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A second system developed for deep water drilling and production has been the
spar or deep draft caisson vessel. This system uses in effect a long tube with a large
sealed ‘annular section that is positioned vertically. The sealed annular section of the
deep draft caisson vessel includes a plurality of chambers that may be filled with water

25  orair to control the buoyancy of the structure. A large ce_ntral' bore allows the. .
positioning of well siots therein. As in the tension leg platform design, tubular members
© or risers as generally known in the industry extend from the sea floor to the surface
sfructure. _ ' _ ' ,
Itis im'portant- to minimize the size of the well slots and surrounding support
30  structure to reduee the costs of the spar or deep draft caisson vessel. The current
invention does this by 'redu'cing the through bore requirement in the buoyancy air tahks-
~ attached to the upper end of the riser and through which the riser is run. This is done
" by using an end connection member on the riser and providing a second hydraulic
- connector on the sea. fioor which can lock on the-end connection member when it is
35  deployed. '
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25 . of the well slots include guide sleeves positioned vertically along the well slot to |
restrain movement of the air tanks. The air tanks have a {hrough bore-through whfch
the riser may pass. A stem joint extends from the top of the uppermost air tank. A riser
stop is positioned on the stem joint and coacts with the lower framework of the deep
draft caisson vessel to limit upward movement of the air tanks when deballasted.

30 Alternative embodiments are shown with mechanical connectors replacing the
hydraulic connectors. Electrical connectors also are envisioned. Additionally, an
er_nbodime.nt with the lower connector integraily formed with the wellhead housing is

- shown.
_ A wellhead housing and christmas tree are connected- to the uppe'r end of the-

36 riser and rest on stem joint to allow tensioning of the riser as d‘eécribed. A method of

‘operation is also described and claimed.

~ A principal object of the present invention is to provide an apparatus that
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FIGURE 6 is an elevation view, in section, of a single hydraulic connector of the .
present invention as an integral structure to the wellhead sealingly connected to the
25  riser. |
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
3 o | _' - With reference to the drawings, and particularly to FIGURE 1, én elevation view
- o - of afloating vessel 10, commoniy referred to as a spar structure or deep draft caisson
vessel, that utilizes the present invention therein is shown. Floating vessel 10 includes
30  buoyancy chambers 12 that provide buoyancy fo support floating vessel 10 with its
associated top deck and support équipment in a vertical position as shown. Floating
vessel or deep draft caisson vessel 10 is a massive structure typically 500 to.600 feet
in depth. Lower framework 14 of ﬂdating vessel 10 is atruss framewaork, weil known to
those of ordinary skilf in the art. A plurality of well slots 16 are centrally Iocated on
35 floating vessel 10 with a single one shown in FIGURE 1. Well slot 16 has a plurality of
budyancy air ta’nks 18. positioned therein in end to .e,nd arrange._ment. Buoyancy air

tanks 18 are secured together at their ends by suitable connections means as boiting.
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ul i cal I act uat e
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~(not- shown) to 0P@hAke rdMETLLS W?e?&l ﬁlgtchgn @@% ﬁxge ggn OSI t@@agégare
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Hydraulically actuat ed 25 connect o
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string. 26 by Sﬂé t a@eﬁe%?ﬁco%%egg lagad ne%ls o gl!lb%tr?a %gllshle d housing 30. Hydrautically

actuated connector 44 is facing upward to receive end connection member 40 secured
to the lower end of riser strmg.26 by suitable means as bolting. Prior designs have had -
this_situation reversed with end connection member 40 positioned on the top of
hydraulicaily actuated connector 42 and hydraulically actuated connector 44 positioned
- 30  on'the end of riser string 26. The prior design thereby required a much larger bore 34
in buoyancy air tanks 18. The current invention allows the'smaller diameter end
cbnnection member to be positioned on the riser string and thereby use- a smaller bore
_in the buoyancy air tanks. A separate or non-integrai design is shown in FIGURE 4
with hydraulically actuated connector 46 separate from hydraulically actuated
35 connector 48. Connectors 46 and 48 are seailngly attached to each other by suitable
- means as bolting. :

A typical method of use for the current invention would be as follows. Floating
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mechanlcal connector weflhead housing 50 is profiled to accept end connector

member 54 with seal 56 interposed therein. In all respects, - integral mechanicai
connector wellhead housing 50.and end connection member 54 functions as in the
pre\)ious embodiments.
, ' FIGURE 6 shows an alternative embodiment utiliiing a hydraulic connector

- 30 integrally formed on the wellhead housing. Integral hydraulic connector welthead _
housmg 581 s shown in a vertical orrentatton secured to the seafloor as in the previous
embodiments. Integral hydraulic connector welthead housing 58 includes a ‘
hydraulically actuated connector 60 formed on the upper end thereof. The upper ehd
of integral hydraulic connector wellhead housing 58 is profiled to accept end connector

35 member 40 with seal 62 interposed therein. In all respects, integral hydrauhc connector

wellhead housing 58 and end connectlon member 40 function as in the previous
embodiments. ‘




h25, :chanical'connecfor wel | head housing 50 is profiled to,acCept end

connect or menber 54 wi th:seal 56 interposed therein. In all rezge ts,
i ntegral nechani cal connector well head housing 50.and end conn /5472005

menber 54 functions as in the previous enbodi gents. FIGJRE 6 shows an
al ternative enbodinent utilizing a hydraulic cégﬁnect or b%ﬁﬁﬂt §68§|39§/19'PCT

formed on the wel | head Treusinstghction éFtn@pRbrali¥ Gh@ Hethod SR RBGHeLfg 6] l{eﬂa?e%% A '
e oor S 1N

housi ng 58 is sho | .cal orientation secured to the seaf
t he previous errbgﬁc]flldr?g% s%%%b %%P%ﬁseﬂﬁﬁf’%ﬁ? Wi be seadily vnsdersigod freedthe farresingg 58

i ncl udes a hydr aul #eggiintign aed il éd searthatd heve Hovidedraneppaatut BRd MEMed feend _
t hereof. The upper ®nfectifd riddit / J tor | | head housi ng 58
is profiled to gccept e [gé con glg%géag%éﬁ%%%g] a?fgg\r%mﬁgﬁ'?aé?g\ﬁ‘ﬁurg;"e\?md@ﬁdg%d
therein. In all “restEd E‘,e Q'rﬁ?'gijr”éFd #edheraby dlow sleseraositioningsf o slotigiang 58
and end connecti on averdbezdudtidnfinisizs bfame RtindWdsBa. RUHBYHRIS whidHRO SRl s

29/ 11/ 2005 6 DocketpMR s -PCT  The construction of ny apparatus
and nethod for connect isn?ﬁ%%?gﬁé?%@mﬁpﬁcfgﬁﬁﬂﬁp@&?@le"@ﬁ@mﬁnt@u&)eh\ﬂous

structure will be rez@ERviValen gtsrationsand modifidationsivilt expoi D @theteskiled Pitheart gy 1t
will be seen that Ithdeu@ngdasvirderit-alingB { or .connecting
riser between gqflqati D9 strs]%l and ing o é%@#l@&%ﬁ%ﬁ%ﬁ(“@%@@“ %éls
size of the air tanks Useq drferigrcry madifisalions.eedis livdisil orlp hy thg sodpetdiehevel |

. slots and overall apeehded cleimsi n si ze of the floating vessel. Furthernore,

while the invention has been shown and described with respect to certain
preferred enbodinents, it is obvious that equivalent alterations and

-~ Jrodifications will occur to others skilled in the art upon the reading and

nder st andi ng of the specification. The present invention includes all 10

“such equi val ent alterations and nodifications, and is limted only by the

©

scope of the appended clains. 7 What is clainmed is: 29.11.2005 1. An
apparatus for connecting a riser between a floating vessel and a subsea
structure, said apparatus conprising: a subsea structure anchored to the
sea floor, said subsea structure including a subsea well head housing wth
a hydraulically actuated connector sealingly attached; said subsea
structure including a second hydraulically actuated connector; said second
hydraulically actuated connector sealingly attached to said hydraulically
actuated connector sealingly attached to said subsea well head housi ng;




a riser string extending fromsaid subsea structure to a floating vessel,
said riser string including an end cdnnection menber at ishs1bgyer end for
seal i ng engagenent with said second hydraulically actuated connector; said
floating vessel- having a | ower framework, said | ower framework having a
pl ur addt ¥ cRfimawak:l sl ots therein, said well slots including a plurality of
gui de sl eeves vertically positioned within said | ower framewrk and
ext erfdAmgppamttsior doowaetingemiibeobetsesinch flobtiratviens! areissebseaandcturatsaldepparamse of
sai d opepisingt ot s having a plurality of buoyancy air tanks positioned
therein, said buoyancy air tanks vertically arranged to fit within said
pl ur é‘|jEP§§a$fm%q§aécf‘§F§é%@§ Sp%f&of- el ébbsetﬁffmcm%*a?w'ﬂmpserarwmﬁsrhraysm% ai d
buoy JWE ¢ ¥PUIE Al IESURES FANGeAOTHPINGYRUBEFE t hat al | ows passage of said riser
stri @gid%ﬁsga §f?x.'|c%r(§m u&@@&%&ﬁcﬁﬁd%ﬁ@? ac?l}a}e%ccgﬁr% tog 'saic'?‘nec%R@ ﬁr ré[ulr{sall{[ or
conNNeed B8 céhnbtisSeal ?B/ ShedtolshRAY A ATicHR Sekihted| nécté%@élﬁ‘ngl A tééﬁ@ﬁ 1 s%g .
acCOlsdhgag welhegd BbU¥ingl Wherein: said buoyancy air tanks a g connected in end
to end engagenent; and, the uppernost buoyancy air tank having a stem
] Ol nta rissrtstring ientgndifpeiredd saidBubSea sinctaveidia Adatifg Vedbel CARIMBELStING irlubing @h elet ween a
f | oatcpmgcopgwwibenzids pwsudrsider sstling ehgagematath daid gedood nyfdedutisallactwsdtesr ei n:  sai d
st emcpsieger i ncl udes a stemjoint stop positioned thereon, said stemjoint
stop c cLing with said |lower franework to Iimt upward novenent of said
buoy &7 foaling ?séﬁ%@“%%'r‘?“?%’affﬂ‘fggi}é/%' weriframeyprk davijea plifali e wed slotp therein,an
appab 3L U ¥ | '"(fgv ned Mgy ot 9y bt G Lopiange WHiYn sRdlowsr fiamewarkaifsea
g {0 the Tower of's 'F oatlnggesse and_ . . . : . :

structure~according to crarm=3, Wherein: said riser string is connected to
sai daBbafbhdiRhid WRREISE RaiRRANER) bittoftheSal HhiRBOYRIAEY thdldh, 5k RLGlcal |y
t ens kpRSvertRiall driahGdd 18 it withid-said plufiiityRIP BAdSiIdked MsitioRIINGhinisBid 1Gver fréﬁéwcp@,f[ ween
a fl eatl bingavy s ednka Rgliry aIBG@hosd thatGlibWSpaR 4R oidDrisePstlgdlili said.endher €i n:
sai dcomacties ticoteltavbedn sai d riser string.and said stemjoint includes a
wel | head housing sealingly attached to said riser string. 6. An apparatus
for édNrripaiahyg fol cpinsetinglgaseidehvesn b floating mepselesd elsulzad stuctbameerdmg tadiinr e
accof ##f§into claim 5, wherein: said well head housing includes a tubing
hanger., posi tioned therein; and, said tubing hanger having a string of
t ubi AY"° g%‘iyﬁrlﬁ‘f@ﬁ%tnﬁ%?r&c?)""&ﬁta‘?@ﬁ”gf?o‘?rﬂﬁn???eg‘gf‘tda@ubs ea structure. 8
29. 1]1... . j ' bet ween a fl oating vessel

the %B;ges‘?mzst bty aRBRR té}w%v.fm%lé %t%ﬂ?%ﬁ%fdgﬁc?ﬁlgatgyem .

and a s ea struct'ure accor _ ein: said first and
seconhnupgarath i 8blnkctg bWigdradmeen A RSAIAY Sesdbi@nd BEQAEAL Y wFLETBiEing to claim

2, wherein:

‘'said stem joint includes a stem joint stop positioned thereon, said stem joint stop coacting with said lower
framework to limit upward movement of said buoyancy air tanks when said buoyancy air tanks are
deballasted. ' .

4. An apparatus for connecting a riser between a floating vessel and a subsea structure according to claim
3, wherein:

said riser string is connected to said stem joint whereby deballasting of said buoyancy air tanks vertically
tensions said riser string, :

- 5. An apparatus for connecting a riser between a floating vessel and a subsea structure according to claim
4, wherein: '

said connection between said riser string and said stem joint includes a wellhead housing sealingly
attached to said riser string.

‘6. An apparatus for connecting a riser between a floating vessel and a subsea structure according to claim
5, wherein: ’

said wellhead housing includes a tubing hanger positioned therein; and,

said tubing hanger having a string of tubing attached thereto and extending to said subsea structure.




8. An apparatus for connecting a riser between a floating vessel and a
subsea structure according to claim & wherein: said floghijngopsessel is a
deep draft caisson vessel. 9. A systemfor connecting a production riser
between a deep draft caisson vessel and a subsea wel|head housing, said
Syst emne apiiFdtsd fBtonfecit S Rdr MetlvédMeribaliQUBLRDarverdb&s sirlctiB@c&fdndthedim @
hydr auvheraih]l y actuat ed ti eback connector sealingly attached to said subsea
wel | head housing; a second hydraulically actuated tieback connector

‘seal isaglfist and wetraldhydreulisallydclugigd aenniectas|age iafecratatfemetii eback connector
sealingly attached to said subsea wel | head housin a riser string

ext e d E %PHGF%% fergopnectingarisenkatyesn afiontingsrsig! a9 asubreastrusture pocordingdp Alaipes sel |
sai d rW PM"string including an end connection member at its |lower end for

seal ig Qgﬁgggggg%g@é }%ey?j a}saéags&%g&g hydraulically actuated tieback

connect or t cal sson vessel having a | ower frarrework sai d

| overy, A kst Jsonhaaf.h@g pRdRHE Ader btwBn @deb drat Bk SontVAEIePidY 2 vl\fl@néady ots
i ncl welisigy, Saidsysted dobnprigalg: gui de sl eeves vertically positioned within said
| ower framework and extendi ng to the I ower end of said deep draft cai sson
vess alsubseaavelliziad hessiy secueeddd theaea flowel | sl ots having a plurality of buoyancy
air tanks positioned therein, said buoyancy air tanks vertically arranged
to f PthydPeisaly 9§%ﬂ?‘6d B‘F%F'&‘Fqnﬂ‘iﬁt%ﬁe@'ﬂglué“@h%fé*?ééld posee elihead beushiin sai d | ower
r amewor k h 5 ﬂ/b r tanks havi n% a through bore that allows
pass %%CQQP.- joxe ;ttcttagta Ef AL RRIEE arainandttitie l? BrriralePtiAtihed. 10,
A sys 8r¥nec 3 5 Bsifﬁ&eflber? PELE bet ween a deep draft caisson

VesSerls&@gtnéeﬁHWmW@a‘d@%@&a sk 'ﬂgu Wbié réfpcagslsgr\ IReR) Rl rrstnnaa' d
buoy aokYinghh en@dﬁk&cﬁdrﬁnéﬂféﬂéﬁ Idvier BRrof &a fAlsaid@B&hnd hiy Ehhcally
uppebdaéd fspayieddayectl;r tank has a stemjoint ex en |ng t herefrom A
'system for connecting a production riser between a deep draft cai sson
vessedid derg deafsaalssaavensl havirgah lovna freinpgorB.canalven Gamenak BavingEluklzy &iwell sai d
st enplplgitherein, said wek slota insiuding f olurdlity of gyidepsbasives \erizd lytpositiened witsinsald Bivem j oi nt
stopfrﬁb%tqr??@%epﬁn%@lﬂﬁﬁ Ipvyeieand Oﬁa&h@ﬁbﬂwﬂwsﬁmwﬁseu%rd novenment of said
air tanks IS sai d b air tanks are deballasted 12. A

Sb?"e ?i‘ét??' gé 3? gy "’B’é‘f‘%eéﬂs'té’“ Pfﬁttr YENC¥ 8l

Vess Efdsve@llc: yarrﬁaﬁgh I“f't eséegey ;?dnfs fle s evHJrk 'sai d

ri sefom gtbﬁlg,e;nger%q st em oA ere a‘t’Y’ Ay of said
buoyancy air tanks vert| cal | y tenS| ons sai d riser strl ng. 13. A system for

CONNE: Al sPGerd farcorHestng @rpradusivh rb&tHeRREn 8 degrRaitiéaifsbn fabd aAda YRssLheRBsh a |
subsemiswe btdoasird to Haithsd wigeréle:cor ding to claim 12 wherein: said connection
between said riser string and said stemjoint includes a well head housi ng
seal $aitpupyangy pintanksdere seogreiddn eridde endsengagagnent; and,

the uppermost buoyancy air tank has a stem joint extending therefrom.-

11. A system for connecting a production riser between a deep draft calsson vessel and a subsea wellhead
housing according to claim 10 wherein:

said stem joint includes a stem joint stop positioned thereon, said stem joint stop coacting with said fower
framework to limit upward movement of said buoyancy air tanks when said buoyancy air tanks are
debaliasted.

12. A system for connecting a production riser between a deep draft caisson vessel and a subsea wellhead
housing according to claim 11 wherein;

said riser string is connected to said stem joint whereby deballasting of said buoyancy air tanks vertically
tensions said riser string.

13. A system for connecting a production riser between a deep draft caisson vessel and a subsea wellhead
housing according to claim 12 wherein:

said connection between said riser string and said stem joint includes a wellhead housing sealingly
attached to said riser string.




29. 11. 2005 14, A systemfor connecting a production riser between a deep
draft caisson vessel and a subsea wel Phead housing accorghrgo4g cl ai m 13
wherein: said well head housing includes a well head christmas tree :
positioned thereon, said wellhead christmas tree includes a tubing hanger
posi tioned therein; and, said tubing hanger having a string of tubing

at t adhesisysker fet @nasutingex preddttiorgrisePbddbeth 2debs eaf vatdohoadel AMausun@a whhead
syst émsirgraccatingotdang 1awjpereiduct i on. ri ser between a deep draft cai sson
vessel ‘and a subsea wel | head housing according to claim 14 wherein: said
fi r staid M@glihead Benging jsiuden 9 wellhpsd chastmas ber Rasilipnpdithesenmnect ors are integrally

formed. 16. A nethod for connecting a riser between a floating vessel and. a
subséﬂdyf&?é? W'é{maégrﬁf)wf"g&??gf tbjeg anggyposifigned fisesmi 28hi ng a fl oati ng vessel
over - - | j jser._between said floating
Voss g TR RN Falfig Yl Br Bb G RBNEE o Do Babch Bl 801 A8 Wbt oue ng
with a hydraulically actuated connector sealingly attached on said subsea
St r uab.ux gystedit foradhhedfhgta F6@Rish ity tEcitch Galeby draf taidtbR (oS BINAE 6 sMseh WeRa4 | NY
engagemirgtactodispio dlainy 9 whdréical | y actuated connector sealingly attached to
sai d subsea wel | head housing; providing said floating vessel with a | ower

f r a9 fingt andseengd hydsaulieadly petyated tiahetk cogmeastoss ar integratly fopoed. t i oni ng vertically
a pl lity of guide sleeves within said | ower framework and extending said
pl ur _3%'93%?" °b°g’ﬁafét'%q BUspERetyeen g floafing wepsebang arubees HUstYg efoMPESiNghe alpps

i nst 8 1 i ng a plurality of buoyancy air tanks within at |east one of said
wel | skt : [ i [ f Wy 0 fit

w t ey o 8Pt A0 ol 3baRii e Ll ohod con BURYBH leh el st
framewor k; and, providing said buoyancy air tanks with a through bore that
al | opésitipaing agehsed walhibsH Kdusifg with & Rydrduli@iNFact GRS RRkdcN sEBRRPatRhdamhad. 17. A
met heuwbséaostrucornecting a riser between a floating vessel and a subsea
structure, according to claim16 further conprising the steps of: securing
sai datirgipanescond hydraufidelly aqtuatsrcbonrecton th sealifa gegraamentamehid vdoalicllywaptitates
uppefIrpetiorsadipg aifpcapd tosaid Rukten wellhead kausingi nt ext endi ng therefrom 18. A
nmet hod .f.or connecting,a.riser betwe a floating vessel and a subsea

st r ulPYIFd s%‘ﬁ@@ﬁ?ﬁ Y5 Wi lgfvﬁﬁfWeWP%g’FH%?aEHWBV%E“P’%'@'OFSAEG@.'FépS of :

posi ti-.RRAl; ; Mot L W) o) wth said | ower
B A RS A GBS il AR 21

i I

buoyancy air tanks are deballasted. 19. A nethod for connecting a riser
bet wagallig & ploalty SFhudREsLdi tadkd withis dDERR oS of dill WePslotd 66P4fHNEBg 58d BLAIILA S
f ur t heyarcp aiptankd tadt withex satdensaliof of glidesleevgs pasitidndd within dalil v ramawdhc:Shem | oi nt
and sai d buoyancy air tanks through bore until said riser end
providing said buoyancy air tanks with a through bore that allows passage of said riser with an end
connection member attached.

17. A method for connecting a riser between a floating vessel and a subsea structure, accdrding to claim 16
further comprising the steps of:

securing said buoyancy air tanks in end to end engagement; and,

providing the uppermost buoyancy air tank with a stem joint extending therefrom.

18. A method for connecting a riser between a floating vessel and a subsea structure, according to claim 17
further comprising the steps of:

positioning a stem joint stop on said stem joint to coact with said lower framework to limit upward movement 7
of said buoyancy air tanks when said buoyancy air tanks are deballasied.

-19. A method for connecting a riser between a floating vessel and a subsea structure, according to claim 18
further comprising the steps of: '

running said riser through said stem joint and said buoyancy air tanks through bore until said riser end
connection member reaches said second hydraulically actuated connector; and, ' :




connection nmenber reaches said second hydraulically actuated connector;

and, 10 29.11.2005 actuating said secdfdd hydraulically ac% %@5connector
to connect said riser to said subsea structure. 20. A net connecti ng
a riser between a floating vessel and a subsea structure, accordl ng to

cl ai Bethingfsbitl 6E&Rhd ARMAIEAY BAudEECORRERR? tdtonnd PEUERL BGaRAliskel bERIUrsSt ring to
said stemjoint whereby deballasting of said buoyancy air tanks vertically
t ensi20nsmsthodifor comeectisg # ristg betiéen dMvatmDaESH Bl 4 Qibs@03MIE0ke] RGording tsddimhet ween
a f| Gatherepmpdsingsthe steph o subsea structure, said apparatus conprising: a
subsea structure anchored to the sea floor, said subsea structure including
a suﬁ%ﬁctwas iF) 361 B9 Sld Stam iolt wherehy siebailasting Phgidhayrscsaipiisgryicalyt ached;
sai d OFEHINEPLRINGr e i ncl uding a second securing means: said second

I
ztetcurzll r}ﬁ %ggrgés ﬁ)?% 'ngée! £¥ \?\él% %{\}vgen a h Oatiﬁ%vesael F‘mi%?&%ﬁ ftwﬁt% )r,(r?% %ﬁp%ge? lfs:, ggn y

sai d subsea structure to a floating vessel, said riser string including an
end aGoEHRE 6inicARe SRABEd todhe $daSiobrONRd suBESh Jt@étu@%ddﬂ@ aQ08RE WaRbd Whdshhgsai d
secomh Sﬂl@tﬁdcmglgmf%aﬁ&seaﬁr@hﬁhtfﬁiblﬁatl ng vessel having a | ower frarreworg said
| ower framework having a plurality of well slots therein, said well slots

i ncl sld pubsen Pluotues indudingfa sgairdeesiriog meansy said secard gecmpmasurtaanmmannywdﬁmhesal d

| ownete ﬁﬁrdd"ﬁﬁéﬁﬁﬁuﬂngi’ﬁ%ﬁnsé%"é@itlﬁtﬁa@hﬁﬁoﬁﬁéSlll%mwe'@ﬁ@ﬂ fsfusisai d 1 oati ng vessel ; at
| east .one of said vveII Iots havi n fPl urality of buoyancy air tanks

posi £l PH 5'.9 °|m gglﬂfeg g flo §S &pifl riseg siri gﬁﬁlﬁﬁw% fit

wi t hPIMEEP MG At |t§t OW%rfenatﬂ r&?g@‘? 36415@ OW%FW g 41°8"S ower.
fra”?é@ﬁcl%}mg\%@é DANGSF fnbwdrRIYSR WY \/?orlﬁ el P%r&'é& % WALt f Wle W? .
Pas S §Gewal st luding>Eluraity bfrﬁﬁld\é"sfegve%@b ca‘ﬂ s@tBH&?\ﬁl @\EJ sai d

buoy aéndingitd the RiMFerdlf s&@MiRRg Rdsd;n. end o end engagenent, t e UDper rmst
buoyancy air tank having a stemjoi nt extending therefrom and, said stem

j oi nat l¢astdrnedésaidwsltstnts havingta phtraify qf 68dyanaye darks postioned thereid, stHiddtojadicnir St op
coaclenksgredically againgdd kaofiveithin Baid pienbity lef guidelslesves popitiered withiv eaie fotveoffansssiock,
buoyeaithuoERNCy aisigRS eien a dupughiborsyieai efovsivessagmiissaigiiser srloalith agid el 22 An
appa?%f'ﬁ%'o'? BEMEY FHcked: ng a riser between a floating vessel and a subsea

S Al oA o BB

verti caII en5| ons sal r| ser string. 23. An apparatus for connectl ng a

ri S%a:@&é%ﬂf‘maucﬁés%énﬁlﬁ Y 855 Sdsitiond tRer&dH SR @stSh dik kidh Goft R b Cl @i m
22, tdwesutdto Ilrﬁﬁbﬂvaﬁd)rlﬁ&%%fehl 06t s éL&@ﬁﬁbyé@lt&kg Wﬁ&fsaﬁﬂu‘o%&%@ﬁi tafid ﬁest em j oi nt
i ncldaﬂelsasadwel | head housi ng seal ingly attached to said riser string.

22. An apparatus for connecting a riser between a floating vessel and a subsea structure according to claim
21, wherein:

said riser string is connected to said stem joint whereby deballasting of said buoyancy air tanks vertically
- tensions said riser siring.

23. An apparatus for connecting a rlser between a floating vessel and a subsea structure according to claim
22, wherein:

'said connection between said riser string and said stem j'oint includes a wellhead housing sealingly
attached to said riser string. .

.24, An apparatus for connecting a riser between a floating vessel and a subsea structure according to claim
- 23, wherein;

said wellthead housing includes a tubing hanger positioned therein; and,
said tubing hanger having a string of tubing attached thereto and extending to said subsea structure.

25. An apparatus for connectmg a riser between a ﬂoatlng vessel and a subsea structure according to claim
24, wherein:




24. An apparatus for connecting a riser between a floating vessel and a
subsea structure according to claim 28, wherein: said webd heagshousi ng

i ncl udes a tubing hanger positioned therein; and, said tubing hanger having
a string of tubing attached thereto and extending to said subsea structure.
25.  Aad appaidakstihd hpdra@iean @6lubtB@cohnbdt&rS brelifbgMBBRormef| 0Oati ng vessel and a
subsea structure according to claim 24, wherein: 11 said first and second’
hydr 26/ Ancapbérgtua & varinecting @misgtetwesn afleatingiteagel ahd ¥ sfiseasiciciudSactdrdir@@bcladh.  An
appalbtwherdiror connecting a riser between a floating vessel and a subsea
structure according to claim 25, wherein: said floating vessel is a deep
dr af £2ig fpating ypsyel sqpfeep sraft calgsonygeseht us for connecting a riser between a

fl oati vessel . and a .subsea structur sai d _appar.at us onpr.ising:. a :
cubogh PRRRT o MR aTq tehiseEa loe Bocl B SUThe bR Bt B3R wai ng
a subsea WEl | head housing with a first nmechani cal connector sealingly

at t agRebea SRicHIrSAHRERd BlthéSdatiosr, SANELustha\GruuR G RIafhg AREHRA WefHead AORRGE OF
sai dwaies i3t eopered bormbetbraRimgl Aftachsgal i ngly attached to said first
mechani cal connector sealingly attached to said subsea wel | head housing; a

ri sepaiésybserystexiueriohiutingfar enorslansthanidab@anatar Lsatdiseeoridaneghdricabdonngtores s el
sai dsedlingly attachedie saithtrsUni¢ahgnicahcamnerctorseriingly Bitashedriorsbid sulsea welhehdbmsingnd f or
seal i n_g e enment with sajid second nechani cal connector; said floating

nga
& 1545 SUING EXeNNg oM SEd.sHbRRa SIRUCtuR o oGRS vorseh SERHPA SHEY INAHCA0 31 Wial i Ly of
S paon PR o 1 P g B BeB Peeakal B o | oo

ver t LaahdYnPR3ed hAHRD Wk HaReRdth Lald WG 1y M%Jfr\gaa furay@ S SRHLIOY tlePesd N
| ovetsieh wﬁf’ ﬁaugﬁ]fmﬁ%grm@%@heesa it éﬂ?ﬁgsx?; N @i m.&é&d%'fﬁamﬁﬁ&kaﬁdw ng a
pl ur aliérdihg®d th WakAEHedof 34l fidaRkvesi@sSi tioned therein, said buoyancy air

tanks vertically arranged to tit within said plurality of guide sl eeves

posi ttileseshewl sdid welssdotslhdvingerpidralignas wodykincy afaartts bositibastierainf saiciégandgyir Ng a

t hr otaghs vedicalytaltaged ltd i wmathip agig algelity bf gededlaelasqrosiidred mithinsaith lcs@t fehneswnark,
conngsit bugsanei aip ankshaviag ladhfoughdior thal eljensepssage ot eikiserstringedithsaideed] in end to
end eRgGenBaAmberafiechgdper nost buoyancy air tank having a stemjoint
extend{{)lﬂ_g t here rong and, s(gi d (itemjoi nt incLudes a stem%oi nt stog

posi T HEMERaT u%aﬁ "8 yMeAPLePR o SPYAGCREUCES HRPSURISHOUF Y P ipak having

franenor oS F gth%rﬁ\ﬂ%'?;ém venment of said buoyancy air tanks when said
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27, adnen=eied. said riser string is connected to said Stemjoint whereby

debal | asti ng of -said buoyancy air tanks vertically tensions said riser
st r i 28y An apparatus for connecting a riser between a floating vessel and a subsea structure according to claim
' 27, wherein:

said riser string is connected to said stem joint whereby deballasting of said buoyancy air tanks vertically
tensions said riser string.

29. An apparatus for connecting a riser between a floating vessel and a subsea structure according to claim
28, wherein: oo

said connection between said riser string and said stem joint includes a wellhead housing sealingly
attached to said riser string. - : '

30. An apparatus for connecting a riser between a floating vessel and a subsea structure according to claim
29, wherein:

said wellhead housing includes a tubing hanger positioned therein; and,
said tubing hanger having a string of tubing attached thereto and extending to said subsea structure.

31. An apparatus for connecting a riser between a floating vessel and a subsea structure according to claim
30, wherein: . o

-said first and second hydraulically actuated connectors are integrally formed.




29. An apparatus for connecting a riser between a floating vessel and a-
subsea structure according to claim 28, wherein: said coppechiogn between
said riser string and said stemjoint includes a well head housing sealingly
attached to said riser string. 30. An apparatus for connecting a riser
between a floating vessel and a subsea structure according to claim 29,
wher 82 min spaardtusddr cbreacting auisérgiwene h Bsting deskellahi g sttabBg Sfucrsidcbraing @ didvar ei n;
and, 3sastgreirubi ng hanger having a string of tubing attached thereto and
extend| ng to said subsea structure. 31. An apparatus for connecting a riser
bet wedifi flgating ysee! i Jeeg seft caisepnyessgbsea structure according to cl ai m 30,

whereLn: sai f| rst _and second, h'ydraul icall ctuated connectors ar
i nt egﬁgjyﬁm i ﬁs A"y SRIOGRIGE bebveeha agpdplraisor 5?Sse@ﬁﬂeé?95ﬁawa'heﬁ%er
bet weah S F10Rt T hg VeSS and a subsea structure according to claim 31,

wher gisihses kfhebd Rélfsln Jed(fiS8thels8a fpofieep draft caisson vessel. 33. A system
for connecting a production riser between a deep draft caisson vessel and a

subs aarsnedcldigaskank esifihdhdattabiiddo SHGEUBBRDMAREAHO0GAg; @ subsea wel | head housi ng
secured to the sea floor; a first securing neans sealingly attached to said
subseaeani kdveat hears isealinghpattebaiid sgié st sengingeaass sabiglyregthghed tid seichetlséz0 sai d
fi rswe@@@lijlﬂquﬁigg'rreans sealingly attached to said subsea wellhead housing; a
riser strin exten from sal d subsea wel | head housing to a deep draft
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deep draft caisson vessel having a | ower framevvork said | ower franmework
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f r aneamsvoriedid eteha@ngliontss bwerleh@of sRRkeadit 0dissoaieksgieep draft cai sson vessel ;
at |l east one of said well slots having a plurality of buoyancy air tanks
posi dtilensahetoheritwell sldabaling agjuaaityof auayandyaithanky pedtiooed thereiay salitgeghrcpaif i t
wi t hiankssgitigallylagrargded tofit withig edid plurslits el muidestesives roniiehedivithin maid kivelr frapveork,
f r aniifbhueyancy ar Hmbﬁjwaa eyhreon bererihes aluipagsage pimaisuiger sipoevith Baid eed | ows
-pass%&?@e"(y?” wgpperAteded: strl ng wi t h sal d end connection menber attached; said
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deballasted.

- 34. A system for connecting a productlon riser between a deep draft caisson vessel and a subsea wellhead
housing according to claim 33 wherein: .

said riser string is connected to said stem joint whereby deballasting of said buoyancy air tanks vertically
tensions said riser string.

35. A system for connecting a production riser between a deep draft caisson vessel and a subsea wellhead
housing according to claim 34 wherein:

said connection between said riser string and said stem joint includes a wellhead housing sealingly
attached to said riser string. .

36. A system for connecting a production riser between a deep draft caisson vessel and a subsea wellhead
housing according to claim 35 wherein:

said wellhead housing includes a wellhead christmas tree positioned thereon,
said wellhead christmas tree includes a tubing hanger positioned therein; and,

said tubing hanger having a string of tubing attached thereto and extendmg to said subsea wellhead
housing.




debal  asted. 34. A systemfor connecting a production riser between a deep
draft caisson vessel and a subsea wel "Aead housing accor dypgodgd cl ai m 33
wherein: said riser string is connected to said stemjoint whereby
debal | asting of said buoyancy air tanks vertically tensions said riser
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wherein: said connection between said riser string and said stemjoint
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system for connecting a production riser between a deep draft caisson
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wel | ARBIIRBIRSYAE™APPTRNSs a wel | head christmas tree positioned thereon,
sai d,weld-R6a e%@ﬁ%ﬁ% amhhqgﬂkgg H%FS a tubing hanger positioned therein
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and, sai aving a ing of tubing attached thereto and
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menber at its |lower end for sealing engagenent wi th said second mechani cal
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- 39. A system for connecting a production riser between a deep draft caisson vessel and a subsea wellhead
housing according to claim 38 wherein: '

said riser string is connected to said stem joint whereby deballasting of said buoyancy air tanks vertically
tensions said riser string.

40. A system for connecting a production riser between a deep draft caisson vessel and a subsea wellhead
housing according to claim 39 wherein:

said connection between said riser string and said stem joint includes a wellhead housing sealingly
aitached to said riser sfring. '

41, A system for connecting a produdtion riser between a deep draft caisson vessel and a subsea welihead
housing according o claim 40 wherein: o :

- said wellhead housing includes a wellhead christmas tree positioned thereon,
said wellhead christmas tree includes a tubing hanger positioned therein; and,

said tubing hanger having a string of tubing attached thereto and extending to said subsea wellhead
housing. :

42. A system for connecting a production riser between a deep draft caisson vessel and a subsea wellhead




sai d buoyancy air tanks are secured in end to end engagenent, the uppernost
buoyancy air tank has a stemjoint eXfending therefrom aggogai d stem
joint includes a stemjoint stop positioned thereon, said stemjoint stop
coacting with said lower framework to limt upward novenent of said

buoy ab@yngaictordindis Slawh @nwhaeif. buoyancy air tanks are deballasted. 39. A
system for connecting a production riser between a deep draft caisson
vess ehid firstiard ssednd ewchvwicahmarkctdnoars inegrallg womel.ng t o cl ai m 38 wherein: said
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Tl oatdnict¥®meRberaiison@qd:Subsea structure, 'sard apparatus ~conprising: a
subsea structure anchored to the sea floor, said subsea structure including

a sudsdisuonsicl bie ks we sorgotedintehd B dnid lefdagBMent] thé GopdRAGS bloYhrRY bR kdn¥ hhwigred on
sai da steingaiet ewehdifpstbetefmuandlg; a riser string extending from said subsea
structure to a floating vessel, said riser string including an end

conn@d §te/R joind ifpludes sterp joint sforeposiintied therees sdid sigmdoiy atpe weartinguvithsaskiower
secuﬁ’?"i‘g; Qs urwarimeYesant of gaid Buuancyrainiary wheh uoyangwaienks areai d | ower
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pas S”Giigé?1 efpastiisdordogrectingt & fisagbeivédn afmaiithgenskel and a subsea structure according to claim
: 44, wherein: '

said connection between said riser string and said stem joint includes a wellhead housing sealingly
attached to said riser siring. '

46. An apparatus for connecting a riser between a floating vessel and a subsea structure according to claim
45, wherein: .

. said wellhead housing includes a tubing hangef positioned therein; and,

said tubing hanger having a string of tubing attached thereto and extending to said subsea structure.

47. An apparatus for connecting a riser between a floating vessel and a subsea structure according to claim
48, wherein;

" said floating vessel! is a deep draft caisson vessel.’




_connéection menber attached; said buoyancy air tanks are connected in end to
‘end engagenent, the uppernost buoyancy air tank having a stemjQj
extehding therefrom and, said stemjoint includes a stemjoint 25%}()}%1/2005
posi tioned thereon, said stemjoint stop coact'1 g wth S%iffg | ower
framework to limt upward novement of said buoygncy ai POFAEI RIS RARHP303IPCT
buoyancy air tanks are deballasted. 44. Apgypaeat us for connecting a
riser between a floating vessel and a subsea structure according to claim

43, wherein: said riser string is connected to said stemjoint whereby
debal | asting of said budyastbyd aid arpanlus forephhettd Hser baneérPaBoaBR hstdiSEL 4
string. 45. An appadudbdtSstiueirL@neSihy _riser between a floating vessel
and a subsea structur&, accord; n t@tcﬁgf'.%zgﬁﬁt,ﬁe\?ﬁgﬁngﬁ‘\s.edﬂfjg'e P RE Flever
" between said riser SPHPHRE dfifte wall Yots ardwversitl reductinl v ies otthevidatingadséiqusi ng

sealingly att ached:lisctosecaime@bﬁaﬁt@meghm.an%ﬂ@@hmgﬂggau&% c&_]g%ggrcti ng a
riser between agfl ubsea structure according to claim

i v el .and a
45, wherein: said \j\%ﬁlﬂ%g(?%ﬁ%euésulbﬁ%a §tweq?1[?oaé'§j ofeptes laTgceivaryeseplingly eftenhdd a _
therein; and, said °CEBlemgniaarmIecotrestionymenisdroh tig: Iofertanbiof@ie Atdragihgd t hereto
and extending to said subsea structure. 47. An apparatus for connecting a
riser between a floating vessel and a subsea structure according to claim
46, wherein: said floating vessel is a deep draft caisson vessel.
29/ 11/ 2005 15 Docket No.: OID-030319- PCT ABSTRACT A nethod and appar at us
for connecting riser between a floating vessel and a subsea structure that
reduces the size of the air tanks used. and thereby all ow cl oser
—._positioning of the well slots and overall reduction in size of the floating
_Jvessel is disclosed. The apparatus includes an inverted hydraulically
actuated connector 5 positioned on the subsea structure and oriented to
receive and sealingly attach to a conplenentary end connecti on nenber on
the lower end of the riser string. - .
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