FEQATOVER ARRANGEMENT AND METHOD Fi el d and Background of |nvention Non; The
invention is generally related to the installation of offshore structures
and nore particularly to the installation of a topside structure on a
substructure. [ 0002 ]A floatover is an operation for placing a topside
structure onto a substructure in an offshore environnent. The substructure
can be a bottom founded or a floating structure. The topside structure is

| oaded out onto a transport vessel (hereafter ternmed a barge) at the
fabrication yard and towed to the installation site. At the site the barge
is positioned between the | egs of the substructure and the topside is

| onered until the |l egs of the topside stab into the |legs of the
substructure. The topside is |owered by a conbination of ballasting the
bar ge downward and col | apsi ng nechani cal or hydraulic arrangenents that
support the topside above the barge deck. [00033In nost floatovers to date
a single barge hull floats between two parallel rows of |egs of the
substructure. The region between the two parallel rows of legs is terned
the "slot". The substructure nust be designed so that the slot is devoid of
any fram ng nenbers and the slot nust be deeper than the maxi nrumdraft of
the barge. Wien the barge is noved into the slot the barge floats over nuch
of the substructure, hence the termfloatover. The final - | -

FLLOATOVER ARRANGEMENT AND METHOD

Field and Background of Inveniion

(6001} The invention is generally related to the installation of offshore structures and more
particularly to the installation of a topside structure on a substructure.

[onoz] A floatover is an operation for placing a topside structure onfo a substructure in an
offshore environment. The substructure can be a bottom founded or a floating structure. The
topside structure is loaded out onto a transport vessel (hereafter termed a barge) at the
fabrication yard and towed to the installation site, At the site the barge is positioned between
the legs of the substructure and the topside is lowered until the legs of the topside stab mto
the legs of the substructure. The topside is lowered by a combination of ballasting the barge
downward and collapsing mechanical or hydraulic arrangements that support the fopside
above the barge deck.

[0003] In most floatovers to date a single barge hull floats between two paralie]l rows of legs
of the substructure. The region between the two parallel rows of legs is termed the “slot™.
The substructure must be designed so that the siot 1s devoid of any framing members and the
stot must be deeper than the maximurn draft of the barge. When the barge is moved into the

siot the baree floats over much of the substructure. hence the term floatover. The final
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position of the barge in the slot, where the topside can be | owered and
mated with the substructure, is ternmed the floatover position. Fig. 1 and 2
provi de an overview of a floatover using a slot. Fig. IBis a side view of
Fig. A Fig. 2 is a plan view. [0004]1n some cases the basic design of the
substructure nmakes it inpossible to provide a slot for the entry of the
barge. For exanple, the substructure of a spar buoy platformis a single,

| arge di aneter, vertical cylinder. Because a slot is not possible, the
topside is brought to the installation site on two parallel bar Duri ng
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reduce the wailing time, relative moticn between the mating legs in the horizontai plane has
been restrained by various devices. Other devices have been employed to reduce verticel
impact joads between the mating legs.

[00G8] The horizontal position of the barge as it enters and leaves the siot must be carefully
controlied so that the barge does not impact the substructure and cause damage. The contmol
of the position of the barge during slot entry and siot exit is critical to the success of the
floatover. The features that control the horizontal position of the transport barge during siof
entrv and exit must be compatible with the features that restrain the relative motion of the
mating tegs at the floatover position.

[GCOT] The devices and methods that control the position of the mansport barge in the
worizontal plane during stot entry and slot exit, and the devices and methods that control the
relative motion of the mating legs in the horizontal plane, while the barge is in the floatover

position. is the prior art of interest herem.



hori zontal plane during slot entry and slot exit, and the devices and

nmet hods that control the relative notion of the nating legs in the

hori zontal plane, while the barge is in the floatover position, is the
prior art of interest herein. [0008]Prinmary and secondary nooring
arrangenments have been used alone, to control the horizontal position of
the transport barge during slot entry, at the floatover position, and
during slot exit. The pri mary nooring arrangenent is a spread nooring array
with lines that ryn bet on, the nehals..at Lhe sea
bottom FA¥Iseconddly~ #bo F?Cﬁa g}f?%?r%%rren ‘?rg@’%%ﬁ%‘r%?%@o rm%rr ng ?Ii%nes t hat
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substructure legs must allow for the wave induced cyclical motions, among other things. Fig.
11 and 17 illustrate how the interface features are usually designed to allow for these relative
motions,  The maximum aliowable offset L shown in Fig. 11 must be greater than the
evelical maotion caused by the waves plus displacement caused by wind gusts and slow drift.
If the actual offset is less than the maximum allowable offset L shown 1 Fig. 11, then the

siabbing point on the bottom of the topside structure leg will be captured by the open end of

-



slot type floatovers have enpl oyed bunpers to control the transverse
position of the barge and restrain sway and yaw. Bunpers can either be
rigid or flexible. Typically, a rigid bunper is a steel structure connected
directly to the substructure (Fig. 13). In order to mnimze inpact |oads
bet ween the barge and the rigid bunpers, the slot nust be tight. That is,
there cannot be too nuch cl earance between the sides of the barge and the
rigid bunper. Mre clearance allows the barge to devel op nore transverse
vel ocity as tht sxbaemam:cttes iefereo hesiopiédet rustideteaienih g T 1 %‘Wﬂ riy e ¢f thor
particul ar clgfrpscegrs? Wn B gl ght slot floatover is yaw, which can produce a
pryi ng actionr of” *t he arge agai nst the substructure (Fig. 14). The

advant agevcof1 a t inghtad of wtyirfy cebvarths grimds aahefc et OREE EREZ D RS PP d
bunper al | Owsoilmrr] tf?oatokf ARFYELS O}QH rb%ﬁlbér@@e cdhe d-sadwant aggudsot e vhas ge

i npact forces a Ing action that can devel op between the barge and the
subst r uct ur emd‘ﬂ:fezsm $\0r~fcz®si ape Bamnpess erotight hatzidor fgute silopictiDodt’sVer is

only attenpt eu% I nlsga beni &ﬂct@@vdeﬁg&%rﬁnem 1 b heSHbShEMet Bhe thatin iosiestd ong
in the trans ers I rection. donsl ot f'i oatover that uses only Lmary

and secondaryinmyer mngctamdahgefﬁ@ml% by hered PHBETR g YRS ‘&hPf 164t over

because the il MANSVELSE,.NBL | QRS cithalee m@reezbﬁm@%ﬁ)mm@%@idmﬂym& heidiznines:f ace
features are Iarger than those permitted by the "t| ht" t fioatov

Conversel y, Mpre ctﬂﬁaineﬁ\/&éh%’e tedpigedo %é’?\ﬂéé’f?r% H&BHF Qe Oéﬁ%last O Ci”b&lg%r e

are higher for 1d% B&ﬁa‘ s@:mentﬁl Qe Lk 0Bt Q¥ &Lk Ramethe a&ﬁﬁ@ﬁs‘v’ﬁéﬁ@wf preeswate for
the | oose slot floatover. ‘An internediate result is obtai nedlgv%gen flexible

bunpers ar e wsetduRypirEat FyOnIRPEFE: AFESHEAEUFIERTBIEE Wit h! B &L 8ht

material, such,as,d:ubbete The §hexinbhésuamer si-ar @mslt tlers hhan cal@erse
secondary nmooring arrangenent in the transverse direction, but much I ess

stiff than tdwsctdigi theblipeisee Usthalltrgs et forexipf BYBSRGRYS THe A EE Phe

secondary mQLiAG (5YSLEMGH NG S hlree NThdke aBeeXE are@Bthug B QN dal3ht BROT i Ng
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once the barigenthiesis veacHeEPEhE § FEHG WO oSt 110 © frb“ $55° 5588 i he
nost common substructyre is a jacket, as shown in Fig. 1, and el sewhere. A

slot in a typical jacket produces a structure with Ieg}lfI that are br% ed in
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envi ronment d.$,00L, heni-afverkd itde veubst huchie and Seisthetent ly: Stiong tha t he
transverse direction, then a tight slot nethod can be used OOOm,mldD
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used to regult 13 obtained when flexible bumpers are used Typically, bumpers are made flexible

with a resilient material, such as rubber. The flexible bumpers are stiffer than the secondary
mooring arrangement in the ransverse direction, but much less stiff than the rigid bumpers.
Usually, the flexible bumpers repiace the secondary mooering system during siot eniry and
exil, and secondary mooring lines (spring lines) are rigged to control the mean longitudinal
position once the barge has reached the floatover position (Fig. 15).

1000121 The most commor substructure 1s a jacket. as shown in Fig. 1. and elsewhere, A slot
in a typical jacket produces a structure with legs that are braced in the slot. or iongitudinal

direction. but the legs are not braced in the transverse direction. Thus. the legs are strong in
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increase the utilization rate of the installation equipnent, i.e., the
nunber of days in the installation season in which the floatover can he
attenpted. The special features increase the utilization rate by reducing
the surge and sway of the transport barge at the floatover position These
speci al features have been used in areas where the sea state is dom nated
by swells nost of the year. The slots are oriented in the prevailing
direction of the swells to mnimze sway as nmuch as possi.ble, but the
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wi t hout using a wheel. Sunmar), _of I nvention [00016] The present invention
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donut mieht be made of foam with the donut mounted directly on a large diameter axie

without using a wheel,
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[ 00017] The various features of novelty which characterize the invention
are pointed out wiwth particularity in the clains annexed to and form ng
part of this disclosure. For a better understandi ng of the present
invention, and the operating advantages attained by its use, reference is
made to the acconpanyi ng drawi ngs and descriptive matter, formng a part of
this disclosure, in which a preferred enbodi nent of the invention is
illustrated. Brief Description of the Drawi ngs t000153In the acconpanyi ng
drawi ngs, f@nRing arpakdse@ineitios Speei- lkﬂahd}r&m;mzaﬂdn iha knhvine bt r Bfcenencen is
nuneral s shown in the draw nhgj de5| nate |ike (fr cor.respondi nga%a{ . of
t hr oughout t he®sBFEEEOD TGRF &7 1I€S{i e FYTEURRG Bt T HE ‘%‘#f%ﬁm prodtover s s
[ 00020] FI G 17:8 ng: bnifA siui)clnu&tnlfpatIeo!kheuxaﬁ@amﬁi\lszed reeqhtd Buddinanirs hede the barge
substructure. %00021 ]FI G strate t he appar at us _regq

The barge. [ oongzpererged ooty vt o 3 AR T ol SRR B phE A GRE T
the slot of t hﬁozﬁé&&ﬁbcﬂsﬂﬁabuDemcz{t@%?_{&]aﬂje@rm,Z@Ifalcdzsuﬁigrastlési (thheaﬂlubﬂmlnfalteeu the
embodi ment for enutrsyeto \{\Aetstl-lot aR"bé}u_ntnt?rﬁlajJrc]:rstJrap girto%\(/igr{ on the barge, The resilient bumpers engage
with the dedicated vertical bearing surfaces on the substructure and position the barge in the
floatover position in the longitudinal direction. A tug tows the barge into the slot until the
resilient bumpers mounted on the barge contact the dedicated bearing surface at the entrance
to the siot. The tug continues pulling to maintain the barge in the floatover position unul the
topside is set on the substructure. Then another tug tows the barge out of the siot.

[oooi? The various features of novelty which characterize the invention are pointed out with
particularity in the claims annexed to and forming part of this disclosure. For a better
understanding of the present invention, and the operaling advantages attamed by its use,
reference is made to the accompanying drawings and descriptive matter, forming a part of

this disclosure, in which a preferred embodiment of the invention is {Hustrated.

Brief Description of tire Drawings
[O00LE] In the accompanying drawings, forming a part of this specification, and in which

reference numerals shown in the drawings designate like or corresponding parts throughout

the same:

100015] FI1G. | = 15 illustrate the prior art.

[00020] FIG, 17 and 17A illustrate the apparatus required on the substructure.

[00021] TI1G. 18 and 18A illustrate the apparatus required on the bargs.

[oo0zz) FIG. 19~ 21 iliustrate a sequence of barge positions in the slot of the substructure.
[00023] T10. 27 illustrates an alternate embodiment for use with a catamaran floatover.

Description of the Preferred Embodiments

[000Z4] The plan view of Fig. 17 illustrates the apparatus of the mvention that is required on

the substructurs upon which a deck or topside is w be placed. The center top horizontal
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Description of the Preferred Enbodi nents [00024] The plan view of Fig. 17
illustrates the apparatus of the invention that is required on the
substructure upon which a deck or topside is to be placed. The center top
hori zontal braces 10 of the substructure are shown whol e between the
substructure legs 12 and the substructure top horizontal braces 10 are
shown in partial view on the adjacent sections in order to be able to show
die roller bunpers 14 in the center area. As seen in Fig. 17, roller

bunpers 14 ar e also pr i dedateachnend «abictheysuhsd fusetutnes 1ok 92 ahd 7A
best illustrates the vertical bearing surface 16 that is proyided on the
subst ruct ure ISBgECPOOOREYEPE? T8N MBROPFL Y SEFAL BEF K8 iR GECUSPS thhe

i nvention that,.is f 8amiid 4100 el baneined 84 used kel Ast ald sebih Ril@(lk @lier
topsi de. Bunper boxes 20 are provided on the sides ofb%he bar

ext end beyondbPW§m§ﬂdé%~%$}Wﬁ@d%ﬁ¥éﬁdﬁ%ﬁoﬁqﬁé§iFﬂﬁWF fper é“ﬁ@énged

on one side Ofvex%égme&mgarfaf;@%tk%&s pIdlaiebumersu'tmmeﬁreZ@sand resilient
bunpers 22 are positioned udi nal st op

ct as.
locate tH@oBErge aftt Lopsi dé | b enand Fadrgs o Ranr i e DR B e g2
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(00627 While the arrangement greatly reduces surge, 1t 1s not fully eliminated. The resilient
bumpers 22 compress and extend throughout the ficatover operation. Sometimes. a small
vap may open between the bumpers 22 and the vertical bearing surfaces 16, But the bottard
pull of the tug and the stiffness of the bumpers 22 are such that the offset of the mating legs
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does not exceed the maximum allowable offset as illustrated in Fig. |1
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toosfWiil e the arrangenent greatly reduces surge, it is not fully
elimnated.. The resilient bunpers 22 conpress and extend throughout the

fl oat over operation. Sonetinmes, a small gap may open between the bunpers 22
and the vertical bearing surfaces 16. But the bollard pull of the tug and
the stiffness of the bunpers 22 are such that the offset of the mating |egs
does not exceed the maxi num al |l owabl e offset as illustrated in Fig. |
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met hod of the I nve o0 Iu?tg rgs P Em%;pe?yvare also provided on the catamaran barges 28 Vertical

bearing surfaces 30 are provided on extensions from the cylindrical structure 26 for
interacting with the resilient bumpers as described above to held the catamaran barges 28 and
topside in place during the fioatover operation and installation of the topside on the
evlindrical structure 26.

[00031) The drawings that illustrate the arrangement and method of the invention do not show
any of the primary mooring lings indicated in the prior art because they are not pertinent to
the ipvention. Depending on the particular floatover design, some, ail. or none of the
primary mooring lines shown i the prior art may be used.

[00032] While specific embodiments and/or details of the invention have been shown and

described above 1o illustraie the application of the principles of the invention. it is undersicod
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any or the primary nooring lines indicated in the prior art because they
are not pertinent to the invention. Depending on the particular floatover
design, sone, all or none of the primary nooring |ines shown in the prior
art may be used. [00032]While specific enbodi nents andi or details of the
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1. Afendering arrangenent for a floatover operation offshore wherein a
topsi de structure supported by a floating structure is floated over a
substructure and the topside structure is then installed onto the
substructure, conprising: a. neans for noving, with the use of tugboats
only, and guiding and restraining notion of the floating struESULE
supporting the topside structure conprising: i.a plurality of roller
bunpers attached to the substructure and extending fromthe substructure so
as to contact the floating structur@qagaing the floatover operation; a
vertical bearing surface attached to the substructure; and b. at |east two
resiIi@ﬁﬁ“ﬁ@ﬁﬁé@%mﬁﬁY%EWédyto the floating structure and positioned so as

to contagt f hl%nx&[ng gﬁhq%%%k NG SHH 3680 %#aﬁoé ubgd 5%%&?&% uf i@Mﬁhe
fl oat over operatio . e arrangenent of g aiml, erein e réesilient
bunper s ar estposid swpededrbyt heflddtiogtstngiust fuflbatee ser as stlstractireasnd the

| ongi tudinal stop to position the floati structure, and topside structure
in the propéh™ t@ﬁﬁ‘éﬁis’ 41%‘} }’WSWL‘?(gP’l‘tﬁtd’ileosﬁ‘%gtﬁucluH@’ SUBSiY¥cture. 3. A

floatover nethogndQk finabahhiwieh fetuQPsH ©Ebskd gl UiRl %ﬁ@ﬁ?ﬁﬁ@%gﬁﬁn%gf | oating
structure onto a substructure offshore, conprising the steps:

motion of the floating structure supporting the topside structure comprising:

i. a plurality of roller bumpers attached to the substructure and extending
from the substructure so as to contact the floating structure during the
floatover operation;

il. a vertical bearing surface attached to the substructure; and

b. at least two resilient bumpers attached to the floating structure and positioned

so as to contact the vertical bearing surface on the substructure during the floatover

operation.

2. The arrangement of claim 1, wherein the resilient bumpers are positioned on the
floating structure so as to act as a longitudinal stop to position the floating structure
and topside structure in the proper alignment for installation on the substructure.

3. A floatover method for installing a topside structure supported on a floating structure
onto a substructure offshore, comprising the steps:

a. providing a plurality of resilient roller bumpers on the substructure such that the
roller bumpers extend from the substructure and contact and guide the floating
structure during the floatover operation;

b. providing at least two vertical bearing surfaces on the substructure;

c. providing at least two resilient bumpers on the floating structure supporting the
topside such that the resilient bumpers contact the vertical bearing surfaces on the

substructure during the floatover operation and guide and restrain motion of the

floating structure supporting the topside structure;
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a. providing a plurality of resilient roller bunpers on the substructure
such that the roller bunpers extend fromthe substructure and cdéntact and
guide the floating structure during the floatover operation; b. providing
at least t vertical bearing surfaces on the substructure; c. providing at
least two rostiNEbeIHpENE: St Eie 1) GinAGURCHIE FUPRTE BB EE (G

topsi de such Ebﬁﬁoﬁ N dc@s HHeeRibsBUBRR! Sn§ ORfAGhntaBE WAS thCaksiRBRT NG
surfaces on the substructure during the floatover operation and gui de and
restrain noti bampérstsheh thasghé mepilsnt uelianrbemmgppeidt inngropire pedpsiiae oftheuct ur e;
d. using tugb only, moving the floating structure supporting the

t opsi de posi tﬁggri]t%%dsjt%%télﬁ% the substructure and into contact wth the
resilient roltetindhEpessensdt i thwaloding stregiel iatt pésdidiefuchURREkSredilidnd N
proper positioning of the floating structure; e. continuing novenent of the
floating struBYUPEsCARECHBSIvering! Serthiet Walkctsheviids prsiden abenfpde dorsélst act
the vertical Bean g EcaSmicd tp@t%gg;g@en@'thg shns%&&ps' de and
substructure for 1nstallation of tlhe topSide onto the substructure; L

bal | asti ng ft hbalfakoat ithyg Steatugt srectdeowdoamdandnstshllinpgthehesoipsboe drt o t he
substructure; : QgLigﬁre_r gn'EDVi ng the floating structure.

g. removing the floating structure.
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