
allow convenient routing of wire rope which is connected to a point at the fixed end and strung over
the movable sheaves. A hydro/pneumatic ‘systcm consisting of high pressure air over hydraulic fluid
applied to the cylinder forces the rod and in turn the rod en& sheave to stroke out thereby tensioning
the wire rope and in turn the riser. |

The number of tensioner units employed is based on the tension necessary to maintain
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08 OCTOBER 2003 support of the riser and a percentage of overpull which is
dictated by net-ocean conditions i.e., current and oper ajj rs
i ncludi ng variable nmud wei ght, etc. Normal operation of bh%@ﬁ’g?ﬁb nal
type tensioning systens have required high naintenance due to the constant
notion produci ng wear and degradation of the wire rope nenbers. Replacing

the act!ve VSIpsomr Geebdanss pidiie bt bRhARRiAY: GhbBPH BeaSnolliing 1ol Ses

céan
safety concerns for personnel and has not proven cos eCcTIVaNIYaRs Le.,

addi ti on, avaideatdnd opd@fofal pambist i he structure necessary to
support the units i r?g?udi né) \)\mgi gﬁ?@édrﬁgqﬁgﬁwgp%é&f&parti cularly in deep
wat er applicati ongoiiCRrati ' sary. requires additional &

t ensi oners poses diffi clﬁlmtl&gngf%éng&}%%ﬁ’gés%n%eﬁ%o N8 UV ES g‘?‘l‘@ eaHre digh new
vessel desi gpginRRdictRBtAsd .St el desjgns.. Recent deepwater
devel opment commi t ment s@tﬂ%é\}gsﬁggbg ay“ﬁg‘géf e?r(.a)'?dsdﬁ%ﬂ;aﬂ% ﬁ’&t"f"iﬁﬁ“’dﬂ"mbi”ﬁg

vessel s and pg leQB Boh 1t i | et hora of new technol ogi es
and systens toﬂ%glgtrmg? gtwfg?f‘a }eﬂé’%gfs{’/%?‘f‘}?ﬁ’gé‘;éﬂég&ﬁﬁp 0 £ Gtiing aises safgty concems

envi ronnent o8k i i.n0cl .riser, tensiqQner devel opnent
where dir ectSf Og?:-t i ng l%&%@g@g@;&g&gﬁﬁu% éﬁgd%ﬂgp,%%lgblgpgcte ?Fé“sgga-tfﬁ& »§et ur ed

b dralift WaTa [V i arr. ed . tpo.conngct .one end to the
inder s de of el o biHBk ool PG Eol L B R0 RN Pty i egp

These di r ectyagtd i . equi ith ball ioint nbljes i
poth the T oo eacra i) Vi e BeioR HLBRE el alfone] Eafoneiopesirebiscel

of fset. Al thpiibnd R r } i npr.ovepent oyer conventional wre
rope syst enst}? t hesxrféu- gyrsgr“b%t ﬁé op{eabsa%b? 8§‘§|"°§r¥8”8‘od§§F'WP§PP%FF?ﬁBﬁmlmessel

associ at ed Wefipnst he application and vessel interface. For exanple) one
problemis the occurrence of rod and seal failure due to the bending

i nd db =4 I d | | 1. and, pitch.
Addl 1 onal 1yt hssoRACepRat delditiont QAARAG ANE BSu SRR oy dsBeruiobBiPRe
0 2 0 ple th th
gi I O\élvr ?ff?ﬁ;’%ﬂé glgjlepri sHﬁootfgcalll)tlmggﬁqﬁﬁggg%%qoﬁflgﬁcﬁ é@%@i %‘g s?é%ﬁéélg‘\?,vﬁ’%%r ©

Wi t hout havieffectiely i 882 SvaiP Snd HIRAMIRN endildEmbrtsS CTheSl del WWennd i Sed S AS4ORET
system of the present 1 nvention Is an | nprovenment over exi S%.ll nla

conventi onaltenaieﬂl:rdwe@,ﬁﬁma%kr@%&ﬁmingG}lﬂﬁe@(féhtﬂ Beyond the nor mal

operational application to provide a neans to apply variable tension to the

riser, the systeQurRhO¥sERS aPmaMIRAred by BPRAC tiRdi i y;gbg di ng
vessel configuration and its operati onyal 9{:}% teri .lﬁq‘ﬁg&g gﬂlsnldglﬁer g&sk{)em has

a direct andormesihd e td EPEersB oF @S $Qke] AMNALGRE b 6 | meters
by extending the depth of the wgt er ine whi ch the gy@%}grﬁﬁgg}?ﬂ%gﬂ&g@&%d

oper at i onal dieepasihg éylisderdshe @@iphdwiliptall diftGssS Bl Mibth RIGPLA hFoylifucfblst | O
medi um cl ass vessel s considered for upgrade by reducing the structure,
space, top ®icdmpuRiglol righshglQnPledsel bi¥sel, MHAbIER iR EndeRblt isAd ir@&?&’vemﬁ&%&”ance’
while at the sane tine increasing the nunber of operations which can be

per f or med byon®er@ions Rviry ipS 6 stefifd the20 &d b¥th oPerktidfal b tDhUNERion YrObIEHR associated
Additionally, the present invention extends operatiohal .capabilities to

deeper wat ewith thBspplicaionSid vésed) herfal) FoiQRat e, Bie pRBIHiS thi d2BurkeR B RARM sbANSi ON
whi l e reducing the size and height of the vessel structure, reducing the

amount of  dfailire St the bendia} in@Gted B unk g\l dnd ASH-HeRloadivS a8 by b ghdlphteh,
top-side weight, and increasing the oil drilling vessel's stability by

| owering it Additierialy, tiefe systéivd danot Midle @EN\6€the welltRrd BREHIMNS Al ackfiEtoRhERANT
invention is co-linearly symetrical with tensioning




cylinders. Therefore, the present tensioner elimnates offset and the
resul ting unequal |oading that causes rapid rod and seal { i

previ ous systens. The tensioner of the present inventi on"@q@@éﬂgéﬁgﬁy
arranged and may be affixed to the vessel at a single point. Therefore, the
tensi oner ma égi)%eﬁggo‘n{\%gni entlt;;si nstall ed or renoved as a single unit through
a rotary tabl Rierthe crew oulths o drikting edsenis dotHBY Bhcbd dogBRLA! ke sStill
under 3 08 OCTOBER 2003 the vessel. The tensi_onéérw{)%‘q@%ﬁglr‘%}gen bed 06

i nvention fuﬂﬂﬁelllth@‘filflmscrmqyelamiaredkawaaﬂiyﬁmﬁﬂ%? over conventi onal

met hodol ogi es by %{OVi ding options in riser managenent and current well
constructi on t echhiedensioner Syspim of deipfdént Bienti I ign are npt
limited to drilling risers and fl oat | ng d?l?ﬁls%}ﬁglb@ééﬁgegriﬁr%ﬁgng?&m@ﬁ?nap
further proviubliregeding tndotipgsyatmg rmi’ma%ﬂ&{ﬂayoﬁeéﬁﬂnﬁtabﬁﬂﬁ'dnrt]o e lite am s

servi ci ng/v\orkovgr, i ntervention and production riser appfl catrong ™ fese
appl i cat i ons1q applyyeablel tensfon aathi figer Pthe sYdetingyy bl | dj.ng, tension
leg platform (T.L.P.) floating producﬁd‘gn pﬁgédﬁff{ldfkb%ﬁz&%n@gngﬁg a%dr(a)&'ﬁ%sti on
spar vari ant icluding vesyed tenfiguhtion dnil RS bprtatigshl &l des an effective solution to
t ensi oni ng requi hgrrent s and operating paranmeters including inproving safety
by elininating t e ragionef oysteprtias 8 Binet add@osliy " ' [gures wth.
the riser suspended in the vessel m)onpgol .Negxr?a#ﬂ%%%sgf%gﬁér?@?'gfndaoﬁgmﬂ’&ta
acqui si ti on payatetans fyrextendieg the deptiabf MEwhelia : t rocessqr
system whi ch p;évi des supervi sgp;y control. %}Iﬁg&%rs%s%gﬁfl%v‘%n ’?"gr?p?r%tm ‘ﬁso

di rect ed t o epshilitholl pafticalas erlsystagisad i : Het iser. . or
production ri seL,B;or dritfl stzmtest%le\?\ﬁfﬁngﬁgﬂﬂgy&%?egssfgf% 1d§1i¢dfor
drilling ri supgrade byf reducing theatri@tire) spacStop §id Wwhidht Ad bSE i vl il
suspended fromthe vessel, and prgf er a%l Y, ééthikHng‘gﬂh’ggt%g@g’%%ﬁgL%ﬁ"Fhead.
Ther ef ore, tmentempesnwhitefat thie same thincinérbudme MR R Eptiafi for the
drill stemtest is substantially reduce(gj. V%&?‘l?eéBt he %ﬁg@%};%ﬁ%}%&%"fﬁod of
assenbl i ng ypreixtgessad rquippeé witlhle kenbiGnedbyaemssed in greater detail, it is to
be understood that the nethods of the present invention include assenbling
a drilling riserAddmeliyitieyresent Wdlehtion $xtbrds Spersiiohdl LAl QM ﬂeeﬂ&j Je{te%?@.aﬁ’ essel
or drilling platform having one or nmore derricks for supportfng e
dril]ing ri sewveaibalgtivionereloy perhinhgcsionataitkion Al d3eading el ah PGP 0.
the well is "closed off' using valves or other equipnent. The dr I ng
riser is thapsselistechsemdbeng mdmoﬁ&f@&k@ﬁ&eﬁ@% fol B 1eA5i0Rk Gyl sted) relth i thd S
then assenbl ed, usually utilizing the sane derrick and equi prment. Isis
especi al |y fapcdeiweight ssdineredsing itngilarilling oase!'s whiility by RwdRhg itknthFarab @
support the weight of the riser. Both the drilling riser and the production
riser consist ofMergest, theensiongy of thepresentdnventidnacddaidesel SyrhRet@SlwAR ngothifn ded
fromthe well head to the drilling or production facility, e.g., vessel or

pl atform APxlBferst Thersfope, thepredont ichsiorgr alietimeds s1fcant 0@ réswing@ich iz Kﬁain% &
second derrick may be utilized to assenble the production riser. After the
product i on 48 rapidsod andesad] ifadlure in someprevidusgseas.t 0 t he wel | head and a drill
stemtest is performed. The drill stemtest is an evaluation of
unrestricted fl dihetmsipnedpfibepissent ineengon is aish radiallygd@fnge afdink Be ¥Mkdd taid i Nt O
shi pboard tanks to facilitate determ ning the hydrocarbon reservoir's size
and pr opensY&s§e! flo sinedpoins. gherefoieathp teasionar maybefchrvenivitiydhsiallo@ b¥ve@bvddag a el |
and the tanks capturing the flow ng hydrocarbon. Present nethods and

appl i cat i on¥nglgunftifirauhp miass table eppningor distonarctet and nibeed Hofikdita0lp whikestilliuhdek | NG OF
production vessel or platform or require substantially amounts of tine,
and thus noney, to detach and di sassenble the drilling riser fromthe

wel | head, and then assenble and attach the production riser to the well head
using a single derrick. The nethods of the present invention overcone this
probl em because a derrick i s not




required to assenble the riser. Instead, a crane, jack knife hoisting rig,
or other lifting device smaller than a full size derrick
Additionally, the methods of the present invention provi@%tSEﬁgﬁpgaes
of providing a neans to run the riser fromthe unused rig floor aboard a
drilling or production facility, wthout the use of a standard capacity
derrick; i nclthfdeessel systemthat is nodular in construction, transportation
and assenbl y; proi(l:l ding interchangeability with other drilling or
production faciliTheetensiper mftthé peesas sievaation @frhbh i a6 les WML | €
the drilling ri seir ids still in use and vice ver sgi;mé %%ﬁdﬁgpﬁﬁdgﬁtgé%u%” of
time that theonyertionaawthodoldgicd beprovidingoptiohdiftiseBhdnhe 4L iser .5 08
OCTOBER 2003 or production ri s?r is igorgxuse; fﬁ%ﬁ%mﬁgﬁ% (ﬁeé%ﬁ}gl%{lgogfm&?"ra
equi pirent { hiehniglencaptdidatogs af teeie inbd iy ddsin BB Mnile, &gl 09k d ALY, T 07
use; provi dlgll_suff%gwgg&to the long string of t ¢§ rrser oATMe ]
deepwat er ovenllipgves Bt er ploNRlePERV il .+ 0 mRintain. the
riser in constant tension, wth, ifbnecessarl;n(,él dg\%ﬁ%ﬁ@%ﬁ Tog[%f’ et ler i s
|t R servi ce; {roungiwomsotehénteremali dnil prodiction ASL BPRERbAS. ARG lic%foﬁ?fﬁ%lhﬂeaﬁlwee”
e riser angpa;ihemmenlnéggygfdﬁ by vessellgj rm;; on; and providing the .
capability t oL at &citinésdhclidp(ltéBsib Qe 1. e .
event the dE{iFLPleliél)ng or production veggsel ro%lglt?esr}ng}l‘%{}ﬁ)dﬂ%aﬁgée\%{h{ch%a C'@tﬁe to
weat her ari @dipeidudtion spar Varibdtsl €The sididn ' ; FTgey i ser
usi ng the tensioner of the present inv%nti%%%ﬁr?ﬁgéasseéﬁg‘%fa% Re
producti on rtenséoningiredugrerentsami Bgerdtiae Hirihs i | ethe . drilling
riser fromthe well head, and vli@ce l\g/grsa. agrﬁﬁ&%‘?%i“egb‘tﬁ%zégmﬁﬁ"%“ %{lﬂ’ars
and tiser caediebprepuahtolsiip e coi GERAGNS Mith it A Lifentd ih I A9 [tlfgelr
vessel noved to position the pre-assenbled production riser 1nto gPr ace
and secur ed 4mdntegral cputtd! irdlalats acaniditivi /etei PfoVdles (%Wf%lﬁ&aﬁx@élglt&dcgﬂmil o%LJg?’ and
t hus, cast savings. SUWARY OF | NVENTI ON The foregoi ng advant age ave been
obt ai ned t hispigyh whisk povidssengertinsdonti@dr conprising: at | east one mandrel ; at
| east one upper flexjoint swvel assenbly in conmunication with the at ,
| east one mandr eThe padsert aastionia elsowdifttt:Olod de&o@&%&ﬁb%ais%gw&ﬂiuﬁ&ﬁ riddy, | €ast
one upper flexjoint swivel assenbly, the at | east one manrfol aving’ a
first radiaPrpregicionris faddll sters exstinpdviii thedhrgdr stingl of B IGLg Bbr, JeRASH (0WRin
tensioning cylinder having a blind end, a rod end, and at [ east one
transfer t ubithedrillingsistr is sl sespehdodirangtht Vesseh BREHRIFGR1, Sl bhiddtell BEnefvielifdaq ! @di al
fluid band, the transfer tubing being in conmunication with the second
radi al fl ui dhesefaes. thecmons of Gicheead e monel,reQABILNprefird &R N A1l @bm Gost 1508
OCTOBER 2003 | east one flexjoint bearing; and a base in conmunication with
the at | eastubsiauialy edpcsin the bavhgroundf af intethed of Reknblify HrolldBod BRSHANRI | S
that the manifold may include a-third radial fluid band, the third radial
fluid band Hequstgd ineréasrresil, i isttp beunderstoodihathiermdiivas bf thaystesdidnhtidnifelade | east
one transfer tubing. Another feature of the tensioner is that the first and
third radi a#5s97Ylinga galliegrissay be in communication with the at |east one
transfer tubing and the second radial fluid band may be in conmmrunication
with the blind &aeray: & Wil igfirstidebesifroovealritling séseehordgiling platistavhaviAgor@ @thérk onal
feature of the tensioner is that the tensioner may include six tensioning
cyl i nders, for supporfingthe drilking risenvod othemigilling bquipkent. nvefier ellihg Vs RPN, Cat | on
with a firsf control source and at |east one tensioning cylinder may be in
cormmuni cat i 'BhWEH tshelased efordnecieives aslothenequipmentSThé drillimpiiseris tfenaisissanttdd, t he
tensioner is that the first control source and second control source may be
in comruni cation with the sane tensioning cylinder. A further feature of
the tensioner is that the tensioner may include a hang-offdonut. Another
feature of the tensioner is that the hang-off donut nay be di sposed on the
mandrel or along the tensioning cylinders, e.g., below the blind end of the
tensi oning cylinders which captures each of the tensioning cylinders and
allows for the transference of axial tension |oad fromthe cylinder casing
to the mandrel and then directly to the rig structure. An additional
feature of the tensioner is that the bl gnd end may be connected to the
mani fold by at | east one sub seal. Still another feature of the tensioner
is that each of the at |east one tensioning cylinder may include at |east
one cylinder head. Yet another feature of the tensioner is that the first,
second, and third radial fluid bands may each be in communication with a
transducer. A further feature of the tensioner is that the tensioner my
i nclude at | east two tensioning cylinders. Another feature of the tensioner
is that the tensioner may include two radial fluid bands in conmunication
with at | east one transfer tubing and one radial fluid band in
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A further feature of the tensioner is that tensioner may further include at
| east one |l ower flexjoint swivel assenbly having a first h AT
swi vel assenbly end and a second | ower 8 08 OCTOBER 20%%9Pﬁ?ag% vel
assenbly end, wherein the rod end is connected to the first |ower flexjoint
swi vel assenbly end and the second | ower flexjoint swvel assenbly end is
connected to tHEPTBYSEON eI hemaspenthicd; wualyoftilitihgtht edidemick ardeqbipatn: t His At

| east one tensioning cylinder may include at |east one trans?er tubi ng, the
at Teast one FPSRbdme tLHSFsplg hayérieraglyl ane Gohsiasrdesiak ihataiupport thewSBRof @k Hser
Anot her feature of the tensioner is that the manifold may include two
radial fluid Bethdhs drilling csrend thenrpdmation rishr dohsistaf tubiBa§ e.s0Bink lARSEEL LV RINT
and one radial fluid band in comunication with the blind end of the at

| east one t en¥idsHierdsd ymithecenllheadito thel diillinporahrodubah Wchind b ot N8sel S1FRRRET 1S
that the tensioner may include six tensioning cylinders) wherein at |east
one of the tensi oiltegativlyi indsHisg veselsrhaciagmuideqaks, 8l sétbideick iag be lﬁfﬁ%&{tgl
source and at | east one tensioning cylinder is in communication wth a
second cont r Assegifrtheprodgetion risexrvoften e pfodadtioh Hsedfs atsBbIEE N R aREEd tb %e%ﬂﬁea@ he
first control source and the second control source nay be in conmunication
with the sanenf arillotanntgstdy pérfoctaed. Thef duillt o tefsteiawmuﬁifiontmn}e&ﬁ&is@g&t} of S
that the tensioner nmay include a hang-off donut. Another feature of the
tensi oner i s hyfracarkonec.gitoil rgsy, fromahemmeti dndlisto BiybokrdAnks' fﬁlidt@éé{mﬁm gedial
fluid bands. An additional feature of the tensioner is that at |east” one of
the at |east hydecarbeniaserveir’sizt abdpromensinyto Nowj el URHpRadbCAlbd Rl e tied ] | ND
end and at | east one of the at least two radial fluid bands may Be In
comuni cat i ofndhe fokspeptnring teerftbwing tydiocarbgoi Ng advant ages have al so been
achi eved through the present tensioner conprising: at |east one mandrel, at
| east one upper fRreseptonatiodsandwpplicationeofthiy proadss teqaifeleitiR Bvd RO Hhe (ﬁ'fllid ast
one tensioning cylinder, and a base) the at |east one tensioning cylinder
i ncl udes a bPTRTeFuekRR vesselotphationh,oatenare substahtillyamaintd ob i, afditus TR Buda@nd a
rod end in conmuni cation with the base; wherein the at |east one nandrel,
the at | east 2¥tflisagssmble thedglling riser framitheobellhamicandlthsh adskifibl@dndlaBah thePuction

mani fol d, the at | east one tensioning cylinder, and the base are assenbl ed
to form a unfiteafoythe wellhpadysing a gngle ¢8ric®CTOBER 2003 tensioner. A further’
feature of the tensioner is that the tensioner may further conprise at

| east one | ower fIbegjesiofs ofstht prssentinzentioh pverdomethidi grobbnabeckigata WeicRlis fidie
tensioner is that the at |east one mandrel may be connected to the at |east
one upper f|EYE5H ipassspble e rises laviesidya crank gack knifedaisting@iggor PRk devide@inAller

swi vel asseg{glﬂéiI bei ng connected to the at | east one nmanifold) the at | east
one mani f ol fH'é siglerrick mayiberused: ddigipnallp ke masivas bfdlegiraeit hyertigh provigé the t he
at | east one tensioning cylinder being connected to the at | east one | ower
flexjoint svidyareessde prviding aerapsfo ren the gses fromrthe dnoved rigffloexjbokrdta doitling @k
assenbly bei ng connected to the base. The foregoi ng advantages have al so
been achi evdiOURHE eIty Hithont the userof sstanderd cirerityalesickrinicludes aaystenthiat istasdulag a
plurality of, tubulars conprising the steps of (a) providing a tensioner
havi ng a fi r'S COPEYLPR f@pspertgion, and assesphly; teovidingnieterchangeabilityr weith athdr delllipgsi t i on,
an extendedrpgo iti %n,_,at | east one mandrel) at |east one upper flexjoint
swi vel asse ?‘@wtf"ﬁ wHiirPRrRitinesTsembly pf thapeoductidngiaer whidethe drifligiadr js still inluga st
one manifold tn comunjcation with the at |east one upper flexjoint sw vel
assenbly, t FBYYEe YeEsaedugipgtheamauntof imethat thegvellhéad isSidle; e, thht efthena drilisgriteand a
second radial fluid band) at |east one tensioning cylinder having a blind
end, a rod end, and at |east one transfer tubing, the blind end being in
comuni cation with the first radial fluid band, the transfer tubing being
in comunication with the second radial fluid band, and a base in

communi cation with the rod end of each of the at |east one tensioning
cylinder) (b) providing a drilling or production facility having a rig

fl oor and a noonpool disposed belowthe rig floor, the rig floor including
at least one rig floor slip having a rig floor slip opened position and a
rig floor slip closed position; (c) insdting the tensioner through the at
| east one rig floor slip, through the rig floor) and into the noonpool; (d)
connecting the tensioner to the rig floor; (e) inserting a first tubul ar
through the at |east one rig floor 10 08 OCTOBER 2003 slip, through the
rig floor, through the tensioner, and into the noonpool; (f) disposing the
at least one rig floor slip around the first tubular and noving the at

| east one rig floor.slip fromthe rig floor slip opened position to the rig
floor slip closed position, whereby the first tubular is maintained in

pl ace by the at |east one rig floor slip; (g) connecting a second tubular
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08 OCTOBER 2003 to the rig floor slip closed position; (w) releasing the
base of the tensioner fromthe second tubul ar, whereby td‘ga CTSBER2003
mai ntai ned in place by the at | east one rig floor slip; (X) nmoving %%e
tensioner fromthe extended position to the retracted position; and (y)
rel easably securing the base of the tensioner to the third tubular. A

further featenpedodtion hiserieintued rddoding 66 andint 3xeh dol ! | glity of
tubulars is that steps (s) through (y) may be rglﬁlggltgnet ?,’ﬁ%dgq&tﬁ%éth%e

addi ti onal tininakiag therrig flook eady fos@e; pravidiae RERIST LML RE ngt.h, Apnot her
feature of the nethod for assenbling a ?glser ?Eﬁg\g/%%%atﬂf)loﬁ'?%ﬁ?ﬁg?"ﬁcﬂﬂul ars
i s that the dvepvwaedovenyxténded feasdsonahdisieviliiga s, ect.ing a final
tubular to the riser; and inserting ﬁﬁ\g flg?la[fﬁgté unga?ﬁ? r}sgrdréﬁog‘ftﬁ'gtcﬁf’mf’east
one rig fl oorithsifingessaly] OuetulLl ViBle theisk! iOQ sed wShslonear, and into the
moonpool . An additional feature of the rrest?h%%p%%?dl& ggeecﬁ%bﬁ%maaccrwatﬁavi ng

a plural ity asfuldrtisttcteswdes tddder hi¥etht SRSLIAR moyed fromthe
extended position to the retracted positi onc,ﬁlrc%y AC ?e\l/g’tolyl?fb agg pf°é’§£’fg e

cont ol sourcmbiity GaEmBiReall S Wikl ke AR ARPLsnShi bl ANPEDGE feat ur e
y of tu

of the method for assenbling a riser having a plura fioeiog { hat

the t ensi ongrodanidn eessi rétited dhoun el 1 to Wk S TR, NSer t ed thr ough
the rig floor and into the nmoonpool by lifting an p03|?|oning t he

tensioner and eamfithex thé Methtdsef @benibYind riskitoi ith.a crane. A further -
feature of the nethod for assenbli n%g§sri sle%aﬁggs:{gﬁ%mg@'ﬁ?rﬁsre%ﬁ'P‘fe UGPeribul ar s

i s that thetlicansmblyor tha pdechriRf widhg I bul ar .pe inserted
through the rig fl gor agd i nt ont he not)}%lf),{(t)%?ddﬁ%xmg{tio%yﬁsaﬁacn}fzcog%@ﬁ%r&ﬁﬁ ng

t he tensi on@omaldwamedd, 8fd videSeRh. Utlerdry tRf 4 A Lh a jack knife
hoisting rig. Another featur e of the rrétﬂ%o lp‘glr(,llbg{g%én TR PSFLEPINS i ng a

plurality oftistorisdted iEmitie viellRdad hfdRhelvBRI Y i ) tp.the rig
floor by removing the at |east one ri g fI%?ﬁ%ﬁogﬁ%%gQgr}glglﬁll%gfbmf"ﬁ{éo"trgﬁsi oner

on the rig fnkootoplacdimdasiddit®haweliRad, hyi idOh sRssealing a
riser having a plurality of tubulars iagvxﬁ]vae%sﬁ,ﬁ%égé%%g&%g?{ lérug’?r’a@?g‘éls’c%ﬁnect ed
to the rig favimgs. by placing the tensioner 12 08 OCTOBER 2003 in

comuni cation with a rotating bearing disposed on the rig floor. Still

anot her featwe of the nmethod for assenbling a riser having a plurality of
tubulars is that at |east one spider beam nmay be inserted and at | east one

subsea appliance is disposed Osmﬁydpmmlﬁpi der beam and connect ed
to the first tubular prior to the connection of the second tubular to the

first tubul ar. #&héforcgbiagadvedidds Rivobeeh biaindid hﬁﬁ'bre@e%?t@ﬁ@nleﬁ&nﬁ, ‘Eih%]eaﬁ
having a plurality of tubulars is that the at |1east one spider bea may be

renoved af tlesst dnaenaodrelnatdéaistaine ipei Rjotit swielabse@B§ inddRaRAICARA With St ie%t
connected to the first tubular. The foregoi ng advant ages have al so be

achi eved t fnneughdrelhat lqasteme mianifeM MQBmMmAhicaid Mth e Alleddt dre Sfper ABY bR WAvVel
plurality of tubulars conprising the steps of: (a) providing a tensioner

having a fiassblyethe atdessrone neinifdd Fevig 2 dirs RARI MEband BiDa Bednl tHdREhGH bRRSI ti on,
an extended position, at |east one mandrel, at |east one upper flex]oint

Swi vel asseahlshsy onentersivning oyt Having\h blihdieh® a3éd dn8ARd at98H6 INBRAHRY Jubfi, heast
one manifold in conmunication with the at | east one upper flexjolnt sw vel
assenbly, thhiad end Beggsih commusieativs Skt thecfirsi@dial fluid Bend,[RGirakfef hbing RARPG and a
second radial fluid band, at | east one tensioning cylinder having a blind
end, a rod cemuiunicaticn with theasondradialt fluid WahEinditheTbd€hd bbiLinkbinRfiniERBn REMAD i N
comuni cation with the first radial fluid band, the transfer tubing being
in comunication wth the second radial fluid band, and a base in

comuni cation with the rod end of each of the at | east one tensioning
cylinder; (b) providing a drilling or production facility having a rig

fl oor and a noonpool disposed belowthe rig floor, the rig floor having at
| east one rig floor slip having a rig floor slip opened position and a rig
floor slip closed position; (c) inserting a first tubular through the at

| east one rig floor slip, through the rig floor, and into the noonpool; (d)
noving the at least one rig floor slip womthe rig floor slip opened
position to the rig floor slip closed position, whereby the first tubular
is maintained in place by the at | east one rig floor slip; (e) connecting a
13 08 OCTOBER 2003 second tubular to the first tubular thereby formng a
riser having a plurality of tubulars; (f) noving the at |east one rig floor
slip fromthe rig floor closed positionto the rig floor opened position;
(g) inserting the second tubular through the at |east one rig floor slip,
through the rig floor) and into the noonpool; (h) noving the at |east one
rig floor slip fromthe rig floor slip opened position to the rig floor

o e



08 OCTOBER 2003 tubulars is that the tensioner and each of the plurality of
tubul ars may be inserted through the rig floor and into cx;-@

lifting and positioning the tensioner and each of the p|(?,léi’]9| ygggj%%%l ars
with a crane. A further feature of the nmethod for assenbling a riser having
a plurality of tubulars is that the tensioner and each of the plurality of

t ubul ars may l¢sét dnpSersincbetringpanghh bhdkbn Ednehniddi Qs K=ot onpool by
lifting and positioning the tensioner and eachn opﬁﬁgeltl%ftbopeg?%ﬁg?mf’%bul ars

o1 o] ack kT it kageof s clBB Ul 62U BTSN i,
ach evedoy: it i) a0 oo 0L ASSEAD b By SH0Y el
adi L onal | sowtraang, Abeioreathidsae Sk 0 i SRl ARSI Rl
rovi 0 e ats bemsiicata it oL ekt I8 8030 AUk RGBSR,
(e et hod femmssni obeulsat o ISP RE, WUBLD BN
(e 110, 1ot st 3t BEVIELE Sty BRREIDL00 0 ST
(he 11 ! oommbestiman b f SRRl o SATUIL ST ML BEARRS
ach eved el g 1916 SamhuIBLAP ik 5dRF SR KR ASAMEND, 2

havi ng a fi redsidneristhanBs i ntrd sSEGURG | q retracted position,
an extended position) at |east one rransdércel ;ogg)?Foeug%tmaé%%mﬁﬁ‘ﬁg’?m‘fﬁ"@% nt

Swi vel ass e s RenSiOMR | & Rurt! Barked B il ch RS is ARGNTRIIS oy Bloplig2St

one manifold in comunication with the at [ east one upperns’folneeﬂa&i"m“dgﬁ/i vel

assenbly, t Hengnoff i@ms tArmther Bt bothelehdteNe ude did Kask- | i d Land, and a
second radial fluid band, at |east one tensi on% ngé gflflﬁlsjrlrﬁlg}g?)r%;é\'/s ?156? "%Fi nd

end, a rod emdiichnalondhd ediohingORintérd 03| B HbIRGenddtf tionREy ETCRER, 2003

blind end being in communication with the first ra

transfer t ulsapgredembingf thenerSionik By1madt 28 alvhs Yol 586 halad )y band,
and a base in conmuni cati onm\;h\nyth t he rgd engl of eacr%&gfo};%ﬁ%%gstmll%%js “™ne

t ensi oni ng chelcylivdier casifdxp the navérell 208 thn dfelcdly b BE rif Stnfd el okl Ly having
arig floor and a noonpool disposed bel OV\}/lthenrglgg W%o%?')tah@ﬁ%l rlaém??%ﬂéer

having at | easbnepisethitith Blin@@fd My Be AMcRE tGhE nnfrlI@B) athLJsPonQQEtE?e?L pﬁﬁ]nt I on
fubular- 1

and a rig floor slip closed position; (c) inserting a first rough

the at | eastnotrefeatug dfteaensivhdrfis thittaehiF hetalRast bitk tdsRBing cARM rinﬁ??nch{aﬁ at
noonpool ; (d) noving the at |east one rig floor slip fron1t%e g oor
slip openedlepwonetdybmiet lwad. et sriothef fe@re ofthd BnsFon@S EflatRRFirdt isQ3nd, Wﬁiﬁ‘cﬂ%{di%lhe
first tubular is maintained in place by the at | east one rig floor slip;

(e) providi Agdaends emptachbeinsmhaaiicdlionwith & tasdicer] AdGknePRERRF B8 fenfiGRMhAVI NG
at | east one spider beamslip having a spider beam slip opened position and
a spi der bethaytd teppiontosaydnchuds attiéasttwo {ehioritigtp RideRIAhdRer flruleRR Bk teRBEncs R der
beam slip around the first tubular and noving the at |east one spider beam
slip from tthet thpiedgoncbmayinalidetwo P fuip 6&idt inBmbinicRRn Wth 48EasDER FaSirirP

cl osed position; (g) noving the at |least one rig floor slip fromthe rig
floor slip @hinges nosadial Anidtband i orhinGniéation with the BIIAPGIARH cRR SF thi ANeastIE €DY
the first tubular is maintained in place by the at | east one spider beam
slip; (h) lowering the tensioner over the first tubular, through the rig
floor, and into the noonpool, whereby the first tubul ar passes through the
tensioner; (i) connecting the tensioner to the rig floor; (j) releasably
securing the base of the tensioner to the first tubular; (k) noving the at

| east one spider beamslip fromthe spider beamslip closed position to the
spi der beam slip opened position) whereby the first tubular is maintained
in place by the tensioner; (1) connecting a second tubular to the first
tubul ar thereby formng a riser having agplurality of tubulars; (m noving
the at least one rig floor slip fromthe rig floor closed position to the
rig floor opened position; (n) inserting the second tubular through the at

| east one rig floor slip, through the rig floor) through the tensioner, and
into the noonpool, thereby noving the tensioner 16 U>3 UL TUBER Z003 from
the retracted position to the extended position; (0) noving the at |east

one rig floor slip fromthe rig floor slip opened position to the rig floor
slip closed position; (p) releasing the base of the tensioner fromthe
riser, whereby the riser is maintained in place by the at |east one rig

- .y . . ) Y




i i [ [ ifold of the
invention. FIG 2 is a cross-sectional view oflthe mani f ¢
tensi oner shown in FIG 1 taken along line 2-2'. FIG 3k0§d§-50n553%%0 5
cross-sectional view of the manifold shown in FIG 2 tal enFI o g pne :
FIG 4 is a cross-sectional view of the manifold shown in _ Mg
along line 4-4. FIG 5 is cross-sectional view of one of the ][adl alnbfd:“rrent
bands shown itensiin@g c@linded. Gn ﬁdiiti&paﬂifa‘itluf[i?)fﬁk @é{lsi%,fcr gralggﬁs pg,q,é SRSty mat b Aladed
of the tensioner of the present invention. _ d
vent o | o1 ta r et et cd pony crAMHE A ERSKORRIH, iy ReFSirmei  on
invention in its retracted position, _ _
Side viow of A dri111m0 or brodnar ol ek d B eI N B huinenpdrent ho
side view of a drilling or production f: _ _ OHEl
D oduct i on aci 111y, anc s oo BORkian et BSSIb BN teigorte onipiiraps
production facility, and having ri i _ _ of®
Producti on aci 11y shon g s ra escules Bubiifent SRS B rgretide | Sir e
production facility showing a riser _ _ _ _
LT | S B RS b o
described in connection w !t e e _ .
embod; ment. On the contrar i bRy e B o Pt s fraipaic oy er
enbodi ment. On the contrary, i ( | prented o eover
11 al ter nat iheestire fmslinki 16 Rino StSrsiod) SreR QY in YR SN g @5 rlB DSl N ided
?he spirit and scope of the invention as g‘% me%%yat“ﬁ% froso b, vrste! ipngings
heading. A further feature of the tensioner is that the tensioner may further comprise at least one

lower flexjoint swivel assembly in communication with the at least one tensioning cylinder and the
base.

The foregoing advantages have also been achieved through the present tensioner comprising:
at least one mandrel having a first mandrel end and a second mandrel end; at least one upper
flexjoint swivel assembly having a first upper flexjoint swivel assembly end and a second upper
flexjoint swivel assembly end; at least one manifold having a first manifold surface and a second
manifold surface; at least one tensioning cylinder having a blind end, a rod end, and at least one
flexjoint bearing in communication with the rod end; and a base, wherein the second mandre] end
is connected to the first upper flexjoint swivel assembly end, the second upper flexjoint swivel
assembly end is connected to the first manifold surface, the second manifold surface is connected

| to the blind end, and the rod énd and the at least one flexjoint bearing are connected to the base.

A further feature of the tensioner is that tensioner may further include at least one lower

flexjoint swivel assembly having a first lower flexjoint swivel assembly end and a second lower



DESCRI PTI ON OF SPECI FI C EMBODI MENTS | n one aspect, the invention conprises

el enents that when assenbled forma unitary, integral, sﬂé@g m ner.

The tensioner may be used to replace both conventional ;dnkdb| I rec!E ac |3rzg

tensi oning systens. Further, variations of the tensioner may be utilized in

both drilling and production riser applications. Continuous nonitoring and

Syst em manag@exjoint Wiey hdenblg oY, Whkreid thetrifenl LEPLAU ANGOUS ol aads and
el SRR RIS

ri ser recoi Uup-stroke in the event of an un or erne IENS¥B¥shect .

Further, theasysablesidasd 0h SdceRBSwirAeQRaS 100% | evel, with tvo tension
cylinders i-solated which is nor mal egr aéta’?‘@eg'it°‘r‘?g{y§%°§f%°ﬂf’%°§d§%‘@Fﬁ-Afurther

operations. RafuydfitiRder3RNerliOthit iz at least BEeQ . the present .inyention is
directed to tensioner 30 having a first tagir(l)}s{]fl célPdeEH’(ﬁy?ff"d%at BY §Rgransfer

dir e ety i 0 d SEtond “
(FIG By, Prarerapty eoRCtantnaggs bk ih Betbfiion PP 4R B et e
at | east oneoftistiner i haSBORhnitofttnayHonldf A a1 B tRREH: if Lol QL. O s

beari ng, swi vel assenbly 50; at |east one nani

60; at | east atQdast cheRRIsRMHUBB SYd dnd Linder . r0. . | east one
base 85. Base 85 faci Kl tates the gagm@l?Eag’%jf"ocﬁn%wmggggﬁ'@ﬂﬂﬁ%&ﬂ‘gﬁ@ﬁﬂ 32
t o addi ti onajeasesHeétddsBihe inde? Ak iser.stri or hl ow out
preventer stack. In a p%g;lgrre%ugg@gﬁ%%ﬁ%f’f %tgnesmgglﬁ"ﬂ%ﬂﬁ&@%‘“ﬁ?é‘f"‘d“dc

connect or negbRhsiching® S i r. detail . Upper flexjoint
swivel assenbly S%O, g?%gﬂlé%v\‘g% r%?gg%t:oﬂ% &rsﬂ\%q%/@omg%%y?%ﬁ/s °E‘H’r‘r'ﬁ‘§ﬁ%’

Addtht or
vessel of f sedfirktcntrol YRARS Ghd 4 Radt bieQbhsioh; ationship to the.well bore center
and riser angle. 19 08 OCTOBER 2003 él@é‘néeﬁlesg} P@’%&?&iwﬁ‘gﬁfﬁc‘“ﬂd@ﬁg?%ner

30 further igagdsl FeHir : joint or beari swi vel
assenbly 80 di scﬁ?gle%&lggl ow fﬁﬂg? {é!ggt{%%r l(%Ie(z?ea&%"i %"g s %qurcg@ncrﬂgfeﬁ%owa st

drel end sfirce BN ati 6N Gitd e < hody 43, Jhang-af f joint 44
2?3 211? I:gst oneﬁﬁgggﬁloff donu%&ﬂ%éﬁanﬁgﬁﬁﬁgmﬁgﬂ%é 'cg‘nﬁg@?gﬁn’f‘%g&?‘e )
di verter as&aﬁiahetis(mmeséiﬁ\_amma§ﬂEﬂa@haﬁQo&&%E{ Rﬂ&ﬁer%@% Fihe TOsnay L Ag,

may Lo PTes

mandrel |ower connection flange 47 whic be“connect ed t6 NaNY: B j oi nt
44 through akyat fedt BASMKBRM IntyAnAEdeSPIRS: Rfo o il A0 YR Kl hadidh Exthfeaé&% éftheAS

shown in FIG 1, mandrel |ower connection ange S Eonnect & (

hand- of f | Oitenkiode istthut SXUEHst dnBwaﬁlcgémtlﬂJaéi% ﬂm?vandls_ﬁlgygﬁeqf Bord Qi Latih il S!S €4
to interface with a hydraulic support spider franme (not s ovvn3 renis
general | y sfigbéndasd stneheont BEhS steaStteh b kil Fui@bank a‘/b%ﬁéé%mr&lh(if%{i)%%%rtﬁ‘ Thi's
allows for the conplete tensioner 30, .incl uél ng t g riser and bl o ot
preventer (kbden®.) stack, to be disconnected fromthe well head and "hard
hung-of f' and supported within the spider frame and beans when di sconnected

from the divert eThe@regoing@dvanasd Rl Wiso bR R hidvel RIS HELLre@ht t Q¥ nd :
conpl ete tensioner 30 to be di sconnected frgmthg di%/rgrter a%éggr;rnﬁ%g@g'

hori zont al | gt leastonbimasdrel] a et Bhiciphdr GlexGdiht sRFRT aSsemb) e feadt B nidblorilat lGd L. avay

fromthe well bore) thereby allow ng access to the well bore center and,

provi di ng cleasiormceylinder, irdea BBk, the BARSE ofd 1chiishilR: Giifkter 3§ bhifke b Jnat i on
and running of well interface equipnment) particularly production trees and

t ool i ng packagmmicatiangitothe afl Qiasttond mahiBald B d 134 S8 &l colnmhubieltin i PDLE:
flexjoint swivel assenbly 50 and manifold 60. Alternatively, an

pr ef er abl y) whaeig thefaf leabo st mahire], She@t BROSRIpstr ﬁ%iﬁt@%%ﬁﬁmw, g aﬂ?:lsi (ﬁger S

70, thereby capturing the tensioning cylinders 70 so that Hang-off donut 45
i s di sposedmamfold, headastohyteisioning@ylnda! aak the bROHE Rscafbldd & inPRElitard Lozt  6) -
In this position) hang-offdonut 45 permts transference of axial tension

| oad fromcylinder casing 73 of tensioning cylinder 70 to mandrel 40 and
then directly to the rig structure 20 OS OCTOBER 2003 (not shown). Second
mandrel end 42 is in comunication with upper flexjoint swvel assenbly, or
upper bearing sw vel assenbly, SO. Upper flexjoint swivel assenbly 50

i ncludes first upper flexjoint end 51, second upper flexjoint end 52, and
housi ng 53 having at | east one sw vel nenber, e.g., bearings, which nay be
di sposed wit hin housing 53 as showmn in FIG 3. Sw vel nenbers of upper
flexjoint swvel assenbly 50 permt rotagi onal novenent of manifold 60,
tensioning cylinders 70, and | ower swi vel assenbly 80 in the direction of
arrows 58, 59 and arrows 10) 12. This arrangenent allows for mandrel 40 to
be | ocked into a connector (not shown) or rig floor 91 (FIGS. 7 and 8)
supported under the diverter housing (not shown) which nmaintains the upper
flexjoint swvel assenbly 50, and riser 92 (FIGS. 8 and 9) in a | ocked,
static position, while allowi ng tensioning cylinder 70 and | ower fl exjoint
swi vel assenbly 80 to rotate (FIG 8). Upper flexjoint swvel assenbly 50
provi des angul ar novenent of at approxi mately 15 degrees over 360 degrees

o . e o o .




08 OCTOBER 2003 tensioning cylinders 70. Wile manifold 60 may be
fabricated froma solid piece of material, e.g., stainlesfotRSBER 2003
preferably manifold 60 is fabricated from two separate p| eces, oOr sectlons,
of material, upper nmanifold section 60a, and |l ower manifold section 60b.
Mani fold 60 may al so be a wel ded fabrication of plate or fabricated from
one or nore tastrengs. As illustrated in detail in FIGS 2-3, manifold 60

i ncludes top surface 61, bottom surface 62, nmanifold body 63, and bearing

| andi ng flange 68 fuftwp featird g cl udes at
| east gne cogt rol interface 64t?%?glswéégﬁg?%% ?%%@?@S&HT@OB‘? &¥¥r abl y

i n conmuni cafléxiintéivivel addemb9ash adl!'i\ﬁmﬁl SARLQIPRE teﬁ%&deﬁg& ¢ th Zat ﬂ:asq aie grals LayOne

control source (not shown), e.g., through the use 0

assenbl i es kiseofindcRd RES Qﬂ@as%ne@}:ﬂér 'ﬁ@{]){mt%%]vél s&nl;l?gﬁe ttleast ﬁggpﬁh@?x?oént

- suitable control sources includ but "are not

pressure, achiivalbblp beiak CoRASPH 1R HISUS rlefielia Vod 1‘2‘&9 o%gf%%?fpfd&ﬂélg sure

connecting the gooseneck hose assenbly to the accunmul at 6

vessel . As Sd&mteﬂfbﬁﬁlaﬁ&sp&re%nsxéggﬁyﬂﬁh%{ m@Pl&aﬂ%e‘{?&ﬁ, n}ﬂgﬁylm%e ??f‘{‘ i nterfaces

64 and six tensioning cylinders Control Tnterface BEFrRFPgcoppesed yr e,
e.g., pneumabite AndkQne M Tekjbhi %@é%&@ﬁblﬁgﬁd% o 163k o%géc‘;vﬁe?r}?et i cong rol

source, through control interface 64 hro sub seal YORERTYD d

60) into and;sgehlbgujgmge@ﬂb@édtgm,ybgseband e.g.) -65,:66, 67, and into
tensioning cylinder 70 to provide tension to tensioner 30 as discussed in

greater detail bﬂ,@mrgg@g,gtgavmé@s h@,}gsdlsgnge@n ?AQHJJC&)Q%B% {etpé ?asg%ed stlotl on

to the extended position and vice versa. bnly

one control akseimBlid AfivihSa ] an, one. .con roI source
64 may be enpl oye Fﬁrt%egaﬁlﬁﬁufys??gm%e uﬁggﬁ%@ng gptOE a)%rﬁgd?%[cf‘%?

terf 64 ﬂ@t t di al
anas) 6. g, ) B0 oa ey Lhan eatirk o, COmRY 8L B EER Dol T °

one speci f | %aﬂlﬁh@ﬂlhrmt&t leefd Bhd %b%ﬂaf.jralg@ﬁ'n{ m\%l ééchn}be @%ﬂu&ﬁﬂwutog gntlt‘l gm gtﬁcafs{' ui d

communi cation with radlal flui I men

band 66 nmay ohemapeded lcha hmaxafomﬁe&%ﬁua{ IS (FIG
1). Manifold 60 includes oat | east two, anéoﬁg‘tgftgg%gﬂﬁﬁq%&{ﬂgi%&aﬁ | ui d

bands, 65, e8Semi@y,thaddieal ohdvh@iifolARvi 'Yig]i Hrsﬁ’ladlﬂ%uﬂngmy tilnd%régc h& @alaﬁf falid ﬂaﬁm Ing 75

of at |east one tensioning cylinder 70 via seal subs I ntersect

fluid bandsaﬁ&st&ﬁ;cnﬁamh@@m&yhm% \el tikhd\éhdi mh@ﬁ@%&&i@%&% Q0K &%é,?ﬁ G

transfer tubing 75 and blind end of each tensdioning cy |nc

3). As furt bkid éd®aig ifcdnir@nicdlion Wit Ak fislc Pafdl hﬁ@%&cﬁ% ferﬁZb.gg' g{gﬁ‘gf f@bly

i ncl ude two upper radial bands 65, 67 and one | ower radial ba

Al ter nat i vetommunidiial with the sdcdnd Rdsal fidid b8, an®Pabasd in BERMfuo S Qi BY rddendde @nged
with two radial fluid bands, e.g.) 65) 67, nmachi ned bel ow the other radi al

fl ui d band, eagh of the &eastlofe &ﬁshddmgéb?ﬁﬁda@(b) Eﬁbﬁﬁilk BBAlling 63bRbtidn! fitifly RARES 65,
66, 67 may be nmachined co-planar to each other. It is to be understood that

one or nor erig fatir ahd £ hetinglod) ARPEId Keldiv the BDflodd he rfyHlooPMYIullifg htlleaSQUREHPRSAL | ON
with either blind end 71 or transfer tubing 75; provided that at [east one

radi al fl ui slipthavids & sig flborcstipwpdried pésitidn and 4 Hg Bavthli f:loé%lilpﬂﬂtuﬁﬂgc)?ﬂseﬁﬂ the
transfer tubing 75. For exanple, as shown I.n FI , two ra f|UId bands

65, 67 are temsiomentmongtcthé hideasyéric Rigiflodip, Qﬁroﬁ%ﬁhhﬂ%] cor, g it e hi%@ligﬁ ui d
band 66 is in communication with blind end ile each of | ui d

band 65, 66confieBtingthqremsionerabihy rijy llodi(BYTRLBHIERE firditubiak huangmh@%edsmn@ﬁéﬁ&o? 64)
as shown in FIG 3, the at |east one radial fluid band in conmunication
with the blind end 71 (radial fluid band 66 as showmn in FIG 3), may be
filled with inert gas at a slight pressure above atnospheric pressure or it
may be opened to the atnosphere to provide the required pressure
differential into cylinder cavity 78. Referring nowto FIG 4, the creation
of radial fluid bands 65, 66) 67 may be acconplished 23

10



08 OCTOBER 2003 by machining channels 21 in manifold body 63 to the

~di nensi ons desired or established for appropriate port 'dygj
channels 21 are profiled with weld preparation 22 mhichYﬁgggﬁggggﬁg%aration
of filler ring 23 which is welded 24 into machi ned channel 21 in manifold
body 63. Manifold 60 is then face machi ned, seal sub counterbores are

machi ned, andip}tRiaEaRS MCloe, iR the m&ki,ﬁmiﬁghknﬁ%f%él; &)%isﬁagéri] thet %:eg”nlel ed.

Cross drilled transfer ports 57 are also drilled. This ar enment provi des

a neat, cl eangfidopVipHRiund BBBREALIAAL ﬂB@i%mGMhéaE}@ﬁJ rig ﬁbfoﬁ%%%ﬁx o deoBlih Y
lding, 1.e %1

the need foi multiple hoses and manifol ., eac ensi oninhg cfPinder
70 does not ¢RABAIpoStich 16 B &k AbS sﬁpassre@imstdah,%{ef%ﬁﬁm@émJ&Pu ﬁ%a&rﬁz%r?ed@ [eIR
e y .

mani fold 60 is nmachi ned to accept upper flexjoint swv assem
05, 60, 67wt s i g erl ) MM d<Blon o A ahfl e i) BB o1
Chr ough any reschan g sdluis Of 85 T ALALR)cite B SBEP Y REOR b e 0

pref er ably reaakd bl hd AAF bR RA0 TREMAGH L fub At Abufol g atf on

as discussed above) out of stain ste h tensioning c
di scussed i non@figAbSR blif BkARS i Il radi al (center ich
aligns the p(;lr t ?ng, |uge(ﬂl'g§t1 trhgﬁé?ég’rr dtﬁd%%q'glgét%gg(ﬁ%ngﬁoﬁhcf endr Qf’l(iﬁ 0 PHhec

DL opL 315  Rethdherd o Fbi80ch e 30r 1 bper PR SH B MAVIBAKERLESD |
Ut erf ace. 64" ena Bt @Rkl biee B e BAeSORPAE ROR T RO NGO B e,
el udes bl 1ot i @R b BE R0 (PR YRR Syl WLiSond R (RL R Y
t ubi 75 hayd ne i s i e 1 j . 7e7 i nd
i Uy 70, g the illessfine rdHoBIpA the 1) BV LERHBEINGR0 ke ABFofeld FLCT
t si . iR ird 0 g floo 0 il o)
st g 73 oMl i ek Rt ol LK BnGRPthoo U, Bluen B L RO

titani um OnhlgHthdHemBionkk ehd ko) thé YobApIET ufR) g,gpgggugj%% r@&g@%&@d (not

shown) inside cylinder casing 73 that conta ing 75

may al so be phatidiRe tHkiefded PONtidRBLoS FbRhg thE QBast &e%?ﬁlg&’}ﬁp Bomh oY gr?ki .

in the art. In one specific enbodinment; transfer tubing 75 is tornmed out of

stai nl ess_Stopsied pdsition td theiEMor WRLIELITBERAS () i@ thase (#@%?engﬁgéltﬁg @l

cylinder 70 permts vertical novenent of tensioner 30 fro t he

retracted p@sstfub@lik) wherdby the®ie [} nﬁa@ﬂaix?ﬁﬁlix:\ pladdBy ﬁgatile:aﬁt QnémoﬁxeﬁiBsg)tli\dﬁg%l i nder

casing 73 (FIG 7). Each tensioner cylinder 70 also permts rtical

moverment  of dn€ititor RER the 3Redde@pDsitiBRd theQetrdc3 p&m‘oﬁﬂg ?&ka&%!sééuﬂ%mé baSe of tiRACH
rod 74 is noved fromw thin the respective cylinder casing (FIG 8).

I s not ed t hadnsibeh ol thé\REond ibulaf (4) datinediiB R FRAHA ib@ih! 18 e AlrdR@Sul] (DR vAB the
extended positions and these terns are used nerely to describe the

direction oht lemveieaiy flook Slip PondihelriR, floBPMESEE Pbsitioh WMk g flodt sRRdASsIRGS i)l ON to
t he extended positions neans that each rod 74 is being noved fromw thin
the respect insatifgthé PO tub@sitiGugh theaRastBea ERIbr i [thtoldh@heid Midf AoupRSiet | ON
to the retracted position neans that each rod 74 1s being noved into the
respective eybiomeel@nd @Sthé@oohgool, th@ebyafovit thedtensioférTomfthd dedfactdd pR&ESH 15 the
extended and retracted is to be understood as the point in which rod 74 can
no | onger bextendvdEgbsitioN T Mhdvitigtheay lehsd 8 righffsot g from the digfidoY s1fpdpaiied gékiton and
the point in which rod 74 can no | onger be noved into cylinder casing 73
("fully retracted"). Tensioner 30 nay be noved fromthe retracted position
to the extended position, and vice versa, using any nethod or device known
to persons skilled in the art. For exanple) tensioner 30 may be noved from
the retracted position to the extended position by gravity or by placing a
downward force on the tubular using the l[ifting device. Alternatively, at

| east one control source in 25 08 OCTOBER 2003 contuni cation with

tensi oner 30 as di scussed above to facilitate novenent of tensioner 30 from
the extended position to the retracted ppgition and vice versa. In the
speci fic enbodi nent shown in FIG 1, each cylinder rod end 72 includes at

| east one flexjoint bearing 76. Each flexjoint bearing 76 permts
rotational novenent of each tensioning cylinder 70 in the direction of
arrows 58, 59 and arrows 10, 12 in the sane manner as di scussed above with
respect to upper flexjoint swivel assenbly 50. As shown in FIG 1, each
flexjoint bearing 76 is in comunication with base 85) and each blind end
71 is in comunication with bottom surface 62 of manifold 60.

Alternatively, each flexjoint bearing 76 may be in comunication with | ower

o B . B I

It



As shown in FIGS. 1-3, blind ends 71 are drilled with a bolt pattern to
allow bolting in a conpact arrangenent on bottom surfac j 60.
Preferably, a plurality of appropriately sized tensioni ﬁ%@?ﬁ%g&&ﬁ%@
equal |y spaced around manifold 60 are enployed to produce the tension
required for the specific application. Tensioning cylinders 70 are
preferably dbspaigdonip BlosedPo@ivh; %A rdOAMe e 1S ffn e se2be Q3G ©
base 85, or | ower f|erpOi nt sw ve@rﬁenbe% 88, c?&%ﬁtg?sgéﬁgra% of%fcgﬁ.m%“{”'i s to

be under st 00dberdbg uR vRéris hidkineNfpiRE bk o (1SR ARRAS Y hATETS oG,y be

di sposed with rod end 72 up, i.e., ro P §5cP08

Each tensi onidng e kieAid€ hostéba 6 i Dokifor: 0 age i th at least one
control source, e.g., a?ﬁ pressure ve?3@%@“&ﬁ%ﬁii%%ﬁﬁﬁif%¥2maﬁagF?aﬂ§¥er
pi pi ng 75 anghsivasitd Mk ehiduiafgd via blind end 71 and nmanifold 60. However)
not all tensioning cylinders 70 nust be in conmunication with the at |east

di al band @5mufe ) % 003, Wile . it.is.to be,
(lmge; 2t Iogd tﬁat ?ensi gﬁla% O(fzia/.‘lgimrfg{earﬁfég smayﬁgga ”fs%rrhﬁ’élﬁg %?}Iflmléll?'%gﬁg"lﬁgisé?ﬁ‘al
Kk t i i i R t t - ef bly, t i.oni
ool 1 nder 70 T8 ) Bro@h b 184 behclea i ool il Pt iR O3 0o

and ot ol conraomindRll AR e R L8 M nepnie A et poalivsl o
ncrude. . butare o oS Bl A @k PUPHRL R R gesnom
80 i i conmmrRTEREFL bR RUEEHTR Neny oof YooY Bty e im0 ©

Contains ai ‘oo 0 o RE e ld ARy B ol nglerneiigl

contains at | east one sw ve 0
drel 83 ili s e sl E o‘ 'c tion.wt i _ 92

(F1G 5) . Supmtiyr i s B ot ek ook BTG SR ot B e

roverent o PRy AL S AT bl RS SAPL R0

cylinder 70) and |ower exj ol nt sw vel assem Rl ( of
58t erW;) ; i"‘%“‘,@i“?;ﬁ% éigisgi‘@%g@*sg b B éﬁ@%ﬁ'ﬂ%‘%ﬁ%ﬁ@% ilff’%{/i"g&b 't he
Igr eferably, Qalrcg\'xgr U? I eilﬁﬁfntbugﬁ%\gg%gﬁoﬁg%&ﬂgé _ﬂgoqra}é%ﬁ%o %1% Tangu nlabry

andl or bendi ng T or e oy T eRoRt LA A R e G PEHRE ARKBT o

may be any rhaRefk nﬁihé@fogﬁs%.érﬁﬁglggrﬂsé}?&\ﬁl?gg%gurglg gﬂﬁlfl{llgr%léﬁﬁ%glenﬁ&\épﬁm of

upper flexjoint swvel assenbly 50, mani t ensi oni ng

cyl i nder 70eack6fitht pNRIitylof AibiisHa %eﬂ'iﬂé&'tedf%ﬁ%@gﬁ%é’ri@ﬁ’ooir Bnd 18 1L &g@fpl)&lgb of
G 1) y 80 is

arrows 58, 59. As shown in FIG ower flexjolnt swvel asse

pref erably Kfithg adipbsiidning tshaRRder aRESER b ' d end
32 of tensionegr Sgbto on;éher subgea applgfiﬁg{ll?%?k%%ﬁ{zﬁ 08 MU%%FCR&%%%%

equi pment , g GAndilePRditile oPihe ¥RINb& for adsathbifhg a RisQ Ay dYhurhiftf EShiMadis TR ink 0! dS,

ki
and riser conponents, e.g., tubulars. Preferably, basetSS I's equi pped with

ri ser conneeisiunerTRdydesonBetteditd thérig Book BYRRBvihPthe i feadt b HISH AN ‘i&irggtiﬁ% fgp! oyed

on the riser string to facilitate connection of tensioner 30 to riSer 92 or

ot her conpossitne: onftk@APN6s:. Qln ddifiShal CARRES RS mBBSIORF aﬁe?x?ﬂﬁﬁe}ﬁmsmam& art

i nclude latch dog profile as discussed in greater detall be om1regaréing

mandr el 40, pliraiét bf tgbuldrd i that thO@Abidnief ) bedBrtheGaFth B3 rig bbby pRRRE e Benfibie?
includes a plurality of flexjoint bearings 76 for connecflng t ensi oni ng
cylinder 70 to base. Flexjoint bearing 76 alleviate the potential for

tensi oning cylinder 70 and rod 74 bendi ng novenent whi ch woul d cause

i ncreased wear in the packing elenments (not shown) in the gland seal (not
shown) di sposed at the interface between rod 74 and cylindercasing 73. Each
flexjoint bearing 76 provides an angul ar notion of range of 15 degrees over
360 degrees in the direction of arrows 58, 59 and arrows 10, 12. In
drilling applications, tensioner 30 is connected to the diverter (not
shown), which is generally supported undggy the drilling rig floor
sub-structure through any nethod or manner known by persons skilled in the
art. In one specific enbodi nent, the connection between tensioner 30 and
the diverter may be acconplished by nmeans of a bolted flange) e.g., via a
studded connection. In another specific enbodinent, tensioner 30 is
connected to the diverter by inserting mandrel interface 47 into a
connector (not shown) attached to the diverter. 1n this enbodi nent,
interface mandrel 46 includes |latch dog profile 49 that connects to the
connector via matching |atch dogs which may be hydraulically,

. . R 1 I 1




08 OCTOBER 2003 A production or a drilling riser, collectively "riser," can
be run to depth with tensioner 30 using a lifting devic )
jack knife hoisting rig, rack and pinion el evator asserrte)q8 6&08?#5@6‘@
suitable lifting device. Therefore) in one enbodi nent, the production riser
for drill step tests and other uses, or, in another enbodi ment, the

drill onGni f
hre:avyI ggur Ipsrrgfni e. g‘ﬂ%na(?:slfgﬁﬁl6 Iaﬁsiﬁgzlé%aﬁné’“ C({(SQF?QQEGW ?1°d ﬁBG\/g?%heﬁ eﬁq%}"s"f?@

broadly, themembdfedad lurality of tubul ars)
conprises the steps ofmtg?g{%?%:r}rl\g r?5| o%&"@@}éﬁfég‘e?mﬁéﬁ‘?‘ﬁ s@%%éf"é‘%"’ébé‘teal I

above, and dinkdrleH g a@leadfh c>| l..i t a drilling/production
vessel or pl atform havi nrgq%%daﬁ;loor igdisng %&“’QI‘I“&HgﬁI%gSP*@r cam adepppesiad 93,

through rig foleafstAbuf prfo?ﬁ)'tllxé cB%e&?on%Bﬁ))gIsegl 'ﬁ%‘é@ %}%ﬁ;}sl; gﬂlﬂr ! fo%rlﬂ;?ﬁr Eflgﬁlﬂ E)(I’)l s

the surface of the water. Tensioner FRCT

such that exySgd i d ntain tensioner 30 to
facilitate assen%ddférgggggg‘gxwe?ﬁ I%gﬁé)p"ﬁa%hgﬂ‘gq Ersﬂ‘?é £ Ao Ridgs bepm e
descri bed i npgrkat [ L floor 91 of a vessel, it is to
be under st oodg}{ hatﬁﬁeg%&ggr&@%ﬁm o@g,g aglic%sbg'?é&bswpﬁ ig5eeis consted tp thedirg| so

to be undersygpd that rig floor 91 is any area located on the vessel or
pl at f orm above m)onpool 93 where activity that m ght be disrupted by, or

di sruptive to, ggﬁ% Iace In this regard,
rig floor 91 pr ef erab ?/IH?%‘E’ gsst%géu?lmsb ‘g‘hﬁv"‘g‘&%@ resept methad fonapsemhling | ar y

equi pnent s el.s rau unmul at.ors) val ves,
riser di scomgl?ﬁ‘#géngalg%raﬁ?tﬁ Hg@sl%?&)%‘p “s‘)ﬁ%‘ﬂggﬂ’aﬁ *’mﬁﬂﬁ‘ﬁéaﬁﬁﬂ%ﬂe peasrt out

equi pnent, § n controls, e (all, not shown)
Rig floor glegIoggj elrngca Eﬁg@%&ﬁgraesﬁ 0%3“?‘?&)"%91“8% RET °Bde§ZP°ﬁ3?}I ﬁb“"&“ PF@]

fl I f | I t
(FI05. 7 Bnaegee ghipa bt é*‘%é‘@%??’éf%&%ﬂéﬂaga* soBET BT Yilote oL prs) o

tubul ars, e pfhndref r ted to be inserted into and
through rig 29 © BE%L%L&I %galfo Z%S?lﬁrae%r SP;I% gipeast RReQUPRT dﬁ"t"lﬂ“ﬁﬁweh g

f I oor 91, a@ﬁehﬂE'thmqgé m%ﬁfoldLﬂaWHEFE%L xéélﬁjrﬂ)msdt I) %%{d aggctonﬁgﬁlabﬁlp(ﬂgangt he

final few tubul ars, w | be I nserte m)on essel

or platform l@&ﬂoﬂe%xﬁioﬁt'ﬂ?c%&&hwxm tllﬁ by SFI)% e?%g.?c{ ast on :?Sngld HEQSI t O

tubul ars are mai nt ai ned, hel d) acé SO
perfor med OBlindénddeR mdconmﬁucfam%ﬂ reat bel ow.
' Each tubul ar each tEubuI ar incl udesthg% i rngdt?alllzlﬁg%méysﬂ%con e‘I‘IgI ‘H‘Eﬁ Pengt h.

Each end of cénBurdisabst wiih RS s%&% %tay ﬂl'.'ll& b%;nh %? gba% m'c?nclmu d%\,%on wﬂlatgp %g gl,]é'ld;,zﬁ SI[ 0

facilitate tools and equi pnent) e.qg. 00r s ip

132, and t egssh 0f@E atIEx}t oh@tcﬁs@&ﬂ{g%g%dpptbz gltobﬁmg Y gHﬂh or prpod%l:tﬂ)%?acgﬂ }%vglgtall \2/ 2 ly

forms a flange surface or neck 2 t0 si st s manner ern

each t ubul afig Iy ahd WhebBorRdisRbddPeloRtheHgHobr, fre ﬁ?ﬂ&cgial@ﬁ}l% at?le?s?glﬁcé qlogll $p9 the

l ength of the tubular as desired or necessary |ng,

posi ti oni nghavﬁigdngﬂaéi@ﬁﬁdp%dﬁ@s‘&ﬁbnrahﬂf’&ﬂﬁoo%ﬁ b&ﬁgﬁi W%@E%@g&%each

tubular or riser 91 in desired position. ner or ot her
device is Ithmagmcaﬁlea@tronsﬁeﬂo& Hedgh B rik A6 téﬁh‘xﬂt@fh e wn in
FIGS. 8 and 9, tubulars alﬁh8 are cg%ne%rf ed to gg‘?ﬁﬂ {ﬁh@mg?g ul ar

joint 124 tnld‘aﬂroﬁelﬁgﬁ(ﬁfsl%oﬂtﬁe ﬁ’é‘ﬁoo?ﬂﬁ:‘b‘p@de@p@smagwtﬂ@rﬁgﬂoﬁslfﬁ%ft)s%g)%l for

assenbling riser 92 having a plurality of tubulars, tensio oi sted
by the 11 Ttwigebsehel e obfr is Rl il REQUGMe'al fost bitGg fbbr 83c) Q&Becﬁﬂgﬁ‘poo'
93 so that second end 32 of tensioner 30°is anglng ee w't hi n" noonpool
Tensi oner 30 is connected to rig floor 91 such that tensioner 30 is
supported by rig floor 91. Tensioner 30 may be connected to rig floor 91

t hrough any nethod or device known to persons skilled in the art. For
exanpl e, tensioner 30 may be connected to rig floor 91 by noving rig floor
slip 94 fromthe rig floor slip opened position to the rig floor slip

cl osed position. Alternatively) tensioner 30 nay be connected to rig floor
91 by resting hang-offdonut 45 or manifold 60 on rig floor 91. Tensioner 30
may al so be connected to rig floor 91 bygpl acing tensioner 30, e.qg.)
hang-of f donut 45 or manifold 30 08 OCTOBER 2003 60, in comuni cation
with a rotating bearing (not shown) disposed on rig floor 91.



In this enbodiment, first tubular 96 is hoisted by lifting device,
positioned, and inserted through rig floor 91, through t @icf’f@%E d

i nto noonpool 93. Rig floor slip 94 is disposed around fqggt tu u?g$0%% and
is noved fromthe rig floor slip opened position to the rig floor slip
closed position. In the rig floor slip closed position, rig floor slip 94

I's positi oneGeddnbeath & fidk RYMG: thdrfiiifo rﬁgr h%@m%%ﬂvréjsgy gﬁgﬁqﬁé‘? éfs) Irpyi@g

mai ntai ning first tubular 96, and subsequehtly ass

betng asserbl € | n aCes Caned L e PRL T RABRu R g RonnE S i ah
1 o Skl 0 0 A e °
Tt ng. devi e poot e onan ot P oy bt he b vl e iob e o
o0 7 0 STl P RGRIR AT 891 U B B ol A
g R M A RS

91, through tensioner 3 I nt o tnoonpoo _ P30 s
per sone. sk 1 e b fides S s opeBbdRlof I a e Bamtie G PP Wmeineor
menber 87, e " I i .ring, a.lgad ring, Q asi ng slips
di sposed ar 03%3' 't Aﬁg(;nt%t%%ﬂﬁ?g%m %P 3'?’ g‘}rl(datg v ?"lgs’,neorv még‘ﬁﬁtelﬁatsg‘g’e ﬁ%ﬁ%@?ﬂ@#v frgm
powered, eit i LUTR; . J.ocallw tpo faci.litate renptel

securi ng a_ndh)r%éﬁugggi ng #’ ﬁ@nkwﬁglgﬁgﬁﬁgédkﬁgﬁ Mg)lc!ﬁ))ffdé’ﬁs‘{wé" @(ﬁuf@g‘" fﬁl%ﬁved
posi 11 on S0 et oo ReBUEREAof SR 1 8fdsfioh Tl redighesipneediPeom Wiy
connect o0 1o e Tt P ty R e ek o e e i bR i eslios o
descri bed abgygiceR] reShi | ved, fromthe rig floor ¢losed
posi ti on tob?ﬁglsﬁr%u%g? %gspgélogdﬁ' gdgt?ttﬁ%ﬁlg%ﬁ ol fherepy %%ﬂfcélp“g"é ‘#”é’“@h@ér t ed
through rig fhser; $ihi : i I ) h h._tensioper and
into noonpool 93. ' ?h’elr%erﬁcg %Flg% Hl'tE gér?gip%{rlé(?th%&%ﬁ{sm%r\?e%le{srgbg PThe Bret r‘g?: gtg'b '
posiLion Vo ihnsbapdnd: BT} e bl Gicolome 34 999 ABOUS: Ly i
position to dpamedsii@shds the Bd: bdaribli .al . i
connunicatioghmjﬁﬁltensigﬁgr 30 né§@%§£§§??§§9§§59%%8&#F%%?&ﬁf?BﬂB%”Pé
nmoved from tdietendighef. | 0Or slip opened position to the rig floor slip closed
position, so that riser 92 is maintained in place by rig floor slip 94.

Base 85 of tensi arefheRatuft of &l GRARE frhQBMEIRR &H?ﬂ%ﬁ;{aop%tﬁﬁﬁ%fﬁwmpﬁgmt“ ng

tensioner 30 to be noved fromthe extended position e retracte

posi tion. Pregkestalhy stedd (e ttﬁxgﬁéh (ﬁ?ﬁgﬁ%ﬁéﬁled%%ﬂ@as% She GAGTRHAI ﬁ@&l%ql'{’hi%é h

tensioner 30 is activate aclilitate novenment of tensioner 3 romthe

ext ended posirédubioniriRerthien frédeteAfin@eddas | Adofiar k@S 6f tﬁém&tﬁoéfgﬂgseg%liﬁg;asﬁsl@} y

secured to riser 92. The assenbly of riser 92 is then continu

connect i ng aabiag plrality Ofthiilard iDGht RS 1R DayliR1dd0 heidst 0 QBLIaS. ABaddndiRSREd | NO
the fourth tubular through rig floor slip 94, through rig floor 91, through

tensi oner 30f thefiktliod fé? aBRMBIRA ristthaving SFWWWbGﬁrs R tHRRRL: miy incidBL{ he
retracted position to the extended position, Rig floor slip 94°is noved

from the ri dedsi Soaubutdrs. (BHRGRES FRARSE 4t métRod BLaskdnblihd PRker Rlvind P RARHoS
position so that riser 92 is maintained in place by rig floor slip 94. Base
85 of tensioner 30 is then released from second tubular 97 and tensioner 30
is noved fromthe extended position to the retracted position as previously
described. Base 85 is then rel easably secured to third tubular 98 and at

| east one additional tubular is hoisted) positioned, connected, and
inserted in the manner descri bed above until the riser has a predeterm ned
| ength. Preferably, a final tubular is hoisted and connected to riser 92 in
t he sane manner described 32 08 OCTOBER 2003 above. In so doing, the
final tubular is inserted through rig flieor slip 94, through rig floor 91,

t hrough tensioner 30, and into noonpool 93. The final tubular is not
secured to tensioner 30. Instead, the final tubular is permtted to nove
vertically through tensioner 30, such that approximately 3 to 5 feet of the
final tubular is always extending upwards fromtensioner 30. To achieve the
result of having only 3 to 5 feet of the final tubular extendi ng upwards
fromtensioner 30, the final tubular is usually fabricated to the necessary
| ength. Additionally, the final tubular, or one of the previously assenbl ed
tubul ars located close to, i.e., within three tubular lengths fromthe top

Y - o ~ ~ . N 1 o, Y . ey ~ N



Tensi oner 30 provides constant tension, wth overpull, and support to riser
92 during the assenbly of riser 92. Tensioner 30 al so preydtefoB Qb@ﬁal
or axial novenent, and angul ar novenent caused by vessel notion throug
upper flexjoint sw vel assenbly 50 and, in sonme enbodi nents, |ower
flexjoint sw vbel assenbly 80. In another specific enbodi nent, first tubular
96 i s hoi st edvbubaosis thabthe tEnsiouredl and et sfakk JLkHIRYSMuBY linsaftd i g
floor 91. Rig floor slip 94 is then m)ve% f?jgmt%déﬂiélgﬂgllg%}?éwgghgggﬁéd

position to tfer anddntb kimanodsibodd by lifme EndiRSikibii RliGHeF addGadH e
positioned below rig floor 91 (FIGS. 7(10‘5316r§llcll 9’)%’%pi oller ggam 1 elé\@ ﬁtﬁgg at

| east one spitamlarsoeieia Ghriep Alf3rthdd BMiufkhf the RIS for RE i 15 9P3
slip opened position (FIG 9) and a spi éer bee{)rrn s%ﬁ%%glagggga‘ggﬁcﬁﬁgﬁyf | G

7). L der el patlBetont o teAAR) B S GRELARSLA Q10
10,11 cor <1 eromend g Tong S A Hork el AUISHA B °
| noert e oveuutimsunsbkate BRI, saGk S0t SR L SRR
04 13, oved Eunmbyet e Lt o6 0 1l S5 BOEG! AR kAT 50

t hrough rig tubolarabsve the 4t tubuldr gndf do%ﬁtin%%e_%%xé& R4 2 RE fcilx%&u&h‘art akfHo5
r

manner previously described: Rig floor slip 94 is nove omt hig239ensh oor
opened posi tfc@mreto@tﬁehﬁﬂfoﬂ@rﬁﬁs@xﬁﬁlh@h?ﬁ%%ﬂ%ﬁl&ﬁﬂyof’%gnﬂiayigﬁgtlth%tgr?u' HigayC 2N
i 9 prede

. ] 10NCT. M
then be assenbled in the sane nanner until riser as a ermned

| ength. Al t ebemhheceel 1o, thOREf 6V byRbaAng Mb4A5S Beql i rst
tubular 96 to assenble riser 92 havél ng a prgde ernfﬁ’gg’%%‘ggﬂé°g?‘ut"o°rp§‘}°8

hoi sting) popdsition ri thesig 6t stif Sl18geti ipbiidn € Bl id8ler B3R Y Efhe Fl 9).
One limtation, however, on this specific errbordi ment ?gﬁ'{eﬁlgéfo?%g&@e]l At of
riser 92 nustisenimvingx phedityt dTeublBROMAtkIRGersBRR a) bd bnthted RGHd i d ¥ ce-
In one specific enbodi nent) at | east one spi dgir’ beam fSO%F‘?@dOE%%ﬁ%{}ébe

instal | ed prihetentionenon Hiei rifloop.0 A fuitkenifdatile GHIEL AR fbi ﬁgenfﬂlihglé rfséllthgé'ia%a 96
through rig floor slip 94, rig floor 91, through tensioner 30, and Ihto

nmoonpool  93)pltdlity efxybuiscis that ot tefgoreORmARIChHR to TR &%%&ﬂ? pRPRE 2 RASomRF

ot her device to the |ower end of first tubular 96 ile first tubular 96 is
hel d i n posiinhicanminjcaribigwith oftatisig baariddispiid 98 the Be @B 130 i s preferably
renoved prior to connecting additional tubulars to provide tensioner 30

wi th greater anglhaforegpingnaivintagls hivesalfo Bn iashiVes AFBhMOthE NoesSi BRARA for
appliance or other device is |lowered toward the wel |l head. Further, a

bl owout pr evassetmblingst risekhavitiip w @utatity) of BbulaisheprisRig S tePOF: REproNdinah tefdloen t he
upper 34 08 OCTOBER 2003 end of the final tubular. In another specific
enbodi nent, havinga first Sesio@Persinalsebdrdwansiondp ey & Ritrddtedofifibn, Ak Sxt@RASEIHSHi8K at A i | |
stemtest flowlines are installed and tested and the drill stemtest is
conduct ed. drastone mamdrelt at dkast'oné epper MRERjombswile ass@iibly i@\¢6emusitatidh SRk &e alkad,
using the reversal of steps for assenbling the riser 92 discussed above.

Li kewi se, riopemagitelanieastnod meifold idicoramintication with thest 16ke00n6 GppePflExdintls@Bes OF
ot her procedures. After such procedures or tests are conpleted, riser 92
can be r et r iassembly, the atdiastams ewtifobdhaving b figt taltial flutMandald agécofid sPRI fidd band,
assenbling riser 92 discussed above. Tensioner 30 may also be utilized to
conpensat e fableasbériedensioning eylinds hatingxhiing erdeglrot @nd;, armieit 16852 ondt@insfer¢abing, the
tensioner 30 is placed, or disposed, in comunication with a vessel and
riser 92. Manifold 60 may then be placed in communication with at | east one
control source to provide tension to cylinders 70. Additionally, the
drilling or production vessel may be stabilized using tensioner 30 of the
present invention by maintaining and adjusting tension in tensioning
cylinders by maintaining and adjusting the pressure through tensioning
cylinders by placing tensioning cylinders in conmunication with manifold
and at | east one control source. It is to be understood that the invention
is not limted to the exact details of EBnstruction, operation, exact .
material s, or enbodi nents shown and descri bed, as obvious nodifications and
equi valents will be apparent to one skilled in the art. For exanple) the
rod end of the tensioning cylinder may be in comrunication with the

mani fol d. Al so) the individual sub-assenblies may be manufactured
separately and assenbl ed using bolts, welding) or any other device or

met hod known to persons of ordinary skill in the art. Mreover, the

i ndi vi dual assenblies may be manufactured out of any nmaterial and through
any nethod known to persons of ordinary skill in the art. Additionally, 35



08 OCTOBER 2003 one or nore tubulars may be inserted through the tensioner,
with the base of the tensioner being secured to at Ieastod)@@-lqug 003
tubul ars prior to connecting one of the tubulars to the riser an ower i ng
the tensioner through the rig floor and into the nmoonpool. Further, the
t ensi oner having one or nore tubulars inserted through the tensioner as
descri bed i nPlindeenp beipg fueomsmmicatinpewittathe Hiest cadiah fuit cheind, SheatrankfBreibib@ bdixhGint WO
or nore tubulars assenbled prior to connecting the at |east one tubul ar
i nserted t hr eAPUNgation vafitheneeand sadihl flGdvbanid ragd & bese inebminaiietion WOUGRIERET | g
floor and into the noonpool. Moreover, the flexjoint bearing may be a
clevise and §AchYf thividdastene wnsiairgsylimie (19 pioeidingjp aiilin@er pesduttiohtricniy Khoyp & €
that provides angul ar novenent: Accordingly, the invention is therefore to
be linited ofi fodpyndameoospwpdismhedtbelowaheaigivoor, 56 rig 66 hkIBRR: 300 flebAliyS
WHAT IS CLAIMED IS: 1. A tensioner conprising: at |east one mandrel; at
| east one uppvinghriefpaislifopsnidpeditinasday flooi slip ClORTYEHItHAL (k) IRseMing DidsfiGbubil
| east one mandrel; at |east one manifold in comunication with the at | east
one upper f|ésough the atdeastiont rigfewe il through ehe ai flb@aaH N6 Bie FRBIPos!; @) Mavhd@e a
first radial fluid band and a second radial fluid band; at |east one
tensi oni ng c3leasidegrigfior slig fmmithe ngifienslip openedpostiad to thevil fdor HlipakedPaftion,
transfer tubing, the blind end being in communication with the first radial
fluid band, wieeeby the fissf whuldrisrnaigaibedimgade by theameastiofiérig fdr spi(B) prdviliacend
radial fluid band and the rod end being in comunication with at 1east one
f1 exjoi nt beweispider beanrd the ablesseoriespiderbeannhaviig ia0iBasy\bric Rpitidi®eddt slip@@fibg HpRier
fl exjoint bearing. 2. The tensioner of claim1, wherein the mani%ol d
i ncl udes a tleam dipoactiedpositionard alspitiet beaintstip t1bded fositiafli(p dishdsin the A oRGIper | N
comuni cation with either the blind end or the at | east one transfer
t ubi ng. The teemdiperaund e first tabular 23d radvirgehent ledyeork spiddr baarihlip frorh the &gt Bdar | Ui d
bands are in comuni cation

slip opened position to the spider beam slip closed position; (g) moving the at least one rig floor slip

from the rig floor slip closed position to the rig floor slip opened position, whereby the first tubular
is maintained in place by the at least one spider beam slip; (h) lowering the tensioner over the first
tubular, through the rig floor, and into the moonpool, whereby the first tubular passes through the
tensioner; (i) connecting the tensioner to the rig floor; (j) releasably securing the base of the tensioner
to the first tubular; (k) moving the at least one spider beam slip from the spider beam slip closed
position to the spider beam slip opened position, whereby the first tubular is maintained in place by
the tensioner; (I) connecting a second tubular to the first tubular thereby forming a riser having a
plurality of tubulars; (m) moving the at least one rig floor slip from the rig floor closed position to
the rig floor opened position; (n) inserting the second tubular through the at least one rig floor slip,

through the rig floor, through the tensioner, and into the moonpool, thereby moving the tensionér
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with the at | east one transfer tubing and the second radial fluid band is

in communication with the blind end of the at |east one @R} RUBER 2003
cylinder. 4. The tensioner of claim3) wherein the tensioner includes six

tensioning cylinders, wherein at |east one of the tensioning cylinders is
In conmuni cation with a first control source and at |east 37 08 OCTOBER

2003 one of fthiom thexasacedipbgtidhytd the eQEifed Posktidn SO HIMM IRt Rkt Yhe ik b
control source. 5. The tensioner of clg|n14§9mhere|r1% pﬁ &% OF second

t | aeSigdl 1
control sour gefloor $lip op@Rtpatitiontd BB riphbdt slif Qo PBithf: rglgé{ﬂ% tl?e%{p.%e cgg e t

The tensioner of claim2, further conprising at ast

7. The tensi @nsibne@frol Ur'éhr AvhelBPhetifr RlmalfAsd i e %{m{d@ﬁa& br(c%-%g fko?rasﬁg (ri}%c er .

third radial fluid bands is in conmunication wt east on

8. The tensi aeh & tehlidicftiohn BRI dpolifitn Bl et EODodiun SRR RS e%‘ésﬂs,? il

mani fold by at | east one sub seal t ensi oner

each of the @ bhRasihe RASodeLRIHARENT CYl i nder incl udes at | east one cylinder
head. 10. The tensioner of claiml, wherein the tensioner includes at |east

two tensioning cyi ind& Saturd df theiB@hddBSIsQ [mé)a{ risE? t@kﬁ%}%lg;aa{itﬁrogﬁéal%gm{‘] si ng

at |l east one |lower tlexjoint swivel assenmbly 1n co

| c 0 T s 0 e : 38
Ufa;astu Loge U]E ggﬁhﬁ%@ﬁnﬁ&hd RE&heARH of: 1§ rddBsifig stdi (1) Brob BT Wit Gl 1eS QTP dafilon

tubular until the riser has a predetermined length. Another feature of the method for assembling a
riser having a plurality of tubulars is that the second tubular may be connected to the first tubular to
form the riser having a plurality of tubulars prior to step (h). An additional feature of the method
for assembling a riser having a plurality of tubulars is that at least two additional tubulars may be
connected to the riser prior to step (h) by: moving the at least one rig floor slip from the rig floor
closed position to the rig floor opened position; connecting the at least one additional tubular to the
-riser; inserting the at least one additional tubular through the at least one rig floor slip, through the
rig floor, and into the moonpool; moving the at least one rig floor slip from the rig floor slip opened
position to the rig floor slip closed position, whereby the riser is maintained in place by the at least
one rig floor slip; repeating the above steps with at least one additional tubular until the production
riser has a predetermined length. Still another feature of the method for assembling a riser having
aplurality of tubulars is that the method may further comprise the step of: removing the at least one
spider beam after step (k). A further feature of th_e method for assembling a riser having a plurality
of tubulars is that the method may further comprise the steps of: connecting a final tubular to the

production riser; and inserting the final tubular through the at least one rig floor slip, through the rig
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at least one mandrel having a first mandrel end and a second mandrel end;

at least one upper flexjoint swivel assenbly having a figgp BER‘C% 0| nt
swi vel assenbly end and a second upper flexjoint swvel asse y en

| east one manifold having a first manifold surface and a second nanlfold
surface; at |least one tensioning cylinder having a blind end, a rod end,
and at |eaStfQGﬁaﬂdﬁﬁ@ﬂ%[H&)Eﬁﬂrlng in communication with the rod end; and a
base, wherein the second end is connected to the first upper
flexjoint swivel assenbly end) the second upper flexjoint sw vel assenbly
end is connected to the first manifold surface) the second manifold surface

{1 exj oi nt bear ing are LSﬁnEQﬁBe%ﬁ?q"%%%lBiﬁ%ﬁ B St Esnc i onor of ol ai m 12

further conprisin st _qne wer flexjioint sw assenbly having a
first lower flex; ngGﬁﬁ i, are 'Vgélécﬁ{bq y eHEdh q“éﬂ ‘cf’%&“’l‘ﬁﬂﬁé’f‘erf Ptk Bresant
sw vel assen@ d mhereln the rod end is connected to the first | ower

fl exj oi nt smnve? assenbly end and-the second | ower flexjoint sw vel

assenbly end is n bas The tensioner im12
wherein the at | g@?ﬁ fgagrgfsésﬁcstfog iy ge}FF‘WH@ dh"??l?f: §‘P ﬁ‘éﬁ‘%’ﬁdﬂ@“ﬂ’%sf er
tubing, the Fhe {gast one transfer tubing being in communication with the
mani fol d. 39 Utltht 1UU3 13. The tensioner of claim 14,

L Pt B 5 i .
2 3 Inld n Id 2 - communi ¢ aﬁlhop 1svﬁﬁc}o@s-§cr(]: J vxew o dma%];fold rs]l(laow%tm 17 I%?g Eakgnnﬁox}gehrxlles |49‘»n 'ng

FIG. 5 is cross-sectional view of one of the radial fluid bands shown in FIG. 3.

FIG. 6 is a side view of another specific embodhpcnt of the tensioner of the present
invention.

FIG. 7 is a side view of a drilling or production facility showing a tensioner of the present
invention in its retracted position, inserted in the drilling or production facility, and having a tubular
passing through the tensioner.

FIG. 8 is a side view of a drilling or production facility showing a tensioner of the present
invention in its extended position, inserted in the drilling or production facility, and having riser
including a plurality of tubulars passing through the tensioner.

FIG. 9 is a side view of a drilling or production facility showing a riser having a plurality of
tubulars inserted in the drilling or production facility.

While the invention will be described in connection with the preferred embodiment, it will

be understood that it is not intended to limit the invention to that embodiment. On the contrary, it
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16. ' The tensioner of claim15, wherein the tensioner includes six
tensioning cylinders) wherein at |east one of the tensi Q¥ BECFEIBERISHFS ' S
in communication with a first control source and at | east one tensioning
cylinder is in communication with a second control source. 17. The
tensioner of claim16; wherein the first and second control sources are in

conmuni cat i o inrdbd foREves AMRteh R ner .of claim
12) further conprising at Ieeast oglgid a?ltg%%jt c(ﬁ'{"r‘{ﬁfﬁs as?ayéﬁ‘i' ?1?’?“%3}" of

claim 12, wheiRiaid $cBfe tithe lﬁ@ggon a| ,%{‘%,Ppsoﬁgércgdeﬁ at least two radial

fluid bands 20. The tensioner fSat | east one of the at
| east two radial fluid bands is i n comruni cation with the blind end and at
| east one of the at | east two radial fluid bands is in conmunication with

the rod end. 21. Atensio Fﬂﬁm ndrel) at |east one
upper flexjoint sw vel asggg Y, bps(ll’ eas@é@ﬂé%ﬁ@ﬁ)ﬁmﬂﬁﬁw ng at | east two
radi al fluid bangg), L L= I east tensi oni ng
cylinder) and. a bagggpe(#%lewg%’gtfmy pnts)cﬁg e‘ﬁss‘,1i NS ER leﬁgéwa}lﬂ@wa@grala

ot | ST 0o S o Bt A e

comruni cation with t base; erelrn
one upper fl | east - pne . mani f the at
| east one tetﬁfsgilogfr?lgtﬁéﬁ% .,g@érs% hg'F rﬁb EhsionpTs méysg Hilfzed, i g"tgéiF‘Hﬂ“& and

unitary, cos; deﬂ&%rfs@r'lgblféﬂtﬁfns 22. The tensioner of claim21) further
conprising at |east on ower flexjoint swvel assenbly.

Continuous monitoring and system management provides control of the large instantaneous

loads and riser recoil/up-stroke in the event of an unplanned or emergency disconnect. Further, the
system is designed to operate at a 100% level with two tension cylinders isolated which is normal
practice in tensioning system operations.

Referring now to FIG. 1, broadly, the present invention is directed to tensioner 30 having a
first tensioner end 31, a second tensioner end 32, a retracted position (FIG. 7), and an extended
position (FIG. 8). Preferably, tensioner 30 includes the following sub-assemblies: at least one
mandrel, or spool, 40; at least one upper flexjoint, or bearing, swivel assembly 50; at least one
manifold assembly, or manifold, 60; at least one tensioning cylinder, or cylinder, 70; and at least one
base 85. Base 85 facilitates the communication of second tensioner end 32 to additional equipment
or conduits, e.g., riser string or blow-out preventer stack. In a preferred embodiment, base 85
includes riser connector member 87 discussed below in greater detail. Upper flexjoint swivel
assembly 50, and lower flexjoint swivel assembly 80 compensate for vessel offset i.e., vessel

position in relationship to the well bore center and riser angle.
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23. The tensioner of claim?22, wherein the at | east one mandrel is

connected to the at |east one upper flexjoint swvel W ?Eﬁ 9603 east
one upper flexjoint swivel assenbly is connected to the |'east one

mani fold, the at |east one manifold is connected to the at |east one
tensioning cylinder, the at |east one tensioning cylinder is connected to

(Do 20 Foast one hetkd Bl SWHEL AL A% Sl LTS |,

| ower flexjoint swvel asse I'S connéect e

assembl i ng aptdriag swivaldsSeh dfb'dfsrcﬁ’éséc# %o‘g\,txntlgrg%’tg%@rco”p“ sing the steps of:

(a) providing a tensioner Hhavin end) a second tensioner
Toast “one upper (T auy bt AR oEEREER P Stroiharient Pk L rsealr
one: upper 11050 et apfh ERRE hméiﬁ i B rftendre AR RY S Py
teni oning 5 .‘%égm?@“ﬂﬁﬁ%ﬂa? c%%ﬁﬁ‘%ﬂﬁ%ﬁ%%@h% itsontectondnesianin
i d ﬁénéf’b'f"ﬁ%%m%ﬂg%“”d bRl Qo hariere 941%8%%%%“?%&&%3&%@%&2?: on

with the sec al. n and a hase in comrunication with the rod
end of each of A%ﬁg "r east o e’?@ﬁvﬂ BHPeEOR fier 42 fs: copnssted, fodiapdtpi jping 44

drilling or pr Eh%% nglgbty having a rig floor. and a moonpool di sposed
bel ow the rig ﬁ ‘floor including at | east one rig floor slip

hevi 0 5 119 1) O RSO BRI % B Lg, oo ol osen
o110) 1Y oushybl syt biRlece B LB AR OPRRRELY  (Recoriecy g e
onst o 1 e B I
7 e e e 58 o B S e e o
EALTE RO VAN AR N T

a riser havi

tEiofler 30 to be disconnected from the diverter and moved horizontally, such as via hydraulic
cylinders, under the sub-structure away from the wellbore, thereby allowing access to the wellbore
center and, providing clearance for the maintenance of the B.O.P. and the installation and running
of well interface equipment, particularly production trees and tooling packages. Hang-off donut 45
may be integral to both the upper flexjoint swivel assembly 50 and manifold 60. Alternatively, and
preferably, hang-off donut 45 is disposed along the tensioning cylinders 70, thereby capturing the
tensioning cylinders 70 so that hang-off donut 45 is disposed more centrally to the overall length of
tensioner 30 (FIG. 6). In this position, hang-off donut 45 permits transference of axial tension load

from cylinder casing 73 of tensioning cylinder 70 to mandrel 40 and then directly to the rig structure
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plurality of tubulars; (h) noving the at |east one rig floor slip fromthe
rig floor closed position to the rig floor opened positiggoCTOBERSAIGI N
the second tubular through the at least one rig floor slip, through the rig
fl oor, through the tensioner, and into the noonpool; (j) noving the at

| east one rig floor slip from the rig floor slip opened position to the rig
floor slip qh&as 0Si tion) whereby the riser is maintained in place by the
at | east one 42 3 UL 1 U3EK 2003 tlg floor slip; (k) releasably
securing the basg..8fdhiard 54 f e necting a
third tubular to the secon 'z?sl] ity Eorlrlo"!\'/lﬁ]ﬁll pc%ﬁgbl(ll é’glsa%scmgg ad 5pefl oor
slip fromt rb%ar[nﬁgw;vhﬁg%m%igbﬁf q,’th%)r Ioi?l su;[l %l zgsp S Fy|5%1 c&u €5 ﬁrf,t%g&fe' ﬂ OStLg%\ p

(E) |nﬁerhlng t eastoRe

thereby movi s Al s ‘3%’%‘5'“% ef'paf'r F%%agegﬁ %“:‘E?Lm‘f%‘;? e Esapa%ed
t

g?lslpt Ioggned poﬁ?%gd%&%?(ﬂg‘ﬂlﬂlfeg%%lflo%us ?q‘f)n c pgglnfre%?ﬁs °€J f’gggl ng

the base of agfegx%h%'agﬁnmtr r?tgﬁlongﬁ'{l fvlemgntl oE Flg 60, tm\MF}gx{u?g %' d?J] 7'61 aﬁngr

malntalnedlnpac oné r|g

tensioner fromthe extan &@dﬂ&m kol Osd, 98 ol iSLEAETE B, PAS! SO0 L iow
he h e S aélTa%Bﬁ " s)

rel easabl y securlng ten5|oner o econ

one Tig frogr Bl d‘n‘“%ﬁa%@' {ﬁ%sile Bl ookt TR A o] PGuifonef
?PS”?%S?%H\%’WWH@*W émgsho\t’ﬁoor SRt 'u?x%aﬁ“”’ P E R, e
roonpool  IGkSAE Yl @ﬁoéﬁeﬁ%p”erlgér?rﬁé%@erfee%?%%&dcgf’r?d%r#o b e,

floor slip %%Q,ﬁg%ﬂsgcm%w g% il (lEIbgB)f l!J]?p%r ﬂe%o mve?gs(saedmb?)p Iprovxd%é angular

movement of at approximately 15 degrees over 360 degrees compensating for riser angle and vessel

offset. Upper flexjoint swivel assembly 50 may be any shape or size desired or necessary to permit
movement of manifold assembly 60, tensioning cylinder 70, and lower flexjoint swivel assembly 80
to amaximum of 15 degrees angular movement in any direction over 360 degrees. Asshown in FIG.
1, upper flexjoint swivel assembly 50 is cylindrically shaped.

Second upper flexjoint end 52 is in communication with manifold 60 (discussed in greater
detail below) through any method or device known to persons of ordinary skill in the art, e.g.,
mechanical connector, or bolts 100 (FIG. 1). Preferably, upper flexjoint swivel assembly 50 is
integral with tensioner 30. Upper flexjoint swivel assembly 50 permits manifold 60, and thus, the
mounted tensioning cylinders 70, to move in the direction of arrows 58, 59 when in tension thereby

minimizing the potential to induce axial torque and imposing bending forces on the mounted
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43 US UGTUBER 2003 (w) rel easing the base of the tensioner fromthe

second tubul ar, whereby the riser is maintained in placgg@pdTEeBeER 2665t
one rig floor sl i p; (x) noving the tensioner fromthe extended position to

the retracted position; and (y) rel easably securing the base of the
tensioner to the third tubular. 25. The nmethod of claim 24, further

conpri sing tR&isibsR ) repeating steps (s) through (y) wth at |east
one addltlonall % Yﬁders@? the riser has a predeterm ned | ength. 26. The

met hod of claim f I [ the st s, of ;. connecting a final
tubular to the rfz‘é’élf H%Jgglar)\g%% kta%nfageg f‘fof“naafi(’ FB'BEFI of mafqtial, & SRIRlEsssteel east
one rig flo fl and the tensioner, and jnto the
nmoonpool . refél‘hﬁlp ’ma%]{[u&g %SP Ivaﬁ;ré‘farﬁd%ff’ e“t"@ﬁrﬁe PIgEESt X EFtoRA% 1of jmatesialy 8ppef r om

t he extende t t retract 0si t ctivating at |east one
control sou??:%%?ir(\i 4éagt%r?uénbac 4, 19 er ipFmfo @h%‘“’t°§r€9€or‘?@’r"}lf°lg§° metliebhdavelded cl ai m

24, wherein ch of the urality of tubulars are
i nserted thrf%g&g'ﬁt ?’he 1?{3 ?Focgtrcsgrﬁﬁ °f’ﬁ?rdm1rﬁ§”t|'f’§6npool by lifting and.

pom o0 e S D 2 e S AR
plurality o ma&d‘fplu ‘Jcﬁ{y%lqan(?beaéng landing flange 68. Top surface 61 of manifold 60 preferably includes
at least one control interface 64 (FIG.1). Control interface 64 is preferably in communication with
at least one tensioner cylinder 70 and at least one control source (not shown), e.g., through the use
of gooseneck hose assemblies known to persons of ordinary skill in the art. Examples of suitable
control sources include, but are not limited to, atmospheric pressure, accumulators, air pressure
vessels (A.P.V.), and hoses for connecting the gooseneck hose assembly to the accumulator and air
| pressure vessel. As shown in FIGS. 1-2, tensioner 30 includes two control interfaces 64 and six
tensioning cylinders 70.

Control interface 64 permits pressure, e.g., pneumatic and/or hydraulic pressure, to be exerted
from the control source, through control interface 64, through sub seal 69, into manifold 60, into and
through radial fluid band, e.g., 65, 66, 67, and into tensioning cylinder 70 to provide tension to
tensioner 30 as discussed in greater detail below and to move tensioner 30 from the retracted position
to the extended position and vice versa. It is to be understood that only one control interface 64 is
required, although more than one control source 64 may be employed. Further, it is to be understood
that one control interface 64 may be utilized to facilitate communication between all radial bands,

e.g., 65, 66, 67, and the control source.
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08 OCTOBER 2003 inserted through the rig floor and into the noonpool by
lifting and positioning the tensioner and each of the plyg @dtoBeR ods! ars
with a jack knife hoisting rig. 30. The nethod of claim 24, wherein the
tensioner is connected to the rig floor by renoving the at last one rig
floor slip and resting the tensioner on the rig floor. 31. The nethod of

L2 m 28, uher ol Ok ORBiel GRS s Lot Bt PLsCLn0,

the tensioner in comunication w a rotatrng

floor. 32. Thgatridvagh &f W&Eie%gﬁmeﬁg"}%ﬁiffﬁi&%c} déf'a‘;}%afg ggg,?egacﬁ% ﬂg%ﬁ%ﬁm mis

inserted and at | east one subsea appliance is g9 one

spi der beam,ﬁmccgmmqjgﬁgvc%ﬁ@@_tlzi rst tubular prior to the connection of

the second tubular to bular. 33. The nethod of clai m 32,

wherein the at 'mﬁffo@g@namegiaﬁe&%mdggée%q@gﬁgﬁaé#@&]g{d%%f?ggq%fééggcﬁf the

at | east one subsea appliance is corine e

hod f ‘ EOG ' i . | i f .tubul I Si h
Creps of ¢ (o argutaidehd HEha AT, s of e e Bhoingbuir AR R b e Cona

st eps of : providing a tens! o_ner €Tl
mandr ol at PenREREPALERP B o0 S b ag CoRe PR FLREBh wi ¢
at 1 cast - ond SRR ot 7 of 28 ep et 4 kS o “Febigher SbromtnFlG &y o
oeToneR, 2003 e Mo T aRBSR o o Bl R s 5.0 e e 3
or. and 20 SRR, ARAE LR MG o4 B S B RELRL e
{1 comunt <o ealh L, %7 GGy LA B M kB0 a2 b5 oy
oo and o peRmtihdl o dild: M, i BrsEindio pAhie s¥hoBroor havi ng at
o ot D L LR o el Rachda i Bnd bPmbeiRlial TP uaRBE U5 086, 7 M fiin 11

communication with either blind end 71 or transfer tubing 75; provided that at least one radial fluid

band is in communication with each of blind end 71 and transfer tubing 75. For example, as shown

in FIG. 3, two radial fluid bands 65, 67 are in communication with transfer tubing 75 and one radial

fluid band 66 is in communication with blind end 71.

While each of radial fluid band 65, 66, 67 is preferably in communication with control

interface 64, as shown in FIG. 3, the at least one radial fluid band in communication with the blind

end 71 (radial fluid band 66 as shown in FIG. 3), may be filled with inert gas at a slight pressure

above atmospheric pressure or it may be opened to the atmosphere to provide the required pressure

differential into cylinder cavity 78.

Referring now to FIG. 4, the creation of radial fluid bands 65, 66, 67 may be accomplished
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(c) inserting a first tubular through the at |least one rig floor slip)

through the rig floor, and into the noonpool; (d) noving ébﬁfﬁﬁBE@f?bO@ne
rig floor slip from the rig floor slip opened position to the rig oor

slip closed position, whereby the first tubular is nmaintained in place by
the at least one rig floor slip; (e) connecting a second tubular to the

L I f. tubul
moving the at | eaer el o i s ‘*?W T e Bl asBaviBhed o on

noving the at least one rig floor
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slip opened position to t oor 4 |

or ovi di ng at  eaapoul AR, Pfé G P G e C‘E'ﬂﬁ%gPré‘F obtinaady at
e o AT I e
et e S A 8 B BB k™
beam need for multiple hoses and manifolding, i.e., each tensioning cylinder 70 does not require a separate
control interface 64.

Top surface 61 of manifold 60 is machined to accept upper flexjoint swivel assembly 50,
Manifold ports 57 facilitate the communication of the radial fluid bands 65, 66, 67 with control
instrumentation, e.g., a transducer.

While manifold 60 may be fabricated or machined in any shape, out of any material, and
through any method known to persons of ordinary skill in the art, preferably manifold 60 is
fabricated and machined in a radial configuration as discussed above, out of stainless steel.

Each tensioning cylinder 70, discussed in greater detail below, is positioned on aradial center
WhiCil aligns the porting, i.e., transfer tubing 75 and blind end 71, to the appropriate radial fluid band
65, 66, 67. Seal subs 69 having resilient gaskets 111, e.g., O-rings, which are preferably redundant
as shownin FIG. 3, to ensure long term reliability of the connection between control interface 64 and
manifold 60 and between radial fluid bands, 65, 66, 67 and transfer tubing 75 and blind end 71.

Each tensioner cylinder 70 preferably includes blind end 71, roa end 72, cylinder casing 73,

rod 74, transfer tubing 75 having transfer tubing cavity 79, cylinder head 77, and cylinder cavity 78.

While cylinder casing 73 may be formed out of any material known to persons of ordinary skill in

24



slip closed position; (k) moving the at least one rig floor slip fromthe

rig floor slip closed position to the rig floor slip opeggehPROBER2003
whereby the riser is maintained in place by the at |east one spider beam
slip; (t) lowering the,tensioner over the riser, through the rig roor and
I nto the noonpool, whereby the riser passes through t he tensioner;

t t easa ecuring the base
o the t ous: ?ﬁﬂ%‘“@ﬁfg&fﬁ*@gﬁ ??gre%%zv&) B 4G of 8 %stqeﬁaféﬁmétegp?%mbeam

slip fromth Qﬁﬁ osition to the spider beamsli

cl osed posi tlgon wﬁrére émé)elr%% g ‘& E@H(?%Sbﬁl‘”& és'wy‘(‘%jé“ia@f*&%oner.
35. The met hgd fmag'_l9 m,34 fiuther corrpr|S| ng the step of: (p) after step
(h) repeating steps de) through (h) with at | east one additional tubular

until the pr oductfr sfer m (?? gédet erm_ned | ength. 36. The nethod of
clai m 35, wherein the 5 fefsg getormgd optefany mptgriplkpopmp personyof ordiygrygkill

1- UL3t K Z003. 3 ;[h of cl.aim 35, wherein the riser includes at
| east 50 tub Q& %Boncﬁq%c HerPsdimsnt. frpisferfubing 79 indfomned ouhef ainless st withnd

each of the B I|t of tubul a[is are inserted through the rig floor and
into the rmonﬁ% §7‘X(f‘f°1“fp°ﬂ8°§ﬂ Yposi tioning the tensioner and each of ~tMe

plurality of tUbL%?a}bfe W th ) &r%] 39. The nethod of claim 34, wherein the
t ensi oner and each® “i‘%’ﬁf'ﬂ Al Pff"’btf "f‘ﬂﬁhf“&?’%‘"‘%’?%f‘F'?fSOé'Fft@d*Q%raB@ug’nﬂlehe

rig floor and.into t. & Toonn ol | if and posi tioning the tensioner
ang each retracted position, i.€., ea d7tp Pé movec} intothe respective cylinder casglg 73 (FIG. 7). Each

tensioner cylinder 70 also permits vertical movement of tensioner 30 from, and to, the extended
position, i.e., each rod 74 is moved from within the respective cylinder casing 73 (FIG. 8). Itis noted
that tensioner 30 includes numerous retracted positions and extended positions and these terms are
used merely to describe the direction of movement. For example, movement from the retracted
position to the extended positions means that each rod 74 is being moved from within the respective
cylinder casing 73 and movement form the extended position to the retracted position means that
each rod 74 is being moved into the respective cylinder casing 73. The use of the term “fully”
preceding extended and retracted is to be understood as the point in which rod 74 can no longer be
moved from within cylinder caéing 73 (“fully extended”), and the point in which rod 74 can no
longer be moved into cylinder casing 73 (“fully retracted™).

Tensioner 30 may be moved from the retracted position to the extended position, and vice
versa, using any method or device known to persons skilled in the art, For example, tensioner 30
may be moved from the retracted position to the extended position by gravity or by placing a

downward force on the tubular using the lifting device. Alternatively, at least one control source in
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of the plurality of tubulars with a jack knife hoisting rig. 40. The nethod
of claim 34, wherein the tensioner is connected to the PYgUoUTWBERY2003t1 Ny
the tensioner orr the rig floor. 41. The nethod of claim 34) wherein the
tensioner is connected to the rig floor by placing the tensioner in

communi cation with a rotating bearing disposed on the rig floor. 42. A

rothod for canambichith i kaRhel B4 iaBl bl Ay0h AR SRR Bund L1

steps of (a) providing a tensioner having a T1TS$ NS Pond

tensi oner en eeﬁcx{d‘éé%&ﬁﬁﬁ%ﬂﬁ%ﬁéﬁ%ii@{‘nﬁéte”ded position, at |east one
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W th the rirQRREL70ing RREE B e pedfeebus 10 )BTRS Bpkupnpry o dbissed "
communi oat i ol bihrbotfee B 3ERRALE AR Bivetos Spby R rnaafioo fiE%h BRdr s esige

Tl oor and & 1eoBubiufhielallin kel 85,2 BPR ron i€ PrramimegeRionatiabatong at
froor ol ip crgsdZer il wliindibl o Rlinf bl B P Smpuigor i or
movi ng the AP haaReinE it sk AU eoliutcothone PEip Rl mSses Plpelpaide

it ' j: | ' by. fi bul
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| east one spj,der beam the at |east one spider beam having at |east one
spi der beamslip having a spider beamslip opened position and a spider

beam sl ip cl 0sed pQRjwhi iR RIGS. 1-3, blind ends 71 are drilled with a bol pattern to allow bolting in a
compact arrangement on bottom surface 62 of manifold 60. Preferably, a plurality of appropriately
sized tensioning cylinders 70 equally spaced around manifold 60 are employed to produce the
tension required for the specific application. Tensioning cylinders 70 are preferably disposed with
rod end 72 down, i.e., rod end 72 is closer to base 85, or lower flexjoint swivel member 80, than to
manifold 60. It is to be understood, however, that one, or all, tensioning cylinders 70 may be
disposed with rod end 72 up, i.e., rod end 72 is closer to manifold 60.

Each tensioning cylinder 70 is designed to interface with at least one control source, e.g., air
pressure vessels and accumulators via transfer piping 75 and manifold 60 and via blind end 71 and
manifold 60. However, not all tensioning cylinders 70 must be in communication with the at least

one radial band 65, 66, 67.

26



(f) disposing the at |east one spider beamslip around the first tubular

and noving the at |east one spider beamslip fromthe sggeCcTFBERS2003
opened position to the spider beamslip closed position; (g)~ noving the at

| east one rig floor slip fromthe rig floor slip closed position to the rig
floor slip opened position, whereby the first tubular is maintained in

pl ace by the at | t.. one spi.der amslip; (h owering the tensioner over
the first tubul ar‘,gﬁi?e‘r#‘(gﬁoglﬁ “F’ﬂ%rStP? ?tlt%f’ﬂlg%‘ﬁ'gingeﬁ%%mfwf ed oy @t anymasErd 2003
noonpool , whereby the first tugﬁlll'a passes, t hrough the tensioner; (i)
connecting t K YIREAAE opdinapiskillin the 44, prgfesably;tonsiopingeydindsr 1P ismaufaigdfiim base
of the tensi Oﬁ'?'rt to, the J‘it&sé tubul ar; (k) moving the at |east one spider
beam slip fr8HEH He el matptial that helpsto reducethsoueralhweight phfhe tersionerdOdsipaorcliminain sl i p
opened posi t'ion %er etiy the first tubular is maintained in place by the

t ensi oner . ( FCUMLTIRGA! Fgntact sthyGe fensioning cylinder Fil and helgs redysestha potential &5y
formng a risgr havi ‘a.plurality of tubulars; (m noving the at | east
one rig fl oof *¢Psis F@%ﬁ\vﬁ'ﬁga%l%@ﬁ"&ﬁ"ﬁﬁl@s Exprples includs, butgrempdingifed tof ¢aghon

opened position; (n) inserting the second tubular through the at |east one
rig floor sl ftf)",l's["%’ll%ﬁﬁ?‘? 'tai’n’é"?‘g‘gm\dlt%’r“fﬂ'thr ough the tensioner, and into the

moonpool , thereby noving. the tensioner fromthe retracted position to the
ext ended positio ?°’(°(§?e°%i§\ﬁ"ﬁ’6d'f‘ﬁ%" loven flexjgint syrjvel pssembly s indompupication #ith 1 g
floor slip oggngsdégosi tion tqg the rig floor slip closed position; (p)

rel easi ng t h&Ships LOWsr fiexjaing syl aysembly §0sansistof i @andreli§d andppter radialmesber, j
mai nt ai ned inrl?Fl ace by .the gt least one rig floor, slip; (¢~ noving the

t ensi oner fr &IPS GeRaIptAt feast g syiyekmeinberdngt showabie- g dsprings fanepmendyel )

rel easably s curi.n(gc} e baglse of .the tensiqgner to the riser. 43. The net hod
of clai m 42, *TUPAGY °g'6ﬂ§5'r A3yhich it i Gorapuicaion vith riseeR(EIG. By steps (1) through

ry wwth at |east, one additional tubular,until the riser has
(r) tSwwefa merxgjbers of Power ﬂexﬁ)ti)nt S\%VCI assembly 80 permit movement of upper flexjoint

swivel assembly 50, manifold 60, tensioning cylinder 70, and lower flexjoint swivel assembly 80 in
the direction of arrows 58, 59 and arrows 10, 12. As with upper flexjoint swivel assembly 50, lower
flexjoint swivel assembly 80 is employed to further alleviate the potential for induced axial torque
while tensioner 30 is in tension. Preferably, lower flexjoint swivel assembly 80 has a range of
angular motion of +/- 15 degrees for alleviating the potential to induce torque and/or bending forces
on tensioner 30.

Lower flexjoint swivel assembly 80 may be any shape or size desired or necessary to permit
radial movement of upper flexjoint swivel assembly 50, manifold assembly 60, tensioning cylinder
70, and lower flexjoint swivel assembly 80 in the direction of arrows 58, 59. As shown in FIG. 1,
lower flexjoint swivel assembly 80 is preferably cylindrically shaped.

Base 85 facilitates connecting second end 32 of tensioner 30 to other subsea appliances or
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50 U3 UL I U3tK 1U03 a predeterm ned |l ength. 44. The nethod of claim
42, wherein the second tubular is connected to the firstyg yeHt@BERZIGE M
the riser having a.plurality of tubulars prior to step (h). 45. The nethod
of claim42) wherein at |east two additional tubulars are connected to the
riser prior to step (h) by: noving the at |east one rig floor slip fromthe
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at | east one addi t 1 onal I ser, | nse

addi ti onal ?%ﬁﬁm& Wr%glhy,tbgs% 88 seh\ﬁﬁfeh ﬁseFl asticlog)ﬁxgmscr SPM’JSE{SO%%F the rig

floor, and info the noonpool; ?rom

the rig floope flipBeARERRL, b&ﬁeﬁ%sﬂ 58 it Etnechign Br @R o BRRES?
F P& Hed 1 ne Pl fare Ggmnpclign 8}%@?’&

whereby the riser 1s main Hee

sl i p; repeatarr&a\emm&vsm LEAS b ol t%%%t b S N i R B “““'
d ed GPH 57 Keowmrigdhe s ingie Sye é’%.m

t he Frodﬁctlon rise as a eterm ne engh
42, t
42 oy Uriner PRl Bk %ﬁ*ﬁp@@ﬁ bhE e e o, BiEhe SFR ERERE 8Ta o

connecti ng quh£§$&tubular to the production riser; and

Base 85 also includes a plurality of flexjoint bearings 76 for connecting tensioning cylinder
70 to base. Flexjoint bearing 76 alleviate the potential for tensioning cylinder 70 and rod 74 bending
movement which would cause increased wear in the packing elements (not shown) in the gland seal
(not shown) disposed at the interface between rod 74 and cylinder casing 73. Each flexjoint bearing
76 provides an angular motion of range of 15 degrees over 360 degrees in the direction of arrows 58,
59 and arrows 10, 12.

In drilling applications, tensioner 30 is connected to the diverter (not shown), which is
generally supported under the drilling rig floor sub-structure through any method or manner known
by persons skilled in the art. In one specific embodiment, the connection between tensioner 30 and
the diverter may be accomplished by means of a bolted flange, e.g., via a studded connection. In
another specific embodiment, tensioner 30 is connected to the diverter by inserting mandrel interface
47 into a connector (not shown) attached to the diverter. In this embodiment, interface mandrel 46
includes latch dog profile 49 that connects to the connector via matching latch dogs which may be
hydraulically, pneumatically, or manually energized. In addition, a metal to metal sealing gasket
profile is preferably machined in the top of mandrel 40 to effect a pressure containing seal within

the connector.
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the final few tubulars, will be inserted through moonpool 93, below the vessel or platform, and into
the water. While in the rig floor closed position, tubulars are maintained, or held, in place so that
other work may be performed on, or around, the tubular as discussed in greater detail below.

Each tubular each tubular includes a first end, a second end, and length. Each end of the
tubular preferably is flared or includes a flange 120 to facilitate tools and equipment, e.g., rig floor
slip 94, spider beam slip 132, and tensioner 30, to securely hold the tubular in place. Flange 120
forms a flange surface or neck 122 to assist in this manner. Alternatively, each tubular may-include
a collar or other flange device secured along the length of the tubular as desired or necessary to
facilitate hoisting, positioning, and connecting each tubular to riser 92 and maintaining each tubular
orriser 91 in a desired position. Generally, flange 120 or other device is located at or near each end
of the tubular. Further, as shown in FIGS. 8 and 9, tubulars 96, 97, 98 are connected to each other
at tubular joint 124 to form riser 92.

In one specific embodiment of the method for assembling riser 92 having a plurality of
tubulars, tensioner 30 is hoisted by the lifting device and inserted through rig floor 91 and into
moonpool 93 so that second end 32 of tensioner 30 is hanging fee within moonpool 93. Tensioner
30 is connected to rig floor 91 such that tensioner 30 is supported by rig floor 91. Tensioner 30
may be connected to rig floor 91 through any method or device known to persons skilled in the art.
For example, tensioner 30 may be connected to rig floor 91 by moving rig floor slip 94 from the rig
floor slip opened position to the rig floor slip closed position. Alternatively, tensioner 30 may be

connected to rig floor 91 by resting hang-off donut 45 or manifold 60 on rig floor 91. Tensioner 30

may also be connected to rig floor 91 by placing tensioner 30, e.g., hang-off donut 45 or manifold
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through rig floor 91, through tensioner 30, and into moonpool 93. Rig floor slip 94 is disposed
around first tubular 96 and is moved from .the rig floor slip opened position to the rig floor slip
closed position. In the rig floor slip closed position, rig floor slip 94 is positioned and secured
around first tubular 96 and is capable of maintaining first tubular 96, and subsequently assembled
tubulars, i.e., riser 92, in place, i.¢., supporting the entire weight of riser 92 as it is being assembled
in accordance with the methods of the present invention (FIG. 7). As shown in FIGS. 7 and 9, rig
floor slip 94 is secured around a flange 120 or collar disposed around first tubular 96, as well as all
subsequently assembled tubulars.

Second tubular 97 is then hoisted by the lifting device, positioned, and vertically connected
to first tubular 96 in an end-to-end arrangement to form riser 92 having a plurality of tubulars. Rig
floor slip 94 is moved from the rig floor closed position to the rig floor opened position and second
tubular 97 is inserted through rig floor 91, through tensioner 30, and into moonpool 93.

Base 85 of tensioner 30 is releasably secured to riser 92 through any method or device known
to persons skilled in the art. Preferably, base 85 inclu;lcs riser connector member 87, e.g., latch dogs,
a locking ring, a load ring, or casing slips disposed around the tubular. Preferably, riser connector
member 87 is powered, either pneumatically or hydraulically to facilitate remotely securing and
releasing the tubular.

Rig floor slip 94 is once again moved from the rig floor slip opened position to the rig floor
slip closed position so that riser 92 is maintained in place by rig floor slip 94. Third tubular 98 is

hoisted by the lifting device, positioned, and connected to second tubular 97 in the same manner
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described above. Rig floor slip 94 is then moved from the rig floor closed position to the rig floor
opened position and third tubular 98 is inserted through rig floor slib 94, through rig floor 91,
through tensioner 30, and into moonpool 93. Therefore, tensioner 30 is moved from the retracted
position to the extended position (FIG. 8). As mentioned above, if necessary to facilitate movement
of tensioner 30 from the retracted position to the extended position, at least one control source in
communjcation with tensioner 30 may be activated.

Rig floor slip 94 is moved from the rig floor slip opened position to the rig floor slip closed
position, so that riser 92 is maintained in place by rig floor slip 94. Base 85 of tensioner 30 is
released from first tubular 96 thereby permitting tensioner 30 to be moved from the extended
position to the retracted position. Preferably, at least one control source in communication with
tensioner 30 is activated to facilitate movement of tensioner 30 from the extended position to the
retracted position. Base 85 is then releasably secured to riser 92.

The assembly of riser 92 is then continued by connecting a fourth tubular (not shown) to
third tubular 98 and inserting the fourth tubular through rig floor slip 94, through rig floor 91,
through tensioner 30, and into moonpool 93, thereby moving tensioner 30 from the retracted position
to the extended position. Rig floor slip 94 is moved from the rig floor slip opened position to the
rig floor slip closed position so that riser 92 is maintained in place by rig floor slip 94. Base 85 of
tensioner 30 is then released from second tubular 97 and tensioner 30 is moved from the extended
position to the retracted position as previously described. Base 85 is then releasably secured to third
tubular 98 and at least one additional tubular is hoisted, positioned, connected, and inserted in the
manner described above until the riser has a predetermined length.

Preferably, a final tubular is hoisted and connected to riser 92 in the same manner described
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10 10 above. In so doing, the final tubular is inserted through rig floor slip 94, through rig floor 91,
through tensioner 30, and into moonpool 93. The final tubular is not secured to tensioner 30.
Instead, the final tubular is permitted to move vertically through tensioner 30, such that
approximately 3 to 5 feet of the final tubular is always extending upwards from tensioner 30. To
achieve the result of having only 3 to 5 feet of the final tubular extending upwards from tensioner
30, the final tubular is usually fabricated to the necessary length.

Additionally, the final tubular, or one of the previously assembled tubulars located close to,
i.., within three tubular lengths from the top of riser 92 extending upward out of the water, tensioner
30 and rig floor 91, preferably includes a tensioning ring (not shown). Tensioning ring is not
inserted through rig floor slip 94, rig floor 91, or tensioner 30. Instead, tensioning ring is disposed
above rig floor slip 94, rig floor 91, and tensioner 30 and provides support to riser 92. Tensioning
ring is generally more robust than riser connector member 87 to provide long-term support to riser
92 and withstand the strong external forces, e.g., wind and current, exerted on the vessel, platform,
and riser 92.

Tensioner 30 provides constant tension, with overpull, and support to riser 92 during the
assembly of riser 92. Tensioner 30 also provides rotational or axial movement, and angular
movement caused by vessel motion through upper flexjoint swivel assembly 50 and, in some
embodiments, lower flexjoint swivel assembly 80.

In another specific embodiment, first tubular 96 is hoisted, positioned, and inserted through
rig floor slip 94 and rig floor 91. Rig floor slip 94 is then moved from the rig floor slip opened

position to the rig floor slip closed position. Spider beam 130 is then positioned below rig floor 91

(FIGS. 7 and 9). Spider beam 130 includes at least one spider beam slip 132 having a spider beam
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Frio%& ()- is placed in the spider beam closed position and rig floor slip 94 is moved from the nig floor slip
closed position to the rig floor slip opened position. Therefore, riser 92 is maintained in place by
spider beam slip 132.

Tensioner 30 is then hoisted, positioned, and inserted over first tubular 96 and secured to ri g
floor 91. Base 85 of tensioner 30 is releasably secured to first tubular 96 and rig floor slip 94 is
moved from the rig floor slip closed position the rig floor opened position. Second tubular 97 is then
hoisted, positioned, and inserted through rig floor slip 94, rig floor 91 and tensioner 30 in the same
manner previously described. Rig floor slip 94 is moved from the rig floor opened position to the
rig floor closed position. Additional tubulars can then be assembled in the same manner until riser
92 has a predetermined length. Alternatively, one or more tubulars can be connected to first tubular
96 to assemble riser 92 having a predetermined length prior to hoisting, positioning, and inserting
tensioner 30 overriser 92 (FIG. 9). One limitation, however, on this specific embodiment is that the
weight of riser 92 must not exceed the supporting capability of the lifting device.

In one specific embodiment, at least one spider beam 130 (FIG. 7) may be installed prior to
hoisting, positioning, and inserting first tubular 96 through rig floor slip 94, rig floor 91, through
tensioner 30, and into moonpool 93, thereby facilitating connection of a subsea appliance or other
device to the lower end of first tubular 96 while first tubular 96 is held in position by rig floor slip
94. Spider beam 130 is preferably removed prior to connecting additional tubulars to provide
tensioner 30 with greater angular movement. As riser 92 is assembled the subsea appliance or other -

device is lowered toward the wellhead.

Further, a blowout preventer stack, diverter, or other device may be installed on the upper
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drill stem test flow lines are installed and tested and the drill stem test is conducted. Once
completed, riser 92 can be retrieved, or disassembled, using the reversal of steps for assembling the
riser 92 discussed above. Likewise, riser 92 may include a diverter or other device to run tests or
other procedures. After such procedures or tests are completed, riser 92 can be retrieved, or
disassembled, using the reversal of steps for assembling riser 92 discussed above.

Tensioner 30 may also be utilized to compensate for offset of a vessel connected to riser 92.
For example, tensioner 30 is placed, or disposed, in communication with a vessel and riser 92.
Manifold 60 may then be placed in communication with at least one control source to provide
tension to cylinders 70.

Additionally, the drilling or production vessel may be stabilized using tensioner 30 of the
present invention by maintaining and adjusting tension in tensioning cylinders by maintaining and
adjusting the pressure through tensioning cylinders by placing tensioning cylinders in
communication with manifold and at least one control source.

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 obvious modifications and
equivalents will be apparent to one skilled in the art. For example, the rod end of the tensioning
cylinder may be in communication with the manifold. Also, the individual sub-assemblies may be
manufactured separately and assembled using bolts, welding, or any other device or method known

to persons of ordinary skill in the art. Moreover, the individual assemblies may be manufactured out

of any material and through any method known to persons of ordinary skill in the art. Additionally,
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lowering the tensioner through the rig floor and into the moonpool. Further, the tensionér having
one or more tubulars inserted through the tensioner as described in the previous sentence may be
connected to a riser having two or more tubulars assembled prior to connecting the at least one
tubular inserted through the tensioner and lowering the tensioner through the rig floor and into the
moonpool. Moreover, the flexjoint bearing may be a clevise and pin, shackle, or other mechanical

joining or lifting device that provides angular movement. Accordingly, the invention is therefore

to be limited only by the scope of the claims.
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WHAT IS CLAIMED IS:
L A tensioner comprising:
at least one mandrel;
at least one upper flexjoint swivel assembly in communication with the at least one mandrel;
atleast one manifold in communication with the at least one upper flex; oint swivel assembly,
the at least one manifold having a first radial fluid band and a second radial fluid band;
at least one tensioning cylinder having a blind end, 4 rod end, and at least one transfer tubing,
the blind end being in communication with the first radial fluid band, the transfer tubing being in
communication with the second radial fluid band and the rod end being in communication with at

least one flexjoint bearing; and

a base in communication with the at least one flexjoint bearing.

2. The tensioner of claim 1, wherein the manifold includes a third radial fluid band, the third

radial fluid band being in communication with either the blind end or the at least one transfer tubing.
3. The tensioner of claim 2, wherein the first and third radial fluid bands are in communication
with the at least one transfer tubing and the second radial fluid band is in communication with the

blind end of the at least one tensioning cylinder.

4, The tensioner of claim 3, wherein the tensioner includes six tensioning cylinders, wherein

at least one of the tensioning cylinders is in communication with a first control source and at least
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one of the tensioning cylinders is in communication with a second control source.

S. The tensioner of claim 4, wherein the first and second control sources are in communication

with the same tensioning cylinder.

6. The tensioner of claim 2, further comprising at least one hang-off donut.

7. The tensioner of claim 2, wherein at least one of the first, second, or third radial fluid bands

is in communication with at least one transducer.

8. The tensioner of claim 1, wherein the blind end is connected to the manifold by at least one
sub seal.
9. The tensioner of claim 1, wherein each of the at least one tensioning cylinder includes at least

one cylinder head.
10.  The tensioner of claim 1, wherein the tensioner includes at least two tensioning cylinders.

11 The tensioner of claim 1, further comptising at least one lower flexjoint swivel assembly in

communication with the at least one tensioning cylinder and the base.

12, A tensioner comprising:
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at least one mandrel having a first mandrel end and a second mandrel end;

109%&' ()-fm 109& ()-f 109%& ()-f

at least one upper flexjoint swivel assembly having a first upper flexjoint swivel assembly

end and a second upper flexjoint swivel assembly end;

at least one manifold having a first manifold surface and a second manifold surface;

at least one tensioning cylinder having a blind end, a rod end, and at least one flexjoint

bearing in communication with the rod end;

and a base,

wherein the second mandrel end is connected to the first upper flexjoint swivel

assembly end,

the second upper flexjoint swivel assembly end is connected to the first manifold

surface,

the second manifold surface is connected to the blind end, and

the rod end and the at least one flexjoint bearing are connected to the base.

13. The tensioner of claim 12, further comprising at least one lower flexjoint swivel assembly

having a first lower flexjoint swivel assembly end and a second lower flexjoint swivel assembly end,

wherein the rod end is connected to the first lower flexjoint swivel assembly end and the second

lower flexjoint swivel assembly end is connected to the base.

14, The tensioner of claim 12, wherein the at least one tensioning cylinder includes at least one

transfer tubing, the at least one transfer tubing being in communication with the manifold.
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15.  The tensioner of claim 14, wherein, wherein the manifold includes two radial fluid bands in
communication with the at least one transfer tubing and one radial fluid band jn communication with

the blind end of the at least one tensioning cylinder.

16, The tensioner of claim 15, wherein the tensioner includes six tensioning cylinders, wherein
at least one of the tensioning cylinders is in communication with a first control source and at least

one tensioning cylinder is in communication with a second control source.

17.  The tensioner of claim 16, wherein the first and second control sources are in communication

with the same tensioning cylinder.
18.  The tensioner of claim 12, further comprising at least one hang-off donut.

19, . The tensioner of claim 12, wherein the at least one manifold includes at least two radial fluid

" bands.

20.  The tensioner of claim 19, wherein at least one of the at least two radial fluid bands is in
communication with the blind end and at least one of the at least two radial fluid bands is in

‘communication with the rod end.

21.  Atensioner comprising:

at least one mandrel, at least one upper flexjoint swivel assembly, at least one manifold
having at least two radial fluid bands, at
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communication with the at least one manifold and a rod end in communication with the base;

wherein the at least one mandrel, the at least one upper flexjoint swivel assembly, the
at least one manifold, the at least one tensioning cylinder, and the base are assembled to form a

unitary, co-linear tensioner.
22.  The tensioner of claim 21, further comprising at least one lower flexjoint swivel assembly.

23.  The tensioner of claim 22, wherein the at least one mandrel is connected to the at least one
upper flexjoint swivel assembly, the at least one upper flexjoint swivel assembly is connected to the
at least one manifold, the at least one manifold is connected to the at least one tensioning cylinder,
the at least one tensioning cylinder is connected to the at least one lower flexjoint swivel assembly,

and the at least one lower flexjoint swivel assembly is connected to the base.

24. A method for assembling a riser having a plurality of tubulars comprising the steps of:

(a) pfoviding atensioner having a first tensioner end, a second tensioner end, a retracted
position, an extended position, at least one mandrel, at least one upper flexjoint
swivel assembly in communication with the at least one mandrel, at least one
manifold in communication with the at least one upper flexjoint swivel assembly, the
at least one manifold having a first radial fluid band and a second radial fluid band,
at least one tensioning cylinder having a blind end, arod end, and at least one transfer

tubing, the blind end being in communication with the first radial fluid band, the
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transfer tubing being in communication with the second radial fluid band, and a base
in communication with the rod end of each of the at least one tensioning cylinder;
(b)  providingadrilling or production facility having a rig floor and amoonpool disposed
below the rig floor, the rig floor including at least one rig floor slip having a rig floor
slip opened position and a rig floor slip closed position;
{c) inserting the tensioner through the at least one rig floor slip, through the rig floor, and
into the moonpool;
(d)  connecting the tensioner to the rig floor;
(e) inserting a first tubular through the at least one rig floor slip, through the rig floor,
through the tensioner, and into the moonpool;
$3] disposing the at least one rig floor slip around the first tubular and moving the at least
one rig floor slip from the rig floor slip opened position to the rig floor slip closed
position, whereby the first tubular is maintained in place by the at least one rig floor
slip;
® connecting a second tubular to the first tubular thereby forming a riser having a
plurality of tubulars;
(h) moving the at least one rig floor slip from the rig floor closed position to the rig floor
opened position;
() inserting the second tubular through the at least one rig floor slip, through the rig
floor, through the tensioner, and into the moonpool;

() - moving the at lcast one rig floor slip from the rig floor slip opened position to the rig

floor slip closed position, whereby the riser is maintained in place by the at least one
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rig floor slip;

&) releasably securing the base of the tensioner to the first tubular;

()] connecting a third tubular to the second tubular:

(m)  moving the at least one rig floor slip from the rig floor closed position to the rig floor
opened position;

(n) inserting the third tubular through the at least one rig floor slip, through the rig floor,
through the tensioner, and into the moonpool, thereby moving the tensioner from the
retracted position to the extended position;

(0)  moving the at least one rig floor slip from the rig floor slip opened position to the rig
floor slip closed position;

()] releasing the base of the tensioner from the first tubular, whereby the riser is
maintained in place by the at least one rig floor slip;

(9@ moving the tensioner from the extended position to the retracted position;

(y) releasably securing the base of the tensioner to the second tubular;

(s) connecting a fourth tubular to the third tubular;

) moving the at least one rig floor slip from the rig floor closed position to the rig floor
opened position;

(v)  inserting the fourth tubular through the at least one rig floor slip, through the rig
floor, through the tensioner, and into the moonpool, thereby moving the tensioner
from the retracted position to the extended position;

(v)  moving the at least one rig floor slip from the rig floor slip opened position to the rig

floor slip closed position;
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(w)  releasing the base of the tensioner from the second tubular, whereby the riser is
maintained in place by the at least one rig floor slip;
(x)  moving the tensioner from the extended position to the retracted position; and

()  releasably securing the base of the tensioner to the third tubular.

25.  The method of claim 24, further comprising the step of:
($4] repeating steps (s) through (y) with at least one additional tubular until the riser has

a predetermined length.

26.  The method of claim 24, further comprising the steps of:
connecting a final tubular to the riser; and
inserting the final tubular through the at least one rig floor slip, through the rig floor

and the tensioner, and into the moonpool.

27.  The method of claim 24, wherein the tensioner is moved from the extended position to the

retracted position, by activating at least one control source in communication with the tensioner.
28.  The method of claim 24, wherein the tensioner and each of the plurality of tubulars are
inserted through the rig floor and into the moonpool by lifting and positioning the tensioner and each

of the plurality of tubulars with a crane.

29.  The method of claim 24, wherein the tensioner and each of the plurality of tubulars are
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inserted through the rig floor and into the moonpool by lifting and positioning the tensioner and each

of the plurality of tubulars with a jack knife hoisting rig.

30.  The method of claim 24, wherein the tensioner is connected to the rig floor by removing the

at least one rig floor slip and resting the tensioner on the rig floor.

31. The method of claim 24, wherein the tensioner is connected to the rig floor by placing the

tensioner in communication with a rotating bearing disposed on the rig floor.

32.  The method of claim 24, wherein at least one spider beam is inserted and at least one subsea
appliance is disposed on the at least one spider beam and connected to the first tubular prior to the

connection of the second tubular to the first tubular.

33. The method of claim 32, wherein the at least one spider beam is removed after the connection

of the at least one subsea appliance is connected to the first tubular.

34. A method for assembling a riser having a plurality of tubulars comprising the steps of:

(a) providing a tensioner having a first tensioner end, a second tensioner end, a retracted
position, an extended position, at least one mandrel, at least one upper flexjoint
swivel assembly in communication with the at least one mandrel, at least one
manifold in communication with the at least one upper flexjoint swivel assembly, the

at least one manifold having a first radial fluid band and a second radial fluid band,
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tubing, the blind end being in communication with the first radial fluid band, the
transfer tubing being in communication with the second radial fluid band, and a base
in communication with the rod end of each of the at least one tensioning cylinder;

(b)  providing a drilling or production facility having a rig floor and a moonpool disposed
below the rig floor, the rig floor having at least one rig floor slip having a rig floor
slip opened position and a rig floor slip closed position;

(¢)  inserting a first tubular through the at least one rig floor slip, through the rig floor,
and into the moonpool;

(d)  moving the at least one rig floor slip from the rig floor slip opened position to the rig
floor slip closed position, whereby the first tubular is maintained in place by the at
least one rig floor slip;

(e connecting a second tubular to the first tubular thereby forming a riser having a
plurality of tubulars;

(®  moving the at least one rig floor slip from the rig floor closed position to the rig floor
opened position;

(2) inserting the second tubular through thc-at least one rig floor slip, through the rig
floor, and into the moonpool;

(h)  moving the at least one rig floor slip from the rig floor slip opened position to the rig
floor slip closed position, whereby the riser is maintained in place by the at least one

rig floor slip;

(i) providing at least one spider beam, the at least one spider beam having at least one
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spider beam slip having a spider beam slip opened position and a spider beam slip

closed position;

)] disposing the at least one spider beam slip around the riser and moving the at least
one spider beam slip from the spider beam slip opened position to the spider beam
slip closed position;

(k)  moving the at least one rig floor slip from the rig floor slip closed position to the rig
floor slip opened position, whereby the riser is maintained in place by the at least one
spider beam slip;

()] lowering the-tensioner over the riser, through the rig floor, and into the moonpool,
whereby the riser passes through the tensioner;

(m)  connecting the tensioner to the rig floor;

(n)  releasably securing the base of the tensioner to the riser; and

(0)  moving the at least one spider beam slip from the spider beam slip opened position
to the spider beam slip closed position, whereby the riser is maintained in place by

the tensioner.
The method of claim 34, further comprising the step of:
(p)  after step (h) repeating steps (e) through (h) with at least one additional tubular until

the production riser has a predetermined length.

The method of claim 35, wherein the riser includes at least 10 tubulars.
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38.  The method of claim 34, wherein the tensioner and each of the plurality of tubulars are
inserted through the rig floor and into the moonpool by lifting and positioning the tensioner and each

of the plurality of tubulars with a crane.

39.  The method of claim 34, wherein the tensioner and each of the plurality of tubulars are
inserted through the rig floor and into the moonpool by lifting and positioning the tensioner and each

of the plurality of tubulars with a jack knife hoisting rig.

40.  The method of claim 34, wherein the tensioner is connected to the rig floor by resting the

tensioner on the rig floor.

41. The method of claim 34, wherein the tensioner is connected to the rig floor by placing the

tensioner in communication with a rotating bearing disposed on the rig floor.

42. A method for assembling a riser having a plurality of tubulars comprising the steps of:

(a) providing a tensioner having a first tensioner end, a second tensioner end, aretracted
position, an extended position, at least one mandrel, at least one upper flexjoint
swivel assembly in communication with the at least one mandrel, at least one
manifold in communication with the at least one upper flexjoint swivel assembly, the

at least one manifold having a first radial fluid band and a second radial fluid band,
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at least one tensioning cylinder having a blind end, a rod end, and at least one transfer
tubing, the blind end being in communication with the first radial fluid band, the
transfer tubing being in communication with the second radial fluid band, and a base
in communication with the rod end of each of the at least one tensioning cylinder;

(b)  providing adrilling or production facility having arig floor and a moonpool disposed
below the rig floor, the rig floor having at least one rig floor slip having a rig floor
slip opened position and a rig floor slip closed position;

() inserting a first tubular through the at least one rig floor slip, through the rig floor,
and into the moonpool;

(d)  moving the at least one rig floor slip from the rig floor slip opened position to the rig
floor slip closed position, whereby the first tubular is maintained in place by the at
least one rig floor slip;

(e)  providing at least one spider beam, the at least one spider beam having at least one
spider beam slip-having a spider beam slip opened position and a spider beam slip
closed position;

® disposing the at least one spider beam sl ip around the first tubular and moving the at
least one spider beam slip from the spider beam slip opened position to the spider
beam slip closed position;

()  moving the at least one rig floor slip from the rig floor slip closed position to the rig
floor slip opéned position, whereby the first tubular is maintained in place by the at

least one spider beam slip;

(h)  ‘lowering the tensioner over the first tubular, through the rig floor, and into the
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(i) connecting the tensioner to the rig floor;

)] releasably securing the base of the tensioner to the first tubular;

&) m'oving the at least one spider beam slip from the spider beam slip closed position
to the spider beam slip opened position, whereby the first tubular is maintained in

| place by the tensioner.

() connecting a second tubular to the first tubular thereby forming a riser having a
plurality of tubulars;

(m)  moving the at least one rig floor slip from the rig floor closed position to the rig floor
opened position;

(n)  inserting the second tubular through the at least one rig floor slip, through the rig
floor, through the tensioner, and into the moonpool, thereby moving the tensioner
from the retracted position to the extended position;

(0)  moving the at least one rig floor slip from the rig floor slip opened position to the rig
floor slip closed position;

()  releasing the base of the tensioner from the riser, whereby the riser is maintained in
place by the at least one rig floor slip;

(@ moving the tensioner from the extended position to the retracted position; and

ty)] releasably securing the base of the tensioner to the riser.

43.  The method of claim 42, further comprising the step of:

(s) repeating steps (1) through (r) with at least one additional tubular until the riser has
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45.  The method of claim 42, wherein at least two additional tubulars are connected to the riser
prior to step (h) by:

moving the at least one rig floor slip from the rig floor closed position to the rig floor opened
position;

connecting the at least one additional tubular to the riser;

inserting the at least one additional tubular through the at least one rig floor slip, through the
rig floor, and into the moonpool;

moving the at least one rig floor slip from the rig floor slip opened position to the ﬁg floor
slip closed position, whereby the riser is maintained in place by the at least one rig floor slip;

repeating the above steps with at least one additional tubular until the production riser has

a predetermined length.

46.  The method of claim 42, further comprising the step of:

removing the at least one spider beam after step (k).

47.  The method of claim 42 further comprising the steps of;

connecting a final tubular to the production riser; and
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inserting the final tubular through the at least one rig floor slip, through the rig floor,

and into the moonpool.
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