
First South East European

Regional CIGR£ Conference

Portoroz, Slovenia, 7ð8 June 2016

SEERC

SUBMARINE CABLE PROJECTS

G¿lnaziY¿ce 

2-03

1 - 48



First South East European Regional CIGR£ Conference- Portoroz , Slovenia, 7 ð8 June 2016 SEERC

PLANNING OF THE SUBMARINE CABLE CROSSING

This presentationdescribesthe planning, design, installation and commissioning of the double circuit 400 kV, 
2x1000MW XLPE insulated and copper armoured submarine cable crossing of the Dardanelles Strait in 
Turkey. 

TurkishElectricityCorparation(TEĶAķ) has planned submarine cable projects considering; 

Å to increasethedemandandsecurityof ourelectricitysupplysystem

Å to completeTheMarmara ring network via theWestern corridor(Trakya)

Å to includethepowerplantslocatedin thesouthernMarmara Sea

Å to providealternativeconnectionstoĶstanbul andaround

The construction of the cable system and the associated 400 kV OHL TLs have been economically justified 
for the transmission to Istanbul.For these purposes;  TEIAS has planned two Submarine Cable Projects which 
are 400 kV, Lapseki1 - S¿tl¿ce1 and 400 kV, Lapseki2 - S¿tl¿ce2  

ÅĶ­erik
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ÅThe Turkish Power System has speedlydeveloped in the last 50 years, to keep pace with the 

economic and industrial high rate of growth of the country
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In TurkishTransmisionPowerNetwork; accordingtoTEIASôsAnnualReport ï2014 Thereare;

The summer peak of the TPS is ~40,000 MW, serving a population of ~75 million in a national 

territory of ~780,000 sqkm.

Å18.400 km 400 kV OverheadLines

Å37.800km 170 kV OverheadLines

Å84,5km 220 kV OverheadLines(Georgia, Armenēa)

Å510km 66 kV OverheadLines

Å250km 170 kV XLPE InsulatedUndergroundPower Cable Connection 

Å65 km 380 kV XLPE InsulatedUndergroundPower Cable Connection
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ÅA challengingproblemis thepowersupplyof theIstanbulMetropolitanareawith a populationof~

14 million andpeakpowerdemandof~10,000MW. A largepart is transmittedfrom remotepower

plantslocatedin CentralïEasternAnatolia,with saturationof the transmissioncapacityacrossthe

highly industrializedandnarrowregionbetweentheBlack Seain theNorth andMarmaraSeain the

South, where construction of new overhead lines (OHLs) is not practicable. Across this

transmissioncorridor on the Eastof Ķstanbul, it is thereforenot possibleto transmitto Istanbulthe

powergenerated(over5,000MW) from thecoalfired andgasfired powerplantsin existenceandin

advancedstateof construction,locatedalongtheSouthernCoastof theMarmaraSea.

ÅThe summer peak power demand has been 43,300MW and yearly energy demand 264 TWh.  The 

TPS supplies a population of ~75 million in a national territory of ~780,000 km2.

ÅThe objective of this project is the provide power to megacity Istanbul with min. 14 m population 

demanding more than 10.000 MW.
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400 kV Lapseki-S¿tl¿ce ProjectôsStages

I. FeasibilityStudyof Project

II. SubmarineCable RouteSurvey

III. TenderingProceduresof TheWorld Bank (IBRD) 

IV. Evaluation of TheBids andSigningof theContract

V. ContractManagement 
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Key Activities :

ÅObtainmentof thepermitsfrom therelatedAuthorities,consideringthehigh internationalmaritime

traffic on the DardanellesStrait, andthe needto cross4 existingfibre optic cableslaid along the

Strait. Theconsequentiallyappliedprotectionagainstcabledamagesfrom boatanchorsandfishing

trawlersarereportedin thepaper.

Å Avoidance of interference with other planned infrastructures, in particular the planned bridge 

across the 

Strait in close proximity of the cable route.

Å The technical specification for the turn-key design, manufacturing, testing, installation and 

commissioning of the submarinecables and OHL interfacestations.

Å Technical Studyfor integrationof  submarinelink to theNationalNetwork.
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400 kV Lapseki 1ïS¿tl¿ce 1 Submarine Cable Projectôsmain features:

ÅPower& Voltage: 2000MW, 400KV AC

ÅRouthLenght: 4,65 km

ÅSea: 3,9km, 

ÅUnderground: 0,75km

ÅCable amount: (2 circuit, 6 phase+ 1 sparephase)

ÅSubmarine: 27,3km, 

ÅUnderground:  5,25km

ÅSubmarineCable: 1600mm2

ÅUnderground Cable: 2000mm2

ÅCable Type: XLPE, Cu

ÅContractAmount: 66,7 MEUR

ÅContractor: Turk PrysmianïPrysmianPowerlinkJointVenture

ÅStatus: Energisedsince April 2015
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400 kV Lapseki 2 ïS¿tl¿ce 2 Submarine Cable Projectôsmain features:

ÅPower& Voltage: 2000MW, 400KV AC

ÅRouthLenght: 4,35 km

ÅSea:  4,1 km, 

ÅUnderground:  0.25 km

ÅCable amount: (2 circuit, 6 phase)

ÅSubmarine: 24.6 km, 

ÅUnderground: 1.5 km

ÅSubmarineCable: 1600mm2

ÅUnderground Cable: 2000mm2

ÅCable Type: XLPE, Cu

ÅContractAmount: 63,6 MEUR

ÅContractor: Turk PrysmianïPrysmianPowerlinkJointVenture

ÅStatus: Ongoing
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ÅThe submarinecrossingsurveyhas beenperformedby an ad hoc equippedTurkish vesselon a

swathof ~1500m. Scopeof work was: waterdepth; seabedmorphologyandgeology; cableburial

assessment; seabottom soil sampling; landing and inshorewater survey. The survey has been

checkedand extendedby the project turnkey contractor during implementation,and showed

favourableconditionsfor EHV cable lying: stableseabottom with regularprofile and moderate

water stream; feasibility of cableburial at 1.5 m by water jetting almoston the whole crossing

routes; absenceof obstacles.

ÅTherearealong the DardanellesStrait 4 fibre optic telecommunicationcableslaid on seabottom,

which had to be over-crossedby all the 400 kV cables. Agreementshavebeenreachedwith the

ownersof the fibre optic cableson the crossingproceduresand cable protections. Information

thereofareprovidedin section3.2.

ÅPermissionshavebeenrequestedand obtainedfrom 15 State,Provincial and Municipal Entities,

including the Energy Market Regulation Authority, 5 Ministries, 4 General Directorates,3

ProvincialDirectoratesand2 Municipalities.
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ÅThe specifiedmain technicalcharacteristicsof the submarineand land 400 kV cablesand of the

fibre optic cablesarereportedin section3.1.

ÅThesingleline diagramof theOHL-cabletransitionswitchyardsin theEuropeanandAsiatic sides

is shownin Figure 2 and Figure 3. Eachtransitionbay includes: a motor operateddisconnecting

switch: earthingswitcheson the OHL and cablesides; currenttransformersfor the supply of the

dedicateddifferentialprotectionof thecables; surgearresters; cableterminals.
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Single-line diagram of the Southern Marmara Sea 400 kV network

13 - 48



First South East European Regional CIGR£ Conference- Portoroz , Slovenia, 7 ð8 June 2016 SEERC

ÅThe submarineXLPE insulatedcableshave1600mm2 copperconductorcrosssectiondesignedto

reducepower losses. The conductordesignincludesan inner aluminium rod and an outer layer

madeof compactedcopperwires,waterblockedby waterswellingmaterial.

ÅThe metallic screenis madeof lead sheathprotectedby a polyethyleneanticorrosionsheath. The

armouris madeof onelayer of roundcopperwires providing a sufficiently low resistancepathfor

theAC currentandthenecessarymechanicalperformances.

ÅThe undergroundXLPE insulatedcableshave 2000 mm2 copper conductorcross section with

Milliken design. The metallic screenis madeof longitudinally weldedaluminiumsheathprotected

by apolyethyleneanticorrosionsheath.
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LAND CABLE SUBMARINE CABLE
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LAND CABLE SUBMARINE CABLE
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SUBMARINE CABLE PROJECT DESIGN AND QUALIFICATION 

1600 mmĮ CONDUCTOR:

- Strandedcopperwith annealedplain copperwires

- With aluminumcentralrod (in orderto reduceconductorloses)

- Conductorfilled with waterblockingmedium

(to limit waterpropagation)

SEMI CONDUCTING TAPE

- In orderto avoidenteringtheextrudedinnersemi-conducting

screenlayer to conductorwires (avoidinter-layercontamination)

- Providesmountability

SEMI CONDUCTING LAYER(INNER)

- To makesmoothinterfacebetweenconductorandinsulation

- To avoidspacebetweenconductorandinsulationlayer,

preventspartialdischarges

- To limit radialelectricalfield on theinsulationlayerand

providehomogeneousdistribution

- Createsa thermalbarrier

XLPE INSULATON 

- It is electricallyinslulatedto condcutorfrom theouterlayers

                           

                           

                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

                           

                           

                           

VSD-Group
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SUBMARINE CABLE PROJECT DESIGN AND QUALIFICATION 

SEMI CONDUCTING LAYER(OUTER )

- To makesmoothinterfacebetweeninsulationandoutermetallic layers

- To avoidspacebetweenconductorandinsulationlayer,

preventspartialdischarges

- To limit radialelectricalfield on theinsulationlayerand

providehomogeneousdistribution

- Createsa thermalbarrier

WATER SWELLING TAPE

- To providelongitudialwaterbarrierbetweenoutersemi-conducting

screenandmetallicsheath

METALLIC SHEATH

- To provide over the cable core as metallic screen and radial 

water barrier 

CORE JACKET

- To protectthemetallicsheathagainstto corrosion

COPPER ARMOUR

- Providesmechanicalprotectionagainst to externaleffects

POLYPROPYLENE STRINGS

- Providesmechanicalprotection

- To providea degreeof abrassionprotectionandto reduce

cable/skid friction duringlaying, Yellow/Black patternis appliedin orderto give high visibility to
thecable
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ÅFor Lapseki1 - S¿tl¿ce1 submarinecableproject; submarinecableshavebeenmanufacturedand
installedwithout anyintermediatejoint in onelaying campaign.

Å Installationwascarriedout throughDardanellesStraitby theGiulio Vernecablelaying ship.
ÅMaximum spacingbetweentwo of the intermediatecouplesof adjacentsubmarinecablesreaches

250m in correspondenceto themaximumwaterdepthwhich is~100m.
ÅCableshavebeenprotectedagainstexternaldamagesby burial in the seabedat the targetdepthof

1.5 m in~80% of total laid length.
ÅThe main cable protection methodologyused was burial by jetting, using specializedsubsea

machines. In shorthardsoil areasandat crossingswith existingtelecommunicationcablesconcrete
mattresseshavebeenusedto protect~20% of thecableroutes.

Å In the shallowwatersections(up to 10 m waterdepth)at both ends,characterizedby the presence
of Cymodoceaprairies,a dredgingsystemrun by divershasbeenused.

ÅFour in service optical submarinecableshave been crossedon the DardanellesStrait. At the
crossinglocations,ñuraductòplastic shellshavebeenfitted to 400kV submarinecableson board
during the cablelaying to providethephysicalseparationbetweenenergyandoptical cables. Post-
lay matresseshavebeeninstalledto coverthecrossingareato protectthe400kV submarinecables.
Powercablesrouteshaveananglewith thecrossedin servicecableshigherthan70Á. All theseven
completelengthof submarinecableshavebeentestedin the factory for 30 minutesat 470 kVrms
beforearmouringandat 440kVrms afterarmouring.
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ÅCrossingsof four existing fibre optic cables have made use of plastic sleevesand concrete

mattressesto minimizecablesabrasionandensureadequateseparationandprotection.

ÅLandcableshavebeenlaid in adedicatedtunnel.

ÅAfter installation the cables have been tested at 330 kV for 60 minutes by means of resonant 

systems. Testing frequency was 34 Hz with  54 A conductor to screen current. Partial Discharges 

have also been measuredduringthevoltagetest.

Å Integrity of PE anticorrosion sheath and Sheath Voltage Limiters (SVLs) has been verified by DC 

after installation test.

ÅSomepicturesof submarineandlandcablesinstallationarefollowings.
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SUBMARINE CABLE PROJECT INSTALLATION 

CABLE LAYING VESSEL ïGIULIO VERNE
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