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4.7. Fiber optic cable
The fiber optic cable is the same type (copper tube and PE sheath) as
we have used in the wind farms at “Utgrunden”, “Yttre Stengrund”,

“Samseg”, “Nysted”, and other projects.
The fiber optic cable is of ribbon type.

Typical fiber optic cable design & properties
CABLE PROPERTIES

Bending radius, permanently and

during installation minimum 0,75 m
Crush resistance 100 kN/m
Impact resistance 50J
Tensile strength, 1 kN
Cable net weight 0,4 kg/m
Factory length, without splice 24 km
CONSTRUCTION Diameter
1 Acrylate coated ribbon 1.1x0.4 mm
2 Slotted core: Polyethylene 8.5 mm

3 Filling compound: Thixotropic gel

4 Strength member: Fibre Reinforced Plastic 3.5 mm

5 Wrapping: Polyester tape

6 Sheath: Polyethylene, black 13 mm

7 Copper sheath 14 mm

8 Sheath: Polyethylene, black 18 mm

ONOOIA N =
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4.7.1. Typical geometrical and mechanical data for the fibres

Maximum strengih of fibre 50°N N ]
Proof test tension B6N N |
| Proof test extention 1% % ]
| Proof test time 1s s 4-’
Extention at maximum cable tention | <0,3% %
Impact at maximum cable tention | <216 Nimm? N/mm? W
| Continuous extention after maximum cable tention <0,05% %
[ Continuous impact after maximum cable tention < 36 N'mm? Nimm? 7
| Fibre lifetime at continuous impactiextention as indicated above | > 40 year year
[ Maximum supply length 25000 m m ]

1; 60 mm and 100 turns gives a maximum of 0.05 dB at 1550 nm.
2; Typical value for testing 0.5 m lengths.

Optical data for the fibres:

| Attenuation in fibres at 1310 nm (mean value) | <0.35 dB/km | dBkm ]
[_Attenuation in fibres at 1310 nm {maximum valug) | <0.39 dB/km dB/km Ji
| Attenuation in fibres at 1550 nm {mean value) | < 0.200 dB/km dB/km
Attenuation in fibres at 1550 nm (maximum value) | <0.210 dB/km dB/km
Total dispersion at 1310 nm [ <28 ps/km x nm | ps/km x nm
Total dispersion at 1550 nm | <18 ps/km x nm | psfkm x nm
Cut-off wave length after cabling [ < 1260nm [ nm

4.8. Cable core binder
A woven polymeric tape will keep the three cable-cores, polymeric

profiles and fiber optic cable together.

4.9. Bedding
Bitumen impregnated tape.

4.10. Armour
Galvanized steel wires covered by a layer of bitumen (& 4mm) will
protect the cable during laying and against anchors, fishing-gear etc.

4.11. Outer serving
The outer protective cover consist of bitumen and two layers of

polypropylene yarn, where the outer layer will be black with different
numbers of orange lines in order to simplify identification between the

different cross sections.
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4. MECHANICAL DATA FOR FXCTV 3x500MM? CABLE

Bending radius complete cable:

at installation; 2,0 m
at laying with tension:; 2,5 m
when installed: 1.4 m
Bending radius each phase):
at instailation: 0,9 m
when installed: 0,6 m
Coil:
circular: (diameter)  (alt.1) 8,0 m
oval : (size) (alt.2) 5x14 m
(alt.3) 6x12 m
(alt.4) 7x10 m
min. drop height alt.1 8,0 m
min. drop height alt.2 10,0 m
min. drop height alt.3 10,0 m
min. drop height ait.4 9.0 m
Maximum tension at laying: 160 kN
< 100 m from conductor joint: 110 kN
5. MECHANICAL DATA FOR FXCTV 3x240MM? CABLE
Bending radius complete cable:
at installation; 2,1 m
at laying with tension: 2,5 m
when installed: 1,2 m
Bending radius each phase:
at installation: 0,8 m
when installed; 0,6 m
75 kN

Maximum tension at laying
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6. MECHANICAL DATA FOR FXCTV 3X95MM? CABLE

Bending radius complete cable:

at installation: 2.1 m
at laying with tension: 2,5 m
when installed: 1,1 m
Bending radius each phase:
at installation; 0,7 m
when installed: 0,5 m
31 kN

Maximum tension at laying:

7. TESTING OF FXCTV CABLES
Each completed cable length inciuding possible factory joints will be
tested according to Inspection and Test Plan (ITP), please see

appendix.
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8. CALCULATED RESULTS FXCTV 3x500mm> (ACCORDING TO IEC 60287)

a.c resistance at max. temperature, R,. 0,0499 /km At
Loss factor for sheath and screen:
A 0,0681
Ao 0,2688
Thermal resistance of insulation, T, 0,3405 K.m/W
Thermal resistance of bedding, T, 0,1336 K.myW
Thermal resistance of outer covering, T, 0,0573 Kim/W
Thermal resistance of surrounding, T, 0,2378 K. m/w
Max continuous conductor current, I, *640,5 A 37,7 MVA at 34 kV
Non-adiabatic short circuit current, | 101,9 kA/0,5 sec. Conductor
Non-adiabatic short circuit current, | 4,0 kA/0,5 sec. Copper screen (per phase)
Conductor losses per phase 20,49 W/m At .,
Screen losses per phase 1,39 W/m At oy
Armour losses per phase 5,51 W/m At ).,
Dielectric losses per phase, W, 0,007 W/m At 34 kv
Total losses per phase 27,40 W/m
Gapesitance, pef phase 0,309 pFikm
Capacitive charging current, per phase 1,906 Afkm At 34 kv
Inductance between conductors, per phase 0,334 mHfkm
inductive reactance, (star reactance) 0,105 Q/km
Electric stress at conductor screen 3,28 kVimm At 36 kv
Electric stress at insulation screen 2,09 kV/imm At 36 kV
Pesilive sequence impedance per phase, Z, 0,0668 0,1050 {1+j) Q/km
0,0668 0,1050 {14} Q/km

Negalive sequence impedance per phase, Z.

* Max continuous conductor current, ., is based on 50°C air temperature.
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9. CALCULATED RESULTS FXCTV 3x240mm’ (ACCORDING TO IEC 60287)

a.c resistance at max. temperature, R, 0,0975 Q/km At Iay
Loss factor for sheath and screen:

A 0,0341

Az 0,1331

Thermal resistance of insulation, T, 0,4476 K.m/W

Thermal resistance of bedding, T, 0,1405 K.m/W

Thermal resistance of outer covering, T, 0,0545 K.m/W

Thermal resistance of surrounding, T, 0,2702 K.m/W

Max continuous conductor current, I, *450,6 A 26,5 MVA at 34 kV
Non-adiabatic shori circuit current, | 49,0 kA/0,5 sec. Conductor
Non-adiabatic short circuit current, 1 3,3 kA/0,5 sec. Copper screen [per phase)
Conductor losses per phase 19,79 W/m At

Screen losses per phase 0,67 Wim At ..

Armour losses per phase 2,63 W/m At 1o

Dielectric Josses per phase, W, 0,0052 W/m At 34 kV

Total losses per phase 23,11 Wim

Capacitance, per phase 0,217 uF/km

Capacitive charging current, per phase 1,336 Atkm At 34 kv
Inductance between conductors, per phase 0,386 mH/km

Inductive reactance, (star reactance) 0,121 Q/km

Electric stress at conductor screen 3,54 kV/mm At 36 kV

Electric stress at insulation screen 1,96 kv/mm At 36 kV
-Besitive sequence impedance per phase, 7, 0,1138 0,1212 {14} Q/km

0,1138 0,1212 {1+)) 2/km

Negative sequence impedance per phase, Z.

* Max continuous conductor current, I, is based on 50°C air temperature.
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10. CALCULATED RESULTS FXCTV 3x95min? (ACCORDING TO IEC 60287)

a.c resistance at max. temperature, R,

Loss factor for sheath and screen:

A
A

Thermal resistance of insulation, T,
Thermal resistance of bedding, T,
Thermal resistance of outer covering, T,
Thermal resistance of surrounding, T,

Max continuous conductor current, Irmax
Non-adiabatic short circuit current, |
Non-adiabatic short circuit current, |

Conductor losses per phase
Screen losses per phase
Armour losses per phase
Dielectric losses per phase, W,
Total losses per phase

Capacitance, per phase

Capacitive charging current, per phase

Inductance between conductors, per phase
Inductive reactance, (star reactance)

Electric stress at conductor screen
Electric stress at insulation screen

Pasitive sequence impedance per phase, Z.
Negative sequence impedance per phase, Z.

* Max continuous conductor current, ., is based on 50°C air temperature.

0,2465 Q/km

0,0124
0,0481

0,6134 Km/W
0,1572 K.m/W
0,0625 K.m/W
0,3101 K.m/W

*267,0 A

19,5 kA/0,5 sec.
2,8 kA/0,5 sec.

17,57 Wim
0,22 Wim
0,84 Wim

0,0039 W/im
18,64 Wim

0,159 uF/km
0,982 A/km

0,452 mH/km
0,142 Q/km

3,99 kV/imm
1,79 kKV/imm

0.2615 0,1420
0.2615 0,1420

15,7 MVA at 34 kv
Conductor
Copper screen (per phase)

At o,
At b
At L.
At 34 kv

At 34 kV

At 36 kV
At 36 kV

(1+]) Q/km
(14)) Q/km
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11.  CALCULATED LOSSES IN GRID LayouT:
The loss calculations are based on:
* Continuous load on each turbine. 3,6 MVA
* Number of turbines (Wtg) 25
* Seabed temperature at 3,0 m depth. 15°C
* Thermal resistivity of seabed 0,7 Km/Ww
* Rat30 MW (500mm?) 0,0524
* Rat30 MW (240mm?) 0,1084
* Rat30 MW (95mm?) 0,2479

From To Load Current Cable Length Loss [ unit Loss total

Wtg Witg at 34 kv size Wtg - Wtg  Vertical Load Dielectric Load
MW A mm? m m Wim Wim kW

Shore A2 324 550,18 3 x 500 §4/3c8450 A2 5694 0,0210 483,40
A2 A3 28,8 489,05 3x500 cons 560 B C 4499 0,0210 28,79
A3 Ad 25,2 477,92 3X240 255560 Ao 60,65 0,0210 38,81
A4 A5 21,6 366,79 3x240 o o .. 560 B e 44,56 0,0210 28,52
A5 A6 18 305,66 3x240 0. . 560 Bo-«o 30,94  0,0156 19,80
Ab A7 14,4 244,52 _3*9'5—‘;( PO gl e 43,68 0,0156 27,95
A7 A8 10,8 183,39 3x95 = 560 Sree 24,57  0,0156 15,72
A8 B8 7,2 122,26 3x95 5.4, 750 A0 P 10,92 06,0156 9,06
B8 B9 3,6 61,13 3x95 g~ 560 B0 p 2,73 0,0156 1,75

_——

Shore B2 28,3 489,05 3 x 500 £ 45,8460 AT 22 44,99 0,0210 382,40
B2 B3 25,2 427,92 3x240 ;.- 560 T e 60,65 0,0210 38,81
B3 B4 21,6 366,79 3x240 -+ 560 A& 4456 0,0210 28,52
B4 B5 18 305, x 240 ., 560 B0r? 3004 0,0156 19,80
B5 B6 14,4 244,52 3x95 4 560 8060 43,68 0,0156 27,95
B6 B7 10,8 183,39 3x95 560 B Ge 2457 0,0156 15,72
B7 c7 7,2 122,26 3x95 o 750 B8o-ere 10,92 0,0156 9,06
c7 cs 3,6 61,13 3x95 goo 560 Bhap 2,73 0,0156 1,75

Shore c1 28,8 489,05 3% 50052 1€ g4ap M 2> 44,99 0,0210 383.75

I ¢ c2 18 305,66 3 x240 &e & 560 B0 “T® 30094 0,0156 19,80
€7 c3 14,4 244,52 3x95 4 560 B8 g 43,68 0,0156 27,95
c3 c4 10,8 183,39 3x95 ¢ 560 B g 24,57 0,0156 15,72
c4 cs5 7,2 122,26 3x95 1 56D B0 o 1092 00156 6,99
C5 (ofi] 3,6 61,13 3x95 4 560 Beee 273 0,0156 1,75
c1 D1 7,2 122,26 3x95 ¢ 750 Bo /€ 1092 00156 9,06
D1 D2 3,6 61,13 3x95  4pp 560 8T 273 0,0156 1,75
1644,61
- @w

7~
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12.  CABLE DESIGN FXCTV 3x500mMM?
Designation FXCTV 3 x 500 mm?
Rated voltage 18/30 kV Upnpay 36kV
impulse lavel 170 kv
Conductor
type round, compact
material copper
longitudinal water seszl compound + swelliniq tape
cross-section 3 x 500 mm
26,2 mm |3\

diameter

Conductor screen

conductive PE

material
thickness 1,0 mm 14

I
Insulation
type dry cured, triple extruded
material XLPE
thickness 3 mm '9-2; 1
Insulation sereen
material conductive PE
thickness 1,0 mm S8

1

Longitudinal water seal
material swelling tape .
thickness — 0,6 mm 21}

Metallic screen
material

copper wires

i 23,32

Gross-section 3x17
Longitudinal water seal lzgg_,s
material swelling tape !
thickness e 0, mm Q,L“ 3~
! 30, 5%
Inner sheath
material conductive PE 2 6 3
thickness — . 2.0 mm \
Assembling
material 1 palymeric profiles
material 2 fibre optical cable
material 3 grease Y&
\o ﬁfaﬁ
Cable core binder LR
material polymeric tape
thickness — 0,2 mm 56 ’63'
Bedding
material Bitumen impregnated tape
thickness —— 5 mm
Armour
material 1 Galvanized sleel wires
materia) 2 Biturnen
wire diameter — 40 mm
Armour
material 1 Polypropylene yamns
material 2 2 Bitumen
thickness 4,0 mm
Complete cable (b
diamefer =140 mm
weight =35 kg/m
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13.  CABLE DESIGN FXCTV 3%240Mm?

FXCTV 3 x 240 mm?

Designation
18/30 kV Umay 36kV

Rated voltage

Impuise level 170 kv
Conductor
type @ or compacted)
material oper—

3x240 mm?

cross-section

Conductor screen
material conductive PE

thickness 1.0 mm
Insulation

type dry cured, friple extruded
mateyial XLPE

thickness 8 mm

Insulation screen

material conductive PE

thickness 1,0 mm
Longitudinal water seal

materiaf swelling tape
thickness 0,6 mm

Metallic screen
material
cross-section

copper wires
3x14 mm

Longitudinal water seal

material swelling tape
thickness 0.6 mm
Inner sheath

material PE

thickness 3.0 mm
Assembling

material 1 polymeric profiles
material 2 fibre optical cable
material 3 grease

Cable core binder
polymeric tape

material
thickness 0, mm
Bedding

matertal Bilumen impregnated tape
thickness 0,5 mm
Armour

material 1 Galvanized steel wires
material 2 Bitumen

wire diametsr 4,0 mm
Armour

maierial 1 Polypropylene yarns
material 2 Bitumen

thickness 4,0 mm
Complete cable

diameter =120 mm
weight =22 kg/m

use or disclosure to
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14.  CABLE DESIGN FXCTV 3X85iin’

FXCTV 3 x 95 mm?

Designation

Raled voltage 20/34 kV Upax 36KV

Impulse level 170 kv

Conductor

type round, solj

material o

cross-sectiion 3x95 mm?
m

Conductor screen

thickness 0,8 mm

insulation

type dry cured, triple extruded

material XLPE

thickness 8,0 mm

diameter 31 mm

Insulation screen

thickness 1.0 mm

Longitudinal water seal 1
material
thickness

conductive swelling tape
0,6 mm

Metallic sereen
material
cross-section

copper wires  mm
3x12 mm?

Longitudinal water seal 2

material conductive swelling {ape

thickness 0,6 mm
Inner sheath

material PE

thickness 3,0 mm
Fillers

material polymeric profiles
material grease

material fiber optic cable

Cable core binder

material nylon

thickness 0,15 mm
Bedding

material bitumen impregnaited tape
Armour

type wires, single layer
material galv. steel wires
thickness 4 mm

Outer cover

material polypropylene yarn

thickness 4 mm
Complete cable

diameter =106 mm
weight =16 kg /m
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» Sketch of onshore jointing chamber. (CIF)
This is based on the assumption that the jointing chamber is an open design

with only a concrete wall where the hang-off is fitted.

7\
4
, Onshore cables (Not within ABB scope of supply) 1 meter
\ |
P
2.8 meters
’ De-armoured submarine cable Splices 1 meter
]% v
Three-phase submarine cable q/
< >
3,0 meters

Whete the armoured submarine cable enters the CIF, there shall be a concrete wall
with open siots for the cableto attach the hang-off. These hang off devices will be of
the same type as those being installed on the wind turbines.

Splicing will be done in an open dug jointbay in a temporary jointing facility. After
splicing the splices shall be buried in cable sand and the following layers backfilled

and compacted.

Concrete wall (Pre cast block may be used)

Armoured
submarine cable Hang off ) )
Single phase submarine cable
\ In threefoil
<+
llwrl:eter Cable sand

Natural soil
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Standby rate. Example.

The master time schedule states at what date we should have access to the
different WT:s. When our personell are on site, and these dates are not met by
another contractor such as foundation contractor, WT contractor or Cable laying
contractor, the standby rate would be applicable, unless we are given access to

other WT:s where we could continue with our work.

Example:

WT installation on foundations are delayed outside the time schedule for any
technical reasons. This would be situation where the standby rate would be

applicable.

All situations with standby time would have to be considered as separate items.
We will ofcource try our best to work together with all contractors to minimize
standby time, for instance work in parallel with other contractors on WT:s
whenever possible technically and concidering safety for personnel.

Standby time would only be applicable for delays compared to the master time
schedule. If we would work faster then our given time in the schedule, standby
time would not be applicable for the time to the next planned operation.

Our offer is based on that we can work in one continous operation.
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= 34 kV Rated voitage Routine Test 1
Un= 38 KkV Highesi voitage for equipment (between conductors) Sample Test 2
U= 18 kV Value of U, for determination of test voltages Commissioning test 3
= 26,2 mm Nominal diameter of conductor Fiber optical tests 4
L= 8,0 mm Nominal thickness of insulation
t,= 2,0  mm Nominal thickness of cable oversheath
d:= 4,0 mm Nominal diameter armour wires
0= 140 mm Nominal diameter of cable
.= 0,33 wF/km Nominal capacitance of cable core
i1.= 0,0366 ohm/km Conductor resistance DC 20 °C
R.= 1,2 ohm/km Screen/sheath resistance DC 20 °C
Mo I.l.;-\-n.--.:l B i) |'5|||--1r.--|l; d:HT'Iﬂ'qll'r.'.  Clnigse Rnquirarmanty Code
Characteristics, method or type of inspection 1.2,3
1. Routine test
Routine test shall be carried out on each manufactured length of cable
1.1 Measurement of electrical resistance IEC 60502-2 16.2 20°CRpe< 0,0366 ohm/km A-C
of conductor
1.2 Measurement of electrical resistance IEC 60502-2 16.2 20°CRpe< 1,2 ohm/km A-C
of screen
1.3 * Partial Discharge Test IEC 60502-2 16.3 Test voltage raisedto 36 KV A-C
held 10 s.
=10pCatU= 31 kv
1.4 Voltage Test IEC 60502-2 16.4 Sminutes at U= 63 kv A-C
1.5 Test on fiber optical cable Please see page 4 in this document
Coae 1. Place of inspection Code 2.inspsctor Code 3. Distribution of rport
A at manufacturer (ABB company} B customerfownar representative, mandalory hold point € customer/owner and manufacturers guality function
M al manufacturer outside ABB C cuslomes/owner retresentative N responsible ABB company and the manufaclurers quality function
TS al a subcontractor of the manufaclurer N representative of responsible ABB company D the manulaclurers desian and guality functions
E &t ereclion sile D representalive of the manufacivrers desian funclion @ the manufacturers auality function
X other, spacified under "Remarks® P rear. of the manufact. guality function, mandatory hold point J iournal s kept. no reporting for each deliverv order
Q representalive of the manufacturers quality function Z other, spacified under "Remarks”
Y other, specified under "Remarks” - reporling not specified
Remarks. noles -
In order 1o avoid inaccuracy (due to temperature variatiens) all resistance measurement will be performed prior to assembling
* 1.3 is for information only. A PD-lest wiff be performed on samples taker; from beginning and end from each extrusion serie {Refering to Electra 189 2.2.2
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Responsible depariment (Customer, Plant, Grder, efc.)
Technical Department Seascape Energy UK (BURBO)
Prepared by
TK Flemming Krogh
Approved by Title Language
TK Kenneth Johannesson ITP xxxxx E
Take over departments. No of sh.
PVT, TM, Q, CC FXCTV 3x500/17 36 kV 4
Manufaciurer Document No. Date Sheet
ABB Power Technologies High Voltage Cables Draft 2605-10-04 1
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OBJECT: FXCTV 3x500/17 36 kV

Voltages and Cable Dimensions Contents page
= 34 kV Rated voltage Routine Test 1
Un= 36 KkV Highest voitage for equipment (between conductors) Sample Test 2
U= 18 k¥ Value of U, for determination of test voltages Commissioning test 3
4

= 26,2 mm Nominal diameter of conductor Fiber optical tests

;= 8,0 mm Nominal thickness of insulation

= 2,0 mm Nominal thickness of inner PE-sheath
d,= 4,0 mm Nominal diameter of armour wires

0= 140 mm Nominal diameter of cabie

.= 0,33 puF/km Nominal capacitance of cable core
H.= 0,0366 ohm/km Conductor resistance DC 20 °C
H.= 1,2  ohm/km Screen/sheath resistance DG 20 °C

|I-'.._.w-rw-m~: {".DT\G

['.'-r-ccll.-l'.:_l Balumonts ; Claine
1.2,3

4 Famin of Eam

Characterislics, method or type of inspection

2. Sample test
The sample tests 2.1- 2.4 will be performed on samples taken from beginning and end from each extrusion serie

The sample test 2.5 will be performed on samples taken from beginning and end from each completed cable length

2.1 Conductor examination IEC 60502-2 17.4 = 53  wires A-C
2.2 Measurement of thickness of insulation and
non-metallic sheath
2.2.1 Measurement of insulation IEC 60502-2 17.5.2 tomz 7,1 mm A-C
t|11a)1'trnin/tmax < 0,15 mrm
IEC 60502-2 17.5.3 tin 140 mm A-C

2.2.2 Measurement of cable oversheath

IEC 60502-2 16,3  Testvoltage raisedta 38 kV A-C
held 10 s.

£10pCatU= 31 kv

2.3 Partial Discharge Test

2.4  Hot Set Test for XLPE-Insulation IEC 60502-2 17.5.10 IEC60502-2 Table 22 Xi.PE A-C

2.5 Measurement of diameter of armour wires IEC 60502-2 17.7.7 dinz 3,8 mm A-C

Code 3. Distribution of report

ode 1. Flacs of inspection Cooe 2.Inspestor
4 at manufaciurer (ABB company) B customer/fowner represantative, mandatory hold point © custemerfowner and manufacturers guality function
M at manufacturer outside ABB C customer/owner representative N resoonsible ABB comoany and the manufacturers auality function
S at a subcontractor of the manufacturer N reprasentative of responsible ABB company . D the manufzclurers desion and quality funclicns
E al erection sile D representative of the manufaciurers desion function Q the manufacturers cuality function )
X other, specified under "Remarks" P repr. of the manufact. auality function. mandatory hold coinl J iournal is kept. no reporting for each delivery order
Q recresenlative of the manufacturers gualily function Z other. specified under "Remarks”
¥ other. specified under "Remarks" - reporting not specified
- witnessing not speciffed

Remarks, noles
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Inspection and Test Plan

OBJECT: FXCTV 3x500/17 36 kV

Voltages and Cable Dimensions Contents page
U= 34 KV Rated voltage Routine Test 1
U,= 36 kV Highest voltage for equipment (between conductors) Sample Test 2
U= 18 KkV Value of U, for determination of test voltages Commissioning test 3
d= 26,2 mm Nominal diameter of conductor Fiber optical tests 4
t,= 8.0 mm Nominal thickness of insulation
t.= 2,0 mm Nominal thickness of inner PE-sheath
L= 4,0 mm Nominal diameter of armour wires
= 140 mm Nominal diameter of cable
.= 0,33 pF/km Nominal capacitance of cable core
R.= 0,0366 ohm/km Conductor resistance DC 20 °C
Hs= 1,2 ohm/kim Screen/sheath resistance DC 20 °C
No. lName of itam. ]Specifying decumenis ; Clause ,Requiremen!s ’Code
Characterisiics, method or lype of inspection 1,2,3
3.  Electrical tests after installation
After installation test shall be carried out on installed cable
3.1 AC orDC test IEC 60502-2 20) {to be decided) ECC
3.2 Test on fiber optical cable Please see page 4 in this document ECC
Code 1. Placs of inspection Coeda 2.Inspector Code 3. Disiribution of reper
A 2t manufacturer (ABB cempany) B cuslomer/owner representative, mandalory held point C customerfowner and manufacturers quality function
M al manufacturer cuiside ABB C cuslomer/owner representative N resncnsible ABB companv and the manufacturers guality function
S at a subcontractor of the m er N talive of responsible ABB company D the manufaciurers desian and cuality funciions
E at erection site D reor tative of the turers destan function €t lhe manufagiurers aualitv funclion
X other. specified under "Remarks® P repr. of the auality functi rv hold ooint -} iowrnal is keot. no reportina for each deliverv arder
ive of tha f: s auality (uncllon Z other, specified under "Remarks”
Y other. specified under ;Remarks - reporling not spacified
Remarks. noles -
Rev. ind. Specification of revision Approved Date
Responsible depariment (Customer, Plant, Order, etc.)
Technical Department Seascape Energy UK (BURBO)
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TK Flemming Krogh
Aooroved by ifle Lanauaqge
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Take over deparimenis No of sh.
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Inspection and Test P

lan

U= 34
Unp= 36
Up= 18
d= 26,2
L= 8,0
t= 2.0
D= 140
C,= 0,33

OBJECT: FXCTV 3x500/17 36 kV

Voltages and Cable Dimensions

kV Rated voitage
kV Highest voltage for equipment (between conductors)

kV Value of U, for determination of test voltages
mm Nominal diameter of conductor

mm Nominal thickness of insulation

mm Nominal thickness of cable oversheath

mm Nominal diameter of cable
pFikm Nominal capacitance of cable core

Rc= 0,0366 ohm/km Conductor resistance DC 20 °C

ohm/km Screen/sheath resistance DC 20 °C

Contents page

Routine Test 1

Sample Test 2

Commissioning test 3
4

Fiber optical tests

Minimum number of approved fibres

Rs= 1.2
Na. INama of item. l Specifying documents ; Clause Requitements ]Code
Characteristics, method or type of inspeciion 1,2,3

Tests on fiber optical cable IEC 60793-1-C1C
The following tests will be performed on completed cable

31 OTDR Test on all fibres (Measurements must be performed from both ends)
Attenuation at 1310 nm. < 0.35 dB/km M-C
Aftenuation at 1550 nm. < 0.25 dB/km M-C
Attenuation at 1625 nm. < 0.25 dB/km M-C
Minirmum number of approved fibres 16 pes M-C
The following tests will be performed as a part of the routine test.
The test will be repeated after loading

3.2 OTDR Test on all fibres {Measurements must be performed from both ends)
Attenuation at 1310 nm. =< 0.35 dB/km A-C
Attenuation at 1550 nm. £0.25 dB/km A-C
Attenuation at 1625 nm. < 0.25 dB/km A-C
Minimum number of approved fibres 12 pcs A-C
The following tests will be performed as a part of the commissioning test.

3.2 OTDR Teston all fibres (Measurements must be performed from both ends)
Attenuation at 1310 nm. < (.35 dB/km E-C
Attenuation at 1550 nm. =0.25 dB/km E-C
Attenuation at 1625 nm. < 0.25 dB/km E-C

12 pcs E-C

Code 1. Place of inspection

A at manutacturar {ABB campany)

Code Z.Inspecior
B cuslomeriowner representative, mandatory hold paint

Y other. specified under "Remarks"
ified

- teporting not specified

Code 3. Distribution of report

C customer/owner and manufacturers guaiily function
N responsible ABB company and the manulacturers auality functicn

M al manufacturer outside ABB C customer/cwner representative

S at 2 subcontractor of the manufaclurer N representative of responsible ABB company D the manufacturers desioh and uality functions

E al erection site D reoresentfative of the manufacturers desian funclion Q the manufacturers auality function

X olher. specified under "Remarks* P repi. of the manufact. ouality function, mandalory hold ooinl J iournal is kepl. no reponing for each delivery order
Q representative of the manufacturers auality function 2 other, specified under "Remarks®

= wil i

Remarks. notes
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Inspection and Test Plan

OBJECT: FXCTV 3x85/12 36 kV

Voltages and Cable Dimensions Contents page
= 34 kV Rated voltage Routine Test 1
Um= 36 kV Highest voitage for equipment (beiween conductors) Sample Test 2
U= 18  kV Value of U, for determination of test voltages Commissioning test 3
= 11 mm Nominal diameter of conductor Fiber optical tests 4
== 8,0 mm Nominal thickness of insulation
t,= 3  mm Nominal thickness of cable oversheath
L= 4,0 mm Nominal diameter arrmour wires
D= 106 mm Nominal diameter of cable
= 0,17 1F/km Nominal capacitance of cable core
R.= 0,193 ohm/km Conductor resistance DC 20 °C
F,= 1,5 ohm/km Screen/sheath resistance DC 20 °C
T = = -
ki Plartia ol ilisen ['.une‘. e focumames | Clausa Fmauthitmrils J-_:;u_l_n
Characteristics, methed or type of inspection 1,23
1.  Routine test
Routine test shall be carried out on each manufactured length of cable
1.1 Measurement of electrical resistance IEC 60502-2 16.2 20°CRpc= 0,193 ohm/km A-C
of conductor
1.2 Measurement of electrical resistance IEC 60502-2 16.2 20°CRpex 1,5 ohm/km A-C
of screen
1.3 Partial Discharge Test IEC 60502-2 16.3 Testvoltageraisedto 36 kV A-C
held 10 5.
<10pCatU= 31 kv
1.4 Voltage Test IEC 60502-2 16.4 SminutesatU= 63 kV A-C
1.5 Test on fiber optical cable Please see page 4 in this document
Code 1, Place of inspection Code 2./nspecior Code 3. Distribution of report
A at manufacturer (ABE cempany) B customer/owner representative, mandatory hold point C cuslomer/owner and manufaclurers quality function
M at manufaclurer outside ABB C customerfowner reoresantative M resnonsible ABE combany and the manufacturers cuality function
3 at a subconiraclor of the manufacturer N representative of respensible ABB company D the manufaclurers desian and guality functions
E at ereclion site D representative of the manufaciurers desian function Q the manufacturers auality function
X other. specified under "Remarks” P repr. of the manufact. quality function. mandatary hoid point J journal is kept, no reporlina for sach delivery order
Q representative of the manufaclurers auality function Z other, specified under "Rernarks"
¥ cther. specified under "Remarks™ - reporling not specified
-
Remarks, notes
In order ta avoid inaccuracy (dve 10 temperature variations) all resistance measurement will be performed prior o assembling
Rev. ind, Specification of revision Appraved |Date
Responsible department {Customer, Plant, Order, elc.)
Technical Department Seascape Energy UK (BURBO)
Prepared by
K Flemming Krogh
[Approved by Title Lanouaae
TK Kenneth Johannesson ITP xxxxx E
Take over departmenis No of sh.
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Manufacturer Docurnent No. Dale Sheal
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Inspection and Test Plan

OBJECT: FXCTV 3x95/12 36 kV

Voltages and Cable Dimensions Contents page
= 34 kV Rated voltage Routine Test 1
U,= 38 kV Highest voltage for equipment (between conductors) Sample Test 2
U= 18 KV Value of L, for determination of test voltages Commissioning test 3
= 11 mm Nominal diameter of conductor Fiber optical tests 4
"= 8,0 mm Nominal thickness of insulation
= 3 mm Nominal thickness of inner PE-sheath
d,= 4,0 mm Nominal diameler of armour wires
= 106 mm Nominal diameter of cable
C,= 0,17 pF/km Nominal capacitance of cable core
R~ 0,193 ohm/km Cenductor resistance DC 20 °C
Rs= 1,5 ohm/km Screen/sheath resistance DC 20 °C
No. lNarne of item. ,Specifying decuments ; Clause Requiremenis lCuda
Characleristics, methed or type of inspection 1,23
2. Sample test
The sample tests 2.1- 2.4 will be performed on samples taken from beginning and end from each extrusicn serie
The sample test 2.5 will be performed on a sample taken from first and last completed cable length.
2.1 Conducter examination IEC 60502-2 17.4 Solidd  cenductor A-C
2.2 Measurement of thickness of insulation and
non-metallic sheath
2.2.1 Measurement of insulation IEC 80502-2 17.5.2 tin= 7,1 mm A-C
tmax'tmml{tmax < 0715 mm
2.2.2 Measurement of cable oversheath IEC 60502-2 17.5.3 thnz 2,20 mm A-C
2.3 Hot Set Test for XLPE-Insulation IEC 60502-2 17.5.10 IEC60502-2 Table 22 XLPE A-C
2.4 Measurement of diameter of armour wires IEC 60502-2 17.7.7 dunz 3,8 mm A-C
ode 1. Placa of inspection Code 2.Inspacior Code 3. Distiibution of report
A at manufaciurer (ABB company) B customerfowner representativa, mandalory hald point € customerfowner and manufacturers quality function
M at manufaciurer cuiside ABB C customer/owner recresentative N responsible ABB company and the manufacturers auality funclion
5 at a subcontractor of the manufacturer N representative of resoonsible ABB company D the manufacturers desion and quality funciions
E ai ereclion site D representalive of the manufacturers desian function < the manufacturers quality function
X other. soecified under "Remarks” P reor. of Iha manufact. quality function, mandatory hoid point J iournal is keot, ne recortina Jor each delivery order
Q representalive of the manufacturers auality funciion Z other, svecified under "Remarks™
¥ ather. specified under :;Remarks’ - reporling not specifisd
Remarks, notes -
Rev. ind. lSpeciﬁcaﬁnn of revision Approved Drate
Respensible depariment (Customer, Plant, Order, elc.)
Technical Department Seascape Energy UK (BURBO)
Prepared by
K lFlemming Krogh
Anproved by Title |Canauage
TK Kenneth Johannesson ITP xxxxx E
Take aver depariments No of sf.
PVT, TM, Q, CC FXCTV 3x95/12 36 kv 4
Manufacturer Oocument No. Date Sheel
Draft 2005-10-04 2
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Inspection and Test Plan

OBJECT: FXCTV 3x95/12 36 kv

Voltages and Cable Dimensions Contents page
U= 34 kV Rated voltage Routine Test 1
U,= 36 kV Highest voitage for equipment (between conductors} Sample Test 2
Up= 18 kV Value of U, for determination of test voltages Commissioning test 3
= 26,2 mm Nominal diameter of conductor Fiber optical tests 4
= 8,0 mm Nominal thickness of insulation
+= 2,0 mm Nominal thickness of inner PE-sheath
d,= 4,0 mm Nominal diameter of armour wires
b= 140 mm Nominal diameter of cable
C,= 0,33 pF/km Nominal capacitance of cable core
R.= 0,0366 ohm/km Conductor resistance DC 20 °C
H,= 12 ohm/km Screen/sheath resistance DC 20 °C
Pty |'J-r--- b fipin Spocifying documanis - Cliuss .Iﬂm:\’.ll.':l‘lrl'h Erde il
Characleristics, melhod or type of inspeclicn 1.2,3
3.  Electrical tests after installation
After installation test shall be carried out on installed cable
3.1 AC or DC test |EC 80502-2 20) {to be decided) (S
3.2 Test on fiber optical cable Please see page 4 in this document ECC
Cede 1. Flace of inspection Cade 2.Inspecior Code 3. Distribution of report
A at manufacturer (ABB company) B customerfowner representative, mandatory hold point € custormerfowner and manufacturers quality function
M at manufaclurer outside ABB ¢ customer/owner recresentative N responsible ABB company and the manufacturers quality function
S at a subconiractor of the manufacturer N representative of responsible ABB company D the manufacturers desion and guality functions
E ai erection site D representative of tha manufacturers desion function Q the manufacturers qualily funclion
X clher. specified under "Remarks™ P reor. of the manufact. quality function. mandatory hold poinl J iournal is ket no reporine for ezch dalivery order
Q representative of the manufaclurers auality fnclion Z pther. specified under "Remarks”
Al DI_:'IET. specified under "Remarks” - reportina not specified
- Wi
Remarks. noles
Rev. ing, Specification of revision Approved Date
Responisible depariment (Customer, Plant, Order, elc.)
Technical Department Seascape Energy UK (BURBQO)
Prepared by
TK Flemming Krogh
Anoroved by Tille Lanauaqge
K Kenneth Johannesson ITP xxxxx E
Take over depariments No of sh.
PVT, TM, Q, CC FXCTV 3x95/12 36 kv 4
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Inspection and Test Plan

OBJECT: FXCTV 3x95/12 36 kV
Voltages and Cable Dimensions Contents page
= 34 kV Rated voltage Routine Test 1
U,= 36 kV Highest voltage for equipment (between conductors) Sarnple Test 2
Up= 18 kV Value of U, for determination of test voltages Commissioning test 3
= 11  mm Nominai diameter of conductor Fiber optical tests 4
t,= 8,0 mm Nominal thickness of insulation
.= 3 mm Nominal thickness of cable oversheath
D= 106 mm Nominai diameter of cable
C.= 0,17 uF/km Nominal capacitance of cable core
F.= 0,193 ohm/km Conductor resistance DC 20 °C
R.= 1.5 ohm/km Screen/sheath resistance DG 20 °C
M ]:-J»m-:.- of dgm '=.:|-:-|P.lﬂ-:~ depumain | Chiunn [I‘I: Julreenared J-'.'cdu
Characteristics, method or lype of inspection 1,23
Tests on fiber optical cable IEC 60793-1-C1C
The following tests will be performed on completed cable
3.1 OTDR Test on all fibres (Measurements must be performed from both ends)
Attenuation at 1310 nm. <0.35 dB/km M-C
Attenuation at 1550 nm. <0.25 dB/km M-C
Attenuation at 1625 nm. < 0.25 dBfkm M-C
Minimum number of approved fibres 16 pcs M-C
The following tests will be performed as a part of the routine test.
The test wiil be repeated after loading
3.2 OTDR Test on all fibres (Measurements must be performed from both ends)
Attenuation at 1310 nm. <0.35 dB/km A-C
Attenuation at 1550 nm. <0.25 dB/km A-C
Attenuation at 1625 nm. < 0.25 dB/km A-C
Minimum number of approved fibres 12 pcs A-C
The following tests will be performed as a part of the commissioning test,
3.2 OTDR Test on alt fibres (Measurements must be performed from both ends)
Aftenuation at 1310 nm. < 0.35 dB/km E-C
Attenuation at 1550 nm. <0.25 dB/km E-C
Attenuation at 1625 nm. <0.25 dB/km E-C
Minimurm number of approved fibres 12 pcs E-C
Cede 7. Flace of inspection Code 2.inspeclar Code 3. Distribution of report
A at manufacturer {ABB company} B cuslomer/owner represeniative, mandatary hold peint G customer/owner and manufacturers quality function
g‘ ;lamsali,uof:ﬁ{?argtro?g’s iﬁ: }:‘g?lufac!urer ﬁ ;:eu::gsrgirlﬁr:’getgfr;asrnegﬁgit;gvzﬂB company g {ﬁ:ﬁgﬁm,:cﬁﬁearg %:‘;g:va:gﬂuﬂjiz?:ﬁizt#;ers gualite function
)E( g:h:ﬁﬁ?;::isfﬁﬂ under "Remarks" g;zgl":e :F {Ihtglj;zr?;fl;cel.n;ﬁgﬂl[e?L%ﬁ;glserﬁgl:dggﬁi?:ld paint ? iL]LlarrT;fir;uI:iglll.Jﬁés r::gﬂ::ﬁgﬁlg;h deliverv order
¥ ol spoeihos uodar “Bmmacarers auzliy functian  morine wot smeciiay " Emenks”
Remarks. noles =t
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