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WD 2004/ 038166 PCT/ US2003/ 032796 KEEL GUI DE SYSTEM
CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s

W@ppHiossté on clains priority to Provisional ApptT/U81008082796

Serial No. 60/419,992, 5 filed on October 21, 2002.
BACKGROUND OF THE I NVENTION In certain offshore
applications, keel guides are nounted to various
vessels or platforns to guide risers extending to
subsea | ocations. The keel guides restrain the upper
10 end of the risers against |ateral notion, thus

preventing the ri seiEELGUIDESYSTREMW t h each
other or with the vessel or platform Generally, a

keel gui decRORRIRERFRENOH IBAREEATHPAPPTIPATION

whi ch is attacned he nulr of the VESSel

pl at fHrisrapylichticonciaips poprity ao Brovisncmakapphcﬂaﬁoﬂsm Noab@419,992,
ermtted t vertically within the keel guide to

@Gﬂﬁ%bg&%rfb%};fmti on of the vessel or platform Each
riser is equipped with a keel joint designed to ride
within the keel gui de General ly, the keeI j oi nt

conpri ses a pi pBALdE 9 & hO!

wi t hstand t he bendi ng Ioads exerted on the j oi nt by

t he Keebrtajnbffehorcldpplitatiens, k¢ed puiles vy mbentpd watieds whdels or
n_outer ar. sl eeve, along the portion of the |

fqrms S 2wids kisers extending fes se@dqx‘@ ons; hﬁ'ﬁFﬁ} guides resttam the upper
é?ﬁﬁ)lf 'tHEQ‘ISEIg régamé% 1dtdrBAG O CRNG SRS n% ﬁ’le‘f‘ P Lﬁ%ﬁitb Btgrf@rmg with each
[ ower end riser and noved to e sea
oth@@r wiith theoveesed di pliitonmy Ereneraliy; h ke lgn*ele compriseny cylmlddcatl 0

<l ar, th
R ar s S e SRR e D ot PF 858 o Pl B smewrmsppriae
mracket of fset fromthe keel guide and noved into the
keel guide in a later procedure. In sone
applications, for exanple, the keel gui de is forned
th
\Iimeel I%se% tae %gﬂe/ag@%g V%t}grtl&ﬁw 81 19 {he k@ gﬁ%?«? ?o%o(}egfate for

fnmraf tﬁdﬁ\&siell sielatfotini [Eadith@ef is%qtilpp@ﬁﬁﬂeskédh Joitgbsigee to ride
slot and into the keel %gl de. The riser, is then noved
wyighip thediephguidsr iGenerally, thedasl J9iat somnsisesey RIPg $stiqerdjincreased

tﬂfékﬁ’%s F?Tx?i?hs E%{e tih@REToads Rbrtdd 6h HE Rintb9 il kebFauid! 48E keel

han t
_]Oll‘lt may be provided with an outer wear sleeve along the portion of the joint which

contacts the keel guide.

In many applications, a tieback connector is coupled to a lower end of the riser and
moved to the seabed as the riser is lowered. However, such connectors may tend to be too
large to pass through the keel guide of nominal size. Accordingly, the riser is run outside of
or offset from the keel guide and moved into the keel guide in a later procedure. In some
applications, for example, the keel guide is formed with a slot, and once the connector has
passed the keel guide, the vessel or platform is translated toward the riser until the riser
passes through the slot and into the keel guide. The riser is then moved vertically until the
keel joint enters the keel guide. The outer diameter of the keel joint is larger than the width

of the slot to restrain the keel joint within the keel guide.
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30 of the slot to restrain the keel joint wthin the
keel gui de. WO 2004/038166 PCT/ US2003/ 032796 |n sone

W@pEHiossaté ons, the riser is lowered until the PCEDS2K3/032796

connector is below the keel guide. At this point, the
vessel or platformis translated, until the riser

nmoves through the slot in the keel guide. The riser

is then I owered and positioned until the keel joint is
within the keel guide, the riser is tensioned and the
keel joint remains positioned in the keel 5 guide.

Tr andh atrheapplitatione, thessels lovergd attl thetiebasktcapnactos érbelow the

ek i At PO el of PG SR e Bt g o throuh

5 9663 $he 1RGO Bk ki¥er is BUEIbWRRdARD pONREdhel VRIiIGRS kagl joint is
requires the cutting of a slot into the platform

within thedkee gufdelBe sisdrfis tensioned wadithp keed jqieirpinping pesitinagd infhe keel
of .the riser froma position external to the kee

$id%e to a position within the keel guide. SUMMARY

The present invention relates generally to a techni que

for guiding a riser in an 15 offshore environment. The

t echhnitaasation of the aessel o plaprgytodhe B Pouleday ithhgpsqguent movement
¥ A i bass hidaionall

SN YFL o, RIS 0L o R L B Mooy,

ueli ;i dppecktyipically teqeiss thesnttingrif aclot inkethe pkform structure of

t her et hrough. The bushi ng. assenply al l.ows the . use of .
St i AP PP e Boe Posgh cugineh § DRl suide
{oq_plgﬁ{igg ‘E’V&Biﬂ%&&%ﬁéﬁg&. of a tieback connector, while

st guiding linear novenent of the riser within the
keel guide. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS

Certain exenpl ary enbodi he invention wl|
hereafter be descri bed w@@éﬁgence to the
acconpanyi ng .draw ngs, wherejn Ii kgﬁ{r effer ence nuper.al s
denot Ehe|irgeent inyeahigmtedatesgrpprallydo piteshnigue for guidingadiser in an

gﬂ;fjslﬁétgfehgpﬂme\[ljc. O cttidub SflizeDE biBingS e blPHat HayPodtRttively
landed within a keel guide. The bushing assembly also comprises an opening sufficient to
permit relative linear movement of the riser therethrough. The bushing assembly allows the
use of a keel guide with a larger diameter, e.g. sufficient to permit the passing of a tieback

connector, while still guiding linear movement of the riser within the keel guide.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain exemplary embodiments of the invention will hereafter be described with
reference to the accompanying drawings, wherein like reference numerals denote like

elements, and:

Figure 1 is a front elevational view of a riser being installed in a keel guide,

according to an embodiment of the present invention;
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according to an enbodi nent of the present invention; 2
WD 2004/ 038166 PCT/ US2003/032796 Figure 2 is a top

wo2@wosflie@ keel gui de, according to one enbodi PENUSHN3/032796

the present invention; Figure 3 is a cross-sectiona
view taken generally along line 3-3 of Figure 2; 5
Figure 4 is a partial cross-sectional view taken
generally along line 4-4 of Figure 2; Figure 5
illustrates one enbodi nent of a bushing being

installed in a keel guide; 10 Figure 6 is a.

cr ossFigae Riionmb vidveof a kekkguidpersprdingyo aneerabadiment of the gresent
F'gure_S; Figure 7 is a top view of an enbodi nent
BEMUo% ng several keel guides arranged on a hull; 15
Figure 8 is a top view of another enbodi nent of a kee
gui de having retractable pins for retaining a __.

bus hi Figure Biigjugresssseptional wpw daken gensrallz alopg Has 3v ERIg 5N
generally along line 9-9 of Figure 8; 20 Figure 10
illustrates a guide bushing being installed in a kee

gui deFigsreidlid alpdrfilicashs-isectiordl giemetaln geharaltyealdrig lire 44 of Figure 2;
cross-sectional view of a plunb nounted | ock-down pin
assenbly taken generally along line 11-11 of Figure

9, 2 5Fi'§411’% léfi@us&%teh SnerSbRGSent 6£4 bRk b¥ine WMstil18d I kdeDguide;
Fi gure , but show ng an obliquely  nounted | ock-down
pi n assenbly; 3 WD 2004/038166 PCT/ US2003/ 032796

F 13 . t [ of I it .k [ ]
ot %1 et 6 1 protrorepiiargliviby cheR sty along Jiaf B o e
hul | ;

Figure 7 is a top view of an embodiment utilizing several keel guides arranged on a

hull;

Figure 8 is a top view of another embodiment of a keel guide having retractable pins

for retaining a bushing;
Figure 9 is a side cross-sectional view taken generally along line 9-9 of Figure 8;

Figure 10 illustrates a guide bushing being installed in a keel guide as illustrated in

Figure 8;

Figure 11 is a cross-sectional view of a plumb mounted lock-down pin assembly

taken generally along line 11-11 of Figure 9;

Figure 12 is a cross-sectional view similar to Figure 11, but showing an obliquely

mounted lock-down pin assembly;
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Figure 14 is a side cross-sectional view of another
enbodi nent of a keel guide 5 having spring-I|oaded

WO 240ai08816¢) pi ns; Figure 15 is a side view of tPEeT/ys20d8032796

bushing illustrated in Figure 14 being installed in a
keel guide; 10 Figure 16 is an expanded view of a
spring-loaded retaining pinillustrated in Figure 15;

Figure 17 is a side cross-sectional view of another

enbodi ment of a bushing disposed within a keel guide;

15 Figure 18 is a cross-sectional view taken enerall¥

al ongFigimed 3 18 0B vistv afiagplirality pf keeFgujdasef the type iBustigfsd in Figure
IGM/Of an ner enbodi mrent of a keel guide having a
6@?“ SRR qﬁ n assembly; 20 Figure 20 is a side

cross-sectional view taken generally along |ine 20-20

of Flﬁure 19; Figure 21 is _an expanded view o

n. .
embodi igatstl4dT2 §dq Gese-seesinnaliiew akaatsr gmboginent Pﬁ%??eéwde
j i IS a cross-sectional view
{l%ﬁgns% gcla(fag ﬂag’l%cgﬁ)ggﬁz’i ne 22-22 in Figure 21; Figure

23 is a cross-sectional view taken generally al ong
line 23-23 in Fig ;o 200/038 . ..
PCT/ Lﬁge@éﬁe%@sz@%wewge@?@wﬁa 1R g o5p o gheql being installed

Fﬂggg of a keel guide system having a band-type
ocC in%ﬁdévi ce; Figure 25 is a side parti al

cross-sectional view of the keel gqui de system
illus

cros SI: £ %1%6?1%1 ex\%? f ’a?k”e aﬁ’@ﬂ%&%ﬁ%@ rstf’“é’Hl& Tyin {Jlystpied ip Figure
@6, Figure 25;

Figure 17 is a side cross-sectional view of another embodiment of a bushing

disposed within a keel guide;
Figure 18 is a cross-sectional view taken generally along line 18-18 of Figure 17;

Figure 19 is a top view of another embodiment of a keel guide having a lock-down

pin assembly;

Figure 20 is a side cross-sectional view taken generally along line 20-20 of Figure

19;

Figure 21 is an expanded view of an embodiment of a lock-down pin assembly

illustrated in Figure 20;
Figure 22 is a cross-sectional view taken generally along line 22-22 in Figure 21;

Figure 23 is a cross-sectional view taken generally along line 23-23 in Figure 21;
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and 10 Figure 27 is a cross-sectional view taken
generally along line 27-27 of Figure 24. DETAILED

wORBERsHe ON OF EXEMPLARY EMBODI MENTS Ref er r i PQI/US2003/032796

generally to Figure 1, an exenplary enbodi ment of a
keel guide system 30 is illustrated. Keel guide system
30 conprises a keel guide 32, a riser assenbly 34 and
a 15 bushing 36 to be selectively | anded in kee

gui de 32 In at |east one enbodinment, riser assenbly

Cerpol TS 3 12 i gay bEPmAmbRRm GERLsR e i Sitierhayipe pfend-tpe

K@gﬁ%kgwﬁé 38. As riser assenbly 34 is noved

downwar dl'y t hrough keel guide 32, bushing 36 |ands in

keel guide 32 and is released fron1r|ser assenbly 34

to perm eel. | o] i ea . .
di r ectleure 2 25k i5 Piim%é gaan %} r%or?ls n tlgléal ]ygyvr}g éﬁ eef;gqléf sggem illustrated in
Flyueamlh bushing 36. In the enbodi ment illustrated,

keel guide system 30 al so conprises a connector 40,

such as a tieback connector. Keel guide 32 is sized to

per m L .
a1 s PGSR0 o B R gl sl HEE 2896 Bphe 25
Addi tionally, keel guide 32 25 nay be attached to a
structure 42 which, by way of exanple, conprises a

hull of a vessel or a platformused in an offshore

appl i pRLieY is K6Rks-Qtidhal véw 'ta%eﬁ‘%érﬁ Eglotng 1ih@?7-!¢§§ﬁéure 24.
or platformvia an appropriate brac

2004/ 038166 PCT/ US2003/ 032796 One enbodlnent of kee

anbod | @L&&gﬁ%@ﬁﬁl
ambod REATTERPESCRIHIONY R SrhbL At S
platform by bracket 44. An inner dlaneter 46 of kee
gui deReBrring seperalivdp Eigurs L pa p¥pmnleyy smpedimeaialf a dselguide system

n t
el A 30 By PR OB, 7 R il 34 and o
kwingg”iﬁ tdbe 8deativetp tandeisin &ed igdile 3ol atdpad@nt hmboctmmndser
t he i tudi nal |en t of . keel i e 32.
eI AR RS Aol BB e iBng S8 sdSpatotupled toriser

assembly 34 at or below keel joint 38. As riser assembly 34 is moved downwardly through

keel guide 32, bushing 36 lands in keel guide 32 and is released from riser assembly 34 to
permit keel joint 38 to slide in a linear direction within an opening 39 formed axially

through bushing 36.

In the embodiment illustrated, keel guide system 30 also comprises a connector 40,
such as a tieback connector. Keel guide 32 is sized to permit the passage of connector 40 as
riser assembly 34 is fed downwardly towards the subsea floor. Additionally, keel guide 32
may be attached to a structure 42 which, by way of example, comprises a hull of a vessel or
a platform used in an offshore application. Keel guide 32 is attached to the vessel or

platform via an appropriate bracket 44.
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and closed a slight anbunt to increase or decrease the
effective internal dianeter 46 of keel guide 32. A

wo o@kiosgyealevi ce 50, such as a band-type | ocki nBCTHES2008032796

is coupled to keel guide 10 32 to open or close the
keel guide 32. One exenplary |ocking device 50 is
illustrated in cross-section in Figure 3. In this
enbodi ment, | ocking device 50 conprises a pivot

bracket 52 attached to keel guide 32 by, for exanple,
wel di ng or other appropriate fastener, on gne siPe of
openi Age agbodingiof fepl Byidewetemsy is diustratedm Figyse 2. Indhis
slpots 54 for r.ecejyi i ' endi;
FpBhmatt f GLeViEr ELI ey R ERRRNCH ARy R0t i
afatnerh a6l of leckg@ade i sldfidentyylargetodilioy mmssage bitieback connector 40 or
appropriate fastener on a sjde of i ng 48 opposite
Q&WBPHHPQ@ﬁéﬁmégi“@@@%ﬁ@mﬁﬁﬁﬁ?éFﬁﬁﬁﬁggﬂprises a 20
renote operated vehicle ("ROV') bucket 62. A stem 64

is coupl ed between pivot sleeve 58 and bucket 62 and
ext ends ilhstratsd; ks¢lgeido B2 nomypyiséBa sidt epandy 4¥ebatisetends the

hr eada n d . wth,pivot.sleeye 5 nd. .r i.ne
g idbotie e a8 st G Yo Uigh 22 @ ¥
sipubdan sibhtandusk th flcRh® i dedrédd@ i@ feSive iitbrhall didhdi@T46 of keel
conprises a head 70 that extends into ROV bucket 62.

Elaidel 327.0Aleckingzdsyvisd 59, nches gdgedrivie lagking deyise igipuplgd torkeel guide
mani pul at.or, 25 t. | ectively increase or decrease

%%eatoﬁaﬁetg?geee?%%g%?%g 48 and thus the dianeter 46

of keel guide 32. Referring generally to Figure 4, in

t hi s enbodi nent [ wear . byshi

bushi ng 36 ¢ rises a . .
assenPng exemplary iesking dPYigf‘aW i§ Hﬂ\ﬁnﬁ%ﬁ‘“f W FEess-SERoRAL WS g’? In this

T RTRT TP P
Barshampleywettiap of dthamgiprapydte fatendryordnewiterof apengr48. Pévot

\ea nbers 76 nmay,be ached. t o bushi ne r..74,.

bipekei o6 enBpases St oh0ots o BEevshmegnme PRy PR TR geging from

EE@&WQQ&EQ@F keel joint 38, as illustrated. Thus, wear
nbers 76 naybe replaced due to, for exanple,

sacrificial wear. In other enbodi nents, wear nenbers

76 5 Cc ri.se.coati [ 10t . :

sur f ateeS R RCofe Pl oo Ry hidEa bY AR or 0B e

fastener on a side of opening 48 opposite pivot bracket 52. Second bracket 60 comprises a

remote operated vehicle (“ROV™) bucket 62. A stem 64 is coupled between pivot sleeve 58
and bucket 62 and extends across side opening 48. Stem 64 may be threadably engaged
with pivot sleeve 58 and retained against movement relative to ROV bucket 62 by a
shoulder 66 and a retaining ring 68. Stem 64 further comprises a head 70 that extends into
ROV bucket 62. Head 70 is adapted for engagement and rotation by an ROV manipulator
to selectively increase or decrease the width of side opening 48 and thus the diameter 46 of

keel guide 32.

Referring generally to Figure 4, in this embodiment, bushing 36 comprises a wear

bushing assembly 72 disposed in an annular space between keel guide 32 and keel joint 38.
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detrinmental effects of wear. The coating may be forned
of a hardened netal or a nonnetallic material applied

wo eoob3diberg nmenber 74. Bushing 36 is sel ecti vePgT/US2003/032796

received and held within keel guide 32 by a retention
or 10 I andi ng nmechani sm 80. An exenplary | andi ng
mechani sm 80 conprises a landing feature 82, e.g. a
groove, defined by a |l ower shoul der 84 and an upper
shoul der 86. Bushing nmember 74 is received in |anding

feature 82 and is retained agai nst axi al novenent by
Nvfm bushing AserarblB 42 hasck upipes mewben 7depd gluralBy ghwear members 76.

I :
rﬂe %% %%‘QJ lﬂ:gc} g‘%%g Fb;l;r'ﬁlsﬁgg ﬁlg{rftbgr ’K@@J fia%&léegsg sttAfivas screws 78
aﬁa eﬂ&’@riyntgdtohgeaﬁagmmdel]gmﬂm; hailfustratlB Tmis,iwdan ﬁltefnhére @6 may be

|n Fi gure 5, exenp] ary nount hani sm 8
3 é@%mafoe F’é’c}ﬁpl%é?fﬁ@&{abwe@ow*’?%“@ga tssws\?ééfrembers 76
' c¥
Fﬂ%’ e SRSl (g foaRa yhicks £, AED ST, b g te
rdegmientd eﬁemf@@ar Al henatingohayrie fOnedof ¢ bedeisd rhablona a

R e

joint 38. Lower clanp 94 is secured to upper clanp 98
by a plurality of tie rods 100 and  correspondi ng

f ast eflusking 36 tsteelgstiveltrscengd andhbeld wiithiskegk guérle 37 t¥¥| agefewtion or

R N R N T R

BB droGR! dens&PPh }bv@ﬁstb}ﬂd@xmﬁ amﬂ armpper sBidep(86] Blighing
fasteners 108, such as screws. connector 90 is

4 fsgeshived b lqading éeatugﬁs%?e%lyreﬁgws;agﬁas;ta@ah@ﬁavemeﬁt by
t ustrated, posts 110 extend
lggﬁﬁﬁagg%ggﬁgﬂnﬁg*asse %é 72 to upper clanmp 98 and
are secured to upper clanp 98 by shear pins 112 (see

Fi S)...7 004/ 038166 .PCT/ US2003/.03 79 Pr | .
o urhirtiiiedauEnt g Shah o QuKie ot B o ey bplegorarly
K@Bdhedtd Iqls%r g%erh@lg%mby %hﬁﬁnﬂﬂgﬂne&@&srﬁ%@@@hﬁwuﬁéﬂ RPk®5. One

open keel guide 32 t0 a position where the inner
dixanplasrmagitind pieehaninud &@presas@m@mcqnge@dm S9twiigh connects wear

Ib%rs Eé astsgm yt79 % gsl“els‘f g’ssgn%blg L geel}erearlly a[ thg ljllic’ncjuorgbetween keel joint 38

and a next lower riser section 92. A lower clamp 94 is secured below a flange 96 disposed
on lower riser section 92. An upper clamp 98 is secured above flange 96 on keel joint 38.
Lower clamp 94 is secured to upper clamp 98 by a plurality of tie rods 100 and

corresponding fasteners, such as nuts 102.

As illustrated in Figure 6, lower clamp 94 and upper clamp 98 may each comprise
semicircular halves 104 and 106 that are secured around riser assembly 34 by one or more
appropriate fasteners 108, such as screws. Clamp connector 90 is secured to wear bushing
assembly 72 by posts 110. In the specific embodiment illustrated, posts 110 extend from
wear bushing assembly 72 to upper clamp 98 and are secured to upper clamp 98 by shear

pins 112 (see Figure 5).
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36. The inside dianeter below | anding feature 82
remains slightly snmaller that the outside 5 dianeter

w@boobsdiberg 36. As bushing 36 is | owered i nto REBIUS2003/032796

gui de 32, bushing assenbly 72 [|ands on | ower shoul der
84. As the riser assenbly 34 is further | owered, the
wei ght of the riser assenbly causes the shearing of
shear pins 112. The riser assenbly 34 then continues
downward and | eaves bushing 36 retained in keel guide

32. Locking device 50 may then be actuated to close
keel GuPHE ragning Hyer @&ﬁ@pblu éﬁdhfejlocm& deicemiyarkesk guide 32 is

BASEAA B L, B RV A P B 1 A e e o
THamdter 46 abeved iy fyatamﬁZI icdightylargar thiaw t}mloluts)dealﬁanh’&ﬁlof bushing

38 155 g el bC T i Fom e Y Rl gt bpouside

Tdiantdd® of P&hingB6d %\é'bﬁﬁﬁné% is %e@&ﬂhtoh&%@l uiél PELRK B assembly 72
oriented for "accessibility by an y usi ng

tim;ih on @pswes énquldee&fb hAs_Ble kiser|assgunblye3432 fur@tgtrﬂnwctedrtiae peight of the

onent s can ownwar di hrou h th
P RRRI sl R AT Rt L 2 R Yl B B boninaes
GRIvn#eAeRE idageskRNing 86 feSnedZn R&Mgl8S BI. MUkG device 50 may then be
cooperate to prevent the riser assenblies 34 from

|aﬁ‘tuétﬁ‘11 torglong kogl hide 48 Rudtthig upwprdpliferr mavpmegpefpushing 36 is
g\{e@tlrarclh %fhg Ehtex‘fﬁ%n’g?f?%%g%eﬁwﬁgﬂgegg@gﬂdgi %(tl\%ﬁfl b\%sﬁ*u%qner%)er 74.

keel gui de 32' |s coupled to a structure, such as the

hul | of a ves or, a platform v bracket 44,
descr i"b¥LF*EH8 ap@ﬁ%aqowevlur&f%ék@‘f gufie%%%@%achw) detructure

is8cH Ra%811879 skl o%@c‘ﬂ’np a59RB1eRlin BighteeP aﬁ% Iocklnr% de%nces 50

connector or other c onent attached to the
ronsagh kea]glémtakwothedlfm dcbassibiitgbrycinROY, Bywsing hgshBfys 36 in each

| der 116 fornmed alo an 25 interior
G e 3 Bn Ptk B Con bl B iy @l ooty LR s center of
Ragh I@eSduidafHutivg ﬁlrsﬁﬁitﬁfn Qid&H@éc@trespothﬁF kbd) %ufd@i@ ﬁfélq{uslﬁﬁgs 36
keel guide 32 pern1t bushi n o nmove downward

|y
tceommﬂom’ventjthfarw agsemblies3é ﬁ@gemtﬁfelamg with eavti atftee oshudldl 14
WD 2004/ 038166 PCT/ US2003/ 032796 In the
Q[ﬁglméllggmm?nlllustrated wear bushing assenbly 72, and
specifically bushing menber s 74, is held against

shoul der (116 by.one or nore | ock-down assenblies 120.
L ock- Another embodiment of keel guide system 30 is illustrated in Figures 8 through 10.

A keel guide 32’ is coupled to a structure, such as the hull of a vessel or a platform, via
bracket 44. As described above, the inner diameter of the keel guide is large enough to
allow passage of a tieback connector or other component attached to the bottom of riser
assembly 34. In this embodiment, bushing 36 is landed on a shoulder 116 formed along an
interior surface 118 of keel guide 32°. Interior surface 118 has a slightly greater diameter
than the remainder of keel guide 32’ to permit bushing 36 to move downwardly to shoulder

116 without the use of an expandable side opening.
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down assenblies 120 may be nounted in a variety of
orientations, such as the exenplary plunb nounted

wo cwioskiem assenbly 122 and the obliquely nounp@dus2003/032796

assenblies 124, 5 illustrated best in Figure 8.

Lock-down assenblies 120 may be used selectively to
prevent upward |inear notion of bushing 36 once

| anded agai nst shoul der 116, as illustrated in

Figures 9 and 10. Specifically, once bushing 36 is

| anded in keel guide 32', either or both | ock-down

ass enfalthesmbbamenndludiPtedympatimsiziog asa¢relely 9, anfl gpecifically bushing

exanpl e, .an .to. retai bushi ng 3 i nst |i.nea

BEDGR by 4 i) DO 62Y Shagt TP e bl 120- Lock
Edv%‘és@en%ﬁigs 01y BIROEREYinERHALLY B0 BRGNS, SUPhSS tiRRsemplary
correspondi ng clanp connector 90 may be used to

plempanamict yockalowntasssmbizgl 226nil theibliguelymnpntedeasparhlies 424,

oSBT BRSSPSR0 P TR QARE b e
1R6dsd dawn n@ﬁ&ﬁ@ﬂfﬁu}fhiﬁ% 26 aivd atded Adnigbihotidedl M 6paxintisated in
|'ock-down assenbly 124 are illustrated in Figure

| es. 11
Bigtireg 8 and 1 Sypeeifipally) gnce brshing 3ok laneedin sd @mgiey 2, either or both
] I ' ' to retai
GAPBBH 28Ry R TE 020 ) bl AT, KPRV
be&hihic3g agdtes indad aloticlowithimskeelrdnide 32f. k4 itlestracdrbestiis Eguenl 0, a
ROV bucket 128 attached to an eg% of sl eeve 1&% b d
‘@g}p@yag)[ m9u®§§g§pha@1snk%qmdgcmra@o ng clﬂnp SReELs 0 151|a¥] e used to
LS HPRLRR el ibetth 884 GssbABIyAl4 While being lowered
%ﬁ?@#ﬁgﬁﬁgo tﬁ%ggggggggbione 35. A fi?st gﬁ% 13f ggg owere
inbckeetiguige 32'.n 130 extends into a keel guide opening
136. As pin 130 is threaded inwardly, the first end
134 noves into the interior of keel guide 32' to

prevepte ElbSEMEnt® Bf a FlumBWSdtinkd 168&-dokwi abfebidy 10Pand an
nmount ed |'ock- down assenbly 122, opening 136 is

gelispelaimoynied dickidoym @bseabiyel4 aphillpdragpddm Figyres 36 apd 12,

obl i guel v. nted | - [ [

B R b S A RS IRIG A Vi o o
phiteIsE g tag dppropritegfistenid@methbd sucteasdvel @dg. nibach heokedosvn assembly
variety of confL&urations, but one e

Biies aimpaesson RO Ruckshl 8aitagheg to 8 Sbosdoueqas eensraly opposic
gﬁ {gﬁ%%?’é&qgﬁgﬁm @H 186 mﬁeE&bW§§g%§ g\@tﬁi sle@6 1 26 internal

exten ROV bucket "128 a
threaded region 132. A first end 134 of lock-down pin 130 extends into a keel guide

opening 136. As pin 130 is threaded inwardly, the first end 134 moves into the interior of
keel guide 32’ to prevent upward movement of bushing 36. In the plumb mounted lock-
down assembly 122, opening 136 is generally radially directed, while opening 136 of
obliquely mounted lock-down assembly 124 is oriented at an angle with respect to the
radius, as illustrated in Figure 12. First end 134 may have a variety of configurations, but

one exemplary configuration is a conical tip.
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term nates at a head 140. Head 140 is adapted for
engagenent by an external device, such as an ROV

worenvidfsled or. 5 One exenpl ary application of KRel/Us0031€32796

system 30 in which keel guide 32" is utilized is
illustrated in Figure 13. In this exanple, a plurality
of keel guides 32' are attached to hull 114 by
appropriate brackets 44. Each of the keel guides
conprises a plurality of |ock-down assenblies 120
oriented for access by an ROV. Thus, the ris

as senh oposBelend 138 OQtOP]&dh@d P@b}ﬁQé‘éteadSsm@rRQ)Y I‘?B?ket 128 and

%gse %tz'z n%ﬁqb %—éeélg ﬁ4(% é r?ggé{nie?]lgﬁénﬂ‘l %@?Eﬁ ?F:Vlce, such

&pﬁﬂyﬂemgﬁﬁﬁkmﬁ g. fracturlng, of the tenporary
mounti ng nmechani sm 88, each riser assenbly slides

Ilnearly downward t hrough its surroundi ng bushi ng 36.

Anot h %@gﬁ) ficffon lﬁigéetl %ﬁi grsm@lm%h' IRel gulde 32’ is

|IIus gures 15 In this
etiiedi hsfm{ﬂ:itna’gea ik Bighredai ﬁeth&'&"kamplepanplpdah’(y olf bedd gnidkei2’ 4%

for connection to an ppr o e.s such as
EREhPIRI T | G0N WPEEH ot PASH hr Fich AL Rk 51BN PR o
gﬁ?ag@ ggec &@R@Qé ES120 dHented @&racégs%ﬁnq{OVf THKEE the riser

arge enough to all ow passage of a
assemblmsan w181ulﬁhlchad cmneq:te]tsavc hthcmmem)tl@ﬁs mey beoth gxrough

rre%%ed?r{g liae%yt%amgﬁg% h BB%I r?ds g&edﬁﬁﬁrgﬁzgﬁng re)fease e.g.

h@&ﬁ*ﬂu{gg of ﬁ@?éﬂ{;ﬁr&ﬁ%oﬁﬁ’[ﬁﬂg nhe%hérﬁsrﬁ BE, chél diser Mberiisinklided ‘ﬂlnearly
defined by an upper interior surface of keel gui de 32"

(owewvd gupeghlitsurr@mging bughing 26.shaped to recei ve a wear
bushi ng assenbly 146 of bushing 36. Specifically, the
exenpl ary wear bushing assenbly 146 conpri ses one or

nor e Aasthad dnyboieanel mel gmaarsjyngn 26 1s”liﬂn§])1atesl iﬁﬂ&ufea\m thgough 16.

interior wear inserts 15 Wear. i ns 543%
Bb@istm&ﬁ’é@l@baﬂféedrgmdﬁéal iouRBgfo Wraghat 44t confection to an
{)}%} {ﬁ%ulc%re WRA%s Y $011 382 0558 TPhMtrd D 1?4\%5&1 ?@Vﬁﬁél? 8&cribed

retention nenbers 152 t hat ain
bmbbdlﬂl@n@ Ghagaerrdsamanqmmﬁkcbl gmvle Ahmaybe lige elne@h tg@lleke passage

I n othe th f bow 14
B g S § SR F ROV OF B RBPRRSY! iR By BE8bm of
glgérq%egl% itil further novenent is bl ocked. by

['andi ng feature 142.

In this embodiment, bushing 36 is landed in a landing feature 142 that is in the form
of bowl 144 defined by an upper interior surface of keel guide 32"’ (see Figure 15). Bowl
144 is shaped to receive a wear bushing assembly 146 of bushing 36. Specifically, the
exemplary wear bushing assembly 146 comprises one or more radially extending bearing
members 148 having interior wear inserts 150. Wear inserts 150 are positioned to bear
against keel joint 38. Additionally, wear bushing assembly 146 also comprises a plurality of
retention members 152 that retain bushing 36 against upward movement within keel guide
32°°. In other words, the shape of bowl 144 allows wear bushing assembly 146 to move
downwardly into keel guide 32°” until further movement is blocked. by landing feature 142.

10



10

15

20

25

10 WO 2004/ 038166 PCT/ US2003/ 032796 Once positioned
agai nst |landing feature 142, retention nenbers 152 may

wheooaossied ed to i npede upward novenent of busPCTYSB63/032796

as illustrated in Figure 14. In this enbodi nent,
bushing 36 al so may conprise a tenporary retention 5
mechani sm 154 by which bushing 36 is tenporarily
coupled to riser assenbly 34 during installation of
bushing 36 into keel guide 32". One exenplary

retention nmechani sm 154 conprises a clanp connector
(6 pbliténedayaibe lakmgietira 1) netention erendsesel¥d Imay g actuated to

Clanp connector 156 js upl.ed t o, wear bushing
EPSUT ARGV BUSEAR 56 HAB-CHELP TGRS he0. | As
riser assenbly 34 is lowered through the interior of

keel guide 32", bushing 36 noves 10 with riser i
asserihlthis 3Abadiment, Hualmidgd6 also ay doraRyise @dgnppasary 2stentiph o

wei ght of riser assenbly. 34 shear . D .
5 B S  BRAOL R i3 s
hBaeHER okB@hingBYiile kSR suidbBl'e Obshichpladpreictioemachaaim 154
within the keel guide. Subsequently, retention [
weieess: dSap penypedier 196t may be slampgbereunsivsst sFRRIE Agntlamp

f bushi.ng 36 Wi - "
SoaRiF BRI BT ARt Pl b 38 ng dpain o0
Al Fisks hésatB 341s Togied ehrdhigh the intdriot of lexbmdderd2 bushing 36 moves

retention nenber 152 conprises a rality.of ..

i g SrSGEBP WLt Bndiag fent HS i g assombly 4
) g b1 3B ¢t through keel

S35 g TR e Mk s g uil i Bt g e

Quio3 Y ewhidnblishing B6 isgetaidsd fvithimsbk kas! 2iddh cubsaggeryntsteption

or menbers 148. Spring 166 biases pin 1 :
w1 5hmgy Do s TBRai R Bl PGl frofpspect o
ig@eqsguigyggie 32". Once pin 164 is biased into engagenent

groove 170, upward novenent of bushing 36 is
inhibited. A retainer, such as a screw 172, may be

used to partially bloc . . D€k iR Fieure 16,
pi n 1@26 %‘(elnrml%y B%P%JIT%% p?%%e%}é@ %e%ég %SIrrgggg ?rrl% %t gur es
f/thARehbbGimeat r@%itieh RRMbEE coinpeivs aphtalitnyf dpeingdodded ed

bet ween bushing 36 and keel joint 38 Thg, wear S| gey.e .
aspambliey 168 Bedheserelondedagtsmbiohasa pigthat is biased outwardly by a spring
166. Pin 164 and spring 166 may be mounted in a corresponding bore 168 formed in
bearing member or members 148. Spring 166 biases pin 164 towards a retention groove
170 formed in the interior wall of keel guide 32, Once pin 164 is biased into engagement

with groove 170, upward movement of bushing 36 is inhibited. A retainer, such as a screw

172, may be used to partially block bore 168 and thereby retain pin 164 within bore 168.

As illustrated in Figures 17 and 18, an external wear sleeve 174 may be utilized
between bushing 36 and keel joint 38. The wear sleeve 174 may be attached to keel joint 38
by, for example, press fitting, shrink fitting or other suitable techniques. Wear sleeve 174
protects keel joint 38 from wear and damage as keel joint 38 moves within keel guide 32.

In one example, wear sleeve 174 may comprise a radially inward backup ring 176 coupled

11
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by, for exanple, press fitting, shrink fitting or
ot her suitable techniques. War sleeve 174 protects

we®i/opsaseit 38 from wear and damage as keel | oP@I/USB03/032796

noves within keel guide 32. In one exanple, wear

sl eeve 174 may conprise a radially inward backup ring
176 coupled 11 WD 2004/038166 PCT/ US2003/032796 to
an external wear |layer 178 by, for exanple, welding.
In this exanple, backup ring 176 conprises a feature
180, such as a split in the materjal. Feature 180 can

feampdegadvear laﬁeral 78 by ot pPRisi Yigldmgalnihis exgoplerbaglgp ting 176
B LR IR PELAESD KGR gt
rafmyespomjng Eetucer 1880w kil joingA8dc dithitzelativdmavdnint between keel guide

omer al to _ena er flexibilit
P ER HoTIEerE o1 gheativeth sk igd 7 Giey coBRFIos e bereplaced
RIS thker TRt on iR afeBial th Qﬁab@(ﬁgﬁéﬁlexﬁnlﬁ? Withth tBE keel guide. The
castabl e naterial, such f oam her enbodi rent
dfickee elastgmpﬂ@mggﬁsalemmmpssq, far gsample,expouredfr gastabls m@erial, such
through 23. 10 In this enbodi nent, a keel guide 32"
28 a ted to a structure, such as the hull of a
vessel or platformby a bracket 44. Again, the inner
di ameter of keel guide 32"' may be large enough

al | owAnpthepembesimens pf lﬁeb%mﬁt@m 3048 &hlsta%ecathi@wdQ through 23.
(il?ﬂl'i]see%%rdlmé}ﬁ r%g{egfs%%i.e%%u '?r?(ﬂl'ha;gtt(? ggtpf‘c‘i’lg éguéﬂlﬁﬁg@ﬁﬁlﬁépa vessel

r'iser assSel
ioﬂbl@ffbm’( by biseledt 4guAg&n 32 inndr diameidr of kel paitle 3A3Y enayrite large

riser_assenbly while all 5 relative Ilnear

I”?BQ}@H%?I pllgyat é?‘f'agq @1COYLEIQR Y %41%5%%? kicgmpecigr;og gther
Pon SRR 3 fhe HoROMOF 283 aQeIQHE/h’Mn Q&u@lﬁﬁ? §@is¥an%l§(flw1thm the

east one and typically a plura wear
untsmrto£ kdﬂ guidh 32’ e dimitagdialmsavenent of] rxscrrasseﬁfblw4 whlmllowmg

ly 3 Addj J
ARt s bebiren b B R VR R - JBIsiRE 36
@8mptided 8 blisHiRaskdnby 084 1RFing hPleas @n@&hd t?}gcamﬂf% M@lﬁfﬁ b ¥ar
retenti on mechani sm 188 conpri ses 8 urality

wﬁ@l&ﬁgthatd@knagammke@uwnfa%éﬁmn ags 4 g‘é@ltmrﬁgu:{ @ retention
q’l?e)chaﬁoéqlg h §§ f ngédl t¥ retéln Bu?s%%%% Wi LT §&18@32TB Pﬁe}ﬂﬁsﬁmed in Figures

19 and 20.

One exemplary retention mechanism 188 comprises a plurality of swinging lock-
down pin assemblies 190 (see Figure 19). Additionally, a temporary retention mechanism
may be used to hold bushing 36 to riser assembly 34 during installation of bushing 36 in
keel guide 32°>°, as with the embodiments described above. In this embodiment, the
plurality of pin assemblies 190, e.g. four pin assemblies, cooperate to restrain bushing 36
against linear movement with respect to keel guide 32°*” once the bushing is landed within

the keel guide.

12
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may be used to hold bushing 36 to riser assenbly 34
during installation of bushing 36 in keel guide 32"',

W@ 2004088166 he enbodi nents descri bed above. | n tkPCEUS2003/032796

enbodi ment, the 25 plurality of pin assenblies 190,

e.g. four pin assenblies, cooperate to restrain

bushing 36 against |inear novenent with respect to

keel guide 32"' once the bushing is landed within the
keel guide. 12 WD 2004/ 038166 PCT/ US2003/ 032796 As
illustrated in Figures 21 through 23, one exenplary

type Af ilhiswatedidiigires 21gtroughish: PaeaxempEYype 9bpiA asﬁplﬁblyfi 90

ggq[qze}rggsr a W%%ﬁ%ﬁgggo g)gé]thgq};‘%ego% hgqg%i&@tglsﬁdgbgﬁ‘%e‘f\% a lock-
A&\ Binl 196 OLbMEASH Y piRY 9@is %&@émdlmﬁodwsm@s@oh spiing M9disposed
bore 194. Each | ock-down pin 196 is retained in_ its

withindsprolfd Fgcblock-doa pisy! 96 isgelaled it Rprssnoading bere 1?4* hya

0 may be nounted at a | ower region of
B%%ﬁggaxgézégneath a wear bushing assenbly 202. Each

pin assenbly 190 may be coupled to the underside of

b ns. PRASSEEIRRpT D may Sraneumis At e FreiRe PUstigs Sthmegia wear
%<[11 @gzrﬁb‘i’y WrEaQH sl a%m%@sl@ma‘y »%@8u c}ﬂ&d @ theéetdedsldy of wear

i ng reglon for exanple, g or ot her
bunhi@bismmhly Mbmsms off brebietscpnd pinse EOI!—TFXgmp 2p3ir ofouter brackets

S50 Bt REHGLSera 355 PP LSRR o
W@ﬁhr?ge&r offer sifaBRleBhcnttedBRfe e Figare?B). ABechnd L&D S b&ckets

secured to the second, inward set of brackets 206

Vi
20fim sROBrly Attekbed belat wear yslkipe asembly 202 sgially ipvard fram the set of

{war
b iSOl 190627 s BLnl ARt Sp R4 & s
¥, per\BOSJ nal@ditiorall bady $92 1§ sgcored fo the girstn‘a«tlh]lmmdwaltl(seta]ﬁ brackets
under si de of wear bushi ng assenbly % E i mat e eagﬂ
24 inahear ap 31 d.yvhishaar resded 151 optek biaskesd s Aminderpl 212 s

! £84mBIYbOLprdgim té dich
Q&HJGQ eﬂ? Wgaic}rlnBF@ hd qunﬁgrgidt\% ﬁg Hf@&g fbﬂglﬁné‘ Bem dlyl 2OP prokimatd dc
dﬁ&ﬁ@mhhdbahwmmsdmﬁénmkhemkkar bushi ng assenbly 202
enters keel guide 32"', the outer end of each

| ock-down pin 196 contacts a tapered surface 214
f or meghyring deployment, bushing 36 is run into keel guide 32°*’ in a manner similar to

that of the embodiments described above. When the wear bushing assembly 202 enters keel
guide 32°”’, the outer end of each lock-down pin 196 contacts a tapered surface 214 formed
along the interior surface of keel guide 32°”. The lock-down pins 196 ride against tapered
surface 214 and are cammed inward into their corresponding bores 194 against the biasing
force of the corresponding spring 198. As wear bushing assembly 202 is moved
downwardly into keel guide 32°"*, the lock-down pins 196 are moved past tapered surface
214 and into proximity with a groove 216. The springs 198 force corresponding lock-down
pins 196 outwardly into groove 216. An upper edge or shoulder 218 that defines the upper
extent of groove 216 forms a locking taper with the lock-down pins 196. This prevents pins

196 from being cammed inward by moderate upwardly directed loads on the bushing 36.
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along the interior surface of keel guide 32"'. The
| ock-down pins 196 ride against tapered surface 214

wanw4mssaecamed i nward into their correspondi NRCHUSI®E3/032796

194 against the biasing force of the correspondi ng
spring 198. As wear bushing assenbly 202 is noved 25
downwardly into keel guide 32"', the | ock-down pins
196 are noved past tapered surface 214 and into
proximty with a groove 216. The springs 198 force

correspondi ng | ock-down pins 196 outwardly

gr oovE bagidng Fnis tpprovetristerk riss asswahlyddrs trisgd Pﬁtéltth‘?j’é‘Ftﬁlll?é‘Qn
e _upper r

\XF‘{I‘HS’ er. clamp )égng{&topfl 54 cgn?%cgs v@%ag béﬁéﬂrﬁ%\ﬁ%ﬁ%@f%ﬁn gVE&%fﬁCIGHt

upwird Bercd3 appliedee busrhm@r% dhyarpirebe 1 ataee shpaved. dlhis gllavechebin

| oads. on the bushi ng 36. 1 %904 3%%?? 6. Th

PTbls 00 5 D958 96Uk bn 20 hiPA LPesEORE i Berlsast #peisad . The

|1§e%ut ?e%?b%@b ?&%d'lﬁw[éﬁ'bﬁ%gl'ﬁﬁérﬁb& Y& o8] digkdre for the

anps, anmp connect or cont'acts wear

Ipivetingief l:a)dg &9 | Ypct(2trievifl efibishing 36, shear pinsA@ mehy e repiaced

applied to bushing 36, shear pins 210 are sheared.

This all ows each pin assenbly 190 to swi ng about pin

208 s@nbiner dnsdit o1 IRleNoul @by b8 30 Ss Wusaval id Fiurebe through 27.
undercut region 212 fornmed in wear bushing assenbly

mmlsmwam@sn alkeelreaited2t 3 maythe mqynied e MErUsHUIGSHGH 2sde hull of a
hi
h gs&g s 8]31&0 eva%§ thkl?ﬁ'ls ' gm?’eg S d%%yf“%éd ?do@é t é%ngincﬂanpe?%; 8f keel

er e I nmen e system

ig§ide B2 ers ifagthe ehalde laFgegdnbm td 4lldvh paw@e o2 Z coﬂmatbh issch as a tieback
enbodi nent, a keeIIEU|de 32" f% nnunte ? %n
SpRngeion PRother rompaBent Agaches o ﬂ&rbogom NSRS &f 4. Inthis

%ln%&ﬁl&%l L rréé? @}Mi% ?Z’t ’hﬁ:ilseﬂg%gﬁgltzsfqp%ﬁg@ﬁ% Q@?th@‘tt@(‘t’e%ds él&?g the

i'nner kee e made | arge
s thgt thieckeal duide. (Sidesapgaing 222l lowns tiectianstersafdhe kes] guide to be

t.i eback connec or ot her co one ched taq.the.

bt o Frcer asoefim oty cEANDHY S AsBBt HerE-PoRbED. side
Qe 32" A B@l@m% dé\%@lﬂuﬁblﬂé’é a SRy RASINIMed 4, 1§ H@H to expand
ext ends al ong t l'ength of the keel guide. Sid

@pecmtnaq sk 2peihg3R2. tAveexgingkne kushiog 36 maylbe éPSlgl?ﬂd@lliath that

r sed dec d a small anmount by
é&%&'ﬁ%‘i?@h %6%082? E@E’FF andsfespect ively, side opening
222. A locking device 224, such as a band-type Iocking
device, is used to expand _or contract side o

en
2 22. hackingdgyiced)4 sormpiissya S5t sea gt hackes$26 9842 ﬁ?q ‘glsures 26
afd %ﬁfla’c are attached to an exterior of keel joint 32°** by, for example, welding or other

suitable attachment technique. The first set of brackets 26, 28 are located on one side of
opening 222. A first pivot pin 230 is rotatably mounted in brackets 226, 228 and is retained

by a suitable mechanism, such as a washer 232 and a screw 234.

A second set of brackets 236 and 238 are attached to the exterior of the keel joint,
on a side of opening 222 opposite brackets 226, 228, by welding or other suitable technique.
A second pivot pin 240 is rotatably mounted in brackets 236, 238 and is retained by an

appropriate mechanism, such as a washer 242 and a screw 244. The first set of brackets
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described wth reference to Figures 2 and 5. 20
Locki ng device 224 conprises a first set of brackets

WQ2B4m8816228 (see Figures 26 and 27) that areP@r/UshEB2796

to an exterior of keel joint 32"" by, for exanple,
wel di ng or other suitable attachnent technique. The
first set of brackets 26, 28 are |ocated on one side
of opening 222. A first pivot pin 230 is rotatably
nmounted in brackets 226, 228 and is retained by a

sui tabl e mechani sm such as a washer 232 and a scr
234, 22855 mogé@d)wmh Beichess suph ascioishss Zpgangthe seggndygep of brackets 236,

ached t [
S A B i ke e e e
QU6 @hd 1248 Heildsiphbdiok endagemeit by atROJTaMmpipg tool ofthetypd Gsed in
is rotatably nounted in brackets 236, 238 and is
sHPsER ARSERLSYS.an  appropri ate mechani sm such as a
washer 242 and a screw 244. The first set of brackets
14 WO 2004/ 038166 PCT/ US2003/ 032796 226, 228 is
provi destud 30 (seedtigiress26 w1l Qi) mslispoded Hesughdtola?i? ih Hiest pivot pin

25figaf wirion foreonCBOE o34 3Gses Gidieh SecBhBPEGlin ) e roaron of
?sﬁbd 25 R(%‘r/@}%ﬁted 3¢, Gfoﬁ‘é}@m%‘fesa §Jr§w Q%wgiaﬁ dngagés £08338 HeAhead 260

npi ng t ool the type use subsea
cqﬁeﬁuéﬂﬁ(b e hchead m@ugwoas@eea@oémo@@lme baml%z 1>)f a nos;kmg device

RREE T oS a2t e G By s enb b fine iy oo s

F?,bt\é%d ﬁhﬂ%v&ée@y infd e kide of @230k Scﬁ:wllt&}ﬁ&/ehﬁ nihfd%f%ﬁt @:ﬁaratlon
for exanple, a screw 256 which engages a sl ot 258

mf s@dﬂé%&O@é@klrtgfde§WQEU@%2 the other end of stud 250

Is threaded into a blind bore 262 of a | ocking device

10 bushing 264. After stud 250 is threaded partially

i nto borepe 6t 268 of édckingidegics busking 266isi chspomdrmmmate to or bears

transver sel nto si de of S

mnéwa pla 2Ry htrt%greﬁa%rateqncﬂ%ocgmgémae 5446 rhte open end

gﬁ@ klbagrt)gd{fe\(lice %u§1)1 IG5 £BhedA aP REMHLGYH0.288h & a T-‘Pﬁllﬂlé‘ OThe T-
evi ce bushing 264 is di sposed proxi mate to or bears

handle is attached via a fastener, such as a bolt 272. By way of example, actuator 270 may

comprise a cross-bar 274 adapted to be gripped for rotation by an ROV tool.

To adjust locking device 224 and increase or decrease the effective diameter of the
keel guide, notches 246, 248 are engaged by an ROV, and the two sides of the locking
device are squeezed more closely together. Another ROV tool is then utilized to rotate
actuator 270, e.g. a T-handle, to turn bushing 264 relative to stud 250. Depending on the
direction of rotation, the distance between the head of stud 250 and locking device bushing
264 can be increased or decreased. Because the ROV is squeezing the locking device
together, the spring force of keel guide 32°””’ is not bearing on stud 250 and locking device
bushing 264. Accordingly, a smaller amount of torque is required to rotate the locking

device bushing 264.
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15 on pivot pin 240 to prevent further separation of
| ocki ng device 224. (Opposite open end 268, | ocking

waelewiossibashi ng 264 is attached to an act uat or PQ0S2003/032796

such as a T-handle. The T- handle is attached via a
fastener, such as a bolt 272. By way of exanpl e,
actuator 270 may conprise a cross-bar 274 adapted to
be gripped for rotation by an ROV tool. 20 To adj ust

| ocki ng device 224 and increase or decrease the
effective dianeter of the keel guide, notches 246,

248 a@eceéhfglagbm B4 has brenadjestag qsﬁesmeddh%R@é’sre@ﬁse@ Hhe sides of
c{lg él% eV% n%tﬁe ?&%:g El? é? ?}ﬂ:;lggégg f[% ch] %té/d &1%%&%1{1 eA[C(:ordlngly,

’213 Qlanﬁt@ of fhe Eedll gmdé €an BeQletidhsad brimbiengd 261bld 61 I&Ieaseethet bushlng
stud 250. Depending on the  direction of rotation, the

- 96 dereabadaritharespestie thysapodimest iysttated i Rigures 8&@?8 g

devi ce bushing 25 264 can be increased or decreased.
Because the ROV is squeezing the | ocking device

t oget heliquid Heamd@stoodythibthe doredoingadeberiptivnl & of 2%émplary embodiments

A Bbret gy iR i 1o b Ewer L fgd fat B
3 Ogﬁﬂ@ tHelkBell AR | IS%%Z 003)! bE B8 M NerRBA S eftvirdients w1th a variety

038166 “PCT/ 032796 Once the bushlng
bifrisehaseemidid; tileet Bk aad shipsiof the keclimldﬁa@w ibe pdinsted Qmedmg on the

SR a8 oSt DR o R i onis RGP E iy 1Mo e

EindigBitafén 6Xfthd lﬁﬁdﬂi kclaHisthe, reRftiddemeBedisasad 16¢king devices may
increased to or rel ease the bushing 36, as

brechepgadetndihe snzer amd SRRSUrEIon 96 VEIAYS EOTARIRENtS Fan s adiisted
é&mﬁﬁr%% G ds?'re@ Q}?ph?atlo% I’[thesséré?lﬁ loﬁleplﬁo&}iﬁgﬁggg 1319?@5 Fﬁ&e Hﬁ?e
on’i's of exe
tlémi@ and wemgement oﬁcﬁtatﬁﬂémédnewnhmue dletpaﬂmglfls)nnﬂlt: sd:dpmof‘éld
to the specific fornms shown, For exanple, the kee
@MPI&@H@ g’tpé???%ﬁld? S @PRFIFY GBS 1 o vari et y of
environnents with a variety of riser assenblies; the
si ze and shape of the keel guide may be adj usted
depending on the 10 size and shape of connectors or
ot her conponents that pass through the keel guide; the
configuration of the |anding nechanisns, retention
nmechani sms and | ocki ng devi ces nay
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be changed; and the size and configuration of various
conponents can be adjusted according to a desired

wa@ppkiossaté on. These and ot her nodificati ons napCchbesSIvasies2796

in the design and arrangenent of certain elenments

wi t hout departing fromthe scope of the 15 invention
as expressed in the appended clains. 16 WD

2004/ 038166 PCT/ US2003/ 032796 CLAIMS What is clained
is: 5 1. Asystemfor guiding a riser in an offshore
environment, conprising: a hull; a keel qguide
attached to the hull; a keel GIABMSdi sposed within the
keel guide; and a bushing nounted to the keel guide
internedi ate the keel joint and the keel guide. 10 2.
The systemas recited in claim1, wherein the bushing
i s relbakigslainaddtided in the keel guide. 3. The system
as recited in claiml1, wherein the bushing conprises a
plurality 15 of wear inserts positioned to bear

agai nst t h& syetepd fgr giiding a4iserTin@n sffshiceseragonmeeits eohprising:
claim2, wherein the keel guide conprises an interna
shoul 8 Whpositioned to engage the bushing. 20 5. The
syst efx&s gti8CittaBebditd tielhailm 4, wherein the keel guide
conprises a second shoulder positioned to restrain

t he buktel jintdisadpsed withivi the kevbgeifesnnd 6. The system as

el oy et EbiPdeE R e SR O SRR SR fecl suide

guide. 25 7. The systemas recited in claim2, wherein
the keel guide conprises a . ) .. )
The system as recited in claim 1, wherein the bushing is releasably landed in

the keel guide.

3. The system as recited in claim 1, wherein the bushing comprises a plurality

of wear inserts positioned to bear against the keel joint.

4. The system as recited in claim 2, wherein the keel guide comprises an

internal shoulder positioned to engage the bushing.

5. The system as recited in claim 4, wherein the keel guide comprises a second

shoulder positioned to restrain the bushing against axial movement.

6. The system as recited in claim 1, wherein the bushing comprises a clamp

connector to couple the bushing to the keel guide.
7. The system as recited in claim 2, wherein the keel guide comprises a

plurality of lock-down assemblies to prevent inadvertent linear motion of the bushing

relative to the keel guide.
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plurality of |ock-down assenblies to prevent
i nadvertent |inear notion of the bushing relative to

w0 b@4kssabe gui de. 17 WO 2004/ 038166 PCT/ US2003/ BARUSHI03/032796

8. The systemas recited in claiml, wherein the kee

gui de conprises a landing feature in the shape of a

bow . 9. The systemas recited in claiml, wherein the
bushi ng conprises a retention 5 nechani sm having a
plurality of spring-loaded pins that interact with the

keel guide. 10. The systemas recited in claiml, | i

wher é.n t HEhetsysién agrecitadpn tloias 1.avhescie Hicikeel guife chmpiisesp landing
aving .a plurality of sw nging | ock-down pin

g@%@ﬁgﬂﬁ ape(t afT%LThe systemas recited in claim1

further conprising a wear sleeve external to the kee

joint. 12. The systemas recited in claim1, wherein )
t he Hushi nbhesusipm psissited ipFlainal§ Whereip therwphing eomprises gigiention

SEEE A L Bl A T

conprises a bushing nenber that acts agai nst the kee
joint, the bushing menber Paving a wear, coati
a

i ng..14. A .
syst el f orTheuwesm gs okqdda Flapm dWhseein H*e&lﬁ@%?cggpﬂses a retention
o , : Bkaving a
R B e i i oned
to selectively hold a bushing nmechanism 15. The

t ited i | ai m 14, th i si
bushi Mo cTecang® Reihbledn 1 MR bbb Fogaema
thGhe dREjonystem as recited in claim15, further

conprising a keel joint slidably positioned within
t he bushing. 18

12.  The system as recited in claim 1, wherein the bushing comprises a plurality

of replaceable wear inserts that act against the keel joint.

13.  The system as recited in claim 1, wherein the bushing comprises a bushing

member that acts against the keel joint, the bushing member having a wear coating.

14. A system for guiding a riser used in an offshore environment, comprising:
a keel guide having a landing feature, the landing feature being positioned to

selectively hold a bushing mechanism.

15.  The system as recited in claim 14, further comprising a bushing releasably

landed on the landing feature.

16.  The system as recited in claim 15, further comprising a keel joint slidably

positioned within the bushing.
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WD 2004/ 038166 PCT/ US2003/032796 17. The system as

recited in claim16, further conprising a hull to
wobkioglodgihe keel guide is attached. 18. The sSyBRCEISZS3/032796

recited in claim14, wherein the landing feature

conprises a 5 shoulder. 19. The systemas recited in

claim 14, wherein the |anding feature conprises a

pair of shoulders. 10 20. The systemas recited in

claim 18, wherein the | anding feature conprises an

adj ustabl e |l ocking pin. 21. The systemas recited in

cl ai n718, Thbeysehtastréutied andiimgl 6f father @npoisipg b dul twhich the

cl anp assenbly. 15 22. A nethod for guiding a riser,

ké@rgﬁlfdiesfrﬂ@.cmdrel easably attaching a bushing to a riser

assenbly; passing the riser assenbly downward through

a keel guide; and I|anding the bushing in the keel .

gui dag. 20 Th8syskneasredited th dainr ke ivherdin; the lendipgfeaure comprises a

further conprising releasing the bushing fromthe

sho assenbly to permt linear novenment of the riser

assenbly through the bushing. 25 24. The nethod as

recited in claim23, wherein rel easing conprises .

f r actl@r i ngha systanagigedied ivedpipekd wopremiBe laptiag fafuse,epmprises a

recift ed.jn claim22, wherein |anding conprises |anding

PeR O SIRYYSTShg agai nst a shoul der in the keel guide. 19

WO 2004/ 038166 PCT/ US2003/ 032796

20.  The system as recited in claim 18, wherein the landing feature comprises an
adjustable locking pin.
21.  The system as recited in claim 18, wherein the landing feature comprises a

clamp assembly.

22. A method for guiding a riser, comprising:
releasably attaching a bushing to a riser assembly;
passing the riser assembly downward through a keel guide; and

landing the bushing in the keel guide.

23.  The method as recited in claim 22, further comprising releasing the bushing
from the riser assembly to permit linear movement of the riser assembly through the

bushing.

24.  The method as recited in claim 23, wherein releasing comprises fracturing a

frangible connection.

75, The method as recited in claim 22, wherein landing comprises landing the

bushing against a shoulder in the keel guide.
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26. The nethod as recited in claim 23, wherein
rel easing conprises noving a keel joint of the riser

wa@s@edtiilge t hr ough the bushing. 27. The net hod B&T/US2003/032796

recited in claim26, further conprising utilizing a
plurality of 5 bushing wear inserts to bear agai nst

the keel joint. 28. The nethod as recited in claim 22,
further conprising passing a tieback connector

through the keel guide. 10 29. A device for use with a
riser in an offshore environnent, conprising:

bushi2ég hakiemaetizod|aa regiterhinieiaén 2A; wherein Iﬁ@eqsﬁlﬂﬁplﬁﬁﬂses moving a

h t endi t d f t
bRl FatarengoeBiu iy B s 50" The Govi ce ae

recited in claim29, wherein the bushing conprises an
opening in which a keel_ joint is slidably receivabl.e

31. e déliearethus as srsiteciy olaim 20 furthessompHgipg P igs pltiality of
ugﬁlggi at lpgggtr kS BSy & ns@tﬁ%(%’lﬁ)l (connector for tenporary

riser- asse O 20

28.  The method as recited in claim 22, further comprising passing a tieback

connector through the keel guide.

29. A device for use with a riser in an offshore environment, comprising:

a bushing having a landing mechanism, the landing mechanism extending radially

outward for engagement with a surrounding keel guide.

30. The device as recited in claim 29, wherein the bushing comprises an opening

in which a keel joint is slidably receivable.

31.  The device as recited in claim 30, wherein the bushing comprises a frangible

connector for temporary coupling to a riser assembly.
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