~ - 1--Undersea Pipe-laying Technical Field This invention relates to a vessel for laying a pipeline at sea
* and to a method of laying a pipeline. The invention is concerned particularly with the path along which
the pipeline is guldleddoyireswessel. 10Background of the Invention Whengdaying@spipeline at sea one
of two methods is commonly used: either the "S" laying method or the "J" laying method. The two
methods are named in accordance 15 with the general shape adopted by the pipeline during laying. In
"S" laying, the pipeline leaves the vesse at little or ne ihclination to the horizontal, adopts a steeper
inclination in the water and then returns to a generally horizontal disposition on the seabed. In "J" 20
laying, the pipeline leaves the vessel at a gie@p-@eMeRiGad NGinatipn and the inclination steadily
reduces until the pipeline is in a generally horizontal disposition on the seabed. As interest in laying
pipeline in deep water has increased, so "J" I%icgﬁ kiasé1 geéoﬂnj% more 25 attractive because the
pipeline naturally adopts a vert cal or near-v 1e Striar from the seabed. "J" laying is not,
however, preferred in shallower water where the natural path of the pipeline is only ever inclined at a
shallow angleas it passésd thevsedlied aprlsSelayhny s 30 thetefive aduaiiggeous. When designing
a vessel it is in pripcigle pessiblestoaequip it forboth "Wdaying apdn$ daying:anddhente.choose which
laying technique teriaein any particulas case. JEhatisuhoweyer; ap uisatisfactory splution because 35
of the size and cogt, ot the RgUIPMENt 1eauied ARINEY the vesser.

1¢ Background of the Invention

When laying a pilpeline at sea one of two methods is
commonly used: either the “S” laying method or the “J¢
laying method. The two methods are named in accordance

15 with the general shape adopted by the pipeline during
laying. In “§” laying, the pipeline leaves the vessel at
little or no inclination to the horizontal, adopts a
steeper inclination in the water and then returns to a
generally horizontal disposition on the seabed. In “J”

20 laying, the pipeline leaves the vessel at a steep or
vertical inclination and the inclination steadily reduces
until the pipeline is in a generally horizontal disposition
on the seabed. As interest in laying pipeline in deep
water has increased, so “J” laving has become more

25 attractive because the pipeline naturally adopts a vertical
or near-vertical orientation far from the seabed. “J”
laying is not, however, preferred in shallower water where
the natural path of the pipeline is only ever inclined at a
shallow angle as it passes to the seabed and “S” laying is

30 therefore advantageous.

When designing a vessel it is in principle possible to
equip it for both “J” laying and “S$” laying and then to
choose which laying technique to use in any particular
case. That is, however, an unsatisfactory solution because

35 of the size and cost of the eguipment reguired. Another
solution that has been proposed is to provide a “J” lay



solu;ioh that has been proposed is to provide a "J" lay vessel in which the "J" lay tower can be pivoted
to any of a variety of angles according to the depth of the water. A problem with that solution is that the

same tower has ©9da@hle i@ be operated over a wide range of angles, whigh, S5 &3gmple, makes it
difficult to provide welding stations on the tower. "S" laying can be employed in deep water

provided the pipeline being laid can be supported from the vessel until it has reached a relatively steep
inclination to the 10 horizontal. That, however, requires a considerable length of support, because the
radius of bending to which the pipeline can be subjected is limited, especially in the case of large

diameter pipelinesesse 1 Que.apriRachdoproviding.ancs" laying.vessel 15,ingludes previding a

semisubmersible éleég%\é\_/%th tc\g\gnal%l %.SI_:%%%Q Ie,éJStAHZSQJ sg?wtshsuch an arrangement.

Another approach to ;growd?)n,gtan Ving vessel mvolves providing 8 monohtliVésselas shown, for

=]
example, in US 58823713, &h Bdﬁgﬁﬁg%%?ﬁjt%n%eq%sgﬁﬁsﬁﬁﬁ%éfﬁfé’il&%%l It it can
provide a relativeRPrall-fréeRénvirsimeht (e e pipe fEying = asoreensiderablechmdimts of space to
either side of a centralpipe layingspath dnihecressel(aiswkidwnoithose skileddnsherart as "the
firing line"). The exia heaadih of 25 such a vessel and its relatively large draught are, however,
disadvantages comparedsto aJpenghullvesselns 1oy arder ta.bgnefit from haying a menohull vessel,
tis desirable to keephe dmensions afhe.yegsel. a5, small as possible, while,providing the necessary
facilities. 30 When |a ing gmallhdiameter Ipesitis s etimesﬁfl)é]e érredéto_prOV| e a?ong length of
prefabricated pipéliné on & reel and To 18y thé Pipelifé BiPudwimdifig theree, blifespecially for large
diameter pipélinegifisaGaid o forrihe PRI froRf disciete ferfths isiysipeleadisgsically 35 about
12 m long. In this@ase ks tesirabta te welddndiddual lehdgtks af pipe intehprefabricated pipe lengths
(also referred to hene#l as<'jeintecbpipe:seetions”).eonsistingnf, sayetwa.three-ok faur individual
lengths of pipe and then to walddhe refabricated pine.lengths to the end of the pipeline as it is being

laid. Such a5 procedurgr@aagg%ggh%p&e 931@@99&0&9 j%crj]reftsgd qver thae"[i/vhich would apply if
[

each individ!rugl pi%?clf{} th were ngided in turn to the eng%(gr i éﬂﬁe?ssﬁ IS laid. Thus the vessel
aci

the
is required to accommodate Welding Statfons and other 1 ﬁeé’&f%fs Preparifl Prefabricated pipe
keels. For example, US 4,257,718 shows such an
arrangement. Another approach to providing an “§” laying
vessel inveolves providing a monochull vessel as shown, for
example, in US 5,823,712, An advantage ofra twin keel

20  semisubmersible vessel is that it can provide a relatively
roll-free environment for the pipe laying and alsoc
consideraple amounts of space to either side of a central
pipe laying path on the vessel (also known to these skilled
in the art as “the firing line”). The extra breadth of

25 such a vessel and its relatively large draught are,
however, disadvantages compared t¢ a monohull vessel.

In order to benefit from having a monohull vessel, it
is desirable to keep the dimensions of the vessel as small
as possible, while providing the necessary facilities.

30 When laying small diameter pipes it is sometimes preferred
to provide a long length of prefabricated pipeline on a
reel and to lay the pipeline by unwinding the reel, but
especially for large diameter pipelines it is usual te form
the pipeline from discrete lengths of pipe each typically

35  about 12 m long. In this case it is desirable to weld

individual lengths of pipe into prefabricated pipe lengths



10lengths. A monohull vessel is susceptible to rolling when at sea and, in order to reduce the effect
that the rolling action has, it is desirable to have the welding station(s) at which a new prefabricated

pipe length is addgg im4he; ke pipeline being laid close to the axis of roIIing',m{&@iQ&! ction then
causes only a little oscillating movement at the welding stations. A monohu(ll vesse(o this kind is

shown in US 5,823,712. The vessel has a horizontal pipelaying path 20 in the region of the rolling axis
of the vessel and this path extends substantially the.whale length of the vessel and accommodates at
the upstream (bow) end the necessary welding stations for welding new prefabricated pipe lengths to
the pipeline and at(gq%goiz\ér%stg:er%rg (tscge:qne)reer}_d 25 tensmrzl%resdfor.tensmmrg%[gtsa,plpelme between the

vessel and the seabed. In or§er to provide controlied bending of %ﬁ)ée p?ﬁecllne away from the horizontal

a "tail unit" is provided that Proj&cts Fa the'Sterh BFthe fedShdldnd tRat is 4Fa95RGth comparable
to that of about hatf381F& IBRFtT BEthe vedgernilt e TREiPERAEAREFRIO tea?ay the stern of the
vessel hull at an ahgge oly gentlysnphired tothe=harizomtah ahdedtheatail.unit provides a long extension
to the vessel. 5 prihe anrangeraent justrdesereed is usefulig previding 35-aday pathalong which to
first weld, then tensiar and then,bend thepipelipehuthas dhe disadvaniages.thatthgpart of the
pipeline being Ialqﬂg\i%@qgalwgg i$ gxpggeg n(g_v@ghtlgea gétér]fular pro Ie{n in @/? \;{vc?ters) and that the

load applied to thervesse by theéaégelme IS apPhe at the end of the tail unit which 1 much further

from the 5 barycenprlés(c}:an‘-frev\r(%f’3 Gravity) of the Vessel thaRTRE"start of thié Vessef hafi g can
therefore apply lafj&ntdmentd Hotdaédr fing vBERRR T 1ngt ¥ ghadbjeERERth& iRfention to provide a
monohull vessel faelg/ifg a pipeline and a method of laying a 10 pipeline which overcomes or
mitigates at least some af thexdisadvantages describetabpvee to rolling when at

sea and, in order to reduce the effect that the rolling
action has, it is desirable to have the welding station(s)
at which a new prefabricated pipe length is added to the

15 pipeline being laid close to the axis of rclling; the
rolling action then causes only a little oscillating
movement at the welding stations.

A monohull vessel of this kind is shown in

US 5,823,712. The vessel has a horizontal pipelaying path

20 in the region of the rolling axis of the vessel and this
path extends substantially the whole length of the vessel
and accommodates at the upstream (bow) end the necessary
welding stations for welding new prefabricated pipe lengths
to the pipeline and at the downstream (stern) end

25 tensicners for tensioning the pipeline between the vessel
and the seabed. In order to provide controlled bending of
the pipeline away from the horizontal a “tail unit” is
provided that projects from the stern of the vessel hull
and that is of a length comparable to that of about half

30 the length of the vessel hull. The pipeline therefore
leaves the stern of the vessel hull at an angle only gently
inclined to the horizontal and the tail unit provides a
long extension to the vessel,

The arrangement just described is useful in providing

35 a lay path along which to first weld, then tension and then

bend the pipeline but has the disadvantages that the part



Summary of the Invention 15According to a first aspect of the invention there is provided a monohull
vessel for laying a pipeline, the vessel including tensioners disposed along a pipelaying path, wherein
the pipelaying pathaneledessan upstream portion that is substantially horizeatgbaynghai4gast 10 m 20
above the centre of rolling of the vessel and, towards a first end of the vessel hull, a downstream
portion that is downwardly inclined and, in use, enters the water at a location inboard of the first end of
the vessel hull. By taking the unusual step of positionidg4he upstream 25 portion of the pipelaying path
well above the rolling axis of the vessel it becomes possible to provide a monohull vessel which is able
to operate in a widerrange wf water depths yhilstgiving-9eed protaction to the pipgling;as it leaves the
vessel during laying at whatynay;he 2,30 subsianiialdpelipatiag (9 the rizgital, Athe, same time.
because the pipelina%ngerslthe dwggertl?l%‘o\rre itsrela he_st he limits_of the vessel hu [ the pipeline can be
well protected in the Tegion of e SUrface of the-water wherd IPE0UFfate 4 Gréaffisk bf damage. 35In
the first aspect of tHEirfEntion, the diostanfidlly Htizbntal Gste 4Rt BRI Pthe Pipelaying path is
preferably at I8astZ0 vt above thieeadntte of roflivig dtthe Vetbel. tasmbodimentshef te imvention
described below the stifpstamtialiyt honzdntaldipstreamepertior: ok the pipelayiagathiss20 m to 25 m
above the 5 centre 0§ ralling) of:thervessels se 1 Preferably the vessel hull includes, on the waterline and
in the region of ts first end. sepgrataertions.on apnaslie, sidss otihe pipelavinapal, By providing
portions of the hU'LgQS%E}C*}SLd%Q“DF _pié)eli{le as itelgrpdasses itrgoé e%/v%ter and through the surface
region of the Water,'espe,ciaﬂy gpoydlp?otecﬁoﬁptojt%e pi eling s pr%viooed. aying a

10 pipeline Whiich overcomes or mitigates at least some of the

disadvantages described abkove.

Summary of the Invention

15 According to a first aspect of the inventicon there is
provided & monohull vessel for laying a pipeline, the
vessel including tensicners disposed aibng & pipelaylng
path, wherein the pipelaying path includes an upstream
portion that is substantially horizontal and at least 10 m

20 above the centre of rolling of the vessel and, towards a
first end of the vessel hull, a downstream portion that is
downwardly inclined and, in use, enters the water at a
locaticon inboard of the first end of the vessel hull.

By taking the unusual step of positioning the upstream

25 portien of the pipelaying path well above the rolling axis
of the vessel it becomes possible to provide a monochull
vessel which is able to operate in 2 wide range of water
depths whilst giving good protection to the pipeline as it
leaves the vessel during laying at what may be a

30  substantial inclination to the horizontal. At the same
time, because the pipeline enters the water before it
reaches the limits of the vessel hull, the pipeline can be
well protected in the regicn of the surface of the water
where it could face a great risk of damage.

35 In the first aspect of the invention, the
substantially horizontal upstream portion of the pipelaying



The separate portions may define an enclosed moonpool but preferably they define between them a
recess that is 15 open at the first end of the vessel hull; that enhances the accessibility of the pipeline
in the region whev&itlegaesithe vessel. The separate portions also prefenahiy:emfisne vetween them a
recess that is open at the bottom; that enables the pipeline to pass to a level below the bottom of 20
the vessel hull before it reaches the first end of the vessel hull. The separate portions may be joined to
one another above the waterline. When a monohuil vessel is used to lay pipeline by "S" laying, the
pipeline usually leaves the vessel at the stern 25 so that the vessel moves forwards during pipelaying.

Accordingly the first end; ef the-vesseliQulk is preferably at the-stern:and.. .+ Accarding to an especially
advantageous feafure, of the; invantion, Jbe pipelaying:path hegigs o qyrve doyawardly 30 upstream of

some or all of the é%rslsclg%ar . %g intro Hcmsqlggﬁvature H th Sfsmpellne eflr[y it becomes possible to

have the pipeline Gownwardly mclined at an early stage i its path-towardsthe firat end of the vessel

hull, thereby enadfifgth@inCinafiGnRAtsipefinBatthashirkt eRdtss of tHe /22881 Rbf to be
increased. Thiis itd8Préferréd thatl atfeast dhe tersidhkr is disposed along a portion of the pipelaying
path that is inclined dowrwesiethye relativedovthesapstreain portionief thepipelaying path,-and it is more

preferred that all thgdensianers.arg: disposed:alopgrrertions otthe pinalaying:pathsthat are inclined

down- 5 wardly relafiye;tq the, upstream MtiBﬁ_‘pﬁ%‘(ﬂQgi@&%@@HQ Path- o YRSIgam of the tensioners,
the tension in theé%[?r line is of C%glés%n}_l.ich redUCf;l glncgeltg%a)ééhere,forq‘ be desirable, in order to

. . ns . edqc e ipelline &5 T . .
cause the pl[ﬁlgrl]ln o folfow a fO curved patﬂ, to have oné or more p?egsure rollers tor bearing against

t
the pipeline. ThusP #18 V& s8BF BréfatalifiRtIddss bRECSPMITESIrEssirs folis&ididpbiedslong the
pipelaying path upSteam GEPRCtehsioNSRCFOrFIRSSig the bipdliite Mitvsl nrved configuration.
Further pressure ¥39slielsimay also be provided between tensioners to generate the curved
configuration and/or to emse e pressurewen thadensipners: Where eeference isimagde berein to a
‘pressure but preferably they define between them a recess that is
15 open at the first end of the vessel hull; that enhances the
' accessibility of the pipeline in the region where it leaves
the vessel. The. geparate portions also preferably define
between them a recess that 1s open &t the bottom; that
enables the pipeline to pass to a levei below the bottom of
20 the wvessel hull before it reaches the first end of the
vessel hull. The separate portions may be joined to one
ancother above the waterline.
When a monohull vessel is used to lay pipeline by "§”
laying, the pipeline usually leaves the vessel at the stern
25 so that the vessel moves forwards during pipelaying.
Accordingly the first end of the vessel hull is preferably
at the stern end.
According to an especially advantageous feature of the
invention, the pipelaying path begins to curve downwardly
30  upstream of some or all of the tensioners. By introducing
curvature to the pipeline early it becomes possible to have
the pipeline downwardly inclined at an early stage in its
path towards the first end of the vessel hull, thereby
enabling the inclination of the pipeline at the first end
35 of the vessel hull to be increased. Thus it is preferred

that at least cne tensioner is disposed along a portion of



roller” it should be understood that the term is to be understood in a broad sense as covering any
roller, ball, 20 caterpillar track or similar arrangement for applying radial pressure to the pipeline.

The present invernorrisparticularly applicable to pipe laying arrangementgsdn,yyhigh)lgagths of pipeline
are welded in turn to the end of the pipeline as it is laid, 25 rather than to reel pipe laying
arrangements. Accordingly, the vessel preferably further includes welding stations disposed along the
pipelaying path for welding further lengths of pipeline t@ a-pipeline being laid along the pipelaying path.
The vessel also preferably includes 30 prefabricating stations on the vessel for welding individual pipe

lengths together todfiesmplanaths ofpipetine: gach;comprising.a piurality péirg,dg(ged%acl .p‘;getlengths. The
ividu

prefabricating stations maye arr d.together two, three or four Indivic al pipe Jengths. 35
As explained below wi g%feeéeggg%i %t% Ji)lﬂililvé?at‘éﬁger%%%%%ﬁ?%f%ﬁé%v@ﬁ’ﬁioﬁ,“céLr?afF]O[SFeferred

features of the invention are particulany selcted to-§tit TayiRg o Pisalite el up by welding pipe
lengths of about 36T 19 TRE eHd bR the Pisefivd "Enhe 36 i pive Ferryths mhayde grefabricated from two
lengths each of abdat 4B MR frbhvS tireeHengtiys eash afaboutd 2 M tFhepretabricating stations are
preferably located pmtdecks below the level of the upstream portion of the pipelaying path; since the
upstream portion of the pipelayiag pathtisdnere than 40.n akqve the rglling axis of the vessel, there is
ad:vgpgggeggsly used for

space on the 10 vessel below: the, pipelaying path,and some of that space is ac
prefabrication of pipg.lengbs, The prefabrigating stations may be configkred'ss ™

10 _ curved path, to have one or more pressure rollers for
bearing against the pipeline. Thué, the vessel preferably
includes one or more pressure rollers disposed along the
pipelaying path upstream of the tensicners for pressing the
pipeline into a curved configuration. Further pressure

15 rollers may also be provided between tensioners to generate
the curved configuration and/or to ease the pressure on the
tensioners. Where reference is made herein to a “pressure
roller” it should be understood that the term is to be
understood in a broad sense as covering any roller, ball,

20 caterpillar track or similar arrangement for applying

. radial pressure to the pipeline.

The present invention is particularly applicable to
pipe laying arrangements in which lengths of pipeline are
welded in turn to the end of the pipeline as it is laid,

25 rather than to reel pipe laying arrangements. Accordingly,
the vessel preferably further includes welding stations
disposed along the pipelaying path for-wélding further
lengths of pipeline to a pipeline being laid along the
pipelaying path. The vessel also preferably includes

30 prefabricating stations on the vessel for welding
individual pipe lengths teogether to form lengths of
pipeline, each comprising a plurality of individual pipe
lengths, The prefabricating stations may be arranged to
weld together two, three or four individual pipe lengths.

35 As explained below with reference to an illustrated
embodiment of the invention, certain preferred features of



disclosed in UK patent application GB0704410.0 entitled "Prefabrication of pipe strings on board of
pipe-laying 15 vessels", with agent's reference 12739/JGP, filed on 7 March 2007. The contents of that

application are fullyanesrporated herein by reference. The vessel and/or methesh b hepresent
invention may incorporate any of the features disclosed in the UK patent application. In 20 particular,
the claims of the present application may be amended to include any of the features disclosed in that
application. For example, the feature of providing pipe precessing stations able to produce
double-length and triple-length pipe sections may be incorporated in the 25 present invention. An
advantage of the vassel eeeotding to-the-prasentinyentian is that it gr&a;gggtug%q, Igrg laying pipeline in
._both deep and shallgw watern\hen laying, pipgling |$§B?Ilg\é/n%/%§r tcrgg %?O%lﬁn%o curvature
introduced into the. 30 Q_Jggllgg Qﬁgﬁ%gﬁgs theT\ﬁzéssg may be deliberately

[ F e3¢ thahthe maximum
allowed by the vessel ,{ifg}SI n, but wier [aying fipellne in°d8ep Water SEWHI GsTaNy e preferred to
introduce as muchP Eanathre as5oddik. iHa

ShfidlratRitforaftrabieeing Bstmachfoumwature as 35
possible, it is preférréfthat e pio&laghPpathenters the wattiratar dage dadlined to the horizontal
of more than 20 degreésn T hermaximtier andlinatiensthad Wil he-ektaipable,wilk depepdiupgn the
curvature that the pieline can-elerate asd will gpaetallehe gregter:fox a small.diameter pipeline than
for.a large dlamet.@rp@_kp@gm@.&yypﬂ_gtnlt _&w_gg@ H‘ﬁ:%‘i%%r? tg% nvention for ttiz% ves elmto provide no
guidance of th_e pipgling qnee Eho%IE'ipn%'”ae Kssav%/jgytfgoem vtQSesel.il oft lt}h(? vessgl, ItisS pre erreq thqt the
vessel furthegdnclgrggg an |nternal ramp yv)hlch efines a part of the'pipelayinyfath &fd Which is 10
connected af one, Upstream. endl {6 the® hEf GHHhBY R8T, BRStePBIS thE dowhsteane ehd of the
internal ramp is loBatéd i Bf@ Yégivn srm effirst i rifeithecvadsel il ppreferably infsoard of the first
end of the vessel hull. Stieh ararigemers enabledurther coatralledherding-eithes
disclosed in UK patent application GBO704410.0 entitled
“Prefabrication of pipe strings on board of pipe-laying
15 wvessels”, with agent’s reference 12739/3GP, filed on 7
March 2007. The contents of that application are fully
incorporated herein by reference. The vessel and/or method
of the present invention may incorporate any of the
features disclosed in the UK patent application. In
20 particular, the claims of the present application may be
amended to include any of the features disclosed in that
application. For example, the feature of providing pipe
processing stations able to produce double-length and
triple-length pipe sections may be incorporated in the
25 present invention.
An advantage of the vessel according to the present
invention is that it may be used for laying pipeline in
both deep and shallow water. When laying pipeline in
shallow water the amount of curvature introduced into the
30 pipeline before it leaves the vessel may be deliberately
less than the maximum allowed by the vessel design, but
when laying pipeline in deep water it will usually be
preferred to introduce as much curvature as possible. In a
configuration for introducing as much curvature as
35 possible, it is preferred that the pipelaying path eﬁters
the water at an angle inclined to the herizontal of more



15 pipeline to take place along the length of the internal ramp which is still in a region that is protected
by the vessel hull. Preferably, at the downstream end of the internal ramp, the pipelaying path is more
than 2 m, and move prafarably more than 5 m, below the waterline. In 20 this/spggifieation, the
pipelaying path should be regarded as the central longitudinal axis of the pipeline. The end of the
internal ramp is preferably inboard of the first end of the vessel hull and therefore the pipelaying path
may be still further below the waterline at the first erd ©f-the 25 vessel hull. Preferably the pipelaying
path is more than 6 m below the waterline at the first end of the vessel hull. The internal ramp may

be pivotally mounted enheqssal for pivating mauement about ahotizanta), axis 30 transverse to the
longitudinal axis of the Messel. The ramp.may [hen be,pivoted to 9:‘%6%‘1!%‘% angle according to the

inclination required at the.dO\évpgtream end of the ram e internal ramp therefbié hasOne extreme

working position at Which the inclination of the TARp JréP Bt 338 HhmhRtint @hdPasBiter extreme working
position at which e HeiinatiBhRST theSrah s &t Maldii dianetife radiepreterably occupies only a
relatively short portion oftiié Yessel. fFhus the ratib Hetween thie lengthofehehorizentat peojection of
the internal ramp andsthe lengtir of thie htdl efithesvesseldisqreferabiy between.06:5 and 0.20, and in
embodiments of the davertion deseribedhalow the ratio is between Q.08 and 0;15. Where the

inclination of the rampis adjustable. these Jatios Rreferably apply when fhe inclination of the ramp is at

- 5 5] amp.
a minimum. The c‘%\{g&urgeqfitrr}lgslngerngllﬁga@ ay be 1(?l adjusta Fe, for exampleaby moving rollers on
the ramp in a direction transverse to the pipelaying pDajtﬁ‘.? &y Hthé ﬁfﬁic‘%’cﬁ% the internal ramp
will be all thatis ré§itES 16 Y idle IR8 piPBAHE A eSpeciilyTor 18Ry iRidedr wier tdeep water

being defined as & ¥elfthaS Bf MretPansIOe0MEtmay Bd desirablatd coamect an external ramp to

the internal ramp tealowdthepipetinedoibe supported untit it¢érachesanstegpardnclination. Thus, the

vessel may furtheg iaclueerary exteraal sagyp which defipes-a payt of,the, pipelaying path and which is

20 connected at aghggstggggq)$Q[qethttlg1ee(;{gwp§tr§§quﬁ&d %m%jf?tggflﬁ ramp..For operation in even
efi

deeper Wate{5the VeSS ej!zgpaa)éourggﬁgmcﬂg%gqﬁurther ramp whic nes a, paﬁ of the pipelaying path

and which is conriected at one, upstredrn, end (6 the dowrs Pé‘écr% &1d of the BXE&R ramp.
25Preferably, the SUBRtAAtSH horiZontat upstfedifigion that is protected by the

vessel hull. Preferably, at the downstream end of the
internal ramp, the pipelaying path is more than 2 m, and
more preferably more than 5 m, below the waterline. In
20 this specification; the pipelaying path should be regarded
as the central longitudinal axis of the pipeline. The end
of the internal ramp is preferably inboard of the first end
of the vessel hull and therefore the pipelaying path may be
still further below the waterline at the first end of the
25 vessel.hull. Preferably the pipelaying path is more than
& m below the waterline at the first end of the vessel
hull. ' |
The internal ramp may be pivotally mounted on the
~vessel for pivoting movement about a horizontal axis
30  transverse to the longitudinal axis of the vessel. The
ramp may then be pivoted to a desired angle according‘to
the inclination required at the downstream end of the ramg.
The internal ramp therefore has one extreme working
position at which the inclination of the ramp is at a
35 minimum and another extreme working position at whieh the

inclination of the ramp is at a maximum,



portion of the pipelaying path is substantially straight. Within this straight section welding stations are
preferably provided for welding new pipe lengths to the end of the pipeline. The length of the
substantially 30 hewzomadupstream portion of the pipelaying path can be glefiped ingither of two
ways: firstly there is the length that begins one prefabricated pipe length upstream of a first, most
upstream, welding station for working on the pipeline - that length is referred to herein as the active 35
length of the substantially horizontal upstream portien ©f-the pipelaying path; secondly there is the
length that WO 2008/107186PCT/EP2008/001789 - 10 - includes also some further space for
additional working - thatsecong-length ﬁ@agﬁ@uggggg@ggrtggi}l,1p§trpéaig %gyissr@ggrtred to herein

as the extended lgngth;of thessubstaptially horizqnfal upstre rtion of the pipelaying 5 path.
Preferably the ratig fof*l e %tended IgP%t% of the ,straight, su sﬁgﬁﬁﬁﬁf %%?iz%%aﬁ%%%%?éam portion of
1 |

the pipelaying path to the lehgth of the hull-of the vEsSel i§ Betheeh 048 AAHR. 869 anksin
embodiments of tH& eéhtidn bB&chbed ol the ftf§ is ABobf BTz abrafebsisiyane 10 P4tio of the
active length of théstrdighE -suiistaAtiafrherizomals upstidam porton icfrthespipelayidg path to the
length of the hull cfehewessel 1s betweent@dward M5pandria embediments ef the invention described
below the ratio is aheut Q44 JFhe straight: substantially. 46-aarizontak section of the pipelaying path is
preferably definedy a.suaiolt 1ag e fodhe essel, , . The pipelaying path preferably includes
“curved portion extgﬂgm% I}‘ﬁromﬂq% séraiggt,usrubs{;@ngglly horizorﬁl, upstream portion of the pipelaying
path to the 20 downstream portion 6 fhe blpéﬁa ing pgtﬁ.nfﬁé:? e rﬁﬁ))’b}éeapplied to laying of a
pipeline of any dia?ﬁé@?ﬁ%[{)ﬁ’is%%eec’fﬁﬁ?éa htdgEots witer BRfpleyetinRith sektively large
diameter pipeline, ShERIHAG Dip&ERHE Havkty Bodiaimereisfléy imchas:¢h52 m). Such large diameter 25
pipelines cannot be bent'shassiyavidroutdamiage atickthenprasent inveption iS. aple ta provide
advantageous restitisteven vathusetatively sraailbending:radii; The radiug gf curvature of the curved
portion is preferably, constant, Bt if May.Alsojary- ﬁi@@?ﬂ?@i%e %{ﬂ%%% radius (% 30.curvature of the
curved portionis igghﬁo@gg&%@g gg 4%0 m, rnril]%e Sreg‘ieergﬂl)%%%t e range ot 270't0 RO m, and in

i ' [ elow the radi

embodiments of the inventjon described below USig i tRe Tange 5866 10310 m. Preferably,

the curved portion 8xferts oM he Straight: ShBERtiARFBS HorfZortal, Uistiddnlpatioreof the

p"xﬂay"uJpaﬂthQﬁesupported until it reaches a steeper inclination. Thus,

the vessel may further include an external ramp which
defines a part of the pipelaying path and which is

20 connected at an upstream end to the downstream end of the
internal ramp. For operation in even deeper water, the
vessel may further include a further ramp which defines a
part of the pipelaying path and which is connected at one,
upstrezm, end to the downstream end of the ekternal ramp.

25 Preferably, the substantially horizontal upstream
portion of the pipelaying path is substantially straight.
Within this straight section welding stations are
preferably provided for welding new pipe ilengths to the end
of the pipeline. The length of the substantially

30 ~horizontal upstream portion of the pipelaying path can be
defined in either of two ways: firstly there is the length
that begins one prefabricated pipe length upstream of a
first, most upstream, welding station for working on the
pipeline - that length is referred to heresin as the active

35  length of the substantially horizontal upstream portion of
the pipelaying path; secondly there is the length that



region where the pipelaying path leaves the vessel hull (the location where the internal ramp, if
provided, is connected to the vessel hull). Preferably, the ratio of the length of the horizontal projection
of the curved portvom2ofsthieipépelaying path to the length of the hull of 5 thewessghigihetween 0.25 and
0.45, and in embodiments of the invention described below the ratio is between 0.3 and 0.4. The
curved portion of the pipelaying path is preferably defined by a curved ramp fixed to the vessel; the
ramp will usually be of a fixed curvature. 10In convenfi@nal monohull vessels for "S" laying, curvature
is first introduced into the pipeline close to the stern of the vessel, with much of the bending of the
pipeline taking placedrft of the vessebhull s Prefested pmbodimentsafthe-present invention enable that

initial 15 bending to-{akeplase:muchyearlier and: glosedosthe,centre.afthe yessel, Thus the junction of
the curved portion of t]ggf@p]eé%ylgg Ql%tpew th the.straight, s%bsdtaftlall hon oQtaI upstream portion of

the pipelaying path ma be at g% orizontal distance d from a vertlca ane transverse 20 to the

longitudinal axis of e v%ggéﬁ d PEsIRG HhrbugIR e By S8t Bt tRE Vedeh WRery thE ratio of d to
the length of tAe hBA OF theRredsB1 38 1S fifarf 812 Sprefetdtsly 4656 tisn OLE @it i Bnibediments of the
invention describestlyelownthe satis igtassthian D05, 2Blrethe descripton pbthe vessél above, the

most preferred forpi ptvessabhas hieervdereribedqThis;yessel ingcorperatesseveraldeatures which are

- not only inventive gad,advantageoussincembinafion bulalsa inventive.and,advanfageoys when used
alone or in other combipafi Q%QQ&Q%{@@QI@ Jegg%r]etth@t Qe pleelayl 19 Etth enters the water at

th
a location mboard of the f|r§t egd of the vessel jh FIS a feature téat can be use§ dvan ageously even

in a case whére the plboeléfyln Safttases no‘t%%‘i/% 8 higRshorZomaripsteaitperis hus, 35
according to anotHét%@ﬁé‘tftaog'th‘é?ﬁ%ﬁ%npﬂtéﬂeO% Srovidiéd i Rforfohiulbvéssel fépldyiAg a pipeline,

wherein length of the hull of the vessel is between 0.4 and 0.5,
and in embodiments of the invention described below the
ratio is about 0.46. The straight, substantially

15  horizental, section of the pipelaying path is preferably
defined by a straight ramp fixed te the vessel.

The pipelaying path preferably includes a curved
portion extending from the straight, substantially
horizontal, upstream porticn of the pipelaying path to the

20 downstream porticn of the pipelaying path. The invention
may be applied to laying c¢f a pipeline of any diameter, but
it is especially advantageous when employed with relatively
large diameter pipeline, including pipeline having a
diameter of 60 inches (1.52 m). Such large diameter

25  pipelines cannot be bent sharply without damage and the’
present invention is able to provide advantageous results
even with relatively small bending radii. The radius of
curvature of the curved portion is preferably constant, but
it may also vary. Preferably the average radius of

30  curvature of the curved portion is in the range of 250 to
400 m, more preferably in the range of 270 to 310 m, and in
embodiments of the invention described below the radius is
in the range of 300 to 310 m. Preferably, the curved
portion extends from the straight, substantially

35 norizontal, upstream portion of the pipelaying path to the
region where the pipelaying path leaves the vessel hull



- 12 - the pipelaying path includes an upstream portion that is substantially horizontal and, towards a
first'end of the vessel hull, a downstream portion that is downwardly inclined and, in use, enters the
water at a locatiorwd mimoarcof the first end of the vessel hull. Also, accor@irgie:adurihgr aspect of the
invention, there is provided a monohull vessel for laying a pipeline, the vessel including one or more
tensioners disposed along a pipelaying path, wherein the pipelaying path defined on the 10 vessel
includes, towards a first end of the vessel hull, a downstream portion which enters the water at a

location inboard of the first end of the vessel hull. Similarly, the feature of providing a pipelaying
path with tensionerg atong a=euved.part ofthe pathds an 15&@9eq§llé§gy§ggqge%s feature that can
be employed in other,applications. Agcardingly, ﬁm?fﬂc!ing Eoe%esyg fﬁm e gspect ?J; tg? invention,
there is provided %WQQOEQUILX‘?S?l or I%%igg a Eit%(_ailine, the vesse iélu INg ONEé Or more tensioners

disposed along a pipelaying path, 20 Wwheréin 1hé Pipefdying Path intiudei®a Subétantially horizontal
upstream straight BBftior and a CtivBAoriigh tbwRAstie A bF thé girafdhtqfortion alohy which the
downward incfinatiottof e pipelay il patintdtHed harizobtdlincreases,; atteastionetensivner being
positioned partway: 28 alongnthieocurist-potiioh. bel ckhe present inventioa:siilkfurther preyides a
method of laying acpipelinentsos.awaengbull uessek innwhich the.pineling.is,guided along a

substantially horizgntad pathsat least 10m.abav the.centre of rolling of the 30 vessel and
is then guided alor%gl adg vpelwg)ﬂh and iglﬁ%egg?é%?%%? %ﬁ%%és%gl.{ge 19ﬁé5 Srr{%h(l-:‘fhod may employ

any of the forms of monaghull vessel'defined above, IEwill be aﬁ:ﬁr%%fétt%ﬁethat the various aspects of

the 35 inventidn as descHbet® REFEIR GRIoBaelate S that Aferelsie éagéntial or preferred
features of one aspaEY 8furE3iahelifventian raydretincorpordtedrinte bier adpeetstof the invention
as described hereirhéAlsbg amyodspect ofdheahethach ofithe inventien meay: use, Of beperformed on, a
vessel according tpiamy otkeraspect ofithe=invention. 5.Similardy the vesselacoarding to any aspect
of the invention mayhessasaniigured:as o-pesuitable dae usg in,a methed.qcgording fo any other
aSpeCtOftheﬂgve@ggﬁigsaggeéégéqgfgg%aﬁggﬁ(gég £Q¥egggnégggénio the centre
©f the vessel., Thus the junction of the curved portion of
the pipelaying path with the straight, substantially
horizental upstream portiocn of the pipelaying path may bs
at a horizontal distance d from a verticzl plane transverse
20  to the longitudinal axis of the vessel and passing through
the barycentre of the vessel, where the ratioc of d to the
length of the hull of the vessel is less than 0.2,
preferably less than 0.1, and in embodiments of the
invention described below the ratio is less than 0.05.
25 In the description of the vessel above, the most
preferred form of vessel has been described. This vessel
incorporates several features which are not only inventive
and advantageous in combination but also inventive and
advantageous when used alone or in other combinations.
30 For example, the feature that the pipelaying path
enters the water at a location inboard of the first end of
the vessel hull is a feature that can be used
advantageously even in a case where the pipelaying path
does not have a high horizontal upstream portion., Thus,
35 according to another aspect of the invention, there is
provided a monohull vessel for laying a pipeline, wherein



incorporated into the method of the invention and vice 10versa. Brief Description of the Drawings

By way of example embodiments of the invention will 15 now be described with reference to the
accompanying drawings, of which: Fig. 1 is a partly sectional side view of a vessel for laying a pipeline,
20 Fig. 2 is a sectional view along the lines II-1l of Eig. 1, Fig. 3 is a sectional plan view along the lines
[11-25111 of Fig. 1, showing only the hull of the vessel, and Fig. 4 is a partly sectional side view of the
vessel of Fig. 1 showing a further external ramp added 30to the vessel. WO
2008/107186POF/EPREOSI0DIT 8% 14 L 5etafied BéEscHptiohesrERbTients athe fessel shown in
Figs. 1 to 3 generallyoomnpriseste bivesset hudrl] withinavidish aré defineeha plifratityeof prefabricated

decks 2 for the prefabrication of jeinted pipe septions 3-fram edividual Jengths:of pipe 4 and on which
cranes and othrc&alzilieti s are provided. The bow 5 qgth%atlggr_l ic_:ls,tshown_o the right hand side and
the 10 stern 6_511t ehull £is shown on the Pe%t ﬁan& s'lede, as viewed in E@%@n
5 inkcard of the first end of the vessel hull. Also,

according to a further aspect of the invention, there is

provided a monohull vessel for laying a pipeline, the

vesgel including one or more tensioners disposed along a

pipelaying path, wherein the pipelaying path defined on the

10 vessel includes, towards a first end of the vesgsel hull, a
downstream portion which enters the water at a location
inboard of the first end of the vessel hull.

Similarly, the feature of providing a pipelayving path
with tensionere along a curved part of the path is an

15 esgpecially advantageous feature that can be emploved in
other applications. Accordingly, according to a still
further aspect of the invention, there is provided a
monohul} vessel for laying a pipeline, the vessel including
one or more tensioners disposed along a pipelaying path,

20 wherein the pipelaying path includes a substantially
horizontal upstream straight portion and a curved portion
downstream of the straight portion along which the downward
inclination of the pipelaying path to the horizontal
increases, at least one tensioner being positioned partway

25 along the curved portion.

The present invention still further provides a method
cf laying a pipeline from a monohull vessel, in which the
pipeline is guided along a substantially horizontal path at
least 10 m above the level of the centre of rolling of the

30 vessel and is then guided along a curved path and into the
sea inboard of the vessel.

The method may employ any of the forms of monohull
vessel defined above.

It will be appreciated that the various aspects of the

35  inmvention as described herein are clogely related and that

therefore egsential or preferred features of one aspect of



As can be seen from Figs. 1 and 3, the vessel hull 1 is of unconventional design at its stern end,
“ having starboard and port end portions 7S and 7P between which an 15 elongate recess 8 is defined.
The recess 8 is opam-atdhe stern end of the hull 1 and is also open down\éé%r_‘d% [I)%% t]h7e[ sea), but it
may be closed over the top by a deck. As shown in Fig. 1, but omitted in an intefnal ramp 9 is
pivotally connected to the hull of the vessel and is 20 disposed in the protected stern area defined by
the recess 8.  The barycentre B (centre of gravity) afthe vessel is marked in Fig. 1, which also
shows the water line W (the level of the sea when the vessel is at its working 25 draught). The rolling
axis R (the axis a e.ve tural I coincident ith the Waterllne W Along the
length of the m|dd?ée}%f\{[!%g\%ggsg\ﬁa%%]e%%?{%%a%!DSI%) ?lrligjlln% IS \gje%mead‘3 Hife paﬁ1 is p?owded by
three ramps: at the Upstream end (the rigr gokhancfend s §BendRYFig AT of th pHiR, there is a
horizontal, stralghf“?‘g}é?idra‘?ﬁpfl]tf EONSWinG thatthebs ks accurvedp fikéar ramipent which extends
between the fixed Y&&{F103RP e itefRakramptdswhichristhecthirdhrampyFhusdhe pipe laying path
P has an upstbeans horizontal, 3% sectioss dlefinecbby the ramp 10 angdeading tera curved section 11

that is of constant,;fixeg,-aWvakare @edé@h't%hfﬂg%riibtlé@ leadsdodthe.segtion-defined y, the internal

ramp 9. The |ncI|ngtlf.:ag191‘(;[.3en.ﬁrglgg,gC%L;]%Iaggegg};hgt\@1 z%'” & can he adjusted and the ramp 9 is
also provided wﬂhgollgrs Whlcf} can be mo vedina lane b transverse to the plpefaylng path P to alter

the curvature of the rampe9s ﬁwus at ofe extremme ?SU|taki:'ﬁelfoVFé§}iﬁarinr?@i’étRfely shallow water), the
portion of the pipe 1§ BafH G8finBHby He THERRSl Himpte mid) BR StRligheandihe downward
inclination of‘the p&tH #ie same at the downstream 10 end of the internal ramp 9 as at the downstream
end of the curved ramp 11; at the other extreme (suitable for laying in relatively deep water) the pipe
laying path defined by the internal saayr9peay e eslbed downvakdly, g dhe same extent as, or even a
greater extent than, the curved 15 ramp 11 so that the downward inclination of the pipe laying path P
at the downstream end %f the |nter al ram 9 |sm%utéstantlally greater than the downward inclination of

the path at tflg downstrea end of the curved Famp T1 -t Eid 1, 1A rh’i‘?fﬁ’@tlk‘”%d%ﬁ]plvoted to a
a

position suit now be described with reference to the accompanying

drawings, c¢f which:

Fig. 1 is a partly sectional side view of a vessel for
laying a pipeline,
20
Fig. 2 is a secticnal view along the lines II-I11 of
Fig. 1,

Fig. 3 is a sectional plan view along the lines ITI-

25 III of Fig. 1, showing only the hull of the
vessel, and

Fig. 4 is a partly sectional side view of.the vessel
of Fig. 1 showing a further external ramp added
30 to the vessel.



20 for increasing the downward inclination of the pipe laying path P. Welding stations 12 are provided
alorig the fixed ramp 10 for welding new jointed sections of pipe to the end of the pipeline being laid.
The active length,of 1he, 42,horizontal, straight, portion of the pipelaying pg{%ﬁ%ﬁm&gwm a distance
corresponding to one jointed section of pipe upstream of the most upstream welding station 12 (the
one furthest to the right in Fig. 1) to the upstream end of the curved ramp 11. The extended length of
30 the horizontal, straight, portion of the pipelaying path extends further to the left (as seen in Fig. 1) to
a location below the helicopter 30 shown in Fig. 1. Tensioners 13, of which three are shown in Fig. 1,
are provided along the curved ramp 11 for tensioning the 35 pipeline downstream of the tensioners.
The precise form of the welding stations and tensioners is not relevant to the - 16 - present invention
and thus may take any known foRf-Rmas-BeHoteB WhaRHE RERSiE
crawler track tensioners, but it should be understood that they may take other forms. 5SDownstream of
the tensioners 13, the téhigiondn theé pipeline willkGause it todoRowetherecuvatarenof the samps 11 and 9
so that only rallers belew thelpipeline areirequitesh Wpstream akeng enmare;afithestensioners 13,
however, where the pipelaying path firstbecomes. aurved: :dhat tension s hasdly. present and it may

therefore be desirlgpg% tQ provide pressure rollers 31 (r tlsehrg)g %n g%g %_Eput éshé)v%n él;]l Fig. 4) above
the pipeline to ap%y, %wnwardgpres ure onto ége ,piﬁg ine and cause _!iFto Follonyv the path defined by
the curved ramp 171 §0ch1e88ufi 155 biigFs 1 dan aisS aibfstin Tatiity the Pipéiitte To follow the

path defined by tHe ciiffed'Famp*1 £ Bufitfy AbaRdbhtnéRfrecdvEly opetatidng. the

10 stern & of -the hull 1 ig shown on the left hand side, as

viewed in Fig. L,

As can be seen from Figs. 1 and 3, the vessel hull 1
is of unconventiocnal design at its stern end, having
starboard and port end porticons 75 and 7P between which an

15 elongate recess 8 is defined. The recess 8 1g open at the
stern end of the hull 1 and is alsoc cpen downwardly (into
the sea), but it may be closed over the top by a deck. As
shown in Fig. 1, but omitted in Fig. 3, an internal ramp 9
is pivotally ceonnected to the hull of the vessel and is

20 dispesed in the protected stern area defined by the
recess §,

The barycentre B (centre of gravity) of the vessel is
marked in Fig. 1, which also shows the water line W (the
level of the sea when the vessel is at its working

25 draught). The rolling axis R (the axis about which the
vessel naturally rolls) is ceincident with the waterline W.

Along the length of the middle of the vessel a pips
laying path P (firing line} 1s defined. The path is
provided by three ramps: at the upstream end {(the right

30 hand end as seen in Fig. 1) of the path, there is a
horizontal, straight, fixed ramp 10. Following that there
is a curved, fixed, ramp 11 which extends between the fixed
ramp 10 and the internal ramp 9, which is the third ramp.
Thus the pipe laying path P has an upstream horizeontal

35 section, defined by the ramp 10 and leading to a curved

section 11 that is of constant, fixed, curvature and which



As can be seen from Fig. 2 the vessel hull 1 has various decks contained therein. Those decks provide
20 facilities for the assembly of individual lengths of pipe into jointed pipe sections which may, for
example, comprisg,twq, fhyge or four individual lengths of pipe. Details off[g%@%(lji?}j&)%%nd their
operation are given in our UK patent application entitled "Prefabrication of pipe strings %5 on board of
pipe laying vessels" and referred to above. In Fig. 2, there is shown a bottom deck 15, where individual
lengths of pipe 4, most commonly of about 12 Ft length, are stored, intermediate decks 17 and 18
where the individual lengths of pipe are welded together to form the jointed 30 pipe sections 3, each
pipe section comprising a pluraljt finc%vidual Llen ths qf pipe. After prefabricatigon of the jointed pipe
sections 3, the seéﬂoggré}re%ﬁfae& u%Otott e pipe J<'51O%1’n 5%%%5%%% v%ép etf (o tHEénd of the pipeline. As
can be seen in Fig#3Pthe pipe faytig 1pjarfl"?iW%‘aﬁgv HitRe d&ds6r hith thiesprefabrication of

the jointed pipe s&étitits 318 ‘charfiedBut> This hitgs tevelrst thiee - dappipellnyidg path P is a
characteristic featoreofdhe desdribed émbzodiment ektheomnvention. 1n usepafathe vessel to lay a

pipeline, the vesselisdriver dn aforwargs glireciionby its,propsioncsystem 5.and..2s is conventional
for "S" laying of a pipeline -a,6onsiderable fanward.thrust s, maintained, gven when the vessel is not
moving forwards, 9 P&%@Qg% 5; %hreﬂw%r% L(%ré:%ex% tgd on yle ves%elt Y the tension, in the pipeline.
The vessel is preferably equipped with a dynamic 10 pdsitioning system to mainta its’desired
position at all timé% th& %%ﬁéﬁ) fo ¥ phdSed 1ESRRAIITSertEVedtel SidRGIRE FIpE I8§fhg path P

with the tensioners®r3 edttrolfiig i baskage stthePpigelines AsHfe ehddfahéopipelineamoves along
the horizontalffixethramp T0enew ks jointethsections of pipe aréwweldedstorthenendsofthe pipeline. As
the pipeline reachesrtheicurmsl tamp=kl the presstresoliers apovedheiRipeline cause the pipeline to
curve downwardly; followying: the pateebthe. eurved ramp; 14 and, pagsing: thraugh, the tgnsioners 13.
Theten&onlnthQﬁm internal ramp 9 may be curved downwardly to the same
extent as, or even & greater extent than, the curved
15 ramp 11 so that the downward inclination of the pipe laying
path F at the downstream end of the internal ramp 9 is
substantielly greater than the downward inclination of the
path at the downstream end of the curved ramp 11. In
Pig. 1, the ramp 9 is shown pivoted to a position suitable
20 for increasing the downward inclination of the pipe laying
path P, *
Welding stations 12 are provided along the fixed
ramp 10 for welding new jointed sections of pipe to the end
cf the pipeline being laid. The active length of the
25 horizontal, straight, portion of the pipelaying path
extends from a distance corresponding to one jointed
section of pipe upstream of the most upstream welding
station 12 (the one furthest to the right in Fig. 1) to the
upstream end of the curved ramp ll1. The extended length of
30  the herizontal, straight, portion of the pipelaying path
extends further to the left {as seen in Fig. 1) to a
location below the helicopter 30 shown in Fig. 1.
Tensioners 13, of which three are shown in Fig. 1, are
provided along the curved ramp 11 for tensioning the
35 pipeline downstream of the tensioners. The precise form of

the welding stations and tensioners is not relevant to the



20 pipeline increases as it passes through the tensioners 13 reaching full tension after the last
tensioner. The pipeline moves away from the vessel hull 1 as it passes from the curved ramp 11 onto

the internal ramp @%Ig“soi?n after passing onto the internal ramp 9 enters the water. 25 As can be
seen from Fig. 1, the pomlf ogf('entry of the pipeline into the water is within tﬁ%%%‘é‘éf‘é’d@fem area

defined by the recess 8 with stern portions 75 and 7F on each side. The pipeline then passes to the
end of the internal ramp 9, leaves the internal ramp_9 gnd passes down 30 to the seabed. Usually, the
forward thrust maintained by the vessel will be such that the pipeline is substantially straight and
tangential to the end of the curved path defined bﬁ/ the ramp 9 in the region immediately downstream

of the internal ramp'§ Betore then rédiciig innefin&fidn 35 st &pproathes e sehbdlf in that way
any sharp curvatur€ at thé erid af tHé iftéfnallraip o RPaveitREs -2#8are sfehe vessel is required to
operate in deep watéy thentitardy bhedeisirabie tokadd afusther rdnie amcdder stinger downstream of the

internal ramp 9 in oreer & provide futther contralled curvature to the pipeline. In 5 this specification, ‘

there is no padicular distinctign raadeetween the use-0fthesterms."ragpR’s gpd,'stinger” and thus no

particular constructign. of apy, futher ramp is.implied by choosing to call it a “ramp® rather than a
"stinger”. Fig. 4 shows the vessel [%'tted vglgg an a ditilponall ramp. 20, 10 It may be_noted that Fig. 4 is a

more schematic representation of the vessel and doas 1ot thersrord shidtv BfitRis dstaiShown in Fig.
1. Like the internaf AP § the HRANAEBA SFthe"5dditionRi Famp 2bGelstive t e intérnal ,ramp 9 may
be adjustable andtREatdp 20 ATy &fso P5ilayidliersavhose positicrisoan lve adjusted to alter the
curvature of e pipetayingpatndefined byltheprampr20 sindadditiemytottheradditionad ramp 20, it would
be possible to addsadurter samp it desiieds Hecan be seen from:-Fig  4dhatgvgn with the ramp 20
fitted, the end of the 20 pipelaying path defined by thg end of the lastramp js nof far beyond the stern
Ofﬂuavesselhu”’g%%ﬁagggepressure onto the pipeline and cause it to follow
the path defined by the curved ramp 11. Such pressure
15 rollers 31 can alsc assist in causing the pipeline to
follow the path defined by the curved ramp 11 during
abandonment/recovery operations.
As can be seen from Fig. 2 the vessel hull 1 has
various decks contained therein. Those decks provide
20  facilities for the assembly of individual lengths of pipe
into jointed pipe sections which may, for example, comprise
two, three or four individual lengths of pipe. Details of
the facilities and theilr operation are given in our UK
patent application entitled “Prefabrication of pipe strings
25 on board of pipe laying vessels” and referred to above. In
Fig. 2, there i1s shown a bottom deck 15, where individual
lengths of pipe 4, most commonly of about 12 m‘length, are
stored, intermediate decks 17 and 18 where the individual
lengths of pipe are welded together to form the jointed
30  pipe sections 3, each pipe section comprising a plurality
of individual lengths of pipe. After prefabrication of the
jointed pipe sections 3, the sections are lifted up to the
pipe laying path P and welded to the end of the pipeline.
As can be seen in Filg. Z, the pipe laying path P is above
35 all the decks on which the prefabrication of the jointed
pipe sections 3 is carried out. This high level of the



underwater and inclined very steeply to the horizontal. In the description above, dimensions of the
vessel and of the pipelaying path are not mentioned, The particular 25 arrangement chosen for any
particular vessel w%&l%gﬁqg on many circumstances, including the envisaged use of the; vessel. For a
vessel embodying thé invention and especially well suited to laying triple IEnHtHEE¥5158” each of 36 m
length (12 m per individual pipe length), a 30 particularly advantageous set of ranges of parameters is
as follows: Length of vessel hull 1:260 m to 330 m Breadth of vessel hull 1:35 m to 45 m Radius of
curvature of curved ramp 11:300 m to 310 m - 19 - Depth of internal ramp 9 below waterline when
inclination of ramp is at its minimum: Inclination of pipelaying path P to horizontal at end of internal

ramp 9 when incliR&fién trahto 78 bt it 5 #h fo $07TAMESAmtnic45eature of the

described embodiment of the invention.
In use of the vessel to lay a pipeline, the wvessel is
driven in a forwards direction by its propulsicn system
5 and, as is conventional for “S8” laying of a pipeline, a
considerable forward thrust is maintained, even when the
vessel is not moving forwards, to balance the rearward
force exerted on the vessel by the tension in the pipeline,
The vessel is preferably equipped with a dynamic
10 positioning system to maintain its desired position at all
times. The pipeline is passed rearwardly over the vessel
aleng the pipe laying path P with the tensioners 13
controliing the passage of the pipeline. As the end of the
pipeline moves along the horizontal fixed ramp 10, new
15 dointed sections of pipe are welded t¢ the end of the
pipeline. As the pipeline reaches the curved ramp 11, the
pressure rollers above the pipeline cause the pipeline to
curve downwardly following the path of the curved ramp 11
and passing thrcugh the tensicners 13. The tension in the
20  pipeline increases as it passes through the tensicners 13
reaching full tension after the last tensioner. The
pipeline moves away from the vessel hull 1 as it passes
from the curved ramp 11 onto the internal ramp 9 and, scon
after passing onto the internal ramp 9 enters the water.
25 As can be seen from Fig. 1, the point of entry of the
pipeline into the water is within the protected stern area
defined by the recess 8 with stern portiens 75 and 7P on
each side. The pipeline then passes to the end of the
internal ramp 9, leaves the internal ramp 2 and passes down
3¢ te the seabed., Usually, the forward thrust maintained by
the vessel will be such that the pipeline is substantially
straight and tangential to the end of the curved path
defined by the ramp 9 in the region immediately downstrean
of the internal ramp 9 before then reducing in inclination
35 as 1t approaches the seabed. In that way any sharp

curvature at the end of the internal ramp 8 is avoided.



to 54 Inclination of pipelaying path P to horizontal at end of internal ramp 9 when inclination of internal
ramp 9 is at its minimum: 24 to 30 Inclination of pipelaying path P to horizontal_ at end of ramp 20 Whr(]-:‘n
inclination of ramp, is.adtsmaximum: 70 to 80 Ratio of extended length of straight fixed ramp 10 to the
length of the vessla/elhulllz 0.52 Ratio of active length of straight fixed ram%cif’f%u?ﬁlgollé]ﬁ)gth of the
vessel hull 1: 0.46

- 18 -

If the vessel is required to operate in deep water,
then it may be desirable to add a further ramp and/or
stinger downstream of the internal ramp ¢ in order to
provide further controlled curvature to the pipeline. In

5 this specification, there is no particular distinction made
between the use of the terms “ramp” and “stinger” and thus
ne particular construction of any further ramp is implied
by choosing to call it a “ramp” rather than a “stinger”,
Fig. 4 shows the vessel fitted with an additional ramp 20,

1 It may be noted that Fig. 4 is a more schematic
representation of the vessel and does not therefore show
all the details shown in Fig. 1. Like the internal ramp 9,
the inclination of the additional ramp 20 relative to the
internal ramp 9 may be adjustable and the ramp 20 may also

15 have rollers whose positions can be adjusted to alter the
curvature of the pipelaying path defined by the ramp 20,
In addition to the additional ramp 20, it would be possible
to add a further ramp, if desired. It can be seen from
Fig. 4 that even with the ramp 20 fitted, the end of the

20 pipelaying path defined by the end of the last ramp is not
far beyond the stern of the vessel hull, but is deep
underwater and inclined very steeply to the horizontal.

In the description above, dimensions of the vessel and
c¢f the pipelaying path are not mentioned. The particular

25 arrangement chosen for any particular vessel will depend on
many circumstances, including the envisaged use of the
vessel. For a vessel embodying the invention and
especially well suited to laying triple lengths of pipe,
each of 36 m length (12 m per individual pipe length), a

30  particularly advantageous set of ranges of parameters is as

follows:
Length of vessel hull 1: 260 m to 330 m
Breadth of vegsel hull 1: 35 m to 45 m

Radius of curvature of curved ramp 11: 300 m to 210 m



Ratio oflength of horizontal projection of curved ramp 11 to the length ofthe vessel hull1: 0.3 to 0.4
Ratio oflength of horizontal projection of internal ramp 9 at minimum inclination to the length of

thevesselhulll: 0,08 19,0,157 KRatio ofthe distance d(Fig.1)of thejunction of the strai%htramp 10 with the

curved ramp 11 from a verticalplane transverse to the vessel and passingpﬁmr)“ﬁzdﬁ fﬁ]é%%\rycentre of

the vessel to the length
- 19 -

Depth of internal ramp 9 below

waterline when inclination of ramp is

at i1ts minimum: 5mte 10 m
Inclination of pipelaying path P to

horizontal at end of internal ramp 9

when inclination cof ramp is at its

maximum: 45° to 54°
Inclination of pipelaying path P to

herizontal at end of internal ramp 9

when inclination of internal ramp 9 is

at its minimum: 24° to 30°
Inclination of pipelaying path P to

horizontal at end of ramp 20 when

inclination of ramp is at its maximum: 70° to 80°
Ratioc of extended length of straight

fixed ramp 10 to the length of the

vessel hull 1: G.52

Ratio of active length of straight

fixed ramp 10 to the length of the

vessel hull 1: : 0.48

Ratic of length of horizontal

projection of curved ramp 11 to the

length of the vessel hull 1: 0.3 to 0.4
Ratic of length of horizontal

projection of internal ramp 9 at

minimum inclination to the length of

the vessel hull 1: 0.08 to 0,15
Ratic of the distance d (Fig. 1} of

the junction of the straight ramp 10

with the curved ramp 11 from a’

vertical plane transverse to the

vessel and passing through the

barycentre of the vessel to the length

of the vessel hull 1: ‘ iess than 0.05



ofthevesselhulll: less than0.05 - 20 - Distance of pipelaying path P defined by the straight fixed ramp
10 from the rolling axis of the vessel: Distance of pipelaying path P defined by the straight fixed ramp
10 from the botto\rpoof (the vessel hull 1: 20 mto 25in 25into 35in A vessel of the kind described
above with reference 16 the drawings is able to conduct effective pipe-layhig SBaEH8HE With a wide
variety of sizes of pipe and in both 5 shallow and deep water, with especially deep laying being
possible with smaller diameter pipe. Furthermore tgez\/§5§el is able to operate in very shallow water,
even in harbours. Also, the location of the internal ramp within the protected stern area makes the
vessel suitable for 10 operation in the subarctic and arctic zones. ~ Where in the foregoing
description, integer 5 &éifients Bré fértidAeddtRich H&vé kpdwn, obvious or foreseeable
equivalents, then skichtéguivatéritgdrefhersinipoorgdraiedrastifiindividually set forth. Reference 15
should be made to#heldlaims:foe determining the true scope of the presentinvent®mdn; which should be
construed so as to®NCRMPAss Any: seah eauivalents ot yil alsg be appreciated by the reader that
integers or featureg of the inyentign that are, described as preferable, advantageous, 20 convenient or
the like are optionag&qdogoor}ottlgmit the sclo%euﬂ tfle; independent clairg :

S
e vesse Smto 35 m

A vessel of the kind described above with reference to
the drawings 1is able to conduct effective pipe-laying
operations with a wide variety of sizes of pipe and in both

5 shallow and deep water, with especially deep laying being
possible with smaller diameter pipe. Furthermore the
vessel is able to operate in very shallow water, even in
harbours. Also, the location of the internal ramp within
the protected stern area makes the vessel suitable for

10  operation in the subarctic and arctic zones.

Where in the foregolng description, integers or
elements are mentioned which have known, obvious or
foreseeable equivalents, then such eguivalents are herein
incerporated as if individually set forth. Reference

15  should be made to the claims for determining the true scope
of the present inﬁention, which should be ceonstrued so as
to enconpass any such eguivalents., It will also be
appreciated by the reader that integers or features of the
invention that are described as preferable, advantageous,

20 convenilent or the like are opticnal and do not limit the

scope of the independent claims.



WO 2008/107186PCT/EP2008/001789 - 21 - Claims 1. A monohull vessel for laying a pipeline, the
vessel including tensioners disposed along a pipelaying path, 5 wherein the pipelaying path includes

an upstream wgﬁg /gﬂflts'ss substantially horizontal and at least 10 m abovlgz tP[E %%5%% 1Q’éfgolling of the

vessel and, towar irst end of the vessel hull, a downstream portion that is‘”downwardly inclined
and, in use, enters the water at a 10 location inboard of the first end of the vessel hull. 2. A vessel
according to claim 1, in which the vessel hull includes, on the waterline and in the region of its first
end, separate portions on opposite sides of the 15 p?p;eléying path. 3. A vessel according to claim 2, in
which the separate portions define between them on the waterline a recess that is open at the first end
of the vessel lmlleAfs 4. A vessel according to claim 2 or 3, in which the separate portions define
between them a recess that is open at the bottom. 25 5.A vessel according to claims 2 to 4, in which
the separate plortion are J’gig}%q Sro one anftr%eor aliove.the waterline., 6. A vessel ach?rding to any

] 2 t

preceding claim, in w ich 30 irdend of the ve<ser il fs Weps%?ﬁ’gﬁdjd??Av\?egsss% according to
any precedingi@@ridinwhiefinat ieast ohetbiBRPRY it dRrposéed Ridifya poitorPafthe pipelaying path
that is inclinedvtlewanmrdlyselatiive 1e $ie35psireant podian afitheppipelayingoeatbi on

that is substantielly horizontal and at least 10 m above

the centre of rolling of the vessel and, towards a first

end of the vessel hull, a downstream portion that is

downwardly inclined and, in use, enters the water at a

10 location inboard of the first end of the vessel hull.

2. A vessel according to c¢laim 1, in which the vessel
hull includes, on the waterline and in the region of its
first end, separate portions on opposite sides of the

15 pipelaying path. '

3. A vessel according to c¢laim 2, in which the separats
portions define between them on the waterline a recess that
is open at the first end of the vessel hull.

20
4, A vessel acceording to claim 2 or 3, in which the
~separate portions define between them a recess that is open
at the bottom. ‘
25 5. A vessel according to claims 2 to 4, in which the

separate portions are joined to one another above the

waterline.

6. A vessel according to any preceding claim, in which
3G the first end of the vessel hull is the stern end.

7. A vessel according to any preceding claim, in which at

least one tensioner is disposed along a portion of the

pipelaying path that is inclined downwardly relative to the
35 upstream portion of the pipelaying path.



WO 2008/107186PCT/EP2008/001789 - 22 - 8. A vessel according to any preceding claim, in which alll
the tensioners are disposed along portions of the pipelaying path that are inclined downwardly relative
to the upstregpyRegtiosyakthe pipelaying path. 9. A vessel according to agy-preeRging 6kadim, including
one or more pressure rollers disposed along the pipelaying path upstream of the tensioners for
pressing the pipeline into a curved configuration. 10. A vessel according to any preceding claim,
further including welding stations disposed along thezalpelaylng path for welding further lengths of
pipeline to a pipeline being laid along the pipelaying path. 11. A vessel according to claim 10,
including prefabricating stations on the vessel for welding individual pipe lengths together to form
lengths of pipdline, eAchsoraprising ansibrdityt of Aelividgalqspé fengthe 112, Alvesdal @lecording to
claim 11, in which thepretapsicating stafionsaredecaledandechschelovribedevaliad the upstream
Porton of the PYSIAAYA Y'Y, 251 2-Avessel aeordadoAnypieEad o AlgJaich I at least

one configuratio [, the pipelaying path enters the sea at an angle inclined to the horizontal
of more than éa’ﬁeg‘l%%gr%ﬁf%gé%él%écﬁ%‘?né’%@ﬁ § Y1 8GdiRg Rtaim, further including an

internal rdmp which defines a part of the pipelaying path and which is connected at one, upstream,
end to the hullsof theyegsekeWQ 2008H07d 868 GHERZOO8ROYSY-123 m, 15lp9cmgﬁeigccording to

claim 14, in wiigh the dewnstream epd of fig %@@%i@%‘@é%&o%ﬁ%ﬁ&‘ er ' g@?#{ stend of

the vessel hull. 16. A vessel accord:rr(% to claim 14 or 15. in whi e downst he internal

ramp is locateRA B0 MRS ARS8t B fHeAFo<ZeF hill forl?%@ééé\ﬂ arc%rcﬁﬂré’?oléﬂﬁ of claims 14
to 16, in 10 whitl catathewowadstresant emdmsftheinternal ramp, the pipelaying path is more than 5 m
below thegwater line. 18. A vessel according to any of claims 14 to 17, in which the ratio between the

lengﬂ”ﬁtheh?&?onﬁﬂpgygggogccording to any preceding claim, further
including welding stations disposed along the pipelaying
path for welding further lengths of pipeline to a pipeline
being laid along the pipelaying path.

15
11. A vessel according to claim 10, including prefabricat-
ing stations on the vessel for welding individual pipe
lengths together to form lengths of pipeline, each
comprising a plurality of individual pipe lengths.

20

12. A wvessel according to claim 11, in'which the
prefabricating stations are located on decks below the
level of the upstream portion of the pipelaying path.

25 13. A vessel according to any preceding claim, in which,
in at least one configuration of the vessel, the pipelaying
path enters the sea at an angle inclined to the horizontal
of more than 20 degrees.

30 14. A vessel according to any preceding claim, further
including an internal ramp which defines a part of the
pipelaying path and which is connected at one, upstream,
end to the hull of the vessel.



15 of the internal ramp and the length of the hull of the vessel is between 0.05 and 0.20. 19. A vessel
according to any of claims 14 to 18, further including an external ramp which defines a part of the 20

pipelaying pathcndsnbieds is connected at one, upstream, end to the downsieamdaash pfsthe internal
ramp. 20. A vessel according to claim 19, further including a further ramp which defines a part of the

pipelaying path 25 and which is connected at an upstream end to the downstream end of the external
ramp. 21. A vessel according to any preceding glaé' , In which the substantially horizontal upstream
portion of the 30 pipelaying path is substantially straight. 22. A vessel according to claim 21, in which
the ratio of the extended length of the straight, substantially horizontal, upstream portion of the
pipelaying path fo thé 384eagth elapersiiings the vessarisbtwéan W4 antme56. -24- 23. A vessel
according to agypreeediag chaim,dff vreh the:pipeidyingpathi wclusieswaaurvedqastion extending

from the straight, tantially harizantal, Hpstreamyportion of ih%gﬁalaying path to the downstream

portion of 5 the pipelaying path. 24. A vessel according to claim 23, in which the radius of curvature of
the curved portion of the pipelaying path is in the range of 270 to 310 m. 10 25. A vessel according to
claim 23 & 24 Yghen Hependent aeerafyod ckimslaim 2d, inwhith tha cutvedpdrtien extends from

the straight, subsianfiatydrorizentals upskeampeartian of dag pinelayiag path thihearegiarwhere 15 the
pipelaying patt%eeavgfftgg vesselbull, 26. A vessel,aceording to claim 25, in which the ratio of the

length of the horizontal projection of the curved portion of the pipelaying path to the length of the hull of
20 the vessel is between 0.25 and 0.45.
17. A vessel according to any of claims 14 to 16, in

i¢ which, at the downstream end c¢f the internal ramp, the
pipelaying path is more than 5 m below the water line.

18. A vessel according to any of claims 14 to 17, in which
7 the ratio between the length of the horizontal projection
15 of the internal ramp‘and the length of the hull of the
vessel is between 0.05 and 0.20.

18, A vessel according to any of claims 14 to 18, further
including an external ramp which defines a part ¢f the

20 pipelaying path and which is connected at one, upstream,
end to the downstream end of the internal ramp.

20. A vessel according to claim 19, further including a
further ramp which defines a part of the pipelaying path

25 and which is connected at an upstream end to the downstream
end of the external ramp.

21. A vessel according to any preceding claim, in which
the substantially horizontal upstream portion of the
30 pipelaying path is substantially straight.

22, A vessel éccording to claim 21, in which the ratio of

the extended length of the straight, substantially

heorizontal, upstream portion of the pipelaying path to the
35 length of the hull of the vessel is between 0.48 and 0.56.



27. A vessel according to any of claims 23 to 26, in which the junction of the curved portion with the
straight, substantially horizontal, upstream portion of the 25 pipelaying path is at a distance d from a
vertical plane midway between the ends of the hull of the vessel, where the ratio of d to the length of
the hull of the vessel is less than 0.1. 30 28. A monghull vessel for laying a pipeline, the vessel
including one or more tensioners disposed along a pipelaying path, wherein the pipelaying path
includes a substantially horizontal upstream straight portion and a curved portion downstream of the
straight portidd alody 35%fidh WBS%V\%@%ﬁﬂ%i&?&ﬁﬁgﬁ&lﬁ%ﬁbr%atﬁﬁ W?élﬁj}izohtal |
increases, atleaspane tensionerdzaihg positoded partway atshthetdmed porivhings- 29. A vessel |

according tolajm 28, Ingluging,ee os e pigssia (oliess dispased alangatbednigelaying path
upstream of the tensioner positioned partvc\{r?{ along.the curved portion of then{o;%r%la¥ingrpaotg. 30. A
vessel accofafigrbaitt 2815F oL RE Wi %egﬁ‘ggfaﬁﬁg tath SRIETS MR %te? 2t 516Cation inboard

of the end oftthe vespellaillid9 BatA .method of laying a pipeline from a monohull vessel, in which the
pipeline is guided along a substantially horizontal path at least 10 m above the level of the centre of
rolling of the vessel and is then guided.along a curyed 15.path and.into the sea inhoard of vessel.
32. A method %ccor%iﬁ’get%sﬁzing SR RN AR Igz?i(s?%rﬁe erisioner %lpco%itf%)%%d pa(%\{/ia% él%?qg the
curved path suatviitie whsidieirwsysfelrriihéeases asiepisses FraiBAg Bi Buft®d path. 33.
A method acggrdingto-glaa 33for32) irgvhictothe.pipeline enters the sea at an angle inclined to the
horizontﬁl of more than 20 degrees. 25 34. A method of laying a pipeline from a monohull vessel, the
monoHhull vessel being as claimed in any of claims 1 to 30, 30 35. A method of Iayin% a pipeline

according to 2hy ork ofesifts 3EF60 34 Lcfieh FdvilluarbipE IerfytWe &R WeRRE46GEther at
prefabricated:glationsito tofmjbinted pige sectbhs whichvaietherhweldettethepipelinaat the

Upsnean]engéggﬁﬁgmffgmuiﬂgﬂgtraight, substantially horizontal,
upstream portion of the pipelaying path to the region where

15 = the pipelaying path leaves the vessel hull.

26.. A vessel according to claim 25, in which the ratio of

the length of the horizontal projection of the curved

portion of the pipelaying path to the length of the hull of
20 the vessel i1s between 0.25 and 0.45.

27. A vessel according to any of claims 23 to 26, in which
the junction of the curved portion with the straight,
substantially horizontal, upstream portion of the

25 - pipelaying path is at a distance d from a vertical plane
midway between the ends of the hull of the vessel, where
‘the ratio of & to the length of the hull of the vessel is
less than C.1.

30 28. A monohull vessel for laying a pipeline, the vessel
including one or more tensioners disposed along a
pipelaying path, wherein the pipelaying path includes a
substantially horizontal upstream straight portion and a
curved portion downstream of the straight portion along

35 which the downward inclination of the pipelaying path to
the horizontal increases, at least one tensioner being

positioned partway along the curved portion.
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29. A vegsel according to claim 28, including one or more
pressure rollers disposed along the pipelaying path
upstream of the tensioner positioned partway along the

curved portion of the pipelaying path.

30. A vessel according to claim 28 or 29, in which the
pipelaying path entérs the water at a location inboard of
the end of the vessel hull.

" 31. A method of laying a pipeline from a monohull vessel,

in which the pipeline is guided along a substantially
horizontal path at least 10 m above the level of the centre
of rolling of the vessel and is then guided along a curved

path and into the sea inboard of the vessel.

32. A method according to claim 31, in which at least one
tensioner is positioned partway along the curved path such
that the tension in the pipeline increases as it passes
along the curved path.

33. A method according to claim 21 or 32, in which the
pipeline enters the sea at an angle inclined to the

horizontal of more than 20 degrees.

34, A method of laying a pipeline from a monohull vessel,
the monohull vessel being as claimed in any of claims 1

.to 30.

35. A method of laying a pipeline according to any one of
claims 31 to 34, in which individual pipe lengths are

welded together at prefabricated stations to form jointed
pipe sections which are then welded to the pipeline at the

upstream end of the pipelaying path.

36. A method according to claim 35, in which each jointed
pipe section comprises three individual lengths of pipe.



