v A BOTTOM TO SURFACE LI NK | NCLUDI NG A STABI LI ZER DEVI CE The present
invention relates to }he known field of bottomto-surface Ilnmﬂ of t

type conprising a vertical underwater pe referredrjmmmmm
connecting the 5 bottomof the sea to a #Ioating sup d on the
surface. Once the depth of water becones | arge, productlonwwﬁlelds and in
particular oil fields are generall worked from a floatlng Eort. I n

general a fldaEPREPNUPPoPtRABCRasINRCRIFLHRENS £oSEARBTEZE efain in
position in spitehefptbecrtfesteneiosureatss wbndse nﬂdwﬁmeiéldlbf
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producti on stmdegesoét ﬂﬁpéOﬁdf@gré&PEﬁ»asuapOriseahdconnecbmsgvahéants
have been | deyelGped SUEl. 8, SLRTET 81 BLEL LS. ARLAPTEAL L1 95q (EPARS).

whi ch ar@e Iong oat1ng cigar-shaped o posi |on y catenary
anchoring, osurkmséon leg platforns (TLPs) where said |l egs are generally

vertical. 20 V‘é”d%’é‘gs%ﬁéed ﬁnoﬁiﬁgﬁép%éeoﬁg%r1§9g@ntb£sdub@h9n and

producti on pipes_toget wat er |ntgct|on ines” and control_ cables
are di sposed bRl EhefRRal B Reheihar Pohaf 4818t pXRAIPBBERL OGN WPEhethe

fl oating suppesh @efDQat§@§léuﬁ@@ﬂth thegéﬂéfameavenba@@hbysnbgbgabove 25
Sonme we ¢ re S|td€ted vertlcaII¥ | ow t
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t hen possi bl rric ed on sa
perform al | Qﬁdtm@an@rf¢r|wglo@ﬁb@@ct©oﬁffahdaﬁhngtEﬁﬁh@ésopefhﬁﬁgns

required bys& f@%laf@rﬁwgﬁﬁués'ffoétiﬁé ﬁ?odJ@t§oh5s§6£Q%éoo?§ a "dry"

wel | head. 35 maintain the riser fittedwth the dr ead in a
substan%?alI%p%@ﬁﬁgcéﬁP%%él§VQPPrF? ?%daﬁbW%ﬁ?Pﬁt%arlants have been

developed such as submersible pipe alignment rigs
(SPARs), which are long floating cigar-shaped objects
held in position by catenary anchoring, or tension leg
platforms (TLPs) where said legs are generally vertical.

20 Wellheads are often distributed over an entire field
and production pipes together with water injection lines
and control cables are disposed on the sea bed heading
towards a fixed location with the floating support being
positioned on the surface vertically thereabove.

25 Some wells are situated vertically below the
floating support and the inside of the well is then
directly accessible from the surface. Under such
circumstances, the wellhead fitted with its "Christmas
tree" can then be installed on the surface on board the

30 floating support. It is then possible using a derrick
installed on said floating support to perform all of the
drilling, production, and maintenance operations required
by the well throughout its lifetime. This is said to be
a "dry" wellhead.

35 To maintain the riser fitted with the dry wellhead
in a substantially vertical position, it is appropriate

to exert upward traction which can be applied either by a
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.to exert upward traction which can be applied either by a 2 cable

t ensi oni ng system usi ng hydraullc actuators or wnches installed on the
floating support, or else by using floabs that are distributed at various
depths along the riser, or indeed to use“a conbination of both 5

techni ques. Patent No. 2 754 011 in the nanme of |IFP describes a barge and
a guide systemfor ariser, which riser is fitted wwth floats. In sone oi
wel |'s, the dedpheofenateriagcerasem1gsingohygrerdicnjcihatead B8 as nuch as

3000 m so t@encmesghﬁseélﬁeal§ﬁrtneef1§e@mn@ seppbrtequrreisé059es t hat
can reach or_ even fgceed sgveral ndre % nEtr o neg in 8rder to
keep them i n"pbeyt ERE Ahbe 6Ftrb 8§§ﬂc9 el'8d RF§ FPERE 2¢3RY type
whi ch are added tbsdb, undeimdted sdrustuaesombinaktyohoofi beth connecti ng

t he surgace LOnYE LYo gr eat depths (1000 mto 3000 n). The underwater pipe

t hen con5|sts I'n~a“*rrsing colum conprising an underwater pipe assenbl ed
with at |east onePaténttNeonprVséngla cantharn@mﬂdpﬁglgaldepppebesaﬁlaIIy

20 and havi “E?Eé‘éd PhPe §asabngyLbenueb L.  The meanscholatag said can to

said pipe pre erab proof hinge assenbl ed around said pi pe
at at |east bﬁ%e@fw%ﬁb fbpatnd bottomorifices of said can. The floats in
question are of |ﬁﬁggoﬂénBDEI@@Elsanﬂhezéepﬂhp@ftw&ebgreQEeédgianﬁter in

excess 5 nd a len t he range 10 and t i r buoyancy
can fé nﬁ%%@a%eﬁeﬁs Le@n Thay é?egﬁeWBF 388528 i i°a g?rlng one
beneath anotvdight 30f | & geaerabverheuthoatdepxhendquweesafbengshthat

correspondi ng 0, 00-AI0E Shan 8Rouka10208kat heuharakb of {nE§56cmto 200 m

bottomto-surface I'ink, and in gartlcu over en t
The riser |st®®me@nd@r0r@ﬁ§leﬁ 9epheh¢moanspeﬁétnen Use is made of

buoyancy elements of the "can" type which are added to

15 underwater structures, mainly to risers connecting the
surface to very great depths (1000 m to 3000 m). The
underwater pipe then consists in a rising column
comprising an underwater pipe assembled with at least one
float comprising a can surrounding said pipe coaxially

20 and having said pipe passing through it.

The means joining said can to said pipe preferably
include a leakproof hinge assembled around said pipe at
at least one of the top and bottom orifices of said can.

The floats in question are of large dimensions, and

25 in particular of a diameter in excess of 5 m, and a
length in the range 10 m to 20 m, and their buoyancy can
be as much as 100 tonnes.

They are generally placed in a string one beneath
another.

30 In general, the floats extend over a length
corresponding to no more than about 10% of the length of
the bottom-to-surface link, and in particular over a
length of 100 m to 200 m.
The riser is put under tension by the floats and is
35 guided, preferably at the floating support, by roller

guides situated in a plane to hold and guide the riser



. 35 guided, preferably at the floating support, by roller guides situated
in a plane to hold and guide the riser 3 relative to the floating support.
Cabl e tensioning nmeans acting as guides_can be used. FR 2 754 021

di scl oses a device for guiding a riser which is fitted at its top with
floats, the device 5 conprise wheels enabling the riser to slide
vertlcally and also enabling it to pivot about a_ horizontal axis, while
guiding its h%%@&bﬁeaPOdF%e|§geﬁeheg S§BEHthatC@hée FBUEHBREEIONCRRE ri ser

in hor|zontaécﬁiﬁ@ségt%@gdégl&QM/béuggggntlaIIy those of the floating

support. Thus, 10 _FR 99/104 L scl oses an_i nprov gui de,devi ce, havi ng
wheel's and frictidR pa &dPéz géac qaral pydgy Eﬁd%Pﬁegubgbﬁg i haPPY,

vari ous QU|d@hﬁqﬁtegsfatee&n@mmltbatopreﬂuhrelbanslonhegdeolbe perforned by
cabl e. T@e entire. rlse%ﬁéfen be ves hke thgrségln 18f anrtl ?strunent

under tensi on D&t ween" %o??on1o?gt e°séa”“and t Ré poi N €4 on the

axi s of the zuddahse egebbnmgleVetompLhothebbuoaaihgrsappoaﬂ aXhe riser is
subj ect ed tOWEDfe % L £& ﬁg %témﬁek%FBBtaﬁuEEEB&ac@HmﬂEQ aQQbB'QHFFOtBBe

hori zontal nbvenen sal d oatin ichis itse [1 kew se
subj ect ed t dQVHRNSAEE @ffeb@srl$@¥e%nn39éhﬁﬁﬁ ajntrpesyapiAnofolhaver

create drag §ﬁ$§@éﬁt9@llﬁethb§éro§tEHétEl@a@ﬂﬁgoﬁuppbﬁtf|O@hﬁs t her eby

g|V|ng variable directio 5 1n certain
Qont gttt o o S S55e Pored by meroveRpurde: forBer Bev S cur
bet ween the whek Hs asmdd fhECtleerpmbscalgpusedlsedtalWyr&foesdbehag shed

alternately o] i sid i S h i i 13. 30
When t he peré%@g%fp?ﬁiééf%ltegﬁé |n 9@%@% §§s§§m§r§¥@0h§owg gﬁége to the
nat ural excireqibre peenoiienohy thebelBerfoampﬁehﬁnenbheknomn as "capture"

occurs which caupgs itheifésSelstp yheﬁagehaJee lﬂk@”EhEyS9§theo¥'Qﬁat'0”5
generated by. 35 shedding_vortices during " ture” increases wth
instrument under tension between he bottom of the sea

and the point situated on the axis of the guidance system
level with the floating support.

The riser is subjected to the effects of swell, of
current, and in addition to the horizontal movements of

20 sald floating support which is itself likewise subjected
to the same effects. Water movements in the depth of
water create drag effects on the riser structure and on
its floats, thereby giving rise to large forces of
variable direction.

25 In certain configurations of water particle
movement, interaction effects occur between the fluid and
the riser which give rise to vortices being shed
alternately from opposite sides of the riser as shown in
Figure 13.

30 When the period of these alternating vortex
separations is close to the natural excitation periods of
the riser, a phenomenon known as "capture" occurs which
causes the riser to vibrate.

The intensity of the vibrations generated by

35 shedding vortices during "capture" increases with

increasing length of riser from which vortices are being

shed simultaneously on the same side. This length is



increasing length of riser fromwhich vortices are being shed
si mul t aneously on the same side This length is 4 referred to by the person
skilled in the art as the "correlation l.ength". If the riser is considered
as being an instrument string that is aﬁtached at both ends, its overall 5
behavior is subject to transverse displacenents of several neters
presenting a natural excitation frequency._and harnonics corresponding to a
mode referred8fera8d tqubYaFbfoBer SOR. gkithedr iBefh@i Brht 88 bBfween its two
ends |like a gubtael1stibngied§thor risers without floats whose section
characteristics (IE Egrtlcular di aneter, secon tiffness)
n

nt r
are substantially’ Sr FEBPT cHit FRUSHGETS h@soﬁﬁ§nglBFaﬁPSEr88§8?ved is
vi bration ofsthisg"”"ghatats atyaehaé abohnthneﬁdgure5s30&ada41 15 Simlarly,

for a high buoyancy, r1seL.g3eLD YO B9L08389.LN NGLED BUOKBUCK ¢l S

di stri buted ovér eng e rrser arn buoyancy of
about 596t@egeﬁaltmetensypveseatnngsaobséuve& aKeltﬁtigu|ﬁaequen§Me 20

In WO 95/271 aa@glrmggéOé§§9es§5ﬁéahgzeas aﬁdeedEé%kPEQ £r a&i sers that

are subjecte "guitar” type brations associated wth the disturbing
effects of v%?%?%@sm%@eturbuPenEBeanﬁﬁH VhErpfeer PeFedDd 95F05989, the

floats are déﬁaglpyk@daaégmgafhgtrzﬁgentlre | ength of the riser in the form

f drical _shell of The_stabi L ists i
od 131 B he. shaie® of EREST VDECGUF nf LR FoBLRBPL PBRC 6B r aspondi ng Lo the

dept h of watehamhechristsabj éth partsmeﬂhr dbamsten, obeabndamoment of

non- oyl Lndrl gpLa SULL 268, 8Lo B0 beXan0aL,BeEY L 9un THEROLY! LOR-RLARASed 10

WD 99/ 05389 uces the volune o oats"in the to ortion an t hus
reduces theuth%u@whﬁcylbbﬁba©@d0hF@hV@ﬁelﬁeﬁﬁbnaéionopfth ipi Sgpiter”

equi val ent ovgral bsSiREwn ThAt riYR8e8f 3 Rhang . geonetry nodification has the
effect of increasing.35 drag_and dec¢reasi ng t he excitation induced by
Sheddlnb5 Similarly, "for a high-buoVancy riser as in

WO 99/05389 in which buoyancy is distributed over the

entire length of the riser to obtain buoyancy of about

95% to 98%, the only vibrations observed are in "guitar"

mode.

20 In WO 95/27101 and WO 99/05389, stabilizers are
described for risers that are subjected to "guitar" type
vibrations associated with the disturbing effects of
vortices or turbulence around the riser.

In WO 99/05389, the floats are distributed along the

25 entire length of the riser in the form of a cylindrical
shell of syntactic foam. The stabilizer congists in
modifying the shape of the flcocats in the top portion
corresponding to the depth of water which is subject to
swell, so as to obtain a non-cylindrical surface of

30 hexagonal section. The solution proposed in WO 99/05389
reduces the volume of the floats in the top portion and
thus reduces their buoyancy compared with the remainder
of the riser for equivalent overall size. That type of
plane geometry modification has the effect of increasing

35 drag and decreasing the excitation induced by shedding
vortices, and stabilizes the riser solely by absorbing

energy.



“vortices, and stabilizes the riser solely by absorbing energy. 5 In WO
95/ 27101, a tubular pipe that is |ikewise subjected to "guitar"” node
vibration only, is stabilized by being fitted with a plurality of
perforated envel opes at different |evel S around the standard portion of
the 5 pipe. These perforated envel opes are slidable around the pipe so as
to be placed specifically at the locations of zones that are subjected to
vi brations whi ch Eorif@spond’18b, v bEapibar aptPaobeat 1h LEkaw¥eg 984, a

stabilizer I@@ﬁé@ﬁé@e@of%uﬂtéﬁu 'é&@E “iBtatsoRrexigediw §haBifigegbuoy at
its head, id orting an i staLlatlo t hat 1 ncl ydes a_ worKking
oo S PR PHER Do 40 RIREALLBY OB BRBborgCed ERy B REE 1O or

of gravity rat aﬁlf/ﬁeremt heeeeht earofindt thasstandatdbpoyaicy. oft tkapts are
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of the ack roxim-t era
coi nci dence Wipadsd ngs at ¢ rlé¢ln>35a©$d mecniﬁltcahgys@tut—:harbocahspns u@f ng a

mass bel ow the,£d O@‘Ea& N0 d%?f@c@@@pé%'s@iﬁr&l@?oﬂ@' ght cRf céPEe%éH&t ure
- above 20 the float. The trellis or reinforcing structure has a special

shape to avot® ‘Q’rbﬁ%‘@l@ﬁls@‘ﬁbn%?s excessive increase in disturbances in

the zone in questi®nys The7 pg esent ané/@z%ipﬂzéﬂ ategetOrsbali kbzing a _
bott om (ﬁ)surfacellnk of at% is different from 25 thgse degcrlbed
in the% i orTHTRE GRS pRED % B]K}e? bRGt POAY 3t SEELPFRZat FORY The

present i nveniowrnsumbat ebnd cam Mt@mamenr thee ihthkdesnprwstrkinat | east

one “”der""a:ﬁg%@f&ﬁ?ha"m@ &Erf%u? %n&%&liéf?%n ?Pg g&gfgﬁsgixnée%yra' Ity

of floats i ring, said erng cons
sur roundi ng Sui LRy peie aprnt e e e doFavi be r@iaa‘gm@rt«at ehe @@mtebnOBf t he

pi pe, said pipeideing Helgh@fatde, suifB&RptHYare Jthdee H6¥ECRag R €6€rably on
a float ng iqrpjfoort and the portion, situated beneath the float zone_being

devoi d %5 NP atRe FeFntHe %s@i’r%‘éﬁyo‘?‘n@o%ﬁe?éﬁer of buoyancy of
the top portion of the pipe back into proximity and

preferably into coincidence by adding a trellis or
reinforcing structure constituting a mass below the float
in order to compensate the weight of the structure above
20 the float. The trellis or reinforcing structure has a
special shape to avoid giving rise to any excessive
increase in disturbances in the zone in question.

The present invention relates to stabilizing a
bottom-to-surface link of a type that is different from

25 those described in the prior art, and it proposes a novel
solution for stabilization.

The present invention relates to a bottom-to-surface
link comprising at least one underwater pipe having at
least one float, and preferably a plurality of flocats in

30 a string, said floats being constituted by cans
surrounding said pipe, and located in the top underwater
portion of the pipe, said pipe being held at the surface
by a guide device, preferably on a floating support, and
the portion situated beneath the flcat zone being devoid

35 of floats for the most part or completely.

As mentioned above, the term "guide device" is used

herein to designate devices known to the person skilled



. As mentioned above, the term"guide device" is used herein to designate
devi ces known to the person skilled 6 in the art for allowng the riser to
slide vertically, and also for allomﬁngéét to pivot about a horizontal
axis while guiding its horizontal displacenents, so that they are
controlled and preferably substantially follow those 5 of the floating
support, where appropriate. The inventors have discovered that with this
type of ristR Hagiagtffentalhewingnehbeoplsfrytandlhdsi Hgraicabpport and
gui de systemmd &heoSHEFageloriMybiat tenpipbenanBlenNaCcBbrkeoAbser ¥adst hat
is very dlffereﬁt and_10 t hat hs accentiaéed, in which the tog poFtlon

cor r espondi NP 5tBsTAhE ¥ YL E o PRe2PBRGt hdoFPLRESPPBAEs SBehBetsthPRe a
pendul um wheseascbtherbdl &@nmapar prefierlpbhgattibtbantliaalg behavesthbsa nanner

t hat appg oxi gt a_.guitar” type phenonenon. The "pendul unt type 15
behaviorgof ?ﬁegﬁ%p%%%?%fgﬁ %?p?ﬂggfigg?g?sgﬁgg8pgﬁa§§' the difference
bet ween t he seconthephevestorfsahauebdiaeererefiethab wathi bhssofypheofi ser.

Thi s "pendul pni Lgnific i u n,t he behavi or
of the Tiser se aehels S sau g e TR o ervad bt aden 20

"pendul unt nPYRPRARE 29di Faidenbresemadt shBANSRALEFGur 8sVEPTARECR. The
overal |l behayhetoméndhecshsSBE bBsthead papati ¢yl aeky gepsibiibMe Lagany

excitatjon ich tends to enerate swinging nption in,the top portion of
The 1 sl THEY Rereronredion. che PhYER: T FePrBOBF&vERt of 95 1 aduce
t he appear anceroésyoid fhd osulbetaespantlyngot ohecbshgnkdof the floats
"guitar-and- FES' i t ensi ok by floats
tuat ed nedi ThYt obi Mg Ruati il phaFLas bib KBEEohTBSEERE] X ent or
i ndeed by t heenéwtlh zone af Lditpl bekaras sinf at nenbargehapyappdosingtes 30

preferably eldm nagiNgathecpsa Qﬁbhéh@nDEh@MEO“p@ﬁdhhﬁm"tQ?ﬁgorti0“ of
the riser. Nore particularly, the inyentors have, shown that e . problem

posed i5°to RRRAM QY Phdule RoRrBEyhaARcOot phBRokeAgTrt hat LgVoEeri 8% to
excitation ofheidiaforynd®destBdehNnthieseouptietlomehser oandrébhoBetwagat em
and to aVOidtﬁg two sections of the riser. This "pendulum" movement
has a very significant influence on the behavior of the
riser as a whole and coupling is then observed between
20 "pendulum" mode and "guitar" modes, as shown in Figures 6
and 7. The overall behavior of the riser is then
particularly sensitive to any excitation which tends to
generate swinging motion in the top portion of the riser.

Thus, the problem of the invention is to prevent or

25 reduce the appearance of vibration corresponding to
combined "guitar-and-pendulum" type modes on risers that
are tensioned by floats situated near the top, whenever
they are excited by swell and current or indeed by the
horizontal displacements of the barge, by reducing or

30 preferably eliminating the pendulum-like behavior of the
top portion of the riser.

More particularly, the inventors have shown that the
problem posed is to avoid or reduce hydrodynamic
phenomena that give rise to excitation of vibratory modes

35 in the coupled "riser-and-float" system, and to avoid or
reduce the response of the coupled "riser-and-float"

system to the excitations.



" reduce the response of the coupled "riser-and-float" systemto the
excitations. 7 Since this is typically a problemof the "fluid-and-
structure" coupling type, the interactiog between the two aspects, i.e.
excitation and systemresponse, is large.” The hydrodynam ¢ phenonena and
t he novenents of the barge 5 act on the structure which in turn reacts on
the excitation fromwhich the hy drod¥nan1c phenonena originate. The

i nvention thus rebaRel EB1FnstalYPhgalddvicBEOPhER Eﬁogble slusfuaren to

one or the O@Bﬁuc@urebO&bu@§pﬁ§t§ypé tBﬁepiﬁbéeﬁbti@nTBétWé@h|QHEOEwbhe
present invention thus rel ates LN I.r st g? ect to elimnatin

or
reduci ng t he* B¢kt att on O?X9f5?5%8?yaﬂ%d§¥5 h&SBohEFed ®r f8E6F and-
float" syst enhe Tiedtodenaois bhﬂﬂoménamanﬁathenmbhementsrsf abpebtrgthe

prOb'e”‘ée'g%gﬁ ggogﬂg éQr&ékQQedﬁﬁi§ﬁshe Vlgﬁ; ggggsage;ggguence on

exclitation namc origin o ue to vortices
bei ng shed ¢Xth¢h90@ufr®mewh@¢hthbefhﬁdrgdmnamhe ph§9pmenﬁ a second

aspect, the probl.em of tff‘ﬁepiﬁféﬂhohnf{ﬁﬁ&' pp1gkeg £l aheeal@igki M nating
or reducing the, 20 resgonse ot the cou riser-and-float” systemto the

excitati ons @eel¢estHaa yH?%H%ﬁﬁn@CS%%EEbﬁﬁnéooPn?OOFhEheh@Fh?BnPél

movenent s ofpbtie Hapgets THe tR¥eptebsehiave shown that in this second
aspect,. . the prob en1re| es tg %ﬂglenentlgg devi ces sg kln? ;ﬁ 25 nodi fy

the freblienci es of 't HREOPHFAL PHn-HBdeESBFE he ¥ 5T bt 80 P§e 4Pt oat "

system so asimoanﬁyesamagpémbn1tbheliméqaémngesraredhc¢hgvbhE|ces are shed,

ther eby aVOéQéPQaEPS% 8§p&96§%t89§”88§58”orr OCBB?§Edth§lBé?S§H&—

i nvention provides a botftom to-surface isin east one
under wat er ptpeat hasysigemt |%b%tl@ﬁ@ntoéathaﬁa Eh@W€rébP9 anpthiality of

floats in a §ifé@gas§@¢Q ftieat srbeisg E@Dé%ééuégﬂe@y €6n§51§§rB@UﬂQéBQ said
pi pe and_being |ocated in the to underwat er ,portio sai d
pi pe beffig hEfYC 23S ?%el%E}$%E£ € pyH e@ﬁiaéta§v|eé QﬁgE?éyaﬁﬁﬁgon a
floating origin of the vibratory modes due to vortices being shed
from the outlines of the floats or the riser.
In a second aspect, the problem of the present
invention also relates to eliminating or reducing the
20 response of the coupled "riser-and-float" system to the
excitations due to the hydrodynamic phenomena or to the
horizontal movements of the barge.
The inventors have shown that in this second aspect,
the problem relates to implementing devices seeking to
25 modify the frequencies of the vibration modes of the
coupled "riser-and-float" system so as to move away from
the frequencies at which vortices are shed, thereby
avoiding the "capture" phenomenon.
To do this, the present invention provides a bottom-
30 to-surface link comprising at least one underwater pipe
having at least one float and preferably a plurality of
floats in a string, said floats being constituted by cans
surrounding said pipe and being located in the top
underwater portion of the pipe, said pipe being held at
35 the surface by a guide device, preferably on a floating

support. The portion situated beneath the float zone is



support. The portion situated beneath the float zone is 8 thus devoi d of
floats for the nost part, or even conpletely. According to the present
invention, said link includes at |east qne stabilizer situated in the top
5 portion of the pipe and constituted by@ the bottom portion of the float
zone, preferably on or level with the lowest float; and the transition
zone between the floats and the standard portion of substantially constant
di anet er of thessdedopfpef Shrater 4A%i EhenMeshePBEtwell €NENri ser and t he
float(s) corggespoade1{;0 a zone where the nmechanical characteristics of the

pi pe (dianeter, section,or second nonent of area,of the p ge) decr ease
progressi vel y goi AGCOISiB8WARaFHE BRESEREhENYERRAR ﬁéﬁ? £0knhe pipe is

reached, coinespaadi ag Leakbeoparktabilllieepi pettibakdi snoktheubsbantial |y
constant -di anpt er _and.si %uated bengathngg d traEsLtion zone. The invention
t akes advant ge o? tﬂe Y ?ypﬁg?t Peul &r y Bgﬁgu Ui 1i ke behavior of this
type of bottomto-sthéabettbimnkorbicontfi bheefioast abiki zbmgfehebdyst em

Stabilizers gf 5Pelé9¥§n&hgﬂ gﬁg gg%gggagggg§lyanhocated at the bottomend
of the float zone, or beneat he string of floats, since the inventors

have shown that 25 Fh?streaaﬂFéﬁncépﬁésbeﬁugepotbﬁefiéﬁéSwﬁédetbﬁcutatuon

fromvortex sheddind predoshnatesubshhatextil,abbaBthit ahamek¥rt begd to the
anplltuﬂg of the horizontal displacenent of the riser; and in this

| ocati on%t heSFeYePPS&rmrel ative to the axis of rotation of the
pendul umtype 30 saidobrassfteahetzonéhbstiveeat the rhuysri aatdeares t he

Stani 12009 plLectoofbecslahhli ¢sra L0 adthLEen Ak denkgsathon
constitutes a sin

sal d pr pe since tensionrs at “a maxi mum
t here. Stabl¢h@@¢€t©flﬁhecﬁnvénthénp@has(ﬁah@et?rpo§§then 85 secraduce or

even el i m nahemdRt hokhgrexchkathanpapd)t Becre§sROPEBgREsERGYbEBE ALY nDdes
of the coupled "riser-

15 downwards until the standard part of the pipe is reached,
corresponding to the part of the pipe that is of
substantially constant diameter and situated beneath said
transition zone.

The invention takes advantage of the very particular

20 pendulum-1like behavior of this type of bottom-to-surface
link to contribute to stabilizing the system.

Stabilizers of the invention are advantageously
located at the bottom end of the float zone, or beneath
the string of floats, since the inventors have shown that

25 this location corresponds to the zone where excitation
from vortex shedding predominates. This excitation is
closely tied to the amplitude of the horizontal
displacement of the riser; and in this location the lever
arm relative to the axis of rotation of the pendulum-type

30 motion is greater. This location thus increases the
stabilizing effect of the stabilizer. In addition, said
location constitutes a singular point of said pipe since
tension is at a maximum there.

Stabilizers of the invention thus make it possible

35 to reduce or even eliminate both the excitation and the
response of the vibratory modes of the coupled "riser-

and-float" system.



and-float" system 9 Mre particularly, said stabilizer conprises at |east
one device selected from an energy absorber device; a device increasing
the mass of .water entrained 5 during noéenent thereof; and a device

| owering the center of gravity of said op portion of the pipe.
Preferably, the stabilizer conmbines at |least two and preferably three of
the effects selected from 10 energy absorption; increasing the mass of
wat er entrai ned dPTAPIRBVERERELYt heredf StaRdllFBhefPRETtA8Sc@ht er of

gravity of spégst opnPoléyDhe 9&158€edi PEomlS I N an enmbodi nent, energy is
absorbed by a structural elenent that _increases the contact area with the

water and/or that TFeSRPEIR TORPHRET af8%IGFih the water that is not
cylindrical about.tdedaxlseofinsatds phpethdhmasst bé shtact anatathedent can
be constétutgd i fication 8f t he shape of the surface of the

rQ%é gg &, gpd%e a
float or”the piped BRVEAAT i T'3°%5R2pe 72 %not cylindrical about the axis of
said pipe; or an-aadi¢voral lsvenchyrtheetentar aSsochuibd oft haidhe

surface of t%?bfﬁég%i5ﬁ 9F the ﬁlﬁg‘ 25 Said additional structural elenent
increasing the ‘contact area of the float or of_ the piggﬁmﬁth t he wat er

can present a surfaekeraving Bhenhapebt hhter sCPRPéReS dRReh8Rdhalver 2pfane.

This surfaceharergbBy thege 6f "ERsi Onpbcebapelbstpaefesably a surface that
i s not @ parallel to the %%Ilndrlcal surface of the pipe. Advantageously,

sai d stabilizer confTses HNECTPELRR’ fol | owi ng enmbodi nents, taken
separately or in - conbreasiog: the heasonefywandri eatrahapé dtirihe out si de

surface 35 &gvéh%+€§utﬁgrgoppréﬁgn of the pipe; and a helical ranp

surroundi ng sal oat “or sard
lowering the center of gravity of said top portion

of the pipe.

15 In an embodiment, energy is absorbed by a structural
element that increases the contact area with the water
and/or that creates a contact area with the water that is
not cylindrical about the axis of said pipe.

Thus, the structural element can be constituted by:

20 - a modification of the shape of the surface of the
float or the pipe, so that its shape is not cylindrical
about the axis of said pipe; or

an additional structural element associated with
the surface of the float or of the pipe.

25 Said additional structural element increasing the
contact area of the float or of the pipe with the water

| can present a surface having a shape that is three-
dimensional or plane. This surface having a three-
dimensional shape is preferably a surface that is not

30 parallel to the cylindrical surface of the pipe.

Advantageously, said stabilizer comprises one of the
following embodiments, taken separately or in
combination:

the non-cylindrical shape of the outside surface
35 of a float or a portion of the pipe; and

a helical ramp surrounding said float or said

pipe.



pi pé. 10 As an exanple of said device lowering the center of gravity of
the top portion-of the pipe, nmention can be nade of a stabilizer having an
additional nass situated in or around a Ioat or surrounding said pipe. 5
In an enbodi ment, said stabilizer conpr|% cai sson, that preferably
surrounds said pi pe coaX|aIIy and whose out5|de surface has perforations.

The term "perforation” is used to cover any gap or ,openjing that allows
water to pass intoStHR €%PERLR. C¥0SPAdcERVAFR eRHEYLRENtES PEPEREUPAr Iy
when t he st@b&&iﬂ@rpfStaepebﬁopatedoﬁabssene p&péoﬁﬁbﬂeiomabhﬁube aspects,

specifically it copsist n,a devjce.that | ower center vity
sPhce 115 BEThat  FEPRELDEE ORETABP: PBn oG LERE Aol S S oRbE P aRaa n o
devi ce t hat incoeaaeeuﬂa &dhéloassoof swarenntihaty saidnpimkened during

rovenent ;since | g, % BSd%ﬁ%ﬁE andqi Dedp ?!E Egﬁbrigégrgs energy by

i ncreasing drag due orations in i exanple of a
devi ce prOV|@ah@sg@d|th@ﬁaprﬁﬁggablMeﬁurﬁﬁu@dﬁ belﬁaﬁép@fcaaﬁ@ﬁléyrforated

float that isng@0yRaEdi ghlyige SQBPE@EGEXSfbEk%Qr&k&BnEﬁte@heTB%rthent'0“
thus consists in_using in particular either additional devices such as

perforated caPesbpsabionhelfxegedobCefS¥ShoAM¥yPRRIPF cAPSPRBEt §P8Ff vari ous

shapes, or | aveeds awgpabi pat passointbeskret vAiE¥pPAS of 25 solution. In an
enbodi the float zgne conBr&ses g pIurgLitg oé flgats and preferably
at |eas four The" st &b 1 2eF PR pFPEPEF abPy* St EHafEdY oK 6P FBYel with the
| onest fl oatstabpilnzéheisranserfonazedec8ssmmediiat ebypbbrkewwhheoliewest

float. Said ééﬁéﬁﬁyra&%&mm%wl£h58ﬁs§!hggn§hoaahgftﬂeeet gbseph.ener gy

so as tolimtt arance of - vortex uce correlation
| engt hs, whiFle ¢ﬁ%¥@§s@ﬁgg¥ﬁ%lﬁﬁs§16¢emhﬁeistﬁéﬁuﬁ§e@n@ﬁth@db035°m

St abi i zers wpefabhngr byhabspst ngogaer giidangd ai Ae;e€asi BHaeNtha-BadeWat er
Mass alfg co télggés of water that is entrained during movement since
it contains water, and in a device that absorbs energy by
increasing drag due to the perforations in its surface.

As an example of a device providing additional mass,

mention can be made of a non-perforated float that is
20 partially or completely filled with water.

The invention thus consists in using in particular
either additional devices such as perforated caissons or
helixes, or else non-cylindrical floats of various
shapes, or indeed a combination of these two types of

25 solution.

In an embodiment, the flocat zone comprises a
plurality of floats, and preferably at least four.

The stabilizer is preferably situated on or level
with the lowest float, or in the transition zone

30 immediately below the lowest float.

Said structural elements of three-dimensional shape
absorb energy so as to limit the appearance of vortex
shedding and/or reduce correlation lengths, while
increasing the mass of water that is entrained.

35 Stabilizers operating by absorbing energy and
increasing entrained water mass also contribute

advantageously to modifying, and preferably reducing, the



© advant ageously to nodifying, and preferably reducing, the 11 natural

vi bration frequencies of the "riser-and-float" system and thus to
reduci ng the response of the system to excitation due to hydrodynam c
phenomena or to horizontal novenents of 1t he barge. 5 The invention also
conprises inplementing a stabilizer enabling the inertia of the string of
floats to be increased by lowering its center_ of gravity, and also in a
devi ce enabl ?dgERe Yﬁa%%aéov\/aﬁé?q@ﬁlaw% eht Faﬁnealaarrﬁ@dr?éO%venent to

be increasedsyshdigh aBESthdd €6 i«@a@ém§ Klta@\g@?épohbe per spa §i§stéﬁd in the
St abl Zzer can coincide in a

art as "added mass". Thezg t wo tgxﬁ g

singl e devi ce® a&XTEnt F bR dl%BokR ESeY @Vt Cel FBPm?Bﬁe?FnBOthe center of
gravity and hentiersahgndheméntdeds mass " bhaye. not onIy a favorable 15
effect on the V|b£at|on frequenc es of the ¢ er-and-fl oat"

s
cystem But al 5o LRabTe ThEYEpEbEs  Fombr et n e eme P SR Aet ani 1| zed by
increasing i$BabIkﬂZ¢a_en&hbrn@ythenimebuiangftbhdaﬁprngglDé swhageng

not i on. Vv 0 b edeo ot 20
v T of (o8 e LR g8 g oo 2 BLEL R0 Vo) PhPLod: 0Bz Decbol LA 20
particul arl y2&$9 bR Yedey Hee %@bhw@nﬂeg m@fStﬁE ¢abprebhaysiem are

gover ned nBJéﬂﬂk&Whé@edﬁﬁiﬂ@lDQs moveRanof tbheef i Ratsasaad yhusnhassa | arge
|nfluenf t he nat pr a| frequenc of OSCI||€bE£n of the moving riser, 25

consi de @d o IRV 1S FROYR kP st RaPehF e gf 89t dgetherafh &bundl e,

vi bratory nndﬁsd@den@@s+ongEMe§a0tW@dt§péelyfbytabilizes cari agisbedefrom
the riser ueg% é fégoadueetglO£E8M/Bntgractlons Wi th other risers
in the bundle 3 nehYlng ST abr ' 28Fs%of Y he’ present invention thus
makes it possi bl eTheseli dovie@s zBoY hkowakergatbandenher ¢arygvagitysend and

advant ageousiﬂcﬁggg{%%@é {9a8eduh00: hhGceXGL! BhigNaokaybbEBLEry mOdes
in adjacent rposers resent jnvention al so prOV|des a OttOﬂ?tO- 35

surface1$|nk?%ﬁﬁﬁﬁl%?nﬁh%.%&?ﬁ%ﬁ%?@ bYeaneBrhaf et prpescoBPlefe i nventi on,
i.e. conprisifgat-dnastlone" sépbtémzebut also enable the top portion

of the riser to be stabilized by increasing its inertia,
thereby contributing to damping its swinging motion.
These devices are also preferably installed on the bottom

20 portion of the string of floats or beneath the floats
where they are particularly effective since the dynamics
of the coupled system are governed mainly by the swinging
motion of the floats, and thus has a large influence on
the natural frequency of oscillation of the moving riser,

25 considered as a whole.

For risers that are grouped together in a bundle,
vibratory modes are no longer excited solely by vortices
being shed from the riser in gquestion, but also due to
flow interactions with other risers in the bundle.

30 Implementing stabilizers of the present invention thus
makes it possible to disorganize the wakes around the
various risers and advantageously contributes to reducing
the excitation of vibratory modes in adjacent risers.

The present invention also provides a bottom-to-

35 surface link comprising a plurality of underwater pipes
of the invention, i.e. comprising at least one stabilizer

and grouped together in a bundle.



and-grouped together in a bundle. 12 O her characteristics and advant ages
of the present .invention appear in the light of the follow ng detailed
description.given with reference to the Lgllowﬁng figures, in which: 5
Figure 1 is a side viewof ariser fitted®wth floats associated with a
side viewin section of an anchored barge supporting processing equi pnent;
Figures 2, 3, and 4 are side views of a riser that 1is tensioned at its top
by external meansCthet ShetAfteidsEhsinarespereriergsi AfathesPrsrensti on

(Figure 2), andehPiongabpasatr tMpenwi bightovfr eapeebivelyngnasede1da(Figure
3) and in de 2, (Fi ure.4é; Fiﬁure 5, _6, and E are.side views of a

‘1 ser tensi OREG BT FPBAPLYERNBhAr EEPEEEPGEI 5O g FELLOYEG: { uati on
(Figure 5), Abhgutraes, gimt@hiahd- pendul un type vibration situations,

respectigely in npdﬁiluggigurg g)Signdvgnwnggeanggggurgtgga WEEgures 8 and
9 are side views of a’tTsef ﬁaV|ng FI daty, “tha asseany érng-in an
i nclined posfidans shusci2bednkiny &t spdssivbbw o showimprefckearly the

buoyancy 1 or&eekoPed bheqURsaplareent eaackated vihiohbgccenter  of

gravity, respective ere 1s no additional nass _and when additi onal
nmass i s present; *F§urEe302i s3a 3ndedvpe® 8fdg ViSWF RAvRnglfPsatiat 25
with "helix"isypenenenhes absotbetspbbiyngxtashall adanp thet kavesay , fl oat;

Fi gure %@ is_a side view of ? riser havkng.glo ts End fit%gd wi th,an
ener gy absorBaPVof L ERRST bt BB €ntB- 2gbfigFatt BagéPFo# t84 Earssofittype
situat ed benegthtant tBPeexikndibngnt hesbewkestvellyoah; moBeglr ¢Figure a)si de

view of a riggg {ﬁtﬁg e“ét? i%ﬁ?@t )having a variety of outside shapes in
order to prevent vortices %e ng shed; and Figure 13 is a section view

through the top of Big@sepipe Subpedtédare shfrelieypvPhAgarFé&ero vortices.
Figure 1 is @o8kdenyhem,of18,00tt gAvEA- sHEHaERiEDY in a rest

15 situation (Figure 5), and in "guitar-and-pendulum" type
vibration situations, respectively in mode 1 (Figure 6)
and in mode 2 (Figure 8);

Figures 8 and 9 are side views of a riser having

floats, the assembly being in an inclined position, thus

20 making it possible to show more clearly the buoyancy
force F and the mass force P associated with the center
of gravity, respectively when there is no additional mass
and when additional mass is present;

Figure 10 is a side view of a riser having floats,

25 with "helix" type energy absorbers being installed on the
lowest float;

Figure 11 is a side view of a riser having floats,
and fitted with an energy absorber of the turbulence-
generating perforated caisson type situated beneath and

30 extending the lowest float;

Figure 12 is a side view of a riser fitted with
floats having a variety of outside shapes in order to
prevent vortices being shed; and

Figure 13 is a section view through the top of a

35 pipe subjected to current giving rise to vortices.
Figure 1 is a side view of a bottom-to-surface link

comprising a riser 1 fitted with four floats 2. The



conprising a riser 1 fitted with four floats 2. The 13 riser opens out into
the drilling bay of the barge 15 which supports treatnent equi pnent 17.
The four floeats constitute said fl oat zgge 4. The top float is of greater
di aneter and buoyancy, in particular sin is 5 located entirely within
the drilling bay, i.e. in a zone of the huII of the floating support where
it is sheltered fromthe effects of swell and current, The bottom portion
of the |ink EbRpFiSRENE Prpelntef theudsianingl PeYcehisthft Pardreter,

fol | owed by ﬁhiéﬁn§u§p@ﬂts19ré@ﬂﬁe§ttE@hlﬁhéﬁ@sl$||ghhé¥fbﬁﬁeﬂﬂah€by bel ow

the fl oat zone. riser _is,gui e,sys
conpri sing a ?%?Fb?uﬁﬁv?%éd EfgﬁEu?8ﬂet6 gﬁgtFé8t6?8agflssa%d bar ge.
These gui de @EemsefnabaMeserdandsbquansyLden phmngcuﬁarlstCEUdtnab axi s

and they gui I 5 a hE i zontal . pl an
perpendlcula? %E§%I§AE{§£1§ U #%g gﬁ?g@%il?gng g 9Itﬁ Fﬁgugegofeto 12,
the guide s9EteheiBushooh ﬁhagfénﬁatngaEquO%FtWhEh@ lgtiacﬁhﬁétgéédrlng

it to the bafggmb@h@geggééggdofFgggig gﬁdléugréﬁgtlon in plan view of a
pipe 1 20 subjected to a current ch gives rise to turbul ence

downst r eam f r om s&Rrd %PbﬁomTR@rFBPBUPEnEBepﬁéﬁBnﬁﬁﬁﬁrF§e§hémﬁlpﬁ posttion
A A vortexSuﬁst@mtialﬁﬁ tOntbhst PAsShhEeBr, JFEM owaBdbiyhentragpacabas from

the structure e i IS.en ined 25.b he c rre d ream
ey T Eon@ 5o ngl Blabes 2150 ?xsl%msg%?éﬁivsbg fh bl B8t tron A
anot her vortexeis Thettapedfi nhposiseonis, gamdeﬂtbmnhlggmda/syabemquently.

Posi t1.0n B | SoRUPELARG | &1 L) SUITELELE! 1£05cPASER! 08, £naDQUL, LR, QupECNt

axis. Vortice enerate Inalternation in tions
Thi's |nstab$¢1@yba§9¢efeTh@aet@uaée"@e@@snaﬂahéevéaﬁéxrlgﬁédapngild¢he

appear ance q$1@ng0£&§X1b§g§@ﬁeﬂﬁ§ml§£19yana dhep b0iBEe$sHr eatapdivhen
vortlces appear on the sang side sinultaneously over a,sufficient h

e.g. ont35 s@H%P%@C?%%%t%hénl%tE?EFZ?BFE%sPEﬂQF aﬁgpﬁaﬁéFH%@H tPhE?égy t end
to nove the popgitedihel | &kis dfechéowasds. In Figures 1 to 12, the

gulde system is shown diagrammatically, with the
structure securing it to the barge being omitted.

Figure 13 is a section in plan view of a pipe 1

20 subjected to a current 25 which gives rise to turbulence
downstream from said pipe.

The turbulence phenomenon is shown in position A. A
vortex is initiated in this position, grows, and then
separates from the structure, after which it is entrained

25 by the current downstream away from the pipe. At the
same time as a vortex is growing in position A, another
vortex is initiated in position B, and it will grow
subsequently. Position B is substantially symmetrical to
position A about the current axis. Vortices are thus

30 generated in alternation in positions A and B. This
instability is referred to as "alternating vortex
shedding". The appearance of a vortex is accompanied by
a drop in pressure, and when vortices appear on the same
side simultaneously over a sufficient height, e.g. on

35 side A, then the lateral forces that are generated
thereby tend to move the pipe to the left, i.e. towards

position C. When a new vortex is generated in position



position C. Wien a new vortex is generated in position 14 B, it will then
give rise to a pressure force towards the right, i.e. towards position D.
Lateral pressure forces wll thus follow one another on opposite sides of
t he pi pe. Wien the excitation frequency T&sociated with this 5 instability
is close to the natural frequencies of the pipe, then the pipe is caused
to vibrate. The beginning of this vibration phenonenon is known as
"capture". The thathtl ebhienigkvefrinestPndtAbEFFRyCVvAPYCRi FAWAEEF akBEer s

associ ated Wti@hﬁhelféomt&@@ﬁ@g)p@@ﬂtﬂbﬁthheLa&QrémapﬁeQEuiéef@t@és

(di anmeter) $ uld P ftated t hat #n certain 5ﬁe0|al |rc¥n5%ances t he
vi brati on td%%% %?%%e PhlPReOREnRAFPEEL PBNCBROFhEScBF FERt OF nsPEad of
perpendlculamigethewmém thetéxydtattes Sheddengynassoogetedi withl tkination”

but "sinul taneou My Ldn. ho Siti 15 A and B rec-l Fi gures
2, 3, aﬁ% 4 é?%téby 5 emg %?Oggp#%egggmﬂ%ggraEogfoﬁﬁ gg §£cg?ed and
whose head emibé s tlzeisi tinedp bye e&t@auaedn@anglbn@teshomhy baginhsngui ded

by a roller &?V&ﬁfs1@1b5§@§§nf¢ﬂgﬁsﬁeﬁsﬁa§§ kﬁé@ﬁcééVebXpEQré"VGSt 20
situation (Figure 2), and %6e vibration situation

respectively in nbge qﬁ%?@%ﬁ?ﬁl%Fl%ﬁdoﬁnt gelnsteki giiky ¥3ryIWikhgures 3
and 4, the aniiRsesrd2aans-ifeeaodesh &ﬂeafeOwongﬁsean shanestAOcEEt Uat ed

bst | t L/ 25 L/ 4., Fi f
R L e o Il L S
devi ce 16, th@seeft@umespe¢aalnglresmetanveby tbeaviksbdtsohubbdkea (Figure

®) tpand, 10, 1guL 151~ ANG DEROUALLC: 20, | XOOHEDLALLON: SLbbRLENoE | L

respectlvel I'n no I gure and 1n nD
has been exaegferen@icebmsliverdrgtof ovithavpriyieesdebed@dpnyone AAAILE shows

that the plaﬂﬁs"aﬂébfﬁbHW%ﬁh bhe nogdes1ddnandsihe, anhi podaspdditopasare 35
significantly shifted 3&%9%53' In Figure 6, the riser oscillates between

the twolxt ren@Hdsiet Bwh 13a,

Figures 2, 3, and 4 are side views of a pipe 1 whose
bottom end is secured and whose head end is tensioned by
external means (not shown), and is guided by a roller
device 16. These figures relate respectively to a rest

20 situation (Figure 2), and to a "guitar" type vibration
situation, respectively in mode 1 (Figure 3) and in mode
2 (Figure 4).

In Figures 3 and 4, the antinodes 12 and the nodes

11 are formed in planes 10 situated substantially at L/2
25 or L/4.

Figures 5, 6, and 7 are side views of a riser 1
tensioned by floats 2 and guided at its head end by a
roller device 16, these figure relating respectively to a
rest situation (Figure 5), and to a "guitar-and-pendulum"

30 type vibration situation respectively in mode 1
(Figure 6) and in mode 2 (Figure 7).

The deformation has been exaggerated considerably
for clarity of description, and it shows that the planes
10 in which the nodes 11 and the antinodes 12 form are

35 significantly shifted upwards. In Figure 6, the riser

oscillates between the two extreme positions shown 13a,




15 13b, whereas in Figure 7 the riser is shown in only one of its extrene
positions. Figure 5 shows to the right of the riser how tension in the
riser varies substantially linearly alon95|ts 5 longitudinal axis. Tension
increases starting fromthe guide pointiv"Tension is at its maxi num ( Tmax)
at the junction between the float zone and the transition zone 5.

Thereafter tension decreases with depth in ,the  ordjnary portion and
confers a "v%%?atW?§r§??lh@"F%95€e16 HﬁleréﬁeaeﬁﬁrﬁﬁPWBanFPﬁéyegné and 7)
al so known asf ggléﬁframgeﬁ@siﬂlbhg float zone 4, the tension decreases

i Si t ds_th ' Ln th
portion of the 1S4 FRar CBFqLe EieverohE Pop RPohtoEh PEACHoHEA Rum

conpressi on 15 aheveishe gardessysbenaatlahéyméhhbeaay dhosgniééns that the
top portgon ?% %QEuéiﬁﬁi QQEQVGSTéh EEBEEEEQECIa¥9% @98Mttﬁﬁf'xed

point at the e riser re of is type
of riser mh|@%ld@0m@1mtute@eaSWPbraS|ﬁg eﬁapmealmpEndﬂmaﬁﬁsﬁtlﬁ@e system 20

under the efj@ﬁét9$nCyéﬁﬁgénaeﬂeS%@bgtogoaeeaﬁas%ﬁeaegaealtagﬁ barge. In
Figures 9 to_ 12 there can be seen stabilizers  see |nghto reduce or

elimnate the- smT%@¥ﬁ@fB%ﬁa9?6Fl@m dereeaspsSpyithofeBEht hB FhSer. These

stabilizers @f@lﬁéryogaf@ﬁonnaﬁaec&hﬁatszanevﬂb@étuﬁgtBer hyseeypad-fl oat”
the di ameter of the

transition zone E cor s to a onedl &

pi pe dei&eas%% %r%éhég Py glgﬂﬁﬁﬁ r 8% uﬁ? FLPP FBRWHeRSt he standard
portion of th@ulpapemu@ebh cbnrebpoﬁﬁsatozanpoétlOheotenheoplpe that is 30
of SUbSta”t'&éé%ngéétéﬂtr9é§§8t€5ﬁ§PéstP % LSrshtHaLad rQSQ?%EE gl d

transition zone ures 8 an t he | oat zone and uoyancy
force F and b%@omeugﬁmpxgﬁééop b8 sbepapedtiprhofheheeriepr 6ha§ravuty of

t he assenb'Yemé§§@§céb&@éYtMétBQEtf@Bat350aQQhEhoﬂéklﬁﬁﬁScéﬁﬁgééglgh and
with additional mass 7 installed in the botggg% rtion,of the bohtgnlfloat

(Fi gurel®) . FAVEdHRe | Snhfe naystem; 3tobbgi He This means t

the top portion of the riser behaves llke a pendulum
pivoting about a fixed point at the head of the riser,
which is the special feature of this type of riser which
constitutes a vibrating coupled "pendulum-string" system

20 under the effect of current and swell on the riser and on
the barge.

In Figures 9 to 12 there can be seen stabilizers
seeking to reduce or eliminate the swinging behavior of
the top portion of the riser. These stabilizers are

25 located in the float zone 4 or in the "riser-and-float"
transition zone 5 which corresponds to a zone in which
the diameter of the pipe decreases progressively going
downwards until it reaches the standard portion of the
pipe which corresponds to a portion of the pipe that is

30 of substantially constant diameter and that is situated
beneath said transition zone.

Figures 8 and 9 show the float zone and the buoyancy
force F and the weight force P associated with the center
of gravity of the assembly, respectively without any

35 additional mass (Figure 8) and with additional mass 7
installed in the bottom portion of the bottom float

(Figure 9). The additional mass 7 is obtained by an



16 encl osure that surrounds the float and that contains a heavy conpound
such as iron ore. It could be constituted by a float that is itself filled
with water. .In Figure 8, the mass of theléloat zone corresponds 5 to P1.
The additional mass 7 increases the mass fromPl to P2 and |owers the
center of gravity. The return nmonent of the force P2 is thus increased,
thereby having the effect of stabilizing the pipe. 10 Figure 10 is a S|de
view of a ri¥etlaSHESi Hept | warsounds whih fﬁ@FanngtﬁbﬁFlE@F§a8n§oﬁpr|S|ng

hel i cal rﬁmse? S Gt @ngln@nsﬁm dovwesdnf beat, p}&e&@ﬁaaluelaﬁlbglbatéﬁm
portion thereo eljces can adv ous nstalled on the part
constit uting¥ He %?%%El??%ﬁ %%nét%e?g gh&fggtWéFﬁdW?ﬁﬁEdlately bel ow t he
| ast float. The zomeFigirasX| nuhe ahfestofenhssfloes toneneoptethesdst wo
positions. ? ?fllces occupy a very small region only, e.g. extending

h

over a helg 3 or 4 meters. Each helical ranp 8 extends around a
fraction only of Bhe r@ddPoiepaltmape duinthneasest heefhoas. fTpwsBlstpuct ures

of three- d'Wﬁ?séﬁ@aioﬁ@@@et@Qpééﬁéertth§§a§yﬁ§aceTH£ t-beuthogbmenpfer a
dual stabilization _effect by absorbing ener |ncreaS|ng t he mass

of water, &M 't fereedbal 59 5@%@.a%cae@ﬁe$d EFéﬁﬁngE?Vbﬁg 5Beef fect by
| owering theegpsteropfsgayiiyindi ghéepldeis a side view of a riser having

floats f fitted th a @ablllzat on deV|c of the v rﬁex. e%i

Lot asortlype 6 it 1rEs Thow AroasrEhSimst S Fenest nerval EeSHEE T (e
transition aneylthe"héDimkteum%hglmaes a demphieingbbalisalnrampabout 100
m renote from Eé‘fdg% LL-£70LS, CBkéfQPabfy %H”éﬁét%@goﬂere'y by

an envel ope pl erce O es o var constant™ secti on secured
to the riserRorghen ntals%r%@f mt%ethaﬁp@a& Asfae aAEaRRRGSOUS NP5

represent ZCEﬂéﬁﬁﬁﬁe&obéotﬁénﬂgﬁta@@néﬁlﬁﬁttht@h@DEk9ﬁ51gﬂbhngohét§ra|

dlSpIaC nts gf IQG FENE % a{ Iéglo%ng faggpgfggtsucThe zone

di spl a nt&? Tﬁb]ﬁﬁg% nyENE Ot Y
of maximum effectiveness lies in one of these two
positions. The helices occupy a very small region only,
e.g. extending over a height of 3 or 4 meters. Each
helical ramp 8 extends around a fraction only of a turn

20 about the outline of the float.

These structures of three-dimensional shape applied
to the surface of the float confer a dual stabilization
effect by absorbing energy and by increasing the mass of
water, and can indeed also provide a third stabilization

25 effect by lowering the center of gravity.

Figure 11 is a side view of a riser having floats 2
fitted with a stabilization device of the vortex
perforated caisson type 9 situated below and extending
the lowest float, e.g. in the transition zone, i.e.

30 extending over a depth of about 50 m to about 100 m
remote from the effects of swell. This caisson is
constituted merely by an envelope pierced by holes of
varying or constant section, and secured to the riser.
The mass of water trapped inside the caisson can

35 represent 20 tonnes to 50 tonnes and is set into motion
during lateral displacements of the riser, so that its

inertia opposes such displacements. The openings formed



17 tn the caisson allow l[imted novenent of trapped water outwards and
then i nwards, thereby creating additional danping by energy absorption and
t hus considerably inproving the stabiliziﬂg effect. S5Finally, adding this
cai sson below the floats also confers a ird effect of |lowering the center
of gravity. Figure 12 is a side viewof ariser 1 fitted with floats 2
havi ng a varlety of outside shapes in order to absorb energy so as to
prevent vortieeshe rendpeppgaihed sinebedhnpvenantead ts2pBpRuvaterfects.

Vortices aregehpshds osnd henot shilgrgy! f aaeseBy ci@ét@ﬁ@sa@ﬁleioﬁh@es in the
manner expl éned when descrlbln%O¥Rgure 13. en the nergﬁ i nes

thereof ar 4P HArPLaPROEIY t AR 196r??@e §NYg F@ﬂﬁ grg
si mul t aneousiypedvihe shaessaldel O¥engvaryeng.l engths. Once the length

becomes sufficientl ng, . 5 mor 1510 Qr ev e, . then the
forces that are 3%%%?%?%d a%%g%gn%hl5n8a§?ﬁ%gn%EEQWaggeg?ﬁan?e%?ga in the
same direct¢onfehneyagiherdi séfeottbe lowpting” thheaentavnofhgchvierds to
the riser being ]Pli"ﬁguf'éolﬁ” Péaslgﬁde 728y Sk M@gwglcﬂ;egﬁ @@khgenerator

lines in the as floats 2, lacing themwth a vari et apes such
cones 2b or EbPRex %d@@%@n@far%@é%ﬁFYoﬁfZﬁuéﬁl@@néﬁ@EeﬁoHFeQr@FrrEQOIutlon

2c, the riskspobricopher@yats £8dU6€Frevent vortices from being shed
10 since that can lead to capture effects.

Vortices are shed from the outside surfaces of
floats or of pipes in the manner explained when
describing Figure 13. When the generator lines thereof
are cylindrical 2a, then the vortices 26 tend to form

15 simultaneously on the same side over varying lengths.
Once the length becomes sufficiently long, e.g. 5 m or
10 m or even more, then the forces that are generated
combine, and since they are all directed in the same
direction they give rise to the "capture" phenomenon
20 which leads to the riser being put into vibration.

By eliminating cylindrical generator lines in the
floats 2, replacing them with a variety of shapes such as
cones 2b or convex bodies of revolution 2d or concave
bodies of revolution 2c¢, the risks of capture are reduced

25 or even eliminated. These special shapes can also be
constituted by external screens that are added to
conventional cylindrical cans.

These special shapes are advantageously combined
with other stabilizers such as filling the lowest float

30 with water or associating a perforated caisson in the

transition zone 5.



or-even elimnated. These special shapes can also be constituted by
external screens that are added to 25conventional cylindrical cans. These
speci al shapes are advant ageously conbinfg with other stabilizers such as
filling the owest float 30with water or associating a perforated cai sson
inthe transition zone 5. 18 CLAIM5S 1/ A bottomto-surface |ink

conpri si ng at | east one wunderwater pipe (1) having at | east one float (2),
preferably a b@ﬁM%llty of floats in a string, said floats 5 constituting

cans surroundyng 5@tdomLp@ ¢irrasd DQhchthQadeglBttm@abapoﬂéderMﬁter
portion of the e|n d at the surH E 9¥ha gui de

e pi
devi ce, pre?%g§5§§t8ﬁ 81??03EF gaYF UBS8F P18) F1PR k being
characteri zegréhetalalyi & pbupalses at Eéaatsoma 40sstrabpl i zeid( Blositsuat ed

in the top pQéﬁ%ﬁ?tQE1£§ th su999u88 ﬁ&'%858d89¥ﬁe ﬁ?ea98thEh ortion of

the fl oat zone y on or eve owest and the
transition zbpeatsy b@tEb@ntPheuﬂﬁ©EW§t€4)paﬁﬁlOQSthéh@réﬂﬁav Saéﬁtlon (6)

of substantigiby sensyantiadhaneher setraabdppi Reglilbe dbvice,
bottomt o- surfage I|n accordlngéto c%g|n1l characterized in.that the

stabilizer CohptPEaRl¥toNeastlodblBfeldadrcEUBRBPEL 841 r off'® dARENer gy
absor ber devbeend 7ch8rad}erinedevhcehdt, 18)cbﬂpf@§ésngttmeaQBSSan wat er

opt i neg CULLIG,TDYEN=p [ DSLeRLLaatd, [ BoTBLCBo(Lyof) oFOPRL Iaphe center
according toanflatom@fituted by:
the bottom portion of the float zone (4),
preferably on or level with the lowest float; and
the transition zone (5) between the floats (4) and
15 the ordinary portion (6) of substantially constant

diameter of said pipe (1).

2/ A bottom-to-surface link according to claim 1,
characterized in that the stabilizer comprises at least
20 one device selected from:
an energy absorber device (7, 8, 9);
a device (7, 9) increasing the mass of water
entrained during movement thereof; and
a device (7, 9) lowering the center of gravity of

25 said top portion of the pipe.

3/ A bottom-to-surface link according to claim 2,
characterized in that said stabilizer combines at least
two and preferably three effects selected from:
30 - energy absorption (7, 8, 9);
increasing the mass of water entrained during
movements thereof (7, 9); and
lowering the center of gravity (7, 9) of said top
portion of the pipe.
35
4/ A bottom-to-surface link according to any one of

claims 1 to 3, characterized in that said link comprises



characterized in that said stabilizer conbines at |east two and preferably
three effects selected from 30 energy absorption (7, 8, 9); increasing
the mass of .water entrained during anefgnts thereof (7, 9); and |owering
the center of gravity (7, 9) of said top “portion of the pipe. 35 4/ A
bottomto-surface link according to any one of clainms 1 to 3,

characterized in that said_link conprises 19 ,a structural el engen

i ncreasi ng i¥sSEERtECEaarebSHPER thereaates ¢85 ePRERELt PRED WEB%tEEF

fSLf acg W tzgﬂahﬁr\g?spr?rtﬁﬁéatﬁn@oa gyhtadti gakfafb@umthet?él @aetrsai d pi pe
: c, i nk. ac g_to any. one_of clains 0

char act eri ze*®h %%a?oga?%lﬁ?éﬁ?F?g ?Egﬁﬁp¥P§e§XfﬁeoﬁoﬁaléyPFﬁar|ggr shape
(2b, 2c, 2d)2of 2d&g.outside surface of a float (2) or of a portion of pipe
(5). 10 6/ Alink according to any one of clainms 1 to 5, characterized in
that said stabilizer conprises at |east one helical ranp (8) surrounding
one of said $foatbifkR)aceprdang pppenylypnel1st7elaimpnk secérding to any one

of claims 1 él@a@acté’ﬁ%é‘&tfﬁ'ﬁﬁgt'Qai@agtéﬁhﬁl§E§bbbin§§!is€9”9f1é5§§na
coaxi al caisson surroundjng pi pe and aV|n% an outsi de surfa%e with
e

per f or at i onsCYH3ndvEca} %P?P%k %Eco?ﬂrn%dfo°§n§ﬁ OBFS&ﬁﬁlﬁErfaFS 91
characterized fnodbhat2) hersdabal paeticanpri pepeadditi onal mass (7)
situateg in or around a float (2) or surrounding said pipe (1). 25 9/ A

i nk ac %rding to claim8, characterized in that it conprises a float that
is partiall y6fiAlktnkvi dbcomfleng to any one of claims 1 to 5,

characterized in that said stabilizer comprises at least
one helical ramp (8) surrounding one of said floats (2)
or said pipe (1).

15
7/ A link according to any one of claims 1 to 6,
characterized in that said stabilizer comprises a coaxial
caisson surrounding said pipe and having an outside
surface with perforations (9).

20
8/ A link according to anyone of claims 1 to 7,
characterized in that the stabilizer comprises additional
mass (7) situated in or around a float (2) or surrounding
said pipe (1).

25
9/ A link according to claim 8, characterized in that it
comprises a float that is partially filled with water,
preferably the lowest float.

30 10/ A link according to any one of claims 1 to 9,
characterized in that the float zone (4) comprises a
plurality of floats (2), preferably at least four floats.

11/ A link according to any one of claims 1 to 10,

35 characterized in that said stabilizer is situated in the
bottom portion of the float zone (4), preferably on or
level with the lowest float.



preferably the |lowest float. 30 10/ A link according to any one of clains 1
to 9, characterized in that the float zone (4) conprises a plurality of
floats (2), .preferably at |east four flogﬁs. 11/ A link according to any
one of clainms 1 to 10, 35 characterized that said stabilizer is situated
in the bottomportion of the float zone (4), preferably on or level with
the lowest float. 20 12/ A link according to any one of clains 1 to 10,
characterized in that said stabilizer is situated in said transition zone

(5), preferabby Amﬂkaé@byraﬂhg\/\ltbhénii bawest thaaks 13toA1bi nk according
to claim12, ﬁharacterlzgd in % g a E g h zone, co rises.a Blurallty of
floats whoseShHILEST b6t dEe5 AkvERH GPEhAFFEal SR EﬁgtFﬂaﬁ ara1fo

di fferent w thagenheiahozohénéS)t hptefanabéystimaedhtté2b) betbwcuheed (2c,

2d). 14/-A b t o5 face link according to any one of clains 1 to 13,
characterlzegé&ggk 9%8g€'conprises a 15 plurality of said underwater pipes

grouped together in bundl es.
13/ A link according to claim 12, characterized in that

the float zone comprises a plurality of floats whose
outside surfaces have non-cylindrical shapes that are
10 different with generator lines that can be straight (2b)

or curved (2c, 2d).

14/ A bottom-to-surface link according to any one of
claims 1 to 13, characterized in that it comprises a

15 plurality of said underwater pipes grouped together in
bundles.



