- 1 - MOORI NG LI NE The present invention relates to a
nooring line conprising synthetic fibers, said nooring line having a | ength
of at least 800 neters and being suitable to 5 secure in place a water
floating system Such a nooring |ine cdnprising synthetic fibers and havi ng
a length of at |east 800 neters is already used for heavy-duty marine

pur poses such as to secure in a place water floating systens, because said

nooring line presents the advant ages of high strengths and high
stiffness. Further inportant advanjagsisingoLing 10 nentioned are a reduced
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20 example in case of systems used for oil or natural gas production.

Materials that are generally used in producing the synthetic fibers
comprising said mooring line are polyester, nylon, polypropylene, aramid, polyethylene
and the like, each material having advantages and disadvantages.

An example of a known mooring line used to secure in place oilrigs

25 and the like is a mooring line comprising polyester fibers, such mooring line presenting
good strength and stiffness and low creep. However, mooring lines comprising
polyester fibers and having a length of at least 800 meters, are extremely heavy,
having a diameter of more than 250 mm and being extremely difficult to handie.
Another drawback is that because of the relatively low stiffness of the polyester fibers,

30 the water floating system when subjected to external factors such as wind currents or
water waves exhibits a larger displacement from the original position.

Mooring lines having a length of at least 800 meters are also made of
steel wire, however, supplementary to being extremely heavy, such mooring lines also
have the drawback that they cannot be used in locations where the water depth

35 exceeds 2000 meters.-For water depths exceeding 2000 meters, the steel wire mooring




35 exceeds 2000 neters. For water depths exceeding 2000 neters, the steel
wre mooring - 2 - |lines present strongly the risk of breaking under
their owmn weight due to their increased | ength. Furthernore, such steel
wire nooring lines often need extra buddrancy and in case of failure under
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Surprisingly, the aim is achieved according to the invention in that the
mooring fine comprises at least a first and a second module, wherein at least the first
and the second module have different compositions of synthetic fibers.

25 Surprisingly, it has been found that the mooring line according to the
invention, said mooring line for convenience hereinafter being referred to as modular
mooring line is able to hold more precisely the water floating system in its original
position. A further advantage is, because the modular mooring fine comprises modules
with different compositions and therefore, with different mechanical properties, a better

30 dampening of the high peak loads occurring in said modular mooring line due to waves,
winds or water currents is achieved. The modular design of the mooring line allows an
easier tunability of the mooring line to specific applications where a correct balance
between the fixation of the water floating system and the dampening of the high peak
loads is necessary. Yet a further advantage is, because of its special modular design,

35 said modular mooring line is subjected to a reduced tension. Yet further advantages of




35 said nodular noboring line is subjected to a reduced tension. Yet further
advantages of - 3 - said nodular nooring line are achieved, as it wll
beconme clear fromthe description of the present invention, by adjusting

t he conpositions of said nodules to obtdin a correct bal ance of strength
and size of the nodular nooring line. By |ine are understood rope, cord,

tw ne, cable, string, and simlar 5 structures conprising fibers or fibers
and staple fibers. By nooring line is herein understood a |ine that is used
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floating system. Said connectors may be for example different types of shackies, loops,
etc. For example, using said connectors to join an end of a module with an end of
another module a series of two modules is obtained. A bundle of modules may be
obtained for example when connecting an end of a module with an end of two or more
20 other modules. According to specific applications, a person skilled in the art would
choose a suitabie combination to produce a modular mooring line having improved
balance in size and mechanical properties.
By water floating system is understood a system being anchored to
an anchoring point via mooring lines. Said water floating systems may be a system
25 floating on water or a system buoyant in water at a certain water depth, suitable
examples including floating production storage and offioading vessels, spar buoys,
semi-submersible or other hydrocarbon storage and/or processing and the like.
In the modular mooring line according to the invention, the synthetic
fibers comprising the modules may be fibers from all kind of materials suitable for
30 producing synthetic fibers, for example propylene, poiyester, copolymers of
polypropylene or polyesters, nylon, aramid, polyolefins and the like, and combinations
thereof.
The synthetic fibers comprising the modules are being obtained by
twisting together synthetic filaments. Preferably said synthetic fibers consist of at least
35 100 synthetic filaments, more preferably at least 200 synthetic filaments, even more
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Hereinafter, examples of preferred embodiments of the modular

25 mooring line according to the invention are given, substantiating the advantages gained
by using said modules. It is to be understood that the preferred embodiments are not
limited only to those presented hereinafter, and a person skilled in the art will easily find
additional embodiments and advantages according to the present invention that will be
apparent from the following detailed description when read in conjunction with the

30 appended claims.

In a preferred embodiment, the modular mooring line according to the
invention is suitable for use to secure in place a water floating system, said moedules
having a length of at least 100 meters, more preferably at least 200 meters, even more
preferably at least 300 meters, yet even more preferably at least 500 meters, most

35 preferably at least 700 meters.




30 appended cl ai ns. In a preferred enbodi nent, the nodul ar
nmooring line according to the invention is suitable for use to secure in

pl ace a water floating system said nodules having a |length of at |east 100
meters, nore preferably at |east 200 ndters, even nore preferably at |east
300 neters, yet even nore preferably at | east 500 neters, nost 35
preferably at |east 700 neters. - 5 - Preferably al
nodul es of the nDduIar nooring line according to the invention conprise
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the first module comprises at least 60% by weight first fibers, more preferably at least
75% by weight first fibers, most preferably at least 95% by weight first fibers. Next to
the first fibers, the first module may also comprise high performance polyolefin fibers
20 The second fibers in the second module according to the invention
are high performance polyolefin fibers. Preferably, the second module comprises at
least 60% by weight high performance polyolefin fibers as second fibers, more
preferably at least 75% by weight high performance polyolefin fibers as second fibers,
most preferably at least 95% by weight high performance polyolefin fibers as second
25 fibers. Next to the high performance polyolefin fibers, the second module may ailso
comprise other kinds of fibers. |
Preferably, the free end of the second module comprising high
performance polyolefin fibers is connected to the anchor that will provide the anchoring
point on the seabed. Accordingly, the free end of the module comprising first fibers is
30 preferably provided with connectors suitable to anchor the modular mooring line to the
water floating system. The connection of the free ends of the modular mooring line
according to the invention to the water floating system and to the anchor that will
provide the anchoring point on the seabed is preferably made using a steel wire rope or
a steel chain having a length preferably of at most 100 meters. Once installed, the steel
35  wire rope or the chain are used to prevent the direct contact of the modular mooring




25 fibers. Next to the high performance polyolefin fibers, the second
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reduced risk of damaging the hardware that may come in contact with said modular
25 mooring line. It was also remarkably found that said modular mooring line according to
the invention, exhibits enhanced tension, torsion and bending fatigues.
The presence of the module comprising polyester fibers, said
polyester fibers having lower stiffness than the UHMWPE fibers, has the advantage
that the effect of the heave characteristic to oilrigs and the like is more efficiently
30 detuned. Therefore the presence of the module comprising polyester fibers, provides
the modular mooring line with good dampening properties helping in reducing the peak
loads occurring in the modular line.
Moreover, said modular mooring line presents a better combination of
stiffness, elongation to break and energy absorption. A further advantage is that the
35 presence of the module comprising UHMWRPE fibers helps to hold more precisely the
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20 poly(ethylene terephtalate).
The polyester fibers preferably have a tensile strength of at least 0.6
GPa, more preferably at least 0.7 GPa and most preferably at least 0.8 GPa. The
elongation to break of said polyester fibers preferably is at least 3%, more preferably at
ieast 10% and most preferably at least 16%. The titer of said polyester fibers preferably
25 is at most 50 dtex, more preferably at most 110 dtex and most preferably at most 220
dtex.
The UHMWPE fibers are preferably manufactured according to a gel
spinning process. Gel spinning of UHMWRPE is well known to the person skilled in the
art; and described in numerous publications, including EP 0205960 A, EP 0213208 A1,
30 US 4413110, GB 2042414 A, EP 0200547 B1, EP 0472114 B1, WO 01/73173 A1, and
Advanced Fiber Spinning Technology, Ed. T. Nakajima, Woodhead Publ. Ltd (1994),
ISEN 1-855-73182-7, and references cited therein. Gel spinning is understood to
include at [east the steps of spinning at least one fiber from a solution of ultra-high
molecular weight polyethylene in a spin solvent; cocling the fiber obtained to form a gel
35 fiber; removing at least partly the spin solvent from the gel fiber; and drawing the fiber




The UHM NPE fibers are preferably manufactured according to a gel spinning
process. Gel spinning of UHMAPE is well known to the person skilled in the
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Whodhead Publ. Ltd (1994), |SBN 1-855-73182-7, and references cited
therein. CGel spinning is understood to include at |east the steps of

e ‘ : ; it s i ght
ol yet ny That @St orWFaling Sler beitiel bl bl ferfemdting B <evoRE. SUftdbi® splf? 01,
fiber; resclvents inciudectos exarapleiparaffies, spineratboil, kerasehe ondeealing8pinfsdivant and

drawi ng t L = =] I ane !pgv{:&g- rd-Ag or
after r ermggli1 % Q%%‘P‘r’leqs@{ %ér# rﬁ@lﬂl | ?gﬁcggﬂ'p?rﬁa SO ven@éﬁ%ngﬁj‘%gsﬁgﬁlgy grrpl e
par af f i ns exinactionabutes| Thekshapeaf éhecrose e section dithe fibers\may be seletledhen®ved by

evaporati ' | i evaporation and extraction

r out esé Tﬂ{e}ogﬁg%éelg%idn%ﬂéhégé%%\sé c?t@%%@b@ﬁbgﬁ@{lﬂ?g.fi bers may be sel ected here

5 through sel ection oMWithirthehcontex of thegressnt inveptien alltrahigh molar mass

Wthin th ' ' i ar. .

pol yet hyl RQQWEﬁwﬁgﬂéﬁgg %5W§%de8&p%?t%%ﬁ€Wéﬁ% nv% %lg@ﬁﬁtyl nsi c

vi scosi t y(IV¥) of atdéastd difgabl was detgrmingdescondingtometbod 3ot 18 (Hpredesindod

T e CRBleAbE 2! U B oty 0 g SEOB Y Se°S, 20

hour s10 }M U_thVPﬁanvviith @diskainitiohtinie d:f_mfo?mmmm amantogtiantsDBRCiivan ammlint

extrapol at the . viscosities at different concentrations o zero

concent r &2t BN spHYR. Gt arabanfa fecistostin S{RRSHA PoARAFRId BB abi y

bet }Aeenb?cmvén#ﬁtid'l./féanidm slul‘tﬁle,rialeHMd WREWith a?:W@gFreiﬁra?Iy/t@tweeérEB rmr2 g

prefera en an refera an

G Tor spi 40 Hfisynode BStdbhneetv@en 0 a0l ol SuFh ek erp ERS hetdedhia one

branch orard 28 diZfaariti mest preferably betwesh dSmndasdify. ef er abl y | ess than one

carbol? at one. The | | nERtSEly ey RMRAR T s WGk P nalveBfie s Wi Bog Inar' i o6 o

one or noBrANER BPSIdERhEIN perdD0 8arbahlatemms, drid¢sreferatily lesseharboieside chaint ene,

2 srel | SR FbERaRIs, BPANSh4WBll Bl it O anton FpEF ol MR

Cl- G4 al kpdiyethgleie nidy fuiierfc@niih UP & 5 tndl9oasfronkrop mdilddflondimers, sucieag ai n

anount of such groups show reduced cree ehaviour. If the side chains are

too | ong, @ "Q%[H‘Fﬂgmguﬁpet H"é‘tg'ﬂ?ié‘"g'ﬁ&y nene S PN, their presence

\tf)vi Ihl 20e0at i ;/em aL f mpEé @gmwagsbm??n%@apmaﬁ Mnbaﬂm rsmaur?naﬁu lof
ehavi our _the i bers.. For S reasg e refer

Cont ai ns TRAINSY SgralErAYhS 35 R Shas.SRISTARLY A recH LGB gfaagomi_gﬁlﬁi,

mor e pr ef figdt iorh UHNINPERRit 2 REALIRSNUUNY oPSlidhdroGbostiRsw Asdugederédpai ns. The

amount of side chains_ is preferably at |east 0.3 per. 1000 carbon atons,
nore pr ef%ﬂlc’yr-d&hpé&lq chging arsrtoq{wea E%'FW’Q?W, ﬂ}ﬁﬁge FPAPRISIBPy at
lleast 1 pfigh, tREP preteRedwill riugatively BféCTRNG bratbssihg!8nd especially the drawing
25  behaviour of the UHMWPE fibers. For this reason, the UHMWPE preferably contains
methyl or ethyl groups or combinations thereof as side chains, more preferably the
UHMWQPE contains only methyl groups as side chains. The amount of side chains is
preferably at least 0.3 per 1000 carbon atoms, more preferably at least 0.5 per 1000
carbon atoms, most preferably at least 1 per 1000 carbon atoms. The amount of side
30 chains is preferably at most 20 per 1000 carbon atoms, more preferably at most 10 per
1000 carbon atoms.
The UHMWPE can be a single polymer grade, but also a mixture of at
least two different UHMWRPE grades. By UHMWPE grade is understood UHMWPE with
a specific IV or molar mass distribution, and a specific number of side chains, said side
35 chains having a specific configuration.




30 chains is preferably at nost 20 per 1000 carbon atons, nore preferably
at nost 10 per 1000 carbon at ons. The UHWAPE can be a
single polymer grade, but also a mxture of at |east two different UHMAPE
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chai ns having a specific configuration. - 9 - The UHMAPE
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of customary additivesy,g %\qﬂv@ﬁg gﬂﬁrh\e‘?%‘ﬁé{hﬂﬁﬁeréoh u‘i‘ﬁ&uaﬁ &Jn'tsz‘aréﬁ%fa

col orants, nucleating agents r ono cata resi
li ke, andlasayh@n 8% lzsmelshhofmtamqmlaydﬁvgs. Spcleaeaalirbyldpole'aymeemahl c

et i ng *FEAER, abrano nleleding abgs HowRRRRIEE Rlalvlplibed s R E>" S
The UHMAPENd mayralsoregntainvather molyinaerepreferakiy polyeleSnicpolymark ke otheryi ng
et v oPdTehGRYEE: pdlFosidfhe of teircobBhm, g itkel) ciiMers iy | o,
and nost EGDM, GEFﬁi,aﬂd)ﬁhbélke\een 0.4 and 5 dtex. Pr effer ablb?/,

I h era
;Pel EazgtSI ZEOStGIrD:ng;d ms%érgg% a%ﬁ%%s%ﬁgﬁg égéaﬁ?enssfl ‘%t igngt h, iys
det er m nevargingrhgiweerf widerrangess Prefergblycihiititer erthABH‘IMWBEEﬂlamastsngbmem nal

Pnstron 200p R 20 88 bRORery o b cftfeod LB/ U 8 naBR el arpliett [ T0cc o

UHMAP\Qflb’GfQ!‘ablyb&twﬁem@mmm;t more preferably at Ieast 50 GPa, even

more preferably at | eaqkoRfy Ot tokSle SHITEY GHOVASE highlske 8l idagPPs 100 GPa
efille e can A0 " Phe

and nost preferabl y a eas a preferred enbodi
sti f f nessGBA, o/ PpEfdrablyad ldast aétGEeandnﬁJS%feraUIymE@&O QBE’ h'&ﬂsdengt h of

the 117t 5 GOURGBYAA AAIABE! Bimd bOSkclds RALANBHAAE fRS] 2000

nmeters, mnore-pr y - at even ‘nore
nominal gauge length of the fibre of 500 mm, a crosshead speed of SO%Imln and

15  Instron 2714 clamps, type Fibre Grip D5618C.

Preferably the stiffness of UHMWPE fibers is at least 35 GPa, more
preferably at least 50 GPa, even more preferably at least 70 GPa, yet even mere
preferably at least 100 GPa and most preferably at least 140 GPa. In a preferred
embodiment, the stiffness of UHMWPE fibers is between 110 GPa and 135 GPa.

20 The length of the first module comprising polyester fibers is preferably
at most 2000 meters, more preferably at most 1500 meters, even more preferably at
most 1000 meters, yet even more preferably at most 500 meters, yet even more
preferably at most 350 meters, most preferably 200 meters. The ratio between the
length of the module comprising polyester fibers and the iength of the module

25 comprising UHMWRPE fibers is preferably at most 90%, more preferably at most 60%,
and most preferably at most 30%.

The advantage of adjusting said ratio is that depending on the
locations where the modular mooring line is used, the module comprising UHMWPE
fibers is located at a water depth where the water temperature is preferably below 15

30 degrees. This ensures that the module comprising UMMW®PE fibers is used at water
depths where the water temperature helps preserving the mechanical properties of the
UHMWEPE fibers.




nost 1000 neters, yet even nore preferably at nost 500 neters, yet even
more preferably at nmost 350 neters, nrst preferably 200 nmeters. The ratio
bet ween the | ength of the nodul e conprising polyester fibers and the | ength
of the nmodul e 25 conprising UHWWPE fibers is preferably at nost 90% nore
preferably at nost 60% and nost preferably at nost 30%

The advantage of adjusting said raigiuug that depending on the |ocations
where the nodul ar nmooring line is Ugéé“The nodul e conprising UHMAPE fi bers
is located at a water depth where the water tenperature is preferably bel ow
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used at water depths ere er tenperature S preserving the
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having a | engt Rfeigt | east 800 neters and connected at one end to a water
floating systemand at another end to a fixed anchoring p0| nt, wherein the
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fibers; the first nodule is provided Wlt connectors suitable to anchor the
mooring |ine t&YeReliGERess: | oating system the second nodul e is provided
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at least 51 w geul trahigh
nol ecul ar wei gﬁ'i/é %%d@%\:{hﬁ{/c{ug{g% %ﬁﬁ‘ﬁ*’é@ﬁéﬁggﬁfﬁé@ggﬁﬁsﬁhﬁr 3 2. The

nooring |ine ofMmQgriag qto@ﬁanamré\gum in that said nodul es havi ng a length
of at least 10Gdfsearky se%onJ Hﬁ)dmo«iré'E)H)\):de'a%ﬁfc&%cte%etoi&n%h%n%f5 and 2,

characterized in that said first nodul e conprises polyester fibers.
module with an end of another module;

the second module comprises at least 51 wt.% high performance polyoiefin
fibers which are ultrahigh molecular weight polyethylene (UHMWPE) fibers
as second fibers.

2. The mooring line of claim 1, characterized in that said modules having a
length of at least 100 meters.

3. The mooring line of any one of claims 1 and 2, characterized in that said first

module comprises polyester fibers.

4, The mooring line of any one of claims 1 — 3, characterized in that said first
module comprises at least 51% by weight first fibers.

5. The mooring line of claim 4 characterized in that said first module comprises
at least 60% by weight first fibers.

6. The mooring line of claim 5 characterized in that said first module comprises
at least 95% by weight first fibers.
7. The mooring line of claim 1 characterized in that said second module

comprises at least 60% by weight UHMWPE fibers as second fibers.

8. The mooring line of claim 7 characterized in that said second module
comprises at least 95% by weight UHMWPE fibers as second fibers.

9. The mooring line of claim 4, characterized in that said first module
comprises at least 51% by weight polyester fibers.

10. The mooring line of claims 3 and 9, characterized in that the polyester fibers
have a tensile strength of at least 0.6 GPa and an elongation to break of at
least 3%.




4. The nmooring line of any one of clains 1 -3, characterized in that said
first nodul e conprises at | east 51%_9){_Wei ght first fibers. 5. The nooring
line of claim4 characterized in that said first nodul e conprises at |east
60% by weight first fibers. 6. The nmooring line of claimb5 characterized in
that said first nodule conprises at |east 95% by weight first fibers. 7.
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charact ekt zed + ; i R i I th of at
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conprising polyester fibers is at nost 2000 neters. 13. The nooring |line of
any one of clains 1-12 characterized in that the ratio between the | ength
of the nodul e conprising polyester fibers and the | ength of the nodul e
conprising UHWWPE fibers is at nost 90%




