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USI NG THEy&odfBsekerhni cal Field of the Invention The preserCTiUSVvESION
relates to a riser connector for use in offshore well 5 operations. In ~-
particular, the present invention relates to a riser connector for
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conducting of f shor coNBUCTING OFFSHOREWELL [OFERATIONS UBING tTHIE SAREKgr ound

of the Invention 10 O fshore operations for the exploration and production
of hydrocarbons involve the use of a well head assenbly situated on the

sfloor of the 'I%ﬁﬁﬁ@almd%fme%\flé?ﬁlﬁhfrom whi ch the operations are conduct ed
In the case ydr ocarbon deposits situated beneath shal | ow wat erzil
comon practlce t orherrsesant inveptiqroiglatss te|auises carnestar fipraisetip offshore welhn roor

However, | %gpagronwﬁwan.ém tﬁaq:r@Jenﬂn%hmaréwtéaltatafr%rerrsmh@%m 15
|npract|cal an | oatin torms are required. In use oatlﬁ% pl at f or ns
t

are connect ecopgesting %‘%Xﬁte'ﬁﬂ@\?éﬂpiﬁa l%lﬁ‘d“&kﬂr?‘f?@éﬂ (BOE ﬁB‘Ij welthegd: yat ed on
the ocean fl O%Eeﬁm m?ﬁﬁédlt?cﬁn rthéﬁr@§entwehﬁ&§ tefate1d £ M@kifbdWIRbAdUcBRg ar e
bei ng require N et ad T ovar deeper water, necessitating the need

for Ionger ricftshorgsuelkanerations ysipg hretisercABNERPYf | oat i ng p essel
to the wellhead assenmbly on the ocean floor. However, Hmﬂgmm Nﬂw ,ﬁ | engt h
of the drilling riser connectlng a floating pl atformor vesse
assenbl i es orBadkgrotnd shihelinventighves rise to a number of maj oi°®SFobl ens.
First, t overal |5 of
the i serSi nor eased o cro opeubmof i BpBRBTAN pikqss ?ﬁr@ Pl Iaie
"nmud" cont ai rtbe Userof awelhesshasspblyisifgaled sBdnetoarsr theeoqeeﬁ@n agrlation@ franger
| noreases. | Fufhibeie doerARAE aHd ShdubRAS WP Asé BF RirGPhArFdedkind Sitiafdat | ng
pl atform nust be mai ntained on e riser 1n order to prevent the riser from
buckl i ng. Agaieneathrshatlow Watdr, uk@eqmsgon praciirede psauide stati %hPBﬁOTmﬁese\?erldl i ng
ri ser assenbl o er
nor cases. | AJS A SO MOLR CHERBUS I UeBh VB ot Mo tole oot o
and vessdbs hmpmmcamndﬁwahmmhmmwemwmdoﬂnmélpaﬁlng Mﬂﬁf@ﬁ‘staﬁ%y can
saf el y perforégnﬂ?’wgg% ﬁ'neclﬁ&(/@.h RPéV%nteTﬁ H%illllééd d%@ﬁﬁb séll;ﬂl%fe‘a onlthé besdr and
up to dept

vessels are | to opera I'n vva about 5000 feet.
The need to cﬂlmrmeeans@éHqsm's vvater for exarrpl e in depths up to 10, 000

feet or greater, ﬁﬁéﬁig Siidhord Ber f?&?\%téré'ﬁélhg?evﬂlrea%"be'caﬁcﬂﬁ:fedflh%%l‘ ng

pl atforns and vesseé arrying ou oper ati ons
acconmodat i ngdeedper waten, rgﬁcesalta\tlng\memﬂeddﬁr Iomwrﬂserrwambbes tocoppegtite at such

depths. g W?Io%ﬁgg%%%rrﬁ G (i gﬂ-{ ‘méw% I’loésadaas§ernUEl '}hé Bf;% GS}OHEWEV@H oned

probl ems, en propose oy risers ameter than
convention aI | mereaping redllengthf the drglljngd‘fses hmr@ctmea ﬂpatmsplm@ afyessel fostbes
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nvert operati to a
overall weight of the rlser assembly increases as the length of the riser increases. In

addition, the weight of the drilling fluids or “mud” contained in the riser also increases

25 as the length of the riser increases. Further, in operation, tensioning force applied by
the floating platform must be maintained on the riser in order to prevent the riser from
buckling. Again, the task of keeping the necessary tension on the drilling riser '
assembly becomes increasingly problematic as the length of the riser increases. As a
result of these problems, many existing floating platforms and vessels have a

30  maximum working depth of water in which they can safely perform downhole
operations. Typically, many of these platforms and vessels are limited to operating in
water up to depths of about 5000 feet. The need to operate in deeper water, for
example in depths up to 10,000 feet or greater, necessitates the construction of new,
larger floating platforms and vessels capable of carrying out well operations

35 accommodating the even greater weight of risers required to operate at such depths.
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5 bore riser, having an outer dianmeter of 16 inches and a nom nal inner
dianmeter of 13.5 inches. It will be readily appreciated that the reduction
in di amety OQﬁ)dS{_‘glﬁ riser from21 inches to 16 inches w || preaisoi/4dsio a

Si gnlflcant uction in the weight ot the riser assenbly. The volunme of a
riser increases with the square of any increase in the diameter of the
riser. In addition, therefore, it wll also be appreciated that the weight

10 of fluid to be A%? solHtien torthe slopprpentioned prabiams,jithas hgen|prepasgd fremploy
significantl mséedér%%uaw.s%ve?rtﬁam&nvaﬁtmhu,paﬁpwd IeypicEmy, gHshefeanet er
riser. The use of smal | er bore risers reduce the overall weight of the
ri ser assean%Perat'@aﬂ hﬁbe veedstisprhigavingan adter diaaeiry 0P iches And adoMinalinneg
.pl atformns a”%uécllﬁété%ﬁw MBRBLC | THE [STbPEslRad &R MEIEHY @onvaﬁ@pé@qyﬁd el &l

effort required to tension the riser when in use. In principle, herefore,
the 15 us® ofbose gsa(l havieg an putsediameter$f 16 drchgs and ﬁé\ommuwrdeame Tidny

"exi sting ves%ﬁéresam%wbafrééw%pp@bia% tngt thaeéadcﬁomed.%stelr Bf e GRS ARk ¥
greater depths than have been possible | oy |n€ t he conventional 21 inch

risers. In pr'ﬂ@!‘teﬁd@ 16 linghes il reewhmea %lswgc%m Qmis theywaighhef theiser bor e
risers gives Jdsg@piyo T‘ﬁe%m?ﬁ‘é 01(5 néHr@ﬁéré&%E vithQhe Eﬁ@are Wﬂbﬁ;hln@n%@ge fnochbe

overcone before thé use of bore risers can becone feasi b

bl owout pr evedidragter ptihe r§?bc‘ﬁ aﬁﬂege,rther@fpre,mewmwodqe ?ﬁ%@c'ﬁtﬁﬂé’?ajé@ ‘O(E'thhead

assenbl i gg hatff flﬁ|drl8r19er}@ialde@ta?1"d%bp6ﬂ 1RE r@ér it a735 Béﬁi@ﬂﬁean?%e’ilub@éb@eco”e
a conventional size in the desig stacks, able to acconmodat e al

the tools anopoeqeﬂpaeneraﬁe@%@éa? §m&erw&ame§§e%ﬁrt AP8 ugn of te spalieneerg rlsers
assenbl y du“@auééJthé%%efyim d¢mafﬂeerrsa.F ha¥ebly! ebRingt8R4GINbS Mk IgERgSt acks
25 in conbination wth stan I nch dianeter risers allowthe use of
convent i onal Rlagsdon thadirating platfermsandyessalspdyding stowmos ragwirements. @pd. | n
addi tion, thi édﬁaﬁﬁ){%aéﬁoﬂ'}eaﬁlméfi@rﬁhe el RPN RG] Wpﬁﬁcuﬂ% atn@lefo% %Re

i nch casi ngs and ca5|ng%2an ers use he construction of

portion dF a ues af a smallhaie rigerwoulth inciaage thepwerking; depthsof faany @flfétﬂgtyessﬂl%)
having an int eht'et d H2 tR&T RaAVEsERIne
much of the aﬁ%&%ﬁgﬁidﬁ{%&& oé%téldpﬂﬁ‘ﬁ%unﬂgﬁpl' aé?gﬁegard drilling and
cenenting t oobassikig ¢mnbV|"9§§sCQﬂYPBU§IQ| &1 beAriEeBore riser. Further, it is
not possible to ingtabdtica, H&A,év@i;fboﬁeéhﬁ@osaaudﬁs&o%gﬁ.gehﬁéu%r@awegﬁes heough

a small bore riser. e solution to this probl em wou be to reduce

size of the viela muakeraf seaelicsl probiemsdvhich Bq’ﬂé’ todye averrore befarerthe uge,of ifﬂ%'ht
used in ggwnhglg r@ﬁr@%%ﬁ'ﬂé@éme?@aé‘ﬂé‘eﬁ‘é blolwBuBstEldriter(BOP) sestitipréseat dhthe

repl acenent o the existing equi pment on platforns and vessels
currently in epef most undessracwelhead gssambkliegdas @ nominglintamal diameter of8.75
event ual Co”pﬂa%sonrrﬁé R&s Bdcohita ¥EHVenfibithl bizé irPthe Heyigh oPBQIPJQhél&naElQWCI ty.
WO 02/ 059a53 USOL/ 49549 3 Accordingly, there is a need for a syste

whi ch sol ves a¢sonpnesiateall te teels aest@eelemef NRaegtATY & be RasseddBioyghihesi ng out

of deep water Qlﬁm%%atab%blg‘dhru‘@él?&},eﬁtd'rllhhg Bbtra¥iend. Nehuds SorfVentichiay BOPI s¥4iks
downhol e equi pnent tion to this problemthat has bee%‘ag!Eﬂil osed

i nvol ves 25he ms:emblina&oa with@tandgrst 21 inch diamejgr risgrs allow the Yae ot ¢ t he

wel | head asse iﬁﬂd Oégméﬂtm ttbdIB ahdthRNME! It Addiidr) thid esmbiRgtidpassage
of equi pnent [ép stan arﬁ%e g S.a pat ent : 4 di scl oses a

7,22
marine riser asoonunedates ib?énﬁtwaéi@éﬁf %ta't“éﬁfddﬁl‘ﬂthq?é'"SBéF"éf’?ﬂﬂ%%?'?QﬁW ysedin
floating vessgly,c W'éﬁ%ﬁoﬁlok m&lﬁp@?pérﬂw‘@‘ﬁf £0@1.0fn ddnerast, &RIsrhdll fire dedrached
fromthe well 8 ower end of the riser is set aside to a position

clear 10 of th’@ntﬁ@leldme havingapinterpal digrosteefdustd 3&inghes Wi ser in the
set asi d%ooosgédo?rﬂnoﬂé thuch®f fHeSaﬁ’Brehibnh&%cﬁétiu@ﬁérﬁe IPpatiEuIar) stafhdéﬂdftﬁmlngnd

tools having draneters greater than that of

rrser |nterna, met
“then_ be. passeand sementig 1ol velhup! s {bEPIghCH AL BUATRgr. AHRTTSHIbs (ELPISSR | he
wel |. The sysiq q%tﬁlaqe%crf‘cak% a’%%%tsaééseaiétehmangé@ trbugh & BRialil bBeY wseti ser

.while retainin ossl bi | usi ng | ar(t;er di anet er efghj ﬁ’n@@; 15

wi t hout the need opnﬁépllﬁt'ﬁ\" Fthh!Sri@”B'ﬁE! WOLB%PQ Q fegiupe fhe ?‘??eo ¢ ralead pyever)
the system of gllgpp) n)g MJdu?g’-ﬂaermwsfaeﬁ 4rjehe baEipARAt Gedin ADAAROITBPSATIOIIS
and gui dance syste in order to nove the riser from head .t 0_t he

set asi de3%osHowewer, inaddifipnite sequinngthe V%WWHBH@”%Q&EBQXBL%?W?W

order to adj Ugh oldi8rmé SndPEdseRLUnRARY th@uihisr}ﬁdﬁéi@nﬁm §igé wournuliEnEsly liest ween
t he wel | head ang the set aside support 20 position. An alternative design

of set aside #ieseventuabcmpletigseze p hPH‘{eé!laﬁﬁt'tﬁGH%FI‘tuﬂeHr%QHCt'BﬁB??a&gY i on nunber
WO 001 34618. The system uses a reduced dianeter drilling riser, in turn
reducing the size and cost of the attendant floating pl atform or vessel .
The system has neans for disconnecting the riser fromthe BOP stack on the
wel | head



25 assenbly and repositioning it in a set aside position. The system
conprises a nud return assenbly to which the riser is connected in the set
asi de posypioMsesbrr ger diameter tools and casings can be pasasduidsipugh the
BOP and wel |l head into the well and dognhol e operations conducted with
drilling fluids being returned through the nud return assenbly and the
reduced di aneter riser. The riser may be returned to the 30 BOP and

wel | head asseMsoidingly thererian nepéford %lﬁ*se“”f whighsalvey HieProblempf dhe excesive
requiring t h%él?ﬁtgﬁ 'ihéihﬁ??hﬁéln%%ﬂ JTHREH watsr@pbRAon, i Whishasdill aidwd Betu8e of

system of WO 00T 34618 allows the riser to be used as the return path for
the drilling ganuentionahdawnhele equirmaentasi de position, it still requires the

riser to be di 5Cor@ﬁ&&&dtléﬁféf{hﬁ;%lﬁéﬂ?tm%a%béﬁﬁméommml/é’s hedisepyad

asi de. Again, the systemrequires neans UI di n 35 an t ensi oni n%

adj ust menP ofsmajkbare siger, hichrip izconpercied f\"’tmt wellng bﬁ?@ﬂe%ﬂpr?m t& et
‘asi de positi C’tﬂné‘l?\doragletovﬂb\bvh&%e pk Qﬂeh’u eRPéfSMndARPSiEEaATh@) LSS | al
nunber USSN 091 570608 di scl oses a 2//059a53 PCT/ USOL/ ~49549 furt her

i mproved systRateAtNO. drid7RA rdisdoserA mawréser pystem fanyserin deep waler gelling
di sconnect ed § é?éﬂohgerow!alfm&% \fé%mnnhush\m@vsthb |¢vserre?ﬁtufltmn§eauga¢ n access

to the BOP ancP head assenbly a into we| | er diameter

equi prent andth@Qﬂeé frop theswyelthead.i WB‘P Ipvees ead 9f W@§§eh‘ér§85?s'@% Qpesitiqnflesn ser
i s nount g4, T&ﬁhé%mé ATBhERRS i Erofvlo%ii it® F&alﬁ'ﬂ% il@r@?fhb%t Qﬁdé’lﬂoé}tuﬁhl\f\ﬁtﬁr

to nove the riser out of connection wt he BOP and wel | head assenb % The
stress nmenberthadiser indhe selasife nosﬂ@natpasmsanﬁmlﬁ)ﬁ@\émg gdiamelgrs grpatrr than that

mai nt ai ned to oﬂﬁé‘h&% mtreﬁl %Heter'dénf%héif @é ﬁéés%d IRGBRABOPHNY thé'RefHealSS

menber includes ¢ e a l'i nes remai_n in connection throughout

the oper at i onassembiyrang WGQ lﬁ@ therell. Eb? gysterd of U Y 4\ allowg dheyuse Pt 4
the mni mum Oéméipb&éﬁsupwpa r%na.nmqhéasms.mpaf @ng iaeg%tamétertéumnaﬁt ual

structural di sconnect 1 nvo S. patent’ nunbe i di scl oses a
wel | head 18 t hwithquptie rmﬁaﬂeqftreﬁurrﬂlaﬁthawa"rb%ﬂ%ﬁq’ th? SWP%UEHWPY%* thes¥steme”

wel | mai nt enagog s tqu,'?“z‘i"f‘?équgg%é"ﬁe%@l%dof'sﬁpbdh h@@hélﬁgrﬁé 8hd ?mé(aﬁdéaped t ube

assenbly and conprises a diverter | ow tool s i ntroduced throu t he

line to be sesystams vl grdertodeeyvethe Aiserdram Heimelihead t the sef %ﬂ%@‘éﬁ'ti@ tlibe. In
this way ci rcaéﬁdné@e%ﬂg%gl IndihiER uét%%&hdéd”'iﬁ &a&rltaadﬁl&fmaglrglr@m&ﬁ

selectively divert arged throug Rproprl ate o I ce of

wel | head. U. Stension ggringths rises’s mvsrr@bbmtweeﬂ med'veél gadhandihe sebaside %PEP“
enpl oyi ngzorl SEbsitionl N Particular snall bore risers, and the use of |arger

di anet er eqwgrrent and tools. It will be appreciated that, while the set
asi de systems propbs@ieinativedesian ofisehaside sysiemds digclasad ipiliamational Ratedt t he

probl ens ass 0Pbﬁfo%d§ﬁuﬁrﬁbérhﬁdﬁﬁ%ﬁ1 83 'WE'ngc@ﬁﬁJsfeh %erééucédtdlérﬁe@b’dﬂ%gws a

sinpl e operatlon to sconnect t ore riser fromthe well head and

nove it asi dein tum redueing the gjza W%@QﬁéQEthF@tt?H‘éarB@atH\Qdﬂmrmﬁgé’&s%%s@%l y
W th equi pﬁenkygﬂﬂ hh8 Pheang for cﬁédb‘?\heﬁin?'{ﬁé ﬁéerththeaBbﬂsetae%ﬁmn@wam@dd by the

smal l er riser riser must be mai ntai ned under tension durlng the entire
€A

set asi d2®5 ammhly and repesitioning jténa sptaside pReitiogs Jhp systepy CRMRYiE t and
power to the Fﬁﬁljﬂ If’(gWh‘i tﬂPY@ert@Eoﬁde%@d |ﬁlﬂ{éé&a§|66 p‘é@iho@s!_aﬁger
operation. Further oses an es must

d
mai ntai n the d@mﬂteréoqﬂs aed casings eail %P%ﬁ%ﬁé’“ﬁ\*ﬂﬁ Wﬁll?reo'? ?H‘é&‘)é"h#dg%tgltﬂéﬁe\c‘@ﬁmo
during the S%n@ab\ﬂfmoAJ Bgér%tléﬁé’éﬁnﬁﬁ&%mh%ﬂﬁﬁné Auis %eﬁb?@tum tﬁl‘bﬁ'@h e thd Of

the apparatus require carry out these procedures. Accor |n9%%qoé}‘here 30

is a need for refuniasgeblycanshibe é&ﬁuﬁﬁ‘ﬂ digmeteririser-« He tags may keyghyr i sers,
whi | e perggtt ?@ﬂ: \A#] aghaeﬁ.gggﬁ% bly 3AY 'nemfopeiaﬁo@s?tfésuﬁquhaéndé&ﬁé BESratidHd

.casi ng hanger e accomodat e 4&@? riser to be
installed wit Iﬁwlrlmﬁhﬁiﬂfgﬂfdl@ﬂgﬁeﬂBﬂ'i"B'ﬁet“d"QYGrh?ﬁF CB'ES‘B‘eéﬁ ne rﬁ¥§tﬁ91 ¥t the

I nvention 35 o %%a%ﬁ%%@%aﬁépw& ARG FetimaseaefoR khe dmﬁngommamemg a

riser to a wel asse [ows a riser to bec nec eg Ig)ethe

subsur f ace BOmM ﬁlﬁ@et asige positiory 434l regpiresstive/ r@QBWQ/\%’F‘F‘Wé‘Sﬁm poral
wel | operati O%IIE&J%s%ﬁbeﬁﬂ mH&ediéé.ndikg A thé Systerié Lﬁreatmédhe f6ragumding e

all owi ng access to ad assenb or other tools and echﬁ men

usi ng ope®d warpd tensismingrdivstmant ¢fdoe ”$Q5cﬁ§§$mh|y while it is being;rgoysd eHhiREct ed
fromthe BOP apg,difd bm élﬁlStﬁQWe}{hea-ﬁhe ri ser connector is particularly
usoful for connectl ng 5 mal I boro riser to the subsurf %%E

wsl | head assenbly P@ndlngd»bﬁmmtpmcﬂfeh%ﬂtlpaﬁgﬂal@umbsf PRENRP (80 Qﬁ‘ig’sﬁa
smal |l bore riser, while allow ng ncceas to the BOP and wel | head assenbly
for larger di ameter tools and equi pnent not able to be accommopdated by the

smal | boro riser without roqulring the riser to be di $conneded fromthe BOP
end wel | head assenbly or set aside. 10 According to the prosent invention,



15 adapted for mounting to the BOP and wel | head assenbly with the opening

I n comuni cation wth the boro of the BOP and wel | head assenbly; the second
end conprw@igdgsassiirst opening connectable to the riser amdThmei/mFia

di aneter et |east substantially the sane as the Inner dianeter of the
riser, and a second opening, having a dianmeter at |east subetantlally the
sanme as the dianeter of >fi

I e bqro of the 20 and | head assenbly; the
housi ng furt hdyrt ﬂfﬁpﬁoypﬂay§em&?rs%m@8¥l%Pﬁ"@ﬁ%ﬁ&{'ﬁeﬁgﬁ' RESEHERY ﬁ% In the
L irst end OL tdi&ohﬁblﬁed'mﬂorg%é h@llﬁéaﬂﬁs_sél’ﬁblyir\]lﬂ@nliﬁs_tdstmil_edd:@%ainﬁccbssftolthse f
ousi ng, and a_secon ondui t copnect.ing the opening jn the fl.rot end o
the housing t FQRENdWe doﬁ?éﬁﬁ“ﬁ@ anq ngtﬂghesgglé)wgh E%ﬁ%g’d*a'?ﬁt&’ ﬁ%‘ﬂ%’f’ﬁ'@i.ar’%he
‘L In:t opelni ng tbdﬂs.t Tﬂﬁeh swa@mdn@mts@‘sttége nmwmb Q(?Whiﬁhrtl@é ogwb% mohatieﬂafrhblstress 25
iameter |ess thap t, aneter o ore,of the .an ead. .
assembly. Pn trﬂ?@b%@ﬁe’f'h'@ qnpé%?ef@ﬁi?ﬁgﬁ’t%?h'ﬁ?rltB\F%OVSI%Q%??r oggg#ecqnpgtgpntvgﬂ'be
‘connected t Of tthe BO¥ éﬂamdl mnfl e Saiblpf Ttt;élﬁrébfsahembgcbuﬁé a§aﬁ:bnd:]dlab alledla )
operations, for exanple dri|ling, my. ba copducted thro e ri.ser Ln the
conventi onal riyArRSfat C\N?éa te h@ "ngﬁfnﬁﬁ%%‘%f’gtﬂev‘f@ @?@5%%’5%& BRRPIRE X549
6 condui ts mayst@es Hmbdnnchiee cHoke i kil lifdsrwhidtereezis iIn@nnéctioartiiroughout the
enbodi nent, the haousin Lrst. end fo

defin a chanber extendi ng f,romth

the second endPefaons i"?EPS ‘Hﬁﬁﬁé%ﬁ'ﬁﬁ@ger&ﬂ?ﬁf E“EYSEEE“L}%S‘?";?& ivﬂﬁstp'gfm?'mé'mo
\maﬁﬁer - ITb65rdi§gptimanﬁsbpérgmreéﬁh@weu smhmprdcaﬁassmmrardimnaeqmmm 3yd

ich tools and equi pnmen ein S .throu t.he conpecgtor,.are guide
t hr ough t he openi ngl(j]-!'réng"f“ﬁ@E 'F‘F'Pgﬁr%e%'@% q'?ﬁgoﬁ?ﬁ%s‘?’ﬂ@eaﬁwﬂﬁﬁtCtB&tq%?"ﬁE%r Elito
¥\el | head ats_SermIsfhs-ctalr}]&s':t]hr@qgwm-w-iine"tv&e{nﬁnﬂu}ﬂ_@n@{certadém?wtsde*aenmmhm isfn med
roma portion o e hausi ng, adj acen e first end,o e housing. In one
ot ot of IR dorh g SRRRGLID SRSer: Srd PaT RIS A AVTALLS 2IOLRERY 10
It ﬁngi tu fli nal f q;ﬂﬁ@ddcﬁa froGdh mesaﬁba? Béts%l@bﬁ\tgl)ﬁﬁfdst@t@blbnb one bmg rmfithheg-;-_bbﬁ%Wen

e center o e opening i.n e first en oys,j.n irs
openi ng i A5t hé“@%-cm%'sé’}’%’ “d'fcu{aﬂﬁg ﬂ%‘ﬁ%tﬁr?éf.mpﬁﬁ ﬂ’t‘rﬂ\‘@“ M?b'ﬂﬂéﬁﬂgﬁ@yc nect or
is in normal Usectivelplifvertad afd diserargéd thdudethp appepristeaniitdef the mellhédu: ough
the first conduit in.t .riser connector wthqut su stantllal. devi ation. It
is preferred tW& 3t1ﬁ3-9|r§§§%ﬁ'f%ﬁmf’§?h‘?r§ dgwnga?ana'@g%%%mf’°WH%HST§' Phe
connector is np4Hiéuist siilidodrérsérs dantithé deaaf RFfRe dlzimeta@nstuipment @hd tduts.cent r al
| ongi tudi nal axis of the first cgﬁl t { S substadﬁt | all coam% m?t h. t h«ret
central |ongitudi nalt wikbeappre¢ipfe tWhile the pet a5de y8 TOREPSRET HFRPr @
assenbly. Jon t bfet aY%Yutith@hfan?Wt bBlem8 tasScuiatp@ fith dhise dfasmidlibere rigdrs,dugh
t he connector and into the well he

; , ad. wit hout needing tq overcaqne
subst anti al chi&Rydo; rneQnsr%ﬁmp&ﬁ-ppej@thnﬁoppﬁcgnqqé}?ﬂ'p %ﬂ%@?ﬂrﬁﬂﬁ?ﬁfﬂm ﬁ}‘?ew‘?“hgﬁq
connect or, thegsPmepé it @siddVintordd\to giincitdedy 101thé BOPIWelihead asdembly with end
of the housing to the second@gggli % iq tne secpnd end With&)\btﬁ" centI al
| ongi t udi nal afquiPmeRtANGJogls ef Jlamgtenthan can Be ACFIoded RY e AL ¢ er
of the openi ngridds. trhe riser Mlistdittnaihtdidi Unadesiengion ddriid theemtiteset@bidehe second
opening in the second d of the housi B&pgrg\géh' s arra

t

C end of 1nh emeni t he .
| ongi t udi P8l afpeyatign. Jdn addiion dtis Ngcessa & SHpPeg apaiowgr g iMergpnsm
axi s of the figsdd oeR6U the rifBEdUringeie StraidRItoperatib. Partherf fiéxitie nbses dneng
that the angle between the |ongitudi nal axe

| I s of the first conduit and t
second condui t PiPgs B1yet be PRIROYET QY] F”PH%?'?talnrfﬁﬁ%'}‘"cted'BF% '%‘ﬁ%‘ﬂ%ﬂ?%&eaﬁ‘f’ i

i ntroduced i nt pdshp dperatdRdiuing tHees agide e hbse idquisergbnts ladd setherstzecamidui t

are subjected to onl%q? m nor direct i,%a I chantaz. 30 V\#g{u t he cogﬁegﬁ gﬁiergf
this enbodi meneomplexity Qfdfe appRratye Sgpu 3"8%"3(% Besr ProFREUrg S, /Ag5PIINGY,
present i ggrany £psueel e iprokddEysterh allovdny fdriite sd ofsnadlli iote riSers hehilei ser
~connector. Wile well operations using the rjser to aai n accesE to t%CEICP
and wel | head aBe@HiiNg 'qrﬂ?rdﬂl@'ﬁe‘ieﬁ@q‘l"ng[‘t' Eb‘i’ﬂ:fh"r"&aré;@@'" % a[] Gasing Bangefs, Whidll,
connect or and thot BEakisHimdtiatel By B smalPbdre d86MO Helisthllehivitd ® mirdinatm afan be
.oriented such that the 35 longitudinal axis of the first conduit is

substantial |y @rpdiPainpoial APeRECRSent ral | ongi t udi nal axis of the BOP and
wel | head assenbly. Wien it is required to conduct well operations through

t he second conduit, the riser connector and the portion of the
Summary of the Invention

35 There has now been found a connector assembly for connecting a riser to a
wellhead assembly, which allows a riser to be connected to the subsurface BOP and



WO 02/ 059453 PCT/ USOL/ 49549 BOP stack above the flexible jolnt may be noved
to allow the longitudinal axis of the second conduit to be substantially
coincident with the central |ongitudinal axis of the BOP and wel | head
assenbly. Alternatively, the riser connector of the present invention nmay
be prepared from5 a material flexible enough to allow the connector itself
to be oriented t¥OHPPHY the first and, second condui t¥™RVE*S5ubst anti al
alignnment with the bore of the BOP and wel | head assenbly as descri bed
above. In this way, WJeli6adadafvnsias Re1Gherkions fo S€daieddit@shgdidsisel, whilé el | Ly bet ween
the wellhead and thg, Jﬂﬁggllowhliguuﬁss@tﬂomolmad'aﬂgnﬂywoﬂﬂm dhddquishmeROP f | exi bl e
JOI nt. In a second & 2 n'mﬂt onuns o[nlre%ﬁlﬁ gﬁa@ﬁﬂﬁ&&% Qrfoct;d%nmgesent

.invention, the 10 se"c‘:"l
| ongi t udi nal axi s. 'ﬂ?@' é"d aﬁ?mbh’up\/ 1°h?'3‘°§°f"f%t'w'%"’gml%ﬁl na'jl;'a/am s of the
second conduit is® sé‘l‘@ﬁ‘t”%’ﬂ"’gﬂ‘tﬂ'?ﬂ&?%%@‘ﬂé@?"&’ﬁ?ﬂmqyﬁmwwé&t| on of tools
.and equi pnent passi regeratipns tolbg amiedhast usiagton senaltbers ees whilgiaipvingdcogds tothegper at i ons can
be acconmopdat ed. Al teoPm@iwelhedd pgsertbiydor Brger diarokter tosiechnd qauipreept net@biplebse a plural ity
of straight porti onsac@mngbdae e ma b rsér ol @GUINGthariBersbib tiscanabaads 15 from
the opening in the ffjo;;,g,gB@mgj‘dtvghga&'@.,ﬁ@@aaa,ﬂpeni ng in the second end of the
housi ng. Again, the nunf %B @;ﬂ rﬁ*inﬂﬁﬂoﬂi 6t i BrbVide PR & it hspbiErsiecond condui t
evl

are sel ect ed SUCh that or orconnectl tl 90 0 89&1&%@09% habd ruarapaSSI ng through
the second conduit {

e urLn %c \gﬂ ”ﬁma"\cfn o ations. In
use, the second endeﬂ"i‘P?H‘! ‘B'f°°'f“h°é°'f°f"§ pe: #hprR e @ ENEL vant age of 20
the flexible secti orﬁiﬂﬂé@éﬂ@‘f‘%‘"mwgEW“%“I‘&"WV“P%%‘ bffeliit®at i on of the
ri ser connector as desecasitiginger disesiseof theborecof theRQP\ed weliheqdiqeserplivaptbeg nnect or
itself may be f origedadépien for mouftingts ihl BEP antvedireadaissemisiywith the epgningliie connector to be
flexed and vary the Qineitod it e Bke of eBOPiafcisinssadssariObedar i tS. | n this
respect, it is to be,HOGRSHsCsshinh Bddecthiialitheting Gid nbvidg ¥ ddnleRidtiems | N t he

oL LRy §sﬁ\r}t|arﬂ¥e%nﬁﬁ%9tﬂﬂk£%lﬂgﬁ ofber, aﬁa@%ﬁ%@nln&mvenent as 25

wel | as side-to-side in

particul ar when usin ""é?‘5%?‘?"@’5?‘&"*%@3*%’"'5’”md’m’%?gg':&?ﬁ oger ations

using | arger di arft FOPSELIhtEIResembly 36 BryeRaanes PERNeqRE By %NF be preferred

to provide the ri serihwmbﬁfeﬂ"Wthﬁ'hﬁ‘%@ﬂ?ﬁﬁﬂ’e‘Gm‘eﬂ‘P"‘tﬂ%?f‘d%‘&%f

| ongi t udi nal axi s extoedmgiandp deendomsiiit caringptirtg the opeaingf i thefiret énd of e heusing toyf  t he

opening in the firstueRebnddpering® tisGectna aaenthedtusand t he center of the second

opening in the second enﬁlemep%nmglua&r.e@mmwnmmsmhmnar.srent ed above

the wel | head ass%blg fl edramﬁer'o%gbrxuqlbB@Aan@%&llﬁoa@;nﬁnh wecond condui t
1ca

is substantially Vver %ﬂﬁ @f @Jgorelnthe
wel | head assembl y THhia Ilper{;'eroonneatoralo pﬂtn"al {g set‘ Be BAhect eit:lhlrtha?l gh? or curved
8

| ongi tudi nal axis angﬂ’?—?ﬂ“f’ dhedpteonddt ol fhﬂ‘d‘i"hﬁfrg'&% %rmf"a? & condui t and
the bore of the 35 weandupfesfiqoughitaerisesinghe conypational menpqr. Woep e 2 =ft— bei ng
used during the second well operations are |ess able to acconnndate and
negoti ate deviations in the passage into the well. Wth such an
arrangenent, these larger dianeter tools will require little WO 02/ 059d53
PCT/ USOL/ : 19549 8 or no devi ati on when being passed into the well. The
first conduit will conprise some mnor deviations in the direction of

equi pnment passing through it and the well head assenbly into the well.
However, the smaller dianeter tools and equi pnent being passed through the
smal|l bore riser are nore able to negotiate deviations in the path 5
through the first conduit of the connector and into the well head assenbly.
I n enbodi nents of the present invention in which, in use, the orientation
of the riser connector is to be varied, the riser connector preferably
conprises an actuator to act upon the connector and vary its orientation.
“I'n such cases, the connector. is preferably biased to the orientation in
which the longitudinal axis of the first conduit is 10 aligned with the
~central longitudinal axis of the well head assenbly. However, in situations
menti oned above in which larger dianeter tools and equi prent are being
passed t hrough the open water into the second conduit, it may be preferably
to bias the connector such that the longitudinal axis of the second
connector is aligned with




the central |ongitudinal axis of the well head assenbly. 15 Preferably, the
ri ser connector of the present invention conprises a valve in the second
condui t, oy o9seaks t he second conduit may be cl osed. Furtheegmdovasye nay be
provi ded by which the first conduit ngy be closed. In this way, in use, the
riser may be isolated and the drilling fluids present in the riser
prevented from escapi ng during wel| operations  usi.n he secpond conduit. In
a preferred éﬁ?ﬂ@dﬁ'ﬁ%@ﬁ’( ,8°%'P¥£W‘%%3W‘§V8'P§\?i"&@tﬂ‘, h?dmf’ﬁ'Pgeli{hﬂ?ﬁ %mgocgmea{,] gate
val ve, by whimosiagidetinesa eharhbdriextendingt fraam thesfiretoerdi todhelsedotid @hdofThe dirsl | y
both conduits na erations may be conducted

be,closed. In this wa o]
usi ng either "’E'gr%ﬁ??d F%"%‘E? ﬂc%@,{é)gg'%8°¥ﬂ'@m%mq‘?gad assenbly with the
.option of keepi ng THeiser bennectongreferabjyssomprises eneopmerd guidds) by sunjobl tgole
drilling fluids to.or fromthe L1 . The riser connector of, the present
vent | on® BRI 8o aReest fypuch tor donyisel axc S thuan the SRRBRT T he
sri ser connectthe firshgnd ef thedwasingtandinto the BOBlandwelihéadassealy. tiMestsur f ace
vessel or platform PYd t he subsea we] | hea afsser? _In furt her aspect,
Uhe present. [SRUSHPEN: Hasectonare allden 5y b BERAT o  aflod Pl e HoudRE T o
bore through ddjecentthelfiestendof ¢heitousingnd a ri ser connector, the 30 riser
connector conprising. _a _housin ving a.tirst and ecand. end; the first
end of the housi ndn%é‘fer?é"rbcolém%gtogg"et%%%'%M'%QF @Eé‘e‘%‘ﬂ@f‘@"%acﬁ%ﬁﬁng an
openi ng 0 cdomgitudital axis lyikigtdn 4 ebstantiallyétrdigte line ekieadidg detwashltye cériter of
openi ng havi ubst ant i s_t he bor.e_of

a di.aneter .at | ea | | he same
Che wer | hond e Befmifg n i 57t sof Ak neipCa RN Joe tret Sharicd R 45 apgaa 4nd of
_conneCEI abl e ttae aouéiﬁg:r Irethid vlmwwSen medc'mmigeter isdih nbMMsg,heoleagqaqeipmnt he
I nner | aneter of the rlser, an Seco openi nq), havi,.ng a di anet.er at
| Dnel uber aragbe posed R ey RuSTORE fost SrdHin R b sonieeoHE o
assenbl y; thesdbemf 'tiﬁlglefvl(?tibn:cnelt is:matyrﬂeaglg? Otge E{‘;,%rﬁ;,’"“?‘“d‘c‘f?°m"@‘$,‘“ﬂg vihea
opening ipt irst end o e CT. =49549 housjng to
Rt 19 1B pafe M aera 6 mauptsn P HOB e el Prremly B d i dsgothd Sy
connecting tnengmﬂniagaié of tthfbeirsfticbﬁduiﬁdubétar?]tlaay boa:eal | h'mghttlme béln'gll'ai;mgmﬂinal f
openlnglnte.se n en (0] 1 1 Ng. e . . we a se e o0
convent i onal %?ﬁﬁe&ﬁ@rﬂw%ﬁﬁ? Bﬁ#’:@’@%‘%?g\ﬂﬁiﬁm Y'eU‘e%ﬁ'[sé'Yay{ éai;)ag'lqback,
as conmmonly eéq@iimly;aﬁ_obn é:hbedmm thelm,wnrroulg?ﬂ%%mmaaot Qt}ic_l into thbavalihesknt o
invention is not limted, inits use t ead .asse ies conprising a B
stack and myw‘ﬁ'@”&aﬁ%"'m@twqm%?ﬁygﬁar}ﬁ% EWPH%?V%&'%WW vvelrr})head °
assenﬂgl o9 W L hOUtlpEﬁ?é’ffﬁét?ﬁiﬂi)dinIégﬁ offf@&[sgﬁgéﬁi%@foﬁ,rthgli_ﬁ&fbnﬂlmfﬂhﬁt ey Iem@ald
asse y nmay ave e reature e ripe apoye. e. we ead asse Yy
may conprise FOMHREPPINNG Bithe %rﬁbgri“f?éﬁ%@%ﬂ"%@ %8 SPF@%@WH"&FES%P and
a riser connegid®gith ibs tdftraMnbitRih! agis forbling 8 substantisfig stréightiint &etwdepmhe t he

el sses AR N R VAU Y TN
opening in the second end of the housing. In this arrangement, the longitudinal axis of

25 the second conduit is angled to the longitudinal axis of the first conduit. The riser
connector may be sufficiently long that the angle between the longitudinal axes of the
first conduit and the second conduit is sufficiently small that, in use, tools and

-equipment introduced into the BOP and wellhead assembly through the second
conduit are subjected to only a minor directional change.

30 When the connector of this embodiment is in use, advantage may be taken of
the flexible joint present in many conventional LMRP’s to vary the orientation of the
riser connector. While well operations using the riser to gain access to the BOP and
wellhead assembly through the first conduit are in progress, the riser connector and
that portion of the BOP stack above the flexible joint can be oriented such that the

35 longitudinal axis of the first conduit is substantially coincident with the central
longitudinal axis of the BOP and wellhead assembly. When it is required to conduct
wel! operations through the second conduit, the riser connector and the portion of the



The wel | head assenbly is of particular use in conjunction with a small bore
15 riser, which may be connected to the well head assenbly by neans of the
riser CORﬁ@Q&ﬂﬁMﬁﬁJlOWﬂng access fromthe end of the riserpcrashheswel | by
means of the first conduit in the riser connector. In a further aspect, the
present invention provides a nethod of conductlng wel | operations on an

of fshore well_ having a BOP a | head asse .wel ] head
assenbl y haviB&f afasgﬁaovecths f'ﬁﬂ?‘ﬁdﬂ'“k@ﬁ%f’?é‘"?\’& "%PURW @Pﬁ@"%tu{g'i"ﬁ'éﬁ ?Jjﬁbﬁit
havi ng an upREoRIEbrinH tabé Sustarftially cdilcidérd With thedertieil loggitutired exdis of thet | on
with the bore of the well head Fsenbly; connecting a riser to the upper end
of the first Bnand wel Wﬂs&?'ﬁgya second conduit having an upper end and a

-lower end, the | OWenﬁWel?ethB@‘ senconABEIoNbItaé prssen interition nbayr e mépan’ed from
wel | head assenbl

5 access t hrou
wat er; cohdud@ g "N fl‘%‘ib' 956%?@?"1’ Ogeeg}%@ﬁfgqggegpe?tﬁg t‘?h t?'gﬁ'é%t er
«of the riser dralsauemy I:Munsmsmr{tlarargnmnﬂwnﬁ theqwrdume@BsnmwdllhmHI
operations through the open water econd cond

particul ar acﬁ?&?ﬁ‘ﬁ@{@sd’fesf‘wdr@@%dﬂtﬁﬁwﬁ% & HREE COPNRE rﬁﬁ?' Bré’l"@ngﬁ’ﬂwgté’t ed

fromthe fi r%eMéHidﬂHbﬁméﬂﬁéé&aﬁMe&ﬁéﬂlﬂdJs@wﬁming tepRsat fop a BGH fexidle joint.
performed. The nethod na onnect ed

e | )y a bore riser t u er
end of the first dBAdfgePNd ?E‘BB&&?" ﬁ ngwecqnp?gtpr %ﬁ? p'@ﬁ@PHFY%ﬁg" ;{EE PP
conduct edg Thecsd Boiuitss fohbi s8lbatd Ma\ka@Eque& Whgitdidinal BsisaTheradius 6 t he

wel | of apparatus having an outer di aneter eater . than_ t r, di anet er
of the smal | woraturejcfhe '0%'%’"?2%[?8 gspﬁgﬂ%@%g? ?i%qtquguchgﬂgt % ng

t ool s, conpl efdviafioh @PHiFechbll of 16ls! dnd@qulpment pasdiny thictighahly sedordeonduit he
method of this invention that the a araéa gblch as Cﬁl?lf ne% ?j@“@

prest aged i n qufiag ysllPPREAtiENs gambe ae ted. s Alterngtively, OlEF

PCT/ USGL/ 4954&%136%%‘&&%§ira|§ﬁtr®rﬁ3nsitn§lm|slucbﬂfattﬁe seeond bidutt extends rst
wel | operations are in

t t th
first wellp ofeatiemaening 'ﬁgfﬂe ik ond o1 the SoamEIARGARDIT: MEBORRS EBhElne a1t no

appropriate tHdiRing. (AN, il SERBEINd dhglel dTend p&ibnd 6/ b@&)nfdlobﬁﬂmt:mdw t. 5
The wel | head assenbl y W I | generally conprise a flexib]e hrm nt

di scussed aboislectethsuchipalithe davigtion ‘Pfé°@§ 8B% gavipmant passig t @”9'&%%&°@%ov e

the flexible 00k umdaet&&omﬂmteﬂmbriﬁg%ﬂﬁﬂmen @éﬁéﬁoﬁ@ casi ngs and casing
hangers, introduced rnto the well throug(lf t he up nd of e se(iond

h
condui t above the INusg; thesepepdembagiwes Jh%i”?ﬁf UP?C%W?V R épvan %?%mal n
cl osed W?bl e fh@‘?le&bfe%ecﬁ&* breSBftIiR hiahp £ MFP’ @f@v&?tﬁe@rl@t&tlbhlbﬂtmmsbhe riser

and the first con first conduit may be closed wh the secon
wel | oper at i oepingeter pe dessribed aboye. e?'??&'ﬂﬁt\)@\yythetrﬁ@r ‘F‘?W“?PtOEB Umay %ﬁ)rmg

open while thgss %C@?&bla\ﬁiaterﬁp%asun@nﬁe aémd@ﬁfrwbémdxédmrﬂuwﬁy ihbébneﬁl%ﬂorwai er
and the second condul t hi s al he riser. an uit t

g’& st conf'%

of use, for ethgfisstandsecentbcandyits-yin Byis raspegtnit isrto d@dﬁrﬁt‘}%’ﬂ@?t rgierencen
fluids to or fa'ir%‘ﬁbﬁé‘?\ t\’i@'ohent&ﬁbn%ﬁhé 86t coRASKSIGhEIdéTBoth ¢EtaTrial Mol8ment, as
addi ti onal openin or exanp t he housi ng, which may be adjacent the
first or 2§ecoW§||é$1§ld9ﬂ°15l§’6 fﬁ@fﬂﬁ"&fﬂ@f"he'ﬂ‘?ﬂﬁec&@dl tional opening, typically

seal ed by a val ve, jddphe 8Ade8Vin éll% m‘&l&'ﬂ%@ﬁ%siﬁb d difall Bove fisértardecondasting tvell, | f
this proves necessary. As noted above, the riser connector and t hod of

the present mpemtlcmﬁrusmg latgep dianetar aninsient fupuah HeSPER WEIE It BBYXBEs t o t he
bore of a wel rerfé’rF%‘l%rbﬁS\hé’e Hia!rlsBPashnaemr With ¥ s’é@@ﬂ@cdﬂﬂ%ﬂ&ﬂéﬁh@b@odﬁhﬂhal
urt

Accordi ngly, er aspect, the present |nvent|on 'E) ovfl des net hod
of running a QKSEN*QnﬂIﬁQﬂ'hésB@'QBt '@Pf&ﬁ" cemtsr Of e greningdn {hg fstm*.%h

vel | head ﬁSSEPArﬁcfd?féﬂa't Bhtér Jr tiexédtond lopbithg ﬁﬂﬁe%@éﬁiﬁt‘érﬁd mrtsbe surface

by a riser ca5|ng as an outer dianeter greate
hu

‘di aneter 25 otonnestaricge thusthecoripstasaboyve i walhegd ssermbly ﬁﬁc W@t@ggqr}%tudmal
t hrough the OBﬁgo ecand’ﬁé’:ﬁ@ﬁ %B%tér{ﬁﬁuﬁﬂﬁwi\andﬂ@éuha@aﬂ vﬁtﬁ&ﬁé@hyofiheough
cated ab exl

an opening lo ove t oi'nt. Specific enbodi nents of CL

‘appar at us andboretinde wellhead agsenlliit Thﬁ‘ﬂéﬁﬁf‘?féﬁ\"t\)ﬂ"“ thepdave @ sfaight PItve
detail having crn &&ﬁé\%&s ‘éﬁo%@ﬁﬂ&iﬁ{%ﬂd@xﬂbﬁtﬂeﬁ@ﬁ cond\fit Y t#Hebaid &fdhe

description o ese e rrents an referenced draw ngs are b¥ way of
exanpl e 38y muh%aobaasgmblyntmﬁ!daraet tpols andrequipmnent pivg yeed HH”’H*@@@F‘I ond

i nventi on. well operations are less able to accommodate and negotiate deviations in the passage
into the well. With such an arrangement, these larger diameter tools will require little



Brief Description of the Drawi ngs Preferred enbodi nents of the present
I nvention will now be described, by way of exanple only, having reference

to the aogemwpesmMsing drawi ngs, in which: 35 Figure 1 is a pcaasel/®sadi on of
a riser connector according to the prgsent invention in place on a well head
assenbly of conventional design on the sea fl oor; WO 02/ 05953

BT rsr enboditmetevialisy hBed pkie BaBRdb@ e hBR: 1S fist SRl Eafbii o) oce
on a subsea BfRordaliationk ircthe dirsetiomtaf equipmgnt passingstheoughiittandlthe wellhead
cross-sectional s'hﬁi/e

el.evation of a dificat.ion he ar.r angenent of

Foure o qurenabinS e it Boloud: BR hbRlionPet ot Sbe i BRI | bead
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t he pres e%t :}ﬁ'{?(gﬁ% ?lbef]ﬁrlsﬁc%@glé gf fg'%%gmg%%%reai%v@? I%ee 8'"@?%?@@8?@?"’10 Figure 6
“i s a side el evati dn eafthodiments sithe poseatingentian dh which hinaxde athe enibhtatiaf offhgur e
4 in a second, ting. i tian. JFi e ' - I« '
ol evation_ of NeBFEiecle? IS eIRERe. Gy Robrionbio mielily Soinyetiin S frte
i nvention; FiaptuporBtheccoanestarsandowmary itordntatiode liebachatases, thé camnemldrés nat i ve
arrangenent of the 1 ' t. | n . Ofc L Fi - and
Bl gure o i Prelety Bab @ thy Binlon il sPORiNG de e o A Erdn Bre
of the enbodialignéd with tHeecentrablongitudimataxis oitthe Mefjbea! dsseiblyai HavdbvBedrer i at i on
of the Preferred. Enbodi.nen The nt o ' ' i LLiser
connect or - ancSeYTEHEEBR 2pa o Mg TRloeh Bfibiertol 3nf pbGRine: 48 8k or .,
of f shor e pl atgassed throughsthe lopéinwateg inta thei seeond geriduit) ik nehy thierprefgrabiyhte bigse n
water. The c [ t Li I t hey
A1 ow 11 ser o RGP ot e ef i Bt BBt beibk YedERPAGE!SS dliha 1A,
"smal | bor e rtheeemsttal Iorgitudinal axisiod thenwelthead assdmblpr esent i nventi on provi de a
nunber of .differe tr o) 0 . at i Jtod 0.
Fecogni 248 that oo ERA e FasbbpBeterBrhe st RN ilnrees 4 Bl e
bel ow may be swmphdygertiuitchyawhickthe second conmduitsnayt bdtleseh nfurthet,isovalveompy bduce
desired results.. Typical opvent jonal, sybsea l.l dri.lling, operations
w1 empl oy rivuned Riiey e fighedmal Bt ecklonnaa v Tis wh. 1 oo ae BesrTray BE
noni nal i nsi deolgfedraatiake illidPfllidcpresent inthel risboprRventae frdmpéstaping AuAndweil ng
outer and inside di anet erﬁ | ess than.tf]ose off tge . . .

operations using the second conduit. in a preferred embodiment, a valve is provided,

20 for example a sliding gate valve, by which either one of the first and second conduits
or optionally both conduits may be closed. In this way, well operations may be
conducted using either conduit to gain access to the wellhead assembly with the option
of keeping the other conduit open, for example for the supply of drilling fluids to or from
the well.

25 The riser connector of the present invention may be connected directly to the
wellhead assembly. However, the riser connector may be placed at any suitable point
between the surface vessel or platform and the subsea wellhead assembly.

In a further aspect, the present invention provides a wellhead assembly,
comprising a central bore through the wellhead assembly, and a riser connector, the

30 riser connector comprising: a housing having a first and a second end; the first end of
the housing being connected to the wellhead assembly and having an opening in
communication with the bore of the wellhead assembly, the opening having a diameter
at least substantially the same as the bore of the wellhead assembly; the second end
comprising a first opening connectable to a riser and having a diameter at least the

35 same as the inner diameter of the riser, and a second opening, having a diameter at
least substantially the same as the diameter of the bore of the wellhead assembly; the
housing further comprising a first conduit connecting the opening in the first end of the



30 conventional risers. For exanple, small bore risers may have a nom nal
outer diameter of 16 inches and a nomi nal inner dianeter of 14 inches.

Ref erri ngyb@2hk@85 € 1, there is shown a BOP and wel | head ®esassbi/yosed
conventional design in place on the sea floor. The assenbly conprises a

wel | head 1 extending up fromthe sea floor, to which is connected a

wel | head connector 2 35 | ower. st ack, n rally indicated as 3, .
conpri si ng bINSHSiNg t‘bﬂ'@ﬁ@?&%‘"@ ess)ecgn Rﬂ'h?*&gs'f'%ﬂ"&ﬁ sﬁ?PB@&a'?%‘"
control equi RFRRéctiAG Ghe BPEIRE] MtBe firdt éwefrthghbusmg tethe[s@cdrbepeninglh the

02/ 059: 453 PCT/ USOl 49549 12 ﬁLNRP) general ly indicated as 5, is situated
above t he | ovieord grd.ofthe hausingRp conprises a flexible joint 6. The LMRP is

-connected to the ITAgelheasSssenibly ARgbe of bosventibiil eesig @hamaf. cofpromise a
connector 10 according to th%)DEresent i nvention is pounted on the, flexible

joint 6 of t HiowgukpreyentesBERbStaRl aRcoMiRRNY sroRloved Sptﬁ?@rt HoweYes\P&nt i onal

'desi gn, wvel | é_eﬂﬁwoﬁéfth@Prd%ehﬁﬁﬁbrmlsh id 18l livited Neitsuide toansiheadassentlies bor e of
conventi onal inner diane noni nal 3/318%{«,5 nches, .through whi cg_baccess

may be gai necFAMPrENg 2HBPE siAckang mgy b &Mm 8\%’7 CORBINRA Wl nnect or

accordi ng to \(limeRd 85mblieB WibitBORBtAckener al |y i ndicated as 10 is shown
in nmore detail in Figure 2. The riser con ect or 1&}# n’g hses using 12
YR2%

10 having an openiH rser cannactorused {n th we Q?qﬂﬁﬁf’e ?\éentagf%aq'f'reﬁnge 16,

by whi chqphe ddszMbedHVECTRE wWellndsd Rkl ey EhfpiisPa fiéanlg foistipositionddiy 5.
The dianeter of the opening 14 in the first end, of tlglegHOUSI naYﬁZ has a

noni nal di anedsle llgfbeap(eqrbtggyve@l@gd @iNsREEAINegted i the ye ASSRIAPYY Aurinsse, g

wel | head ass dﬂ?hé{ed AB6Vd, $hé digkir &Bhhettatiof iRAsTesdl mVéﬁh@smaylbetﬂbmsleway, al |
the tools and equi pnent required to be passed,t

wel | head assefvesoydingly.ithe rw qo“B?fé?’dP%ﬁ%t asdle B%E‘W%PUD@W Wﬁ'g‘eaﬂ@ﬁ??\'ﬁb‘!4 in

the first end of tig feMwalhsdemBl id SFpatichfi u§@m1&ﬁﬁtﬂfctlét9w1tﬂ'b%n’fall%fe
connector 10 conprises two adjacent openings secon enings 18

and 20, {18 t hisesauhieimaydesonperediaibp M@"'i%iﬁﬁﬁsmbwgb&trnﬁa'&p%fﬁh%ﬁ &4 in the
first end of L gre Hﬂméj%ccgésefﬂgﬁ%ez&cﬁé”f%e?ﬂséﬁéﬁ%&f%ﬂﬂdaﬁé@ﬁﬁé At and
second openi ngs T 20720 respectively. The housing 12 of the riser
connector 10 ¢Qﬁd§ﬂ"hthgéﬁé'?%9ﬂnﬁcﬁoépered tubular form the housing 12
diverging in the direeiharadpki R froadhtifiRnfint Slovaed athethbe ohaimaliamhg il

adj acent the LMRP 5 towards the second housi ng Two _conduits
are formed wi opdratiansentanueffahgrelwell haing @B@E@%\gelli\eae |a§$me|¥>fth? ROR e

contal nego t%ﬁhe%ﬁ asbimbi aliRg a'kre. nd etodtceRtifising: ifoiieg birestesndwr |1 ne
i ndi cate exten rom I'rst opening I'n_the second end of the
housi ng 12 t ohavieg apupperendandm lower end; de lewar epd l?%@ cRERrAgnigation ithdhe n g
condui t, havi B%rﬁ |df theh el Ead gbé‘?ﬂblg‘%oﬁﬁé&ﬂgaasns%g}o Peluppesend Sthé ikt e&sRitd

opening 20 in e secon ousing 12 to the openlnq 14 in the
first end of pmmdmsmnmondmwaym@mumﬁeud and a lawgy and. the lewer qndrbﬂng

conduit by aniinfidicatibn wifiGnt b/ of SREREREAH abSerhBly ShEWBpbIerid b 2 Lo be
oriented such™ the center |ne he first conduit is substantially
vertical 135 abamssm@ tb@rhigbﬁhQ)ﬂpﬁwt@@ﬁPF@lC“B@)f'@t well operatiens ageamppadatac:hy
assenbly. Thi ﬁe%ﬁé?’%ﬁétgpoﬁhetn?@r tﬁl‘oﬁgﬁ DN Gh@ first Gonduitt Béiducting'§dceRd wel |
operations wi ace his orientation, the center line
28 of the secmﬂloyz@nﬂ@n&thwught Q@Pﬂtwﬂﬁéam}ﬁﬁéeﬁmﬂ%cqm'tcenter of the
central 35 bore of liiat fééfﬁ’ doepss al |y
i ndi cated as 30, |gt' Elp?@gu gd%ﬁlt% EES’]F}%he@g%ts‘r[a&rgouancit% ' Sgnl ng 18 in the
second end of dtshmrtwta;llfrqm tie firsteonduis ll@@'el%c@‘%wfﬂh%?@r?ﬁ'%rafe havi ng a
WO 021 059453 Hégl/ 495=49 13 nom nal inner dianmeter of 14 inches. In the
posi tion % I'gure 2, the riser 30 is situated vertically above the
BOP and wel | head a§'bemﬂtlyod miay enapldy apgraalbbare iset gpaneptgd to thecupparendef the
through a sma r t | 14
st Bt fl'?ﬁlflg(gl SRR GRrdtibnd B CdhaREred! TRE RN s

i nches are cafried out rrser e riser connector 10 in the
‘position 5 s hpanlcularlFugpquoethe installation in the well of apparatus having an outer diameter
greater than the inner diameter of the small bore riser. Such apparatus includes
35  casings, drilling tools, completion toois and the like.
It is a further advantage of the method of this invention that the apparatus,

such as casings, may be prestaged in the open water alongside the riser, be it of



A conventional ball valve 32 is bolted to the flange 24 around the second
opening 20 in the second end of the housing 12. As an alternative to a bal
val ve, aRyo@bieussui table formof valve may be enpl oyed. AeTasbiugsier
alternative, a blowout preventer may e enployed to cl ose the second
opening in the second end of the 10 housing and isolate the interior of the

housing fromthe seawater. A portion of the housing 12 adjacent the first
end of the haosvenfional kote or gismgll bere viger, whilerthe first Wﬁl'ePe'taH‘én%ﬁfﬁﬂ'ePr%ﬁ?é 28

of the second, ﬁ%foIMEIe %Iét.oms d?éI‘rIfﬂt% firdt wéll %@msttesénhabaslsga @Ieougﬁ The
gui de 34 serves to tool s and ‘equi pnent bei ng passed thr ou&

housi ng 12 t Hhesgtendrendpibat thg aprropriatefine withqut disgorsrecting.thediser @mj_ge first | n
-normal use, fifgtiwell operations are conducted through the small bore
riser 30. The toofs and equi prent are passed down the riser 30 fromthe
surface vBssel or Thewelthesy assgrably Wil ganerally somppan afigxible ipipt. @ dissetseld end
‘of the housi ng, 12, TﬂP%RB@FﬁIJ&%é bdcnc CORGUH thaybl RicBidcf oo Y feibidljoht t 00 s

and equi pnent pass a center line first conduit
t hrough the ognstihe dodsiangheguipment; §'th|’Ie%F9@In9§I?@dI?6§'§9I'I‘Q“&?f8 'PIﬁ?QIJGFFIé’“B@P and

wel I head ass%{l\%ﬁ %g@"ﬁﬁe upp&t e{n@%f‘ﬁﬁal .J.ecBHdI BondRit@ho0® BedxiisjointCl ude setting

casings in the ore, such tubul ars having an external dlaneter | ess
than the internal Thesasond conduitill gprerally reaeit elpsed while-the dipt well oppations | be

conduct eqpwi t%ﬁéﬁﬂ‘p%é@@é&%ﬁ& h@ér il thé fitsP Boruiite ﬁ{h@tfiré}'&oﬁdlﬂt’Ma% Be Eioged € 2,

that is wth riser first condult arranﬂ
subst ant i al | ywhiterthe setond w@ib«mrattmseémperformedt idtemnatively, the §rst cepduitieaysop

and wel I head agsseiblan whn!é il %cdi’ﬁiywelftﬂ:% %%E%ré‘ﬁé’d&ﬁt@dﬁﬁ%ﬂbh%d&nm ged

t hrough the r| ser connec OP and | head assenbl'y and the
wel | bore ar eandtheiseeond eonsiuisy Fhiswllews thei riserand Bre firshgongduibte haofdiseeter i on.

The ‘housi ng 1&%@#@@3@&@3 SfteRirR bt flGcd Bothel GRREALARTB ok the wahl ow the

tools and equip rough t e openi ng the first end of
t he housitsy and i nTle rusmvceuneqwdnazemrnerm ets@cmﬂnyl omnngefqrnéampIegt thee| |
operations ar icBnihdo cl-pp,%ed

posi tion, thu@0 ﬁm(%m%herﬁéy géag@néé&\ﬂgenﬁtb | eaggggn end of the

housi ng 12 anddditicalal ogartlmga typically sealed)by awelvnowtﬂIalIgwilze condents ebthediser to bghen

it is required Ol operations that cannot be 35
conduct ed thrgﬁafeﬁe[fi%ﬁ ovggfng Il é@r 30, an alternative approach is
t aken. Qperati ons Abmnotegiabiolie, thesisér deonectei anst mgthod 1of thecpreesnt invantionoalewnel |

tool s and,f ubul a T y for
conduct 1 9 t nePeh Gglob Bp Blonsiio el Bt B3 3o £H Bk eReNAY [T
passed t hr oughssemblypeovethe dexiblagoist apsardinglsin aéurther pepasbee presgfige of t he
val ve 32. The,val ve ugh

t he second opE‘IIFII*If nz%gylhg? ggﬁ és]f'gcg’o gnr‘iﬁﬁ ?:Qﬁh usb:aﬁég;bl %s&@ﬁ?%ﬂ tlﬂé)
secolndt (h ond g i tvell hﬁm?% a.wéllhead assesbiyncbnaprisinanafiexible joinhandieonaegtedio thf-' ne 28
unti e r e

openi ng 12 in 't"ﬁ%ceftfyr%t' n‘gﬁ't?ﬁ%%‘%@%éﬁ?ﬁuge?gté"%hﬁ gﬂ%'étgleﬂah %eqﬁgé}s(f'%ge °

| engt h suzsh t bghetriser, amhretﬂmdtommmsmg@rd\ndmg tmmsmgdbmgbmmnmswqtarsand

< suff1 ci ent Fobeteears RGP S VHRaY i Fragd T o A edty wbole 017 1)

10 tools and dexblpgaint during the second well operations. It wll be
appreciated that b e bRase,
al l owi ng the tool s)ézﬁ’ﬁﬁ'PgéﬁI%gb@%tnwgstE?%@%}%gé%Hdt'ﬁ%h@e]gﬂotﬁ conhdptv&?'o have
an easier pasmgmow bedagdmbeuem detathbaving rete)eamtqtheeccmpwgahwm I Iﬁ@f‘ad
assenbly._This i ncr I f
‘the ri sers%onﬁgg'lﬁq djet?f'"p tﬁ"?iﬁ §M8§(ﬂé‘e# g B h%ﬂ%grf@e%\?}&e{ al Sgd(i;eng to f)on
costs of the @Q@hpletontyérﬁumytdbmtermiéddxehtnlbwmmpe@ﬂheg)remtirtvﬁgtcm of the
housing 12. This in turn will increase the angle a, increasingthe
difficulty of maneuvering the tools and equi pnment through the housing 12

and into the @Efaéﬁbﬂ@bhbemé Drawiwbl y. Preferably, the angle a between the
first and second c i rom,2 2 I [ I .
degrees. A typical ?%ﬁéfrﬁ H'B)og%efrﬁs Rf tﬁ? pgeestggg&g%%'rog& 'ﬁé‘?@?’? d%&‘?“c?tggt%@%"?‘y

Wth the enbodys a%thplefontmhawmgmfemnwmdhenccdmparmrmrd;awmgwlnwidtt on shown

in Figure 2, the ri renpi Ns en.ta g 12
during t h&second lrfeﬁdef’ét eoﬂ%‘(a%ﬂ ofﬂflgé'j\;%ybgétﬁie&%‘{ogdemg ?}ﬁﬁg&}é Eletnused as
a supply or r ehushfloh v plaee on anglifidad sksemblyrofdenvendjonaleigsigooniige serflenscond
wel | operations. Figure 3 shows a 25 nodification to the arrangenent shown
in the Figure 2. In particular, the enbodi nent of Figure 3 conprises an

addi tional valve 36, for exanple a ball valve, |ocated between the | ower
end of the rlser 30 and the flrst openlng 18 |n the second end of the

o - ~ o~ - . g o ~N - o



WO 02/ 059453 PCT/ USOL/ 49549 15 above, this position is maintained

t hroughout the duration of both the first and second well operations. The
al ternatiwg¢shevass in Figure 4 nakes use of the flexible jecmusdrisssg he LMRP
5 in the BOP and wel | head assenbly. Wen it is required to carry out second
wel | operations through t he second opening 20 and the second conduit, the 5
ri ser connector t oget her th that. portion of.th bov e

fl exi bl e connect orF igure < is F"Iplaét\é?‘\{lI FrGS%P?“é'ﬁ’B @3\%'&8 ogﬁéﬁtﬁg‘sb?g'm?ﬁf’hﬁ'
second end ofriskhébrin@b®r BSthéprésedt inkentioarin place ona subséd BOPearainwelibeadiui t 28
to be nore vertically arranged above the center line of the central bore of
the wel | head 288%BRAMI y 2. To achieve this, the riser 30 nust be noved to one
-si de, for exanple Fti»yurmngu\&ﬁianerobheeatmaledud@élewuoplombfmdsdﬁ@mom bttheur t ace.
In this alternative nethod, the task of introducing |arge dianeter tools
and equi pPrentarrangemgat ?fd:'%"Pl fing bits and | arge dianeter casings, through

‘the riser connect gfigyd 4&8@ andEéle\de@nBﬂ?\e&I%drw@iﬂebmdndmﬂhﬁddwssamblyebfeased
In addition, this method allows the f|oating vessel or platformcarrying

out the secoerg"KEIZI'“@p'@PSWBP@aW@ RREMUON; ed vertically over the well bore.

15 Reference is n%lﬁfﬁcbﬁsbcpdﬁla]!dfo@s-'éect'ﬂhaselé\mbh@fahewmcbemmdhﬂdnte)ﬂﬂmjl ment
of the riser connector of the %é’esent |nveEt|on i n ace of a BOP

and wel | head "8§5EMAEFIS T theePre t fwgntiofg p éF%Heiih‘?ﬁﬁ’oﬂségRE'a as 5)
conprisegga flexi iigule® 8la side Slbvation ¢t el isea bontestoy and Avellhesry assombiyadfor
according to the present |nvent|ongqq%@neral |y indicated as 20 110, is
situated on tﬁl@”rF&d“@fsqcﬁﬁdEW'@ i ser connector 110 conprises a
housing 112 havi ngrigieor digssldettibial iside didvation ofal fuatherembbditieat oftReriSerand
first and second openings 116 and 118 in its second end distanced fromthe
LMRP 5. A flaﬁﬂgée@QOOfél@?é’W"%ﬂf‘&m'ﬂnt he opening 114 in the first end of the
housing 112, by VWFlgﬁretﬂ‘i@. ardrsﬁ-semaﬁw@td@relévwom 8f Awkitertative drizagenpet oftiss

fl ange of the LNMRP 25 The heusin 50%%2 ri ses | ower housing portion
122, havilRg engeedimant of tae rise(sonpagior h¥% i ser connector 110 is
mounted to the toPFl?ﬁreté‘l% o 4BR-Goctibhdl sideeIGRILA bf 4 BkkerfAtivel@rangement uidiss ng
portion 122 offset Tromthe center |ine, of the bore in the BOP and wel | head
assenbl y. Theembedimgpt afthe fiseria9apecten R g4 Sa first upper housing portion
124 and a second upper housing portion 126 extending fromthe 30 diverged
end of the Iomer hou5|ng portlon 122 The first upper housing portion 124
is in the forBetaflediDesgsiption atthg Preferrad Embodiments 1 oy g the first opening 116

in the second end e b%eﬁﬂh\%nﬂGn k@rec@dfﬂ)b&rsbb’cortrié@to’ﬁ@ﬁ@adnétﬁdlﬁfor houseé ng
portion 126 is in the formof a tube, the open end of whi glyoforms t he

second oféni nig petferming el cpetasings Bam asyoffshereRiatiorryorivessel iyough f Bsefe 108

extends aroun hit HrbuSP @1 dpen Wiler. We%hﬁ&térﬁarﬂ%émdd ars iduldrlyr e riser
130. A flangeglsSZ g‘xtendleéviairoudr?l)g he second openi n% lbvﬁc ﬁ?g}pt ed

a val ve 134, adantageeps i thathey aw fjgers hayjng asmedborg W %%“IP'B}‘% b?fef
WO 02/ 059=t 53, & rﬁn éés%ﬁ?ﬂ%ﬁrelﬁseg’ aYighd %b&&ﬁﬁnts‘cﬁtﬁ@brb@&lmmefnﬂ@'l fnfoelﬂe a
ve

fl ange of the ortion of the | ower housmgtﬁzz I S an

i nwar ds t owar U@aneOféﬁiﬁﬁﬁ@mfg’Om&tﬂth'ﬁ"% ard metheds ghepesation, Jt isde de ,r@cog ‘gmf‘t
provides g guj edlf?é%n{ 1BAcHiIfR oF e emBadimRAR YisduRS&d Bélowmafwgb Bplb the

first or 'Second con ts to pass 1nto the central bore he 5 BOP and
wel | head asses¢payately orin any suutable combination to produce desired resuilts.
Typically, conventional subsea well drilling operations will employ risers having
a nominal outside diameter of 21 inches and a nominal inside diameter of 19 inches.

Small bore risers are risers having outer and inside diameters less than those of the

30 conventional risers. For example, small bore risers may have a nominal outer
diameter of 16 inches and a nominal inner diameter of 14 inches.
Referring to Figure 1, there is shown a BOP and wellhead assembly of
conventional design in place on the sea floor. The asserrib|y comprises a welthead 1
extending up from the sea floor, to which is connected a wellhead connector 2. A
35 lower stack, generally indicated as 3, comprising blowout preventers (BOP’s) 4, as well
as typical pressure control equipment and connectors. A lower main riser package



A first conduit having a center line 140 indicated in Figure 5 is formed by
the first upper housing portion 124 and extends fromthe first opening 116
in the sqgghgo®ass of the housing 112 through the |ower howermgop@sis on 122
to the opening 114 in the first end agh the housing 112. A second conduit
having a center line 142 indicated 10 in Figure 5 is fornmed by the second
upper housin ortion 126 a te t he nd o Lng, 1 |0 the
second end og 'ﬁﬁg ).rasreraly Wﬂ%@fﬁ%ﬁdﬁs'}%@a %ﬁ%@&eﬁa{%ﬁgﬁt %Bﬁ%to t he
opening 114 |06n{ph§?sf%ﬂ§i|blél]dnm THmaLlhapﬂs B?mbb%d tdlitee lamaaécmapgmnémwfng
portion 126 is ed w t ect to t I r ortion 124
and the | ower@ lrl@g§|°f?5"%9fh7 d§ riger conagetpr ‘f%acfcotrch gdgtﬁe&reqepf]lggarﬁQndq t he
-second condwrﬁotitﬁeesubtmlbmomg!oetm MARRA 5 mnecmnp and Wellseatddsofmblyare fof rst

condui't. The riser, conpector Ois i ent ed n ure. 5, suc
Shatt he Sontaenientassias e, el koW tethe Batsan sklied SRS attrand SR a RIS
'iabove t h? Ce{UoﬁV?rtltbﬁﬁl lﬁlﬁetl'td Eméten nbalindlipn . 7gﬁ?drhbe ﬁ?ﬂgﬂ%l@h&?cﬂlcbﬁadtagmenbl y.
n use, first we oper at i ar e roug e sm ore riser
130, 20 wit h aafe tB &PYRP glﬁj‘\"ﬂh’?ﬁi g’éﬂ? P¥Maccess to the BOP and wel | head
assenbly and the Wh&r@onhé'tﬁor\/ﬁcbrcﬁdy’t@uwptebentfm\fmlo@eﬁdgeﬁeraWIﬂdlcat‘edIas
desired to conduct sec ond eratlo(rﬁl gu(l_&rﬂl#rg@ § use .of toots ag%
equi pment havitg Saown !E'rﬁ?f’@r ?t%'b'“ guie 2, Jhedise { @ gopprigasa LoHgng
riser, aqgessavig®n (ﬂﬁ‘ﬁlrfgmtltlh@ts P end Caroehd Whiah eriendsh lfigngen 06, thyavhieh thebor e
through t he second cond

The operati_on fo eneral rocedure
outlined aboJ@efFP'H@ﬁWégpl'*leﬁdttﬂ %@Pé‘ﬁﬁ%?ﬁbﬂ‘ﬁ’ﬁ?&ﬁﬁﬁg |}eto 4,
As before, thspenmgoadn el firsPaRs éfithe néustr@wnaswe\bmat biamw of BEleagtahe nat er

to reach the second opening 118 in 1 The
provided to aFﬁ%'T‘%"@" Ph@et%fﬁgg‘rwlt%b%@&wﬂﬁggé&ﬁwa&jﬁ‘%ﬂhgp @haﬁlﬁ?%r to
enter the Seomﬂcmaerlh fds le\?] 3IRAE Wbl éﬁtﬁeqtﬁémamtlswrea&oibeamtﬁroiquthé

depend the Iengt ticular th th of th
ower nod8! ngPaB A tplneas assebb DR iR peralinBs E1eY PRgS EYOLGNA GHRNRG 1412

and the angl gnghefir8t aifd 6 thE HESSMRY RPBFRe ribk} coMRbLtoP MBI Thé ﬂser danuedt@r 10
conducted with the riser connector 110 in the 03|t|on ‘BWE gure 5.

Al t er nat i vel ycompiises i adiaceit operings; fist 2Rg spee CPHeé‘H'gs ReBdgur e

6, so as to p&fdéf'tﬁ@héth%gsmeﬂsbsﬁ@etﬁe Bﬁeﬁtﬂ@Wﬂ’fﬂtbcfiﬁét'ehd%‘ﬁméehdubmgcﬂntfa'
bore of the BOP and wel | head assenb ﬁ‘l The rj ser connector rr@%be tilted to

t he position Kaeeas 32and gtexderd arpupg erf!j's"eﬁma??@ﬁ@‘@?ﬁ“"tg?e Gandd%hie joint 6
in the LYRP Segpathi@g/ 059453 PCT/USA /49549 17 and noving the ri ser 130.
This requires %e vessel or floating platformon the surtace to

maneuver ed accor di Hhg fousing & efihe visgrconpegtor 1&is of a gener@iy fapemas tH’&‘}""‘bf@rm

provided w t hygiyg h?‘%%veilgﬁﬂg |nStH9Wﬂeéti6n'f‘h¢Sih'r'ig9fr<§n tﬁé’flﬂé’%ﬁd 6ftRe ABLLING 12
assenbly above t fTexi b connector 6 between the first p05|t|on shown

in Figure 5 t@]@m theHdVIRP iSrtowargs tae SBCOFH@“Q&F ﬁl?t'?ﬂ“s'fgd'zr WSR2 gur e
6 as being at{anbedithih tﬁé‘ﬁoﬁéﬂﬁb 13, Fack baEymgy pdrBaH6f thé valufdoftained wiktin

exterior of the housin the riser connector 110 adj acent the fl ange

128. The 286t hethedwusing 18hé\ fétét deélt. hayingitsisenien 'Ht%mQ'CPte}é@& 25, patends f§°mft6?
exanpl e part gk +mi®0% ffe ‘é@édnﬁ%@ o@am%eﬁmlsmgonfz tlife §|§éfﬁhggt4 i thé AREkMd

nei ghbouring ternativel he actuator 150 e anchored to

the drilling ofelhphawng i12. Hregcond @ﬂﬂdﬁé hﬁ\’ﬂ]gdm"t%nﬁ'ﬂdtﬁaf%%ﬁ exteRds i ve,
a dedicated apGhqpe taeo hﬂ&'z@‘?ﬁtﬁeose%@ﬁ&'éﬁd Bhﬁe%ﬁélﬁé ap 1dfR dpeninger4ska

floor. Actuators suitable for use in rmwgg ri ser connector 110 of the

present i nventhedinstand of thedrpusingt e Thersega B(Pﬂj’é'ttéﬁ autledip the firsh gprdypit byian | ed
in the ar W%dggagem%r,%er cothe@f b iOshdvih i Wﬁ% Urd 246 Be @fiehtB8 shitetnabine | oi nt

6, of the L nove orientation of e riser connector 10, 110, a
‘portion or theenterding %roftthefmsbmdug issubstanfialiy:ueriically, alower te copteroldhet i ci ent
flexibility tgq.ald ?We i thd Bbﬁ’t nﬁ%llﬁgﬁp%e‘f}%ﬂ'moﬂ&tati’em)f%@ns@coﬁﬁ&téro
‘be noved into position vert cal ove the central bore of BOP

wel | head asseﬂr@ls)ﬂhamOXVW@lh@ﬂbaide\ﬂ" nornafiyfake plases dithis arianatioppthen e
housing 12, Qt@ﬁter&ﬂferéf‘fhfe'c%hﬁﬂlﬂy
nousing 12 égqtgtn.qtehzabaﬁﬁet &@P%‘Sﬁ&tﬂfwﬂtﬂgﬁggﬁ iR 6 PR o1 lcenfal

10f in tB5 BOPomtaithe BOPWW@E#!@&SSQ@MM ed above, it is generally nost
preferable to have did 89@@% B920R&NdHe BPenifg 8
in the second end étailst\:éﬁeg\éﬁous m%%%%d)alcdzd)%% org 9 | sol ate ?hg slé%ond
conduit and t h&in theserond end efithe housing 32.17he niger 3pr|%)ﬁ15m¢é1 borsRer havingsa shown
in Figure 3, a second valve 36 positioned to close the first opening 18,

116 and isolate the riser 30, 130 fromthe first conduit and the interior

of the housing 12, 112 is al so advantageous. A simlar valve could be
|nstaIIed betmeen the rlser 130 and the flange 128 |n the enbodi nment shomn

o = o — I o



Referring to Figure 7, a riser connector 210 of the general design shown in
Figures 5 and 6 is in position on a LMRP 5. Features of the assenbly of
Figure 7 3@ 0s0&9®n to the assenbly of Figures 5 and 6 havectrhsosam
reference nunerals, with 2 as the pref3si x. The riser connector 210 of Figure
7 conprises a single gate valve extendlng across both the first and second

openings in the second end of .the ho 594 S01/ 49549 18
212. A slidi RgMywd @“QBQ'QF@%R/%IW“&FT n‘ﬂem\ép%%@” 39%%/ ﬁ?e’kseéﬁg
plurali L y ﬁf s}[iﬁ%tﬁ@ V?l:li- bﬂ{ysédogé T3 B@Peana@aeuﬁead bssemw tAImelgom3MSttnatohags e
one or both o e first and sec enln s in cond .en

housi ng 212 & cgadyctedithraugha Eﬁ‘ﬂ'gg?r@ d ﬁbawgg%ng@ocht'%de% |'Erﬂﬁréf "Eﬁ}g tion
.bei ng conductigqnched drdbsrriv@put thitRighar® Asbravirtha@gsércohnédter $@indhelpesitbrof t he

housi ng 212 may be opened at the same tine as closing the first opening) if
required. 5 Al tshpwain Bguse 2-.pot h openi ngs may be opened or closed, as

‘required. As noteg @&ﬂl\éﬁﬂoda‘l balPvaNéd Smls%ﬁe@to theflange R4 el‘ouchldal‘i@smondool s and
equi pnent to negoti ate deviation

to be foll.o n_.bei ng run
into the wel I9pefiRg20;in thessegng ghd p ﬁhﬁé\o“? ég éﬁlﬂnrﬁl}gmat“’%&:%%fﬂ\’? "%1
using a smal loyRQ'sQitablé fsrm ¢ftva|vayn5xﬁb@émbwywdA§effmtrramgermhm ra @wout
connector such that the seco[‘}d% awt to be fol g,éebg/ tggl S aF@'
equi pment  r urPTeVRNEETIMY RRPIPIOYP §> 3%9#‘&??8‘?"%%?9%]9(1[} §eond end of g
di rect|yqgbovputing ahﬁ"lsblaté tﬁ&mteﬁ@Poﬁnd hwélh@&am taeseamét;r The first
condui t, connecting the small bore riser to

will then lie at dhpamongfihe WHS'Pﬁé%?(Siiaé:eBtfth? ﬁégt B@’ogﬁ‘ﬁ WFFH@?&"@?@@% 9

Reference in th@ln‘éer&é&i&ﬁ?&f theScahisidink @8Fdf thy gecBnd bmdwwith the lhoasing ¢2Bnect or
10 i s shown awé}? substantlallythe sarTEfeat res, and. d g&% as _the.riser
A P &4

connector of Shaged to rmawHidmehi The gwas 34 SEveR & YAR IR UiBeRtReNg; ang
8 are indi Catﬁa@s&ﬁtr{a&ngﬂlﬁe%wn? et%@n@etwatuﬁehmbm ih Ehel fitSt gridsefrthe howsaeg Or

10 of Figure 8 e positions of the first and second openings 18, 20 20 in
the secod@ entf.of the housi ng 12 have been reversed. In this arrangenent,

the center line ZQanorﬂ'uQﬁjs%eﬁ@f‘ﬂeﬁeﬁﬁuhdns' ﬁe @thuaébethtoughtthb sinell beetrizer | i ne
of the bore of BOP and wel | head assenbl y ewgrjearret er . tools
and tubul ars ¥biThe togls andtqslumtenh@rq p@ﬂ??ﬁﬁ'@W“ aner'%vgﬁ fWéﬁ é’% ge Yigpsel or

signi ficant dﬁéﬁ‘f&fﬁ Woligh %Qﬁit'oﬁbﬁmg-ﬁ@% fRISRbnd BRE of e Pbusing 12] drifinfthdui t

is at an angle a td the center [ine 28 of the second 25 cond

smal | er di arrefareircmduﬂ withindhe heusiee nTh%@pH@nﬂmumE@t Pazs leps gﬁ'cfe\mﬂr?ﬂ%ag

assenbly jghr Oé’fQE o fifde c&ﬁ rth"lgcgug‘l’fI thé oBQMﬁg hg i ﬁ@lﬂ'ré’t%ﬁd foptheauisingtaRd ikt She
devi ation. Furt so not ove, it may be advanta eousgﬁ%geow de

a further opeBOHganerQ“heaqim%ﬁﬁm@Y 2and jinfo theswell QQSﬁn§HF*prerP PSR
allowthe ri SEdsirlg if1 |P?rne3\9elﬁwé’r€l§}cﬁ4ublﬁﬁ§'havwgtah éx@‘rﬁél@mtéﬂe& g ehe, the

ri ser connector onpri ses an openi ng{ 80 I'n the si

the h
adj acent the infereal d@mietglr ofithe "E‘%Inr%'t%ﬁ y, gugh| opgEatiogs ng&eemﬁﬁtrea tbqﬁ?l
openi ng 80, t el Ghedicr Lﬁé’iH rt’ﬁ@&’néht%tﬁinvs%oﬁ/ﬂ in F\@uﬁb i Hﬁéthﬂwtﬁmﬁ“m‘er 30 antiitiee

the riser connector can arr t o assi st e\/&g the tools and
¢

equi pment25ei figt canduit arrangedto e $UQSWGWQ'1F@HY)BE‘PV gentef pithe seqiral barp
condul t My DEs QB aRd wfindad Agggmbpeq&ﬂﬁé iy, e ook Urdlequfpritént bamg!

partially curv ference 1nt spect 1I's nade to @&ure 9, in which a

ri ser connect passédchrough the rmbs@lcht%my"tf)ﬁ@ BaRandyvgibaah assemily ardithgr es
as the.riser @%F Bgl%t%E {Q%L{Ired\{pogéjc%anP i<t HediaRdPinldirebticH r'Eh%dLﬁsm

shown. Conpon ures conmon to the connectors of Figures
are indicat ed12|acﬁsgstgwﬂes@rmo\rléé thecavidange meeessary toraliow thestools é‘&é’lﬂm@io of

Fi gure 9u%dmp%§aes§ tﬁmﬁgﬁcon S A?ﬁWﬁé fitdt eﬁkglaftﬁe hlaaﬁng bAd H?@tﬁecmmhda

curved t Secon ined by the second upper ‘b”i‘( portion
126 thus has weﬁheadrasselmbb'ngNhiﬁjﬁ'lﬁéIrStwﬁ||§PeE3<§l°&$ are; if PERGreRSH et es:%a'

e nea: SAMEnERT B8 i0eh bhRth ARaeaBl trolscBiRtbibritty 2Pindle todtnd! he

riser connect Fesent ' I nverti on does not require the riser to be
di sconnect ed ®endof thledwuemgdetamd sealing the iteriornf thaRousingal? e spBM@ter 1 o

valve is enployed {g, &l PRGehitfed th'ciiry SRESUCBHA Wall bPSratisk gt SdthoPbe t Ne
35  conducted through the small bore riser 30, an alternative approach is taken.
Operations through the small bore riser 30 are ceased and those well tools and
tubulars removed. The larger tools and equipment necessary for conducting the



10 housing and isolate the first conduit and the interior of the housing
fromthe riser, it is not necessary to enpty the riser before continuing
with the weemosaier operations or to adjust the nmud wei ghbcwiusti/apsihe
riser, as is required with sone set agide systems of the prior art.
Further, it will be appreciated that renoving the need to disconnect the
riser 15 allows the control |ines and chok and k||| l‘igipsis to .remai

connect ed angeeqnshwell eresations aeg pagseddhrgugh § (ﬂﬂef‘élYf' 4oz qd7t or DR e of

the riser cong E&Iﬂ%rn BRF WA E2. €T Wiivd Seisldpeaéd andltteltieolB@Rd 24 dipwieht head
assenbly, but have een omtted fromthe flﬁegqugs fo clarit It will

appr eci at ed tPB8s threnghythe secensippepingr20n the, §Bﬂf’ hr"?\nﬁ'fﬂ"édzaﬁnldd'ﬂ\tg “?f 20

-smal | bore “s&@éncﬁébn'aantmsaélﬁyemefws ahd eglapnbfsllcappe ahiensine\bs ahtittiy be
accomodat ed by such a riser. This leads to.a S i ficant aV| n {1 oﬁgf
“H%f"ﬁ MY and

of the we59ht"eQﬁh the guidesids b&WB'CPHBeWPMeQnW ORGNINGy 4I ni
‘mud required honQRfHPi2 through the riser. V\hen |t is required to install a

| arge di aneter casing in the well bore, acce a i ned tq the BOP and
wel I head assenbly Téﬁg"quﬁ@gﬂar'%s'éFd E‘S'e'f‘g*BsHE" ‘%‘F %%e%%%wt@dﬂdU| t in
the riser CO%@@&ﬁo%ondﬁﬁ&Pa%Srebﬁés&ﬁtbelbyltﬁeﬁ@gb a%ehhémé cehier mczmbrmmmng
in the second end of the housin [t W

t t hat |
t he casi ng t &igige 2)is ﬁ'-\ﬁfichmM@cW@IthﬂéBﬂ"?‘Fﬁsﬁﬁ‘gﬁoep'ﬁgg'lbg%‘ﬁ M?@? 'agfnilobsybtg o

pr ovi ded 44 hr QyglE aRd eQRBMeRBdlrhgthe séécﬁﬂmhémbpamwﬁs tihwillfdeeappkdoiatédinat by n t he
BOP stack present 1 n nbst conventi ona ead assenbl i rther, the

|
ri ser connectlegtigningthediousionl2 rﬂ\?@r‘n‘@,eoq‘n"‘%d $1e(9\'iﬁasﬁo "%Pn ef‘?fﬁﬁ?'& s to be

prestaged in é&‘uﬂp gawﬁg?fhoﬁbﬁﬂﬁaséé&n& B&ldtﬁt&@havé’\m b&lwmhgev\mi'dugh the
operations, suc 11T n are carfri ed hr ngHt he riser

bei n
it a convent .Qmaect%%areﬁ infp g"ﬁxﬂqp BB‘:" %P*F%Qlass%&‘ sasedhg ?\‘F’éé" t he
wel | operati qnéﬂlgedna%oﬁmh%st& loF HaaR el B@ﬂebﬁﬁﬂOamnﬁaaél?dhéwélgdﬁén@ntI re

open water asse of tools or well tubulars can eJy uj

i nst al | edbi ntQ)letaileCOBﬂN%tﬁd opets|of theconseetrb 1§ may,lpetrﬁ ‘éc F‘i%é g‘i‘%g does

not have to V\@h%h‘d’f‘{He hd’é@inﬁeﬂo I'ﬁsfl'nQGﬁl \ﬁlﬁ*}f@réégéﬂféjang'l'é‘b(slnﬁﬁébin tt[{e aifflcaiy
e

nonproductive eratin reduced. This is of rt | cu %ﬂ:\/an age
in the case off man@vemmgiq@samnmmmwulbﬂmh%«ﬁ}s ?@r 'nHthhPIEl

operations, e }Mab&% %Qﬁb Oﬁré?éﬂﬂwcgie‘é@lgféo&béﬁﬂeﬁﬁ tid it &ieflstdond caﬁuuntsma

stagi ng of too S an ars can a Si ficant portion of the I;:)verall
time taken t ofremi2 tb 28rsegeensppieferably Ade (15 degacs. MW'B‘P'@P@W'@E apaBoY Rent s of

the pres [ gH shown in 5 the acconpanying figures and
descri be abo ep(?&lhg{éfnot é}ﬁtended that these be taken to limt hhe scope

of the present inviithitomeembadiment ef thari perePnnpeiPEefithe RIesEAt inkgniio shewe In

skilled in th t nf | 6 d
Tnvention. GBS I8 S0URRILS 045 4 BSRoRTIR poing T riaRD secen
connector f or welboparationsg Ia this way, the riserid may be usadasBSYPRIRET reiura feygiriing
t her et hr ough, ﬂ‘%ﬁ r}g@pg{péqﬁdeggmfgeﬁﬁggco@ \pﬂpgﬁémldﬁgwp@"@;;fshf,ﬁg gand a

second end; 5 sin avi ng_an opening of a djaneter
at | east 25ubstadiicaidntotheasangement shewn Hi‘rté? quéﬁr%t by pagticyl@ye thesrabasimente

wel | head assegply, angd. he) n&s%[“aa‘dhﬁgnél%lvmnfdr @Qahﬁletd’lfhll"\ﬁl\}eh%ﬁeﬁssenm y

wi th the openrng®in co nicati on wt he bore of the wellhead assenply
t he second entetwesptheiongr and pitbe riseedl and the ﬁlfﬁé@Pa'Bﬂ"@z 18dn Eh‘?esePP%‘b?“chﬁ*fdhe

having 10 a dhgﬁ%irﬂ% vél 58 n?a?%tﬁ% sbiatd 4&@ riséf’50 ﬁfémtth@ riséHRhnébterey er

of the riser secon openrng, havin | anet er at | east
substanti al | yanmm@me and weftibeat] assembly, phile tre sesped well pprratipns aiedy

assermbl ¥ ag e RN 9n e HA5Ting BERAIIEA & oS hiBgBrkLbs SoRese! utoie

opening i ousin Irst opening in the second
‘end of the houeaw@er may ba pseveoted. IBled@imﬁQm@bﬁlﬁ@@?MS@d tniso Eﬁeﬂ‘lﬁﬁﬁe"% he
first end of Hhe.NEUst Al QrdnhSeait S WhdtPPRddBirdd o pull the riser.
An alternative method of operation of the riser connector of Figure 2 is shown
in Figure 4. As described above, the arrangement shown in Figure 2 is maintained in
35 the position shown, that is with the central longitudinal axis of the small bore riser 30
and the central line 28 of the first conduit maintained substantially vertically above the

central bore of the BOP and wellhead assembly and the well bore. As described



t he second end of the housing. 2. The riser connector as clained in claim
1, wherein the first opening in the second end of the connector has an

i nner di aygbeosdsess than the dianmeter of the bore of the wellusepshsassenbly.
20 3. The riser connector as clainmed#sn claim1l, wherein the first conduit
has a central longitudinal axis lying on a substantially straight line

ext endi ng between the center of th In the first en%ng t he housi ng

and the firs@beyiisgosifion ﬁéﬂ@@f@tmg f@ﬁugq'zﬂq'?m%ed%t{m f pottythefipgt apd segond

connector as mféil@béﬁﬁoh@ 'Fﬂi@hlf&rﬂatl\id@hbﬁhrh Flbﬁre&ﬁﬁaﬁﬁds G 6Rthé fI&aSIe Foidts in
central |ongitudi n axi s 9%3 ng or‘ ubst \%}@ﬁé straight |ine extending

bet ween the &h 't'\@ﬁ ot inthg B %W‘hﬁaéﬁésq" %t itd$ reqmired ,"PYNd t he

-second openi Rgcdrid weélFoseestitng t%dglﬁ)fhetdéeoﬂiwgﬁdm 2®and{ve secoRl condonanéor as
clained in claiml1l, where con Ion i t udi nal

axis. 30 %. Tiger ‘fqné‘@Ft%a)Qn’r'@%?tB?r ‘%‘g‘ @F"a‘?%‘lf‘ @ r#‘% p&ﬁﬁaﬁggﬁ &fipPige second

‘condui t conpicoARsctér 6ok tifted td oriemt trfets"e@bwlbpamym in th@ édondsend of N2 Kblisig9453
PCT/ USOL1/ 49549 2 r conneator rein a

ot t1 on of ¢ Hé 42 CEURIEG R SSroRs coTt 25 to DhanecB R RERliact OBy ¢ he

same vol une \hé bdrtertling of thestaitral Bore D thelislifbad 8sHRSHINV2. A6 achisvddik, itie cl ai m
7, wherein the housing defin s a ch er ext d|n fromtﬂﬁflrst end to

the second enger 3G@ustbemoy ?frﬁi‘amp papeuvegng e veseel a5t t he

chamber . 1§. -H‘é?fofmfa‘?fhecﬂlm&tﬂ{thissal@r%hﬂ@ﬁhdtﬁbdcﬂﬁtﬁsﬂef ihtdbdueig 1a@epr i si ng
at | east one guide. 10. The riser nr]ect

cI aim9, wherein
the at | east t@'iﬁ°8l§ ang eguipment.dnc qug ﬁ'é""?ﬂ)a]i’l 'Q@Faﬁh@'ﬂ? ef ¢RsiNgSy st end.

10 11. The riygRl l?ﬂféﬂ%?@6nrfb’i:tcﬁ|10|dﬁ§%tb%&B@P@na,wéﬂh@éd?bé‘seiﬂw mappector is
flexible whereby in use the orientation of the first and second conduits

with respect e@8ed.nkd agsitionetiis metherigwe the floating.ygssg! or platfofmcarryigg out the

connector as gebgidWREl bpkralicHst be shtéd VéBEally @Ver the iwedl bake.act uat or for varying
the orientation of the first and second conduits when the connector is in

use. 15 18. The r.l%eéwea%wmmag%t%h’lawﬁ& This tigue shaws A geERNS erBRAIMERY ng a
val ve for cl Qﬁ'tﬁwnéeiﬂ%oﬁﬁé&dr &Mrbéentwenﬂmﬁnrﬁla&erowmaptara B?GP(éhé' med in

claim1, further conprising a valve for closing the second conduit. 15. The

riser connectwsilhead assemiiyon thecgesikheads Thf’thMﬁfPerQeBBWHY inglicatpceas % (comPriges a
cl osing 20 tt}@x,fderjgf,ﬂgo&%h{,anﬁtohg@g nd conduit or both conduits. 16. The

riser connector as clained in claim wherein the first end of the housing
A riser connector according to the present invention, generally indicated as

20 110, is situated on the top of the LMRP 5. The riser connector 110 comprises a
housing 112 having an opening 114 in its first end adjacent the LMRP 5 and first and
second openings 116 and 118 in its second end distanced from the LMRP 5. A flange
120 extends around the opening 114 in the first end of the housing 112, by which the
riser connector 110 is bolted to the uppermost flange of the LMRP 5.

25 The housing 112 comprises lower housing portion 122, having a generally
cylindrical shape. The riser connector 110 is mounted to the top of the LMRP 5 with
the center line of the lower housing portion 122 offset from the center line of the bore
in the BOP and wellhead assembly. The housing 112 further comprises a first upper
housing portion 124 and a second upper housing portion 126 extending from the

30 diverged end of the lower housing portion 122. The first upper housing portion 124 is
in the form of a tube, the open end of which forms the first opening 116 in the second
end of the housing 112. Similarly, the second upper housing portion 126 is in the form
of a tube, the open end of which forms the second opening 118 in the second end of
the housing 112.

35 A flange 128 extends around the first opening 116, to which is bolted a small
bore riser 130. A flange 132 extends around the second opening 118, to which is
bolted a valve 134, for example a ball valve. A guide 136, in the form of an open,



I's adapted to be mounted directly to the well head assenbly. 17. A wel | head
assenbly, conprising: a central bore through the well head assenbly; 25 a

ri ser CORpE@@b/%9453 he riser connector conprising: a housi ngchagomngss first
and a second end; the first end of the housing being connected to the

wel | head assenbly and WO 02/ 059453 PCT/ USOL/ 49549 23 having an opening in
communi cation with the bore of the well head assen&% t he openi ng having a

di aneter at nvaded cons isbrltedte {he frre tange of the valve, of the wel | head

assembl y; the secansbrgsioftRéRwes! hBﬁlsnﬁ’g 22 @tangmnnwms PVRAES BHel shehimgal 14l ser
and having a 5 dianeter at |east the sane he inner dianeter of the

riser, and alnste s epgohthedrousingtig a&dd’ir%ﬁsé gujele 188 &r Qo] apd aAYiBMEYt ¢ he
‘same as the @hadiR) BFowih dither (heifPst@k sbideRhbititad pass Midthe cehtial diwe of Me

further conprising a first conduit connecting the opening in the first end
of the housi RYR &Y wellhead esepMi ng in the second end of the housing, and a

‘second 10 condui tA%Qtr&ﬁlﬁulﬂﬁa\hﬁg?a%ﬁt@m&14D|h8@afbdrr$Fl Qﬂads i%ffoﬁnliéd Bowei ng to
t he second opening in the second e e wel | head

nd o ho
assenbly as &rshHRRRY howsig RPH{oN7: 4\&'\‘9?@4@5“’? Iff@"T 'ihP§'fsq8|B§WPﬂd 18 in hreesbnd

end of the C@H@@Pﬂw@rhd&@ﬁngaﬁzltm&%h meamérafoulsmgqaohmrn&heu@b amﬁr@rmfmt he
bore of the well head assenbl

. The wel | head assenbl
claim 17, whéhedirgt engofithe E?usd'lﬂﬂﬂﬁ tAﬁ%o"Q coppif B?V'W%ﬁﬁ?'ﬂtﬁﬁﬁ(ﬂ?af‘* ??QatPgl ng
on a Sub% anty pighe §tsrfa+ngéu by ﬂhB%eedﬁ&ubeeFﬁoMg’\ﬁﬁﬂoﬁ h2e apdbstendy fréfighe
opening in the I rst end of the housin I n the second

end of the h&8EINSPPeping Higdn e $qcend e 89 WSWU%}EQéﬂitt ﬁgenwgg?"é?frh%?'"g

wherei n the $8RRAA2096HE dpehitly P& iA tRERE! éHd ofARE héuking @12, aeSsdcvhd Bpgst &
substantlallﬁg1 straight |ine extendjng between the cenher of the gﬁ)enl ng in
o

the first endoBsing H@”'RBJ@?WW ‘E’Wb%ﬂﬁ‘?m@m?pfgﬁ’i YrRper Roysig RAEGhE2AR of

the housing. teiowdfRowsihd 25 QUbh thabtheCdehtdriife 152 6f fhe'Seddnd o¥mALRI N the
second conduit has a curved longitudinal axis. 25 22. The wel | head assenbly

as clai nédl i subtendsran angluacwith thecaates lines 1D efdherfirst conrsiv |T§§§'Sar ¢ANBeSlor ty of
strai ght Conq%ﬁs &%r&é@?és b in Figurde! &JL%Haﬁﬁé%@%b’h@ﬁ&'tﬁ@ﬁ#ﬁ Ebrmuwﬂ

17, wherein ortion o e first conduit and Portlon t he second
condui t occuml ta@tlaélawﬁrtwlymb@thhwmrﬂ@e 196 thei gegtrakhpre of thﬂﬁoﬁ\éﬂ‘ﬁ head
assenbly as GldhdRfaddanfyai M 23, wherein the housing defines a

In use, first well operations are conducted through the small bore riser 130,

20  with the tools and equipment gaining access fo the BOP and wellhead assembly and
the bore of the well through the first conduit. When it is desired to conduct second well
operations requiring the use of tools and equipment having a diameter too large to be
accommodated by the small bore riser, access is gained to the BOP and wellhead
assembly and the well bore through the second conduit. The operation follows the

25  general procedure outlined above in connection with the embodiment shown in Figures
2 to 4. As before, the second well operations are conducted through the open water to
reach the second opening 118 in the housing 112. The guide 136 is provided to assist
the tools and equipment passed through the open water to enter the second opening
118 through the valve 134.

30 The angle o will depend upon the length of the housing 112, in particular the
length of the lower housing portion 122. The criteria for the sizing of the housing 112
and the angle o are as discussed above.

All well operations may be conducted with the riser connector 110 in the
position shown in Figure 5. Alternatively, the riser connector 110 may be tilted, as

35  shown in Figure 6, so as to position the second opening 118 vertically above the
central bore of the BOP and wellhead assembly. The riser connector may be tilted to
the position shown in Figure 6 by taking advantage of the flexible joint 6 in the LMRP 5
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assenbl y (gs %t&kﬁ&iﬂely“th%'a%td&&ﬁsofmwlﬁ@énmmtbah@enmng/wmpwaté af ord BSbemg t he
first con uit, the sécond conduit or both conduits.
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the first opefiyidord 150 188hé §6LMksbre Petudtork be.tdmwmnse i mbVigg thenisec tonneckb. A
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t hrough the riser first conduit; 10 conducting sec mgll geratlons
t hrough t he obam qﬂﬂt@BOEdehgﬂ;wmbly, 102 and the bore o the well. In some cases

20  the housing 12, 112 of the riser connector 10, 110 could be made sufficiently flexible
that it will be possible to dispense with the flexible joint 6, 106 in the BOP stack, if so
desired.

As noted above, it is generally most preferable to have a valve 32, 134 to close
to the second opening 20, 118 in the second end of the housing 12, 112, in order to

25 isolate the second conduit and the interior of the housing 12, 112 from the seawater.
As shown in Figure 3, a second valve 36 positioned to close the first opening 18, 116
and isolate the riser 30, 130 from the first conduit and the interior of the housing 12,
112 is also advantageous. A similar valve could be installed between the riser 130
and the flange 128 in the embodiment shown in Figures 5 and 6 to achieve the same

30 purpose. Figure 7 shows and embodiment of the present invention, in which a single
valve assembly is employed to open and close the first and second openings in the
second end of the housing.

Referring to Figure 7, a riser connector 210 of the general design shown in
Figures 5 and 6 is in position on a LMRP 5. Features of the assembly of Figure 7
35  common to the assembly of Figures 5 and 6 have the same reference numerals, with 2
as the prefix. The riser connector 210 of Figure 7 comprises a single gate valve
extending across both the first and second openings in the second end of the housing
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&(0)- 30 evacuated. Again with reference to Figure 8, the riser connector 10 comprises an

opening 80 in the side of the housing 12 adjacent the first end of the connector. A

flange 82 extends around the opening 80, to which is mounted a valve 84.

As a further manner in which the riser connector can be arranged to assist
guiding the tools and equipment being run into the well through the open water, the
35 second conduit may be formed so as to have a central axis which is at least partially
curved. Reference in this respect is made to Figure 9, in which a riser connector 110
having substantially the same components and features as the riser connector of
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the prior art.
Further, it will be appreciated that removing the need to disconnect the riser

15  allows the control lines and choke and kill lines to remain connected and operational.
Such lines are required to span the length of the riser connector between the end of
the riser and the BOP and wellhead assembly, but have been omitted from the figures
for clarity.

it will be appreciated that the riser connector of the present invention allows a

20 small bore riser to be employed for all downhole operations which may be
accommodated by such a riser. This leads to a significant saving in terms of the
weight of the riser and the volume and weight of drilling fluids and mud required to
operate through the riser. When it is required to install a large diameter casing in the
well bore, access can be gained to the BOP and wellhead assembly and the bore of

25  the well through the second conduit in the riser connector, access to which is gained
through the second opening in the second end of the housing. It will be appreciated
that this allows the casing to be run into the wellhead through the open water and be
provided through an opening in the assembly above the flexible joint in the BOP stack
present in most conventional wellhead assemblies.

30 Further, the riser connector of the present invention allows tools and tubulars to
be prestaged in the open water alongside the riser, while normal well operations, such
as drilling, are being carried out through the riser, be it a conventional bore or a small
bore riser. At the appropriate time, the well operations being conducted through the
riser are ceased and the entire open water assembly of tools or well tubulars can be

35  very quickly installed into the BOP and wellhead assembly. In this way, prestaging
does not have to wait until well operations have ceased. This facility allows non-
productive operating time to be reduced. This is of particular advantage in the case of
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substantially the same as the inner diameter of the bore of the wellhead assembly and
being adapted for mounting to the wellhead assembly with the opening in
communication with the bore of the wellhead assembly;
the second end comprising a first opening connectable to the riser and having
10 a diameter at least substantially the same as the inner diameter of the riser, and a
second opening, having a diameter at least substantially the same as the diameter of
the bore of the wellhead assembly;
the housing further comprising a first conduit connecting the opening in the first
end of the housing to the first opening in the second end of the housing, and a second
15  conduit connecting the opening in the first end of the housing to the second opening in
the second end of the housing.

2. The riser connector as claimed in claim 1, wherein the first opening in the
second end of the connector has an inner diameter less than the diameter of the bore
of the wellhead assembly.

20 3. The riser connector as claimed in claim 1, wherein the first conduit has a
central longitudinal axis lying on a substantially straight line extending between the
center of the opening in the first end of the housing and the first opening in the second
end of the housing.

4. The riser connector as claimed in claim 1, wherein the second conduit has a

25  central longitudinal axis lying on a substantially straight line extending between the
center of the opening in the first end of the housing and the second opening in the
second end of the housing.

5. The riser connector as claimed in claim 1, wherein the second conduit has a
curved longitudinal axis.

30 6. The riser connector as claimed in claim 1, wherein the second conduit
comprises a plurality of straight conduit portions.
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9. The riser connector as claimed in claim 1, further comprising at least one

guide.

10.  The riser connector as claimed in claim 9, wherein the at least one guide is a
portion of the housing adjacent the first end.

10 11.  The riser connector as claimed in claim 1, wherein the connector is flexible
whereby in use the orientation of the first and second conduits with respect to the
wellhead assembly can be varied.

12.  The riser connector as claimed in claim 1, further comprising an actuator for
varying the orientation of the first and second conduits when the connector is in use.

15 13.  The riser connector as claimed in claim 1, further comprising a valve for closing
~ the first conduit.

14.  The riser connector as claimed in claim 1, further comprising a valve for closing
the second conduit.

15.  The riser connector as claimed in claim 1, further comprising a valve for closing
20 the first conduit, the second conduit or both conduits.

16.  The riser connector as claimed in claim 1, wherein the first end of the housing
is adapted to be mounted directly to the wellhead assembly.

17. A wellhead assembly, comprising:
a central bore through the wellhead assembly;
25 a riser connector, the riser connector comprising:
a housing having a first and a second end;
the first end of the housing being connected to the welthead assembly and
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having a diameter at least substantially the same as the diameter of the bore of the
wellhead assembly;
the housing further comprising a first conduit connecting the opening in the first
end of the housing to the first opening in the second end of the housing, and a second
10  conduit connecting the opening in the first end of the housing to the second opening in

the second end of the housing.

18.  The wellhead assembly as claimed in claim 17, wherein the first opening in the
second end of the connector has an inner diameter less than the diameter of the bore
of the wellhead assembly.

15 19. The wellhead assembly as claimed in claim 17, wherein the first conduit has a
central longitudinal axis lying on a substantially straight line extending between the
center of the opening in the first end of the housing and the first opening in the second
end of the housing.

20. The wellhead assembly as claimed in claim 17, wherein the second conduit has

20 a central longitudinal axis lying on a substantially straight line extending between the
center of the opening in the first end of the housing and the second opening in the
second end of the housing.

21.  The wellhead assembly as claimed in claim 17, wherein the second conduit has
a curved longitudinal axis.

25 22. The wellhead assembly as claimed in claim 17, wherein the second conduit
comprises a plurality of straight conduit portions.

23.  The wellhead assembly as claimed in claim 17, wherein a portion of the first
conduit and a portion of the second conduit occupy the same volume within the

housing.

30 24. The wellhead assembly as claimed in claim 23, wherein the housing defines a
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5 26. The wellhead assembly as claimed in claim 25, wherein the at least one guide
is a portion of the housing adjacent the first end.

27. The wellhead assembly as claimed in claim 17, further comprising a flexible
joint, the flexible joint being disposed so as to lie between a riser connected to the
wellhead assembly and a well below the wellhead assembly when in use.

10 28. The wellhead assembly as claimed in claim 27, wherein the riser connector is
the flexible joint.

29. The wellhead assembly as claimed in claim 17, further comprising an actuator
for varying the orientation of the first and second conduits when the assembly is in

use.
15  30. The wellhead assembly as claimed in claim 29, wherein the connector is biased
to the position in which the longitudinal axis of the first conduit is substantially

coincident with the central longitudinal axis of the wellhead assembly.

31. The wellhead assembly as claimed in claim 17, further comprising a valve for
closing the first conduit.

20 32. The wellhead assembly as claimed in claim 17, further comprising a valve for
closing the second conduit.

33. The wellhead assembly as claimed in claim 17, further comprising a valve for
closing the first conduit, the second conduit or both conduits.

34. The wellhead assembly as claimed in claim 17, further comprising a riser
25  connected to the first opening in the second end of the housing of the connector.

35. A method of conducting well operations on an offshore well having a welihead
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end being in communication with the bore of the wellhead assembly, the upper end
being accessible through the open water;
conducting first well operations accommodated by the inner diameter of the
riser through the riser and first conduit;
10 conducting second well operations through the open water and the second
conduit.

36. The method of claim 35, wherein the riser remains connected to the first
conduit and operable during the second well operations.

37. The method of claim 35, wherein the second well operations comprise installing
15  casings with an outer diameter greater than the inner diameter of the riser.

38.  The method of claim 37, wherein the apparatus is run and guided in the open
water alongside the riser while the first well operations are in progress.

39. The method of claim 35, wherein a flexible joint is provided, the upper end of
the second conduit being above the flexible joint.

20 40. The method of claim 37, wherein the first conduit is closed during the second
well operations.

41. The method of claim 37, wherein the first conduit remains open during the

second well operations.

42.  The method of claim 39, wherein fluid is supplied or returned through the riser
25  and the first conduit while the second well operations are in progress.

43. The method of claim 37, wherein the riser has an internal diameter less than
the diameter of the bore of the wellhead assembly.

44, A method of running apparatus into the bore of an offshore well, the well
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having a wellhead assembly comprising a flexible joint and connected to the surface
by a riser, which casing has an outer diameter greater than the inner diameter of the
riser, the method comprising providing the casing through the open-water and
accessing the wellhead assembly through an opening located above the flexible joint.



