WO 2009/127415PCT/EP2009/002793 1 An improved turbine installation method Filed of the
invention The present invention is concerned with an improved method of installing a hydroelectric
turbine ontoWee288HBEd18r the like, and in particular a method which improVSI{EB24831011a7930f the
electrical cable connected between the hydroelectric turbine and an onshore power station to which
electricity generated by the turbine is supplied. Background of the invention Due to the environmental
damage which has been inflicted on th&-B 2L : ' Fg2sT fossil fuels, renewable
energy has finally begun to be given S|gn|f|cant attentlon with many pl’OjeCtS being developed around
solar energy, wind energy, and tidal power. Of these alternative forms of energy, tidal power is
arguably the most attractive, given that tidal flows are entirely predictable and constant, unlike wind or
solar energy whicliBgé séthtiwetgntivarmittent and therefore less dependable. 20 However, harnessing
tidal energy dges provide its own challenges, in particular with respect to the installation and
maintenance of tidal power generators, for example hydroelectric turbines, which by the very nature of
the operation of sarheRfasertbavietitie i fPReratce Nith sniowingtagtbodrehirstalasadnadinelscikely
located on the seahagndnAsaRkliligRddoIdaike heisepramicalhnialie theee tHpRivesHRUshagRuilt on

a large scale. Essentially however these turbines must deliver power back to shore foy eventual supply
into the grid. The IBVEIFGIEEIH SR 'ganmratisd Bw?sfta%m&%ﬁ%&%wado%@% REERICAT
systems a hazardets@peratiith dedribisy iseneagadiediny tthisidecatgppbédhe turbines under water on
the seabed, apd in regions of fast flowing tides. These regions of 30 fast flowing tides are often found
in isolated locations making getting to and from the site a time consuming, dangerous, and therefore
expensive undertaking. In addition, the process of installing and removing such turbines generally

requires the use ogliBIe ¥R $ ARG GONFIRMATION COPY

Due to the environmental damage which has been inflicted on the planet as a result of the

15 burning of fossil fuels, renewable energy has finally begun to be given significant
attention, with many projects being developed around solar energy, wind energy, and tidal
power. Of these alternative forms of energy, tidal power is arguably the most attractive,
given that tidal flows are entirely predictable and constant, unlike wind or solar energy
which are relatively intermittent and therefore less dependable.

20
However, harnessing tidal energy does provide its own challenges, in particular with
respect to the installation and maintenance of tidal power generators, for example hydro-
electric turbines, which by the very nature of the operation of same must be located in
relatively fast flowing tidal currents, and more than likely located on the seabed. In

25  addition, in order to be economically viable these turbines must be built on a large scale.
Essentially however these turbines must deliver power back to shore for eventual supply
into the grid. The level of electricity generated by the turbines renders working on the
electrical systems a hazardous operation, and this is magnified by the location of the
turbines under water on the seabed, and in regions of fast flowing tides. These regions of

30 fast flowing tides are often found in isolated locations making getting to and from the site a
time consuming, dangerous, and therefore expensive undertaking. In addition, the process

of installing and removing such turbines generally requires the use of multiple vessels and

CONFIRMATION COPY



WO 2009/127415PCT/EP2009/002793 2 associated heavy machinery, in addition to experience
divers. Furthermore, these turbines will generally need to be deployed in multiples in the form of a tidal
turbine farmWi® A1 342 economically viable. Thus the installation procesBG3/FRAMMEB Y the
number of turbines to be installed. The availability of Such equipment and divers is relative scare, and
5thus it is extremely desirable to reduce the time and equipment necessary to perform the installation
and removal of tidBiseiBiAGBeay RSB B iRl RRFEDER fiXeBrfaRtRyBAE dfisgeyrbines

hydroelectric turbings.genedhe mxtemaldassbdaanaiignssundes foRichr hedaltings: anthdssectated
electrical cables 10a%e exposed, the.ell)gctﬂ%al (ﬁ?k])le ex ending onshore L{orln g%(% turbin mufst be
relatively large anProbE ALV SIRCS 8 AR EER FURLRIGRTS RARKPASY Be i thamsgidh of
300-500 mm, and tyibéreshe bematial skicatile amsiddbady tifswobiehtipfting aralodey sssigrefatantsciitveand

randiing of thg caie Ibelelaneibaltin A ABS HER ARSI AREBLAR. DRSS AYRA mPre

difficult by the tidal conditions preSent at the sites where hydroelectric turbines I5 are deployed. The
cabling is also reladtigteliaiionesnd keaareftidahtishiassliing of same can quickly and easily result in
kinking/knotting of the cable, thus rendering same permanently damaged and therefore requiring
replacement. It is therefore an object of the present invention to provide a method.of irgs.tallin

20hydroelectric tutB#id® RAEAFTERIOE XVTEE AeohsFaTs IS PRt I SR AL BB 5 SRS ss.
Summary of the intierlioanzdy hergresaditivnsanidenwhertefeeupbmdd esiasyetiacd eferistalliculas
hydroelectric.turbine syste a tidal. site comprising the steps.of: connecti -lay r cable
to the systerr%?};owaerﬁ ot g%%sgr%sé?e#%\l/\cérc gbqa{: é))étﬁ (?ﬁlrﬁeo rrmltssfé(l)tlre‘)e v&ﬂﬁ?féﬁﬁ%ﬁ%ﬁ}g{?ﬂ%ﬁ% the
system in line withates airkrtontof #oa frswtaddheabameaaniidincdneiorhightmaxhpla the region of

300-500 mm, and given the length of cable involved, the weight of the cable is significant.
The handling of the cable is therefore both a difficult and time-consuming operation, made
even more difficult by the tidal conditions present at the sites where hydroelectric turbines
15 aredeployed. The cabling is also relatively inflexible and so the mishandling of same can
quickly and easily result in kinking/knotting of the cable, thus rendering same permanently

damaged and therefore requiring replacement.
It is therefore an object of the present invention to provide a method of installing a
20  hydroelectric turbine, which method avoids damage to the cable during the installation

process.

Summary of the invention

25  The present invention therefore provides a method of installing a hydroelectric turbine
system at a tidal site comprising the steps of:
connecting a pre-laid power cable to the system;
lowering the system towards a deployment site while simultaneously displacing the system
in line with the direction of tidal flow such as to maintain tension in the cable.

30
Preferably, the method comprises positioning the system substantially above the

deployment site prior to connecting the cable.



30 Preferably, the method comprises positioning the system substantially above the deployment site
prior to connecting the cable. WO 2009/127415PCT/EP2009/002793 3 Preferably, the method
comprises |G tRE 8y stem from a deployment vessel and simultaneoud1G HERAS42{1%6
deployment vessel such as to maintain tension in thetable. SPreferably, the deployment vessel
comprises a source of propulsion. Preferably, the method comprises the step of positioning an anchor
to be upstream of the system during the lowering step; directly or indirectly connecting the system to

the anchor; and usingeﬁlaslgzlrtﬁba{eﬁﬂmmwiib@lsﬁ%ﬂagmewt%therﬁwsdeﬂbgluféngvm@elmuering
10thereof. Preferab he method clo r| es B%smonlrtlg the an%nor on thetsez%bed P fer tl)ly, the
method comprlsesi %atréeé’él ac‘ e ﬁep y?ﬁ‘é%% eF%C A a{nfgfg\l/\rllinegn%rslsl& ?lllsmg

the towing vessel to achieve the dlsplacement of the deployment vessel. Preferably, the method

comprises thesstep, akwinehigg &QSI&?R&RYOE@% ‘éS&}?&E‘BW@BﬂF&h& [angiygssel during lowering of

the system in order to achiéve the displacement of the 20deployment vessel. Preferably, the method
comprises the step of securing the towing vessel to the anchor and pulling the towing vessel towards

the anchor to at lepsirpatiiplinesRiaye ibeystisplare 5 ¢ P dhig e A MRINoY &S 88 lugeream of the
system during the lowering step; directly or indirectly connecting the system to the anchor;

and using the anchor to achieve the displacement of the system during the lowering

10  thereof.
Preferably, the method comprises positioning the anchor on the seabed.

Preferably, the method comprises the steps of towing the deployment vessel behind a
15  towing vessel; and utilising the towing vessel to achieve the displacement of the

deployment vessel.

Preferably, the method comprises the step of winching the deployment vessel towards the
towing vessel during lowering of the system in order to achieve the displacement of the

20  deployment vessel.

Preferably, the method comprises the step of securing the towing vessel to the anchor and
pulling the towing vessel towards the anchor to at least partially achieve the displacement
of the deployment vessel.

25
Preferably, the deployment vessel or the towing vessel comprises a dynamic positioning

vessel.

Preferably, the method comprises the step of marking the location of the pre-laid cable

30  with a floatation device.

Preferably, the method comprises lowering the system during a running tide.



Preferably, the deployment vessel or the towing vessel comprises a dynamic positioning vessel.
Preferably, the method comprises the step of marking the location of the pre-laid cable 30with a
floatation de¥R&MAZT1309/127415PCT/EP2009/002793 4 Preferably, the FAE/ESA082/R37Ses the step
of laterally displacing the system prior to or as part of4inal positioning of the system at the deployment
site. 5As used herein, the term "hydroelectric turbine system" is intended to mean either a
hydroelectric turbine mounted on a base, which can be lowered together onto the seabed; the base in
isolation from the RidginghIWhichitaydainyyRes thtostas saabedpadpheitigrivio sysihsproemnty: ewered
into position onto th%b S th(ta tu.rbinefztiﬁl isolgitiontE%rgt e basi, to be lowered onto the previously
located base. 10 BAEF elsnc?riBﬂsc’)lﬁoélf"?ﬁé) drawr Sgesm a |gu?8 PSS a schematic side elevation of
a hydroelectric turbine system in the early 15stages of installation and according to the method of the

present invengon; and Eiqiie;f MUstAlesdirphamRlaAMstation of thefaethRd RLAGRIYment shown

in Figure 1, with the hydroelectric turbine System partially lowered toward the seabed. 20 Detailed

description of the BYSRFIGLTESHEPIRGMRIIIES Mhe RashBishyiryRerianeigd tegetheiontadhetedbedmethad

of installing a hydraelpsi¢it tiuspinsnlfoantretherseabaddB ahpBidehaitedac cREGNG IO A Piriatidthe
25embodiment of the invention. While the following description refers to installing the turbine 10 on the
seabed B it will bes‘ci?)sﬁf’éléfgiééf’fﬁ%{F SR RN AR Fﬁ%%}lﬁbénsrﬁ‘df&%gﬂ?ré’ﬁ@“dﬁ?éaf%uitable
or desired locationpfot lexamneglenitostadl lpneythestyiboaeed Baserto a river bed or the like. 30Referring now in
particular to Ilz'bgure 1, the method of the present invention involves

Brief description of the drawings

Figure 1 illustrates a schematic side elevation of a hydroelectric turbine system in the early

15  stages of installation and according to the method of the present invention; and

Figure 2 illustrates a schematic illustration of the method of deployment shown in Figure

1, with the hydroelectric turbine system partially lowered toward the seabed.

20

Detailed description of the drawings

Referring now to the accompanying drawings, there is illustrated a method of installing a
hydroelectric turbine 10 onto the seabed B at a tidal site according to a preferred

25  embodiment of the invention. While the following description refers to installing the
turbine 10 on the seabed B it will be appreciated that the method of the invention may be
employed at any other suitable or desired location, for example installing the turbine 10

onto a river bed or the like.

30  Referring now in particular to Figure 1, the method of the present invention involves
transporting the turbine 10 into a position substantially above a tidal deployment site S on

the seabed B where the turbine 10 is to be located during use. Prior to transporting the



transporting the turbine 10 into a position substantially above a tidal deployment site S on the seabed
B where the turbine 10 is to be located during use. Prior to transporting the WO
2009/127419OCH¥EIH59/002793 5 turbine 10 into position above the tidaP§dIEYPIEHPZIE S an
electrical cable C is pre-laid on the seabed B. The prScesses involved in laying the cable C from an
onshore location, or from some other location, to the deployment site S are well known and will not be

described in any dutRINAAARAmRs TRyt thedidn denfnyBamisite Ralbrlig ra s Bifchibyelidite s,
for example the lash 1R0seaBtars, isHaipksedasdantiallyemiling wighiheaisaCtionmafitbashoey ailingotide T. In

order to allow the Ioc%cf%ior;o%dort gri?(\)/(galt%fn the / reéeepod of rtp% tcagjzlltree(%v it]f'%[i)orefeggalvev ; ﬁ"% abflotation
device in the form of a Bhoy no slhownb Or thETKENSYEIREr2Y &t 0F agjacen the'fréé €hd of the cable

C and therefore lodesaiitedon the duribberchufierwalee Wajﬁtret_@h@fmlnbimlt@iﬁmm_gghtthwto position
above the tidaJ 10ggp FIGRIE RorlLiS Ao ROUSARRNRLIE A REHRAERPGGA I @taeh an

umbilical or extension (not shownj onto the end of the cable C, and that the umbilical/extension would

then be the portiodifR&iiQjees hseaey aitingdifeted owdent sdaydhedoaationardaarigyal HehedEss to take
power directly ashgi@ oPIiosBaIKY iERApMRG dhie i TR hade e Eagidiiiamabithinsso (ot

shown). 15 With the cable C pre-laid to the deployment sit e tyrbine 10 s, as mentioned above,
brought into positi8ﬁt?§?1 Efdﬁﬁ“ﬁ%ﬁ'& Skl%rﬂ?éaﬁ'g'ﬁl%%ﬁgﬁfg 8\?&;‘%%18 %r%?é)ﬁl?ee&gf?ﬁeo%ﬁ?ﬁ?%%ﬁﬁustrated
the turbine 10 is cdreiadfbyea fithployrae vassibe12rbvincl) v dycdoghyfinypesiitab kb évmhamdain the

embodiment jjlustr 'e' - i Of RNQR;BS t) |14 may
=l T T LR U P, e o e

however comprise a source of propulsion. A towing vessel in t L4 |
tow the turbine 100ASYteHige (otishevpbinthasad et erhlsddinshihalibe aeblisglAaRsn running

tide T. In this embedimentA sinkelpdewn e Ledsaeanarteshhetwash e {bubddmndibe.brrge 12, and
may be adjusted in length in order to make small corrections to the position of the turbine 2510 and

barge 12. The tug™2 E5UIEFH EWaKE PR IEc bRt Wy AR RIS ARG MNP (HOIHIR) which

could then utilise GBS #ditdantaedoer Gtotysimaitain a desired position during the installation process.
The turbine 1Q may be releasably connected to the barge 12 by any number of suitable arrangements,

and the details of the connection are not material to the method of the invention, and so will not be
described in detaiighéhgsfable C pre-laid to the deployment site S the turbine 10 is, as mentioned above,

brought into position substantially above the deployment site S. In the preferred
embodiment illustrated the turbine 10 is carried by a deployment vessel 12 which may be
of any suitable form and, in the embodiment illustrated, is in the form of a non-powered
20  barge 12. The deployment vessel 12 may however comprise a source of propulsion. A
towing vessel in the form of a tug 14 is used in order to tow the turbine 10 and barge 12
into position, and in the embodiment illustrated, against the running tide T. In this
embodiment a simple tow line 16 is connected between the tug 14 and the barge 12, and
may be adjusted in length in order to make small corrections to the position of the turbine
25 10 and barge 12. The tug 14 could however be replaced with a dynamic positioning vessel
(not shown) which could then utilise GPS in order to accurately maintain a desired position
during the installation process. The turbine 10 may be releasably connected to the barge
12 by any number of suitable arrangements, and the details of the connection are not
material to the method of the invention, and so will not be described in detail hereinafter.
30
Prior to towing the turbine 10 into position above the deployment S at least one anchor 18

is installed, in the embodiment illustrated, at a location on the seabed B upstream of the



30 Prior to towing the turbine 10 into position above the deployment S at least one anchor 18 is
installed, in the embodiment illustrated, at a location on the seabed B upstream of the WO
2009/127419PCH¥EIH150/002793 6 tidal deployment site S with respect toRGEERISHGA2TIvhich the
tide T is flowing during the installation. The anchor 1&may be of any suitable form, and in the
embodiment illustrated is in the form of a simple rock-type anchor 18. However, the type and/or size of

anchor 18 may vahifdeiseloamenorithe voRdriBre inthrdisstisadnsy }Aﬁhﬁhelﬂ%géf flewingduing

position above thewaketa\WtRntheranehetot 8 Stifaprefef ahiasinabia fethed bvy (atodhawnn) or similar
marker is secured} the anchor 18 and for reaf,ons descrlbegloreirgn fter, On?{?t etu 4has

positioned the turBiftE ARy 5re goirﬂ above" raeplgf haht She s the 1otag 14 18 pgoanneétsélé to the
anchor 18 via an arf@hondinks 2By Ty iéeactrdén@mshnpty@ywemwﬂmsmbdd@y (hetishowrdectmnected

to the anchor 48 Omén?egyt% hdensiban sulably seoingiie 390ar e g inthedidddvlle

anchor 18 now allows the 14, and therefore the turbine 10 and barge 12, to hold position against
the running tide T (TOSPRaA RS EvTSR kst Secties fohg, anAkPRA AN SeTers e dFFERTdhe following
15description of thegiied of installation of the present invention, that the tug 14 may be dispensed
with, and in such a scenario the vessel 12 would be connected directly to the anchor 18. This is a
possibility regardless of whether the vessel 12 has a source of propulsion or not. 200nce the turbine
10 and vessel 12 anesécunedlddanstdineredthio gittdee T OynthbasgecHbabiB etthe frepdognaofsiteSchble C

(or umblical) s efpiSga e SHIARE AN FEIBAINAAMSHEIO BRLAIRCLLID Ry manner

The cable C may &recovered Usin
retrieving the buoy (not shown) connected to the anchor 18 onto the tug 14 and then

suitably securing the anchor line 20 to the tug 14. The anchor 18 now allows the tug 14,
and therefore the turbine 10 and barge 12, to hold position against the running tide T. It
should however be noted at this point, and as will become clear from the following

15 description of the method of installation of the present invention, that the tug 14 may be
dispensed with, and in such a scenario the vessel 12 would be connected directly to the
anchor 18. This is a possibility regardless of whether the vessel 12 has a source of

propulsion or not.

20 Once the turbine 10 and vessel 12 are secured against the running tide T by the anchor 18,
the free end of the cable C (or umbilical) is recovered to the surface and electrically
connected to the turbine 10 in known manner. The cable C may be recovered using a
conventional winch arrangement provided on the barge 12, or may be achieved by a
separate support vessel (not shown). At this point the turbine 10 is prepared for lowering

25  tothe seabed B. Inthe embodiment illustrated the turbine 10 is pre-mounted on a base 22
which will support the turbine 10 on the seabed B during use. Thus in the embodiment
illustrated it is the base 22 which is used to secure the turbine 10 to the barge 12. The
turbine 10 and base 22 together define a hydroelectric turbine system. It is envisaged that
the cable C could be connected to the base 22, with a suitable connection then being

30 provided between the base 22 and the turbine 10.



conventional winch arrangement provided on the barge 12, or may be achieved by a separate support
vessel (not shown). At this point the turbine 10 is prepared for lowering 25to the seabed B. In the
embodimenWiwatied4ttie turbine 10 is pre-mounted on a base 22 which WRCE§130004M8 W bine 10 on
the seabed B during use. Thus in the embodiment illustrated it is the base 22 which is used to secure

the turbine 10 to the barge 12. The turbine 10 and base 22 together define a hg?roelectric turbine
system. It is envis&§EaTiR& thear tediigare THad BNt sttt iRk P afstHoraritatieseabitection

then being 30provigledrbRtwSEBethehRe6E K280 d i IeFRiAEs 14hd W &e embodiment illustrated a
2009/127415PCT/EP2009/002793 7 Ref rring then tg Figure 2 the turbipe ](.%Oﬂ;mlgj ba?%e Z%ﬁre now
lowered towards tREBRHRIFUBPHALNTS7 BE° SORNSTISE BSFARSM iR e AR NERISR the emiBodiment

iIIustrated_ a numbbangéslappdrtxﬁﬁm ﬁw\adectmmgmeddspdmﬁeg tt_umlbargé vwidcres! (i mzz. The
barge 12 is thgref%%a{ %}’édoﬁgr‘é‘ﬂ@ 8 %?{é%%BQHQQQQ’%t%%l%‘?hQIn‘é’A%E‘Qﬁd(?%é‘t‘af’ev\@?s?mqmlﬁ

operable to raise and lower the support lines 24, an ore raise and lower the base 22 and turbine

10 towards or awaydnse #easd aybmns] dewardatssonayeremthassebgd e tirshsembosiadsase 22 are

connected in an updgEsitMhaAREe MeRdedhebargekadngrtiesdaaliowing dndinantiianehbase 22
to be quickly and easily lowered aw%from the barge 12 towards the seapbed B, Any other suitable

arrangement may Y% dVaFIsE ‘NS bg thing Ré"iﬁHﬁ?’?&ié‘}@%&%ﬂ%&fé‘?&ﬁsf@v&%& e seabed
B it is simultaneoushayligphadedbiidinE2 wothatide tltreeited Bf tickat Hther, andbte treaegameodiment illustrated
forwardly ag B‘IS'[ woe ré%p{%ge;[!i]d? Tegnd towards the anchor 18, such as to maintain tension in the
cable C. 15This is achieved by %l(t)ﬁer'pulling the tug 14 forwardly on the anchor 18, or by shortening
the tow line 16 between the tug 14 and the barge 12, or a combination of the above-mentioned

procedures. Howeyghi R$HNEAIARSD RIRYS, IBRdid b ayiheseriias fnd ihaikaraesi dgneated

directly to the anchor 18. In this case the line (not shown) connecting the barge 12 to the anchor 18
would be used to Flithe BB ditestion afdidgdlnst and itiberembrAimtAbH WeERGHIOTHA Y ARRRED wil
be lowered towardadignarahait B alangwandstednsatt 18, such as to maintain tension in the cable C.

15 This is achieved by either pulling the tug 14 forwardly on the anchor 18, or by shortening
the tow line 16 between the tug 14 and the barge 12, or a combination of the above-
mentioned procedures. However as mentioned above, the tug 14 may be omitted and the
barge 12 connected directly to the anchor 18. In this case the line (not shown) connecting
the barge 12 to the anchor 18 would be used to pull the barge 12 forward against the tide T.

20  In either scenario, the turbine 10 will be lowered towards the seabed B along an arced path
with the cable C remaining in line with the direction of tidal flow.  This path ensures that
tension is maintained in the electrical cable C connected to the turbine 10 or base 22.

This tension ensures that no kinking or knotting of the cable C can occur during the
lowering of the turbine 10. Once the turbine 10 is positioned on the seabed B each of the

25  support lines 24 can be disconnected therefrom and winched back up onto the barge 12.

At this point the turbine 10 may begin operation and feeding power onshore via the cable
C, or to any other desired location. At this point, the cable C should be in a straight line
with respect to the direction of tidal flow T, and under tension in order to prevent any
undue movement thereof during operation.

30
It will be appreciated that the above described method of installation could be achieved in

the absence of the anchor 18, although with greater difficulty. The tug 14, or preferably



with the cable C remaining in line with the direction of tidal flow. This path ensures that tension is
maintained in the electrical cable C connected to the turbine 10 or base 22. This tension ensures that
no kinking oW Bflfhe cable C can occur during the lowering of the tuRSIRERZOINEE%he turbine
10 is positioned on the seabed B each of the 25suppért lines 24 can be disconnected therefrom and
winched back up onto the barge 12. At this point the turbine 10 may begin operation and feeding
power onshore visliRarBisestioping Vasie i sBeyrbep it b alschiotitiplyolf ehe sritienstfdfifd be in
a straight line withiigsipeqotenthsagicectignpktigial v Tihas dhenrdblctensncides thepaediaatiany
undue movement thereof durin eratian. 30 It will be appreciated tha aboye described method
of installation coulg]rbcg g&’ﬁ%\?é%ﬁ]&%%‘%b eei%'es 8?%63?1%)1%1? , g?tﬁ%‘ftjlg;%g\icvli]t u;;frﬁgzla e ?cgulty. The
tug 14, or preferalflywAr@i2 009/d274 HSREVE/ P 2008/ 0T 63 Beditpathicipositidnimgl Vessel (not shown)
could be usedto initially hold the position of the turbine 10 and barge 12 against the tide T while the
cable C is connected to the turbine 10. Once lowering of the turbine 10 is commenced the tug 14 could

then pull the bargdfivissieniasdiip ifelordtsr ths Sehiagd ther adeieyenesssem Hrecambardieedtbrfare 10. 5

ll_f it i82d4esire% to rql&ﬂﬁl@ﬁﬁ%%ﬁl?&aﬁ@;gﬂ%ﬁ%&%ﬁmaa?@camp!n%%fdaieﬁ/@dualeégtﬁr&hq&upport
ines 24 are disconnected from the base 22. Relocatign may be required for example due to an
undesirable attituFEBPRIFIHELR BIRESIARY ﬁ“%ﬁifﬁ?ﬁ&fa?%ﬁ %f%ﬂé"gg@o‘g&‘ .lﬁ&?%%@n (e

configuration of th&ﬂaﬁnl@.c, W@tfmroexﬁgm&a‘dh efldst &O0: rﬁetd‘r&rélﬁnrebtmbll@_t}g ilasa Kibaigierkine,
the base 22 ggn .bc‘?rrtaﬁ'esﬁfée%!e!%‘“%tQJ%Eﬁqiﬁgﬂﬁg%@é’z‘%%ﬂ@é‘%% %r%f%%? %F?g.%-’;'é '%%4‘]%%%'2

laterally of the original position. In order to remove the turbine 10 fro e se or example for
maintenance or refyaténeatotrrpesiove thedeser]rlaesithpdf s eriginl PIsitipnalso envisaged that the
method of the present invention could be implemented with the tide flowing in the opposite direction to

that described and shown with respect to Figures | and 2. In this situation, the towing vessel 14, and
anchor 18 if empld§Q8dshRIETREIRS BB I0smdrsiardet hd Bl B NAIRGA Figures 1
and 2, in order to bgpabéentat, the above procedure is simply reversed.

15
It is also envisaged that the method of the present invention could be implemented with the
tide flowing in the opposite direction to that described and shown with respect to Figures 1
and 2. In this situation, the towing vessel 14, and anchor 18 if employed, would need to be
on the other side of the barge 12 to that shown in Figures 1 and 2, in order to be able to

20  hold the barge 12 in a substantially fixed position over the deployment site S. When
lowering the turbine 10 towards the seabed B the tide could be used to effect displacement
of the turbine such as to maintain tension in the cable C. This could be achieved for
example by feeding out and therefore lengthening the towing line 16 and/or anchor line 20,
and simply allowing the tide to carry the barge 12, and therefore the turbine 10, with the

25  tide in order to maintain tension in the cable C. Again this arrangement could be effected

without the use of the anchor 18.



20hold the barge 12 in a substantially fixed position over the deployment site S. When lowering the
turbine 10 towards the seabed B the tide could be used to effect displacement of the turbine such as to
maintain tension in the cable C. This could be achieved §or example by feeding out and therefore
lengthening the towing line 16 and/or anchor line 20, and simply allowing the tide to carry the barge 12,
and therefore thetalnne 10, with the 25tide in order to maintain tension in the cable C. Again this
arrangement could be effected without the use of the anchor 18. 9 Claims 1. A method of installing a
hydroelectric turbine systamat fidalilte GRMALNIRGIDRIERS L SANSHINAA B AL B! cable fo
the system; 5 Iowerlngt_the sys_ltem towar 5a t(éeplo ment site during a running tide while simultaneously
displacing the sycscfrér}% LR YRR SR LT 15 Pallf & %Tantially in line with the direction of the prevailing tide
and as to maintalf'EERSIBR IFETR IRAHIRS 2 derlpy PR iR tHBP S ETAird R URIBASTHER PSSR ARG tHE system
substantially above s¥reeTGeheieliretrbisiie Ipd ovigantaliidtiirgvthdhealiketios oThe miewehiogl tidf elsim 1 or 2
comprising lowers@ thargystemidhomna cieployment vessel and simultaneously displacing the deployment
vessel such as to maintain tension in the cable. 15 4.The method of claim 3 in which the deployment
vessel comprises a soyige Of RORYISIAN. SIS ESLAShAL VLR SRS Q3 ERMBRISING the step of
positioning anoandchl%r r%ont%eitlépﬁgrret'g%n% t?r? S es,teg|1edur|ng the owering step; directly or indirectly
connecting the syStEM fo the anchor. and Using The anchor to achieve the displacement of the system
during the lowering thereof. 20 6. The method of claim 5 comprising positioning the anchor on the
seabed. 7. Thesmethdteaheimy of e FRierdrtisimgdrisangotiie stepy trtovderiothedeptesimeht vessel
behind a towing vesselainsydisisiendhe wepimaesssldecaahicwainedisplacementabthe 25 deployment
vessel.

15 4. The method of claim 3 in which the deployment vessel comprises a source of propulsion.

5. The method of any of claims 1 to 4 comprising the step of positioning an anchor to be

upstream of the system during the lowering step; directly or indirectly connecting the system to the

anchor; and using the anchor to achieve the displacement of the system during the lowering thereof.
20

6. The method of claim 5 comprising positioning the anchor on the seabed.

7. The method of any of claims 3 to 6 comprising the steps of towing the deployment vessel
behind a towing vessel; and utilising the towing vessel to achieve the displacement of the

25 deployment vessel.

8. The method of claim 7 comprising the step of winching the deployment vessel towards the
towing vessel during lowering of the system in order to achieve the displacement of the deployment
vessel.

30
9. The method of claim 7 or 8, when dependent on claim 5 or 6, comprising the step of
securing the towing vessel to the anchor and pulling the towing vessel towards the anchor to at least
partially achieve the displacement of the deployment vessel.

35 10. The method of any of claims 3 to 9 in which the deployment vessel or the towing vessel

comprises a dynamic positioning vessel.

11. The method of any preceding claim comprising the step of marking the location of the pre-
laid cable with a floatation device.
40



8. The method of claim 7 comprising the step of winching the deployment vessel towards the towing
vessel during lowering of the system in order to achieve the displacement of the deployment vessel. 30

9. The method of claim 7 or 8, when dependent on clainw5 or 6, comprising the step of securing the
towing vessel to the anchor and pulling the towing vessel towards the anchor to at least partially achieve
the displacementaf therbeplaysn eninygsseddisdcinldoe pnetb Gaeailpnypeictiaine sy ton Pribr vehucks the
deployment vessakQj g 1RWibanes el SRMRHsAS dplyadniciRositioning vessel. 11.The method of any
preceding claim comprising the step of marking the location of the pre- laid cable with a floatation device.
40 10 12.The method of any preceding claim comprising laterally displacing the system prior to or as part
of final positioning of the system at the deployment site.



