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SUBMARINE CABLE PROJECT GENERAL

PLANNING OF THE SUBMARINE CABLE CROSSING

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

TurkishElectricity CorparationTE K A las planned submarine cable projects considering
A toincreasghedemandandsecurityof our electricity supplysystem

A to completeThe Marmara ring networkia the Westerncorridor (Trakya)

A toincludethe powerplantslocatedin thesoutherrMarmaraSea

A to providealternativeconnectionso K s t aandaround

The construction of the cable system and the associated 400 kV OHL TLs have been economically justifi
for the transmission to Istanb#or these purposes; TEIAS has planned two Submarine Cable Projects wh
are 400 kvVLapsekil-S ¢ t |1 gnd 400 kV]_apseki2-S ¢t 12¢ c e
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SUBMARINE CABLE PROJECT GENERAL

A The Turkish Power System hsigeedlydeveloped in the last 50 years, to keep pace with the
economic and industrial high rate of growth of doeintry
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SUBMARINE CABLE PROJECT GENERAL

In Turkish TransmisionPowerNetwork;accordingo T E | AAduslReporti 2014Thereare

The summer peak of the TPS-€l0,000 MW, serving a population f75 million in a national
territory of~ 780,000sgkm

A 18.400 km400 kV Overhead.ines

A 37.800km 170kV Overhead.ines

A 84,5km 220 kVOverhead.ines(GeorgigAr me)n é a

A 510km 66 kVOverhead.ines

A 250km 170 kVXLPE InsulatedJndergroundPower Cable Conndoin
A 65km 380 kVXLPE InsulatedJndergroundPower Cable Conndoin
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SUBMARINE CABLE PROJECT GENERAL

A A challengingproblemis the powersupplyof the IstanbulMetropolitanareawith a populationof ~
14 million andpeakpowerdemandof ~ 10,000MW. A largepartis transmittedrom remotepower
plantslocatedin Centrali EasternAnatolia, with saturationof the transmissiorcapacityacrosshe
highly industrializedandnarrowregionbetweenthe Black Seain the NorthandMarmaraSeain the
South, where construction of new overheadlines (OHLS) is not practicable Across this
transmissiorcorridor on the Eastof Ktanbul] it is thereforenot possibleto transmitto Istanbulthe
powergeneratedqover5,000 MW) from the coalfired andgasfired powerplantsin existenceandin
advancedtateof construction]ocatedalongthe SouthernCoastof the MarmaraSea

A The summer peak power demand has been 43,300MW and yearly energy demawh2ahe
TPS supplies a population ©f75 million in a national territory of 780,000 km.

A The objective of this project is the provide power to megacity Istanbul with min. 14 m populatior
demanding more than 10.000 MW.
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SUBMARINE CABLE PROJECT GENERAL

400kV Lapseki-S ¢ t |P¢rcog &Staged s

|. FeasibilityStudyof Project

.  SubmarineCableRouteSurvey

lll. TenderingProceduresf TheWorld Bank (IBRD)
I\VV. Evaluation ofThe Bids andSigningof the Contract
V. ContractManagement
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SUBMARINE CABLE PROJECT GENERAL

Key Activities :

A Obtainmenibf the permitsfrom the relatedAuthorities, consideringhe high internationalmaritime
traffic on the DardanellesStrait, andthe needto cross4 existingfibre optic cableslaid along the
Strait The consequentiallyappliedprotectionagainstcabledamagegrom boatanchorsandfishing
trawlersarereportedin the paper

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

across the
Strait in close proximity of the cable route.

A The technical specification for the tukey designmanufacturingtesting, installation and

commissioning of the submarimables and OHIinterfacestations.

A TechnicalStudyfor integrationof submarindink to the NationalNetwork.
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SUBMARINE CABLE PROJECT GENERAL
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SUBMARINE CABLE PROJECT GENERAL

400 kV Lapseki Il S¢ t | Submaride CableP r o ] enairt féasires:

A Power& Voltage: 2000MW, 400KV AC

A RouthLenght 4,65 km

A Sea 3,9km

A Underground0,75km

A Cableamount (2 circuit, 6 phaset 1 sparephaseé
A Submarine27,3km,

A Underground: 5,25km

A SubmarineCable: 1600mm2

A Underground Cable: 2000mm2

A CableType XLPE, Cu

A ContractAmount: 66,7MEUR

A Contractor. Turk Prysmiani PrysmianPowerlinkJointVenture
A Status. Energisedsince April 2015
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SUBMARINE CABLE PROJECT GENERAL

400kV Lapseki2T S¢ t | Suabmari@de CableP r o j enairt féatires:

A Power& Voltage 2000MW, 400KV AC
A RouthLenght 4,35 km

A Sea 4,1 km,

A Underground:0.25 km

A Cableamount (2 circuit, 6 phase

A Submarine24.6 km,

A Underground1.5km

A SubmarineCable: 1600mm?2

A Underground Cable: 2000mm2

A CableType XLPE, Cu

A ContractAmount: 63,6 MEUR

A Contractor. Turk Prysmiarnii PrysmianPowerlinkJointVenture
A Status. Ongoing
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SUBMARINE CABLE PROJECT DESIGN AND QUALIFICATION

A The submarinecrossingsurvey has beenperformedby an ad hoc equippedTurkish vesselon a
swathof ~1500m. Scopeof work was waterdepth seabednorphologyandgeology cableburial
assessmentseabottom soil sampling landing and inshorewater survey The survey hasbeen
checkedand extendedby the project turnkey contractor during implementation,and showed
favourableconditionsfor EHV cablelying: stableseabottom with regular profile and moderate
water stream feasibility of cable burial at 1.5 m by water jetting almoston the whole crossing
routes absencef obstacles

A Therearealongthe DardanellesStrait 4 fibre optic telecommunicatiortableslaid on seabottom,
which had to be overcrossedby all the 400 kV cables Agreementshave beenreachedwith the

ownersof the fibre optic cableson the crossingproceduresand cable protections Information
thereofareprovidedin section3.2.

A Permissiondhave beenrequestedand 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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SUBMARINE CABLE PROJECT DESIGN AND QUALIFICATION

A The specifiedmain technicalcharacteristicof the submarineand land 400 kV cablesand of the
fibre optic cablesarereportedn section3.1.

A Thesingleline diagramof the OHL- cabletransitionswitchyardsin the EuropearandAsiatic sides
is shownin Figure 2 and Figure 3. Eachtransitionbay includes a motor operateddisconnecting
switcht earthingswitcheson the OHL and cablesides currenttransformerdor the supply of the
dedicatedifferential protectionof the cables surgearresterscableterminals

12 - 48

/4 : : :
¢c|g|'e First South East European Re gi onal CIl GRE - Rootordz e $lavenia,d 0 8 June 2016 SEERC



SUBMARINE CABLE PROJECT DESIGN AND QUALIFICATION
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SUBMARINE CABLE PROJECT DESIGN AND QUALIFICATION

A The submarineXLPE insulatedcableshave 1600 mm? copperconductorcrosssectiondesignedo
reducepower losses The conductordesignincludesan inner aluminium rod and an outer layer
madeof compactedopperwires, waterblockedoy waterswelling material

A The metallic screenis madeof lead sheathprotectedby a polyethyleneanticorrosionsheath The
armouris madeof onelayer of roundcopperwires providing a sufficiently low resistancegathfor
theAC currentandthe necessarynechanicaperformances

A The undergroundXLPE insulated cableshave 2000 mm? copper conductor cross section with
Milliken design The metallic screenis madeof longitudinally weldedaluminiumsheathprotected
by a polyethyleneanticorrosiorsheath
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SUBMARINE CABLE PROJECT DESIGN AND QUALIFICATION

LAND CABLE

SBMARINECABLE
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SUBMARINE CABLE PROJECT DESIGN AND QUALIFICATION

LAND CABLE
Rated voltage (kV) 400
Conductor cross section (mm?) 2000

Conductor material and
formation

Copper Milliken

Insulation material XLPE
Nominal diameter (mm) 138
Weight in air (kg/m) 31

Gagre

First South East European

Regi onal

SUBMARINE CABLE

Rated voltage

(kv)

400

Conductor cross section

(mm?)

1600

Conductor material

Copper + Internal
aluminium rod

Insulation material XLPE
Nominal diameter (mm) 155
Weight in air (kg/m) 60
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SUBMARINE CABLE PROJECT DESIGN AND QUALIFICATION

1600 mm] CONDUCTOR:
- Strandedcopperwith annealedlain copperwires
- With aluminumcentralrod (in orderto reduceconductoroseg
- Conductofrfilled with waterblockingmedium
(to limit waterpropagatioh
SEMI CONDUCTING TAPE
- In orderto avoid enteringthe extrudedinner semiconducting
screerlayerto conductomwires (avoidinterlayer contaminatioh
_ - Providesmountability
“ SEMI CONDUCTING LAYER(INNER)
- Tomakesmoothinterfacebetweenconductorandinsulation
- Toavoidspacebetweerconductorandinsulationlayer,
preventsartial discharges
- Tolimit radialelectricalfield ontheinsulationlayerand
_ providehomogeneoudistribution
Createsathermalbarrier
"XLPE INSULATON
- It iselectricallyinslulatedto condcutorfrom the outerlayers
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SUBMARINE CABLE PROJECT DESIGN AND QUALIFICATION

" SEMI CONDUCTING LAYER(OUTER )

- To makesmoothinterfacebetweeninsulationandoutermetallic layers

- To avoid spacebetweenconductorandinsulationlayer,
preventgartialdischarges

- Tolimit radialelectricalfield ontheinsulationlayerand
providehomogeneousistribution

- Createsathermalbarrier

WATER SWELLING TAPE

- Toprovidelongitudial waterbarrierbetweenoutersemiconducting

screerandmetallic sheath

METALLIC SHEATH

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

CORE JACKET

- To protectthe metallic sheathagainstto corrosion

COPPER ARMOUR

- Providesmechanicaprotectionagainstto externaleffects

POLYPROPYLENE STRINGS

- Providesmechanicaprotection

- Toprovideadegree of abrassiorprotectionandto reduce

the%%lg%skid friction duringlaying, Yellow/Black patternis appliedin orderto give high visibility to
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SUBMARINE CABLE PROJECT INSTALLATION

A For Lapsekil - S ¢ t |1 submarinecableproject submarinecableshavebeenmanufacturedand
installedwithout anyintermediatgoint in onelaying campaign

A Installationwascarriedout throughDardanellesStraitby the Giulio Vernecablelaying ship.

A Maximum spacingbetweentwo of the intermediatecouplesof adjacentsubmarinecablesreaches
250m in correspondenct® the maximumwaterdepthwhichis ~ 100m.

A Cableshavebeenprotectedagainstexternaldamagesy burial in the seabedat the targetdepthof
1.5min ~ 80% of total laid length

A The main cable protection methodologyused was burial by jetting, using specializedsubsea
machines In shorthardsoil areasandat crossingswith existingtelecommunicatiorablesconcrete
mattressesiavebeenusedto protect~ 20 % of the cableroutes

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

A Four in service optical submarinecables have been crossedon the DardanellesStrait At the
crossinglocations,fiuraduco plastic shellshave beenfitted to 40kV submarinecableson board
during the cablelaying to providethe physicalseparatiorbetweenenergyandoptical cables Post
lay matressetavebeeninstalledto coverthe crossingareato protectthe 40kV submarinecables
Powercablesrouteshavean anglewith the crossedn servicecableshigherthan70A All theseven
completelength of submarinecableshavebeentestedin the factory for 30 minutesat 470 kVrms
beforearmouringandat 440kVrms afterarmouring
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SUBMARINE CABLE PROJECT INSTALLATION

A Crossingsof four existing fibre optic cables have made use of plastic sleevesand concrete
mattresse$o minimize cablesabrasiorandensureadequateseparatiorandprotection

A Landcableshavebeenlaid in adedicatedunnel

A After 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 Discharge
have also been measurmgringthevoltagetest.

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

after installation test.
A Somepicturesof submarineandland cablesinstallationarefollowings.
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SUBMARINE CABLE PROJECT INSTALLATION

CABLE LAYING VESSEL 1 GIULIO VERNE




