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	O A L C - 4 - 17 mm Diameter Cable



TECHNICAL DESCRIPTION

O A L C - 4 – 17 mm

TYPE 30 AND TYPE 31

SUBMARINE CABLE

The cables and joints described in this document have been designed and qualified by ALCATEL according to international submarine cable standards (ITU recommendation G976) for optical systems operating around 1.55 µm.

Design, development and qualification (including sea trials) of these products, together with the qualification of corresponding manufacturing processes, have been completed within an ISO 9000-2000 certified organization.
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1. GENERAL

1.1 General Design Considerations

The main design function of a cable is to protect the optical fibre transmission path over the entire service life of the system, including laying, burial, and recovery operations.

A secondary function is that its metallic elements are used either to feed an electric current to the repeaters or to monitor on a permanent basis the status of the transmission system and to localise cable breaks.

The OALC-4 cable design can accommodate up to 6 pairs of fibres. The fibres are housed in a jelly filled steel tube surrounded by two layers of steel wires that form a protective vault against pressure and external aggressions, and provide tensile strength. This vault is then enclosed in a hermetically sealed copper tube and insulated with a layer of polyethylene to form the deep sea LW cable.  This cable is available in two standard types, 1.6 (/km (type 30) and 1.0 (/km (type 31). 

For shallow water applications, external layers of steel armour wires are added, different types of armouring being available to suit route conditions and installation methods.

The cable design ensures that negligible strain and ultra low pressure are applied to the fibres in normal operation. Even if the cable breaks, high strain on the fibres and sea-water ingress are limited to a short length, so that the bulk of the cable will remain serviceable.

These high performances are made possible thanks to a cable structure that isolates fibres from mechanical stresses under normal operation conditions. This is achieved with a unique design in which fibres lay freely in a steel tube. As a result, the cable can practically house any type of fibre provided it can handle a proof- test.

Even in the most adverse conditions such as cable recovery, cables are dimensioned so that stress applied to the fibres never reaches critical levels. The combination of loose structure and fibre proof-test prevents any fibre break that would be caused by ageing stress during the design life of the system.

Whenever possible, the raw materials selected are of the same type as those used in previous generations of coaxial and optical fibre cables, which have demonstrated more than 20 years total reliability.

ALCATEL, however, reserves the right to make any modification to the production, inspection or raw material specifications where this modification improves the efficiency of the production or the quality of the product.

1.2 Description of Cables, General Characteristics and Definitions

1.2.1 Deep sea cable

1.2.1.1 Lightweight cable

Optical fibres are housed in a steel tube, filled with a non-hygroscopic compound. This structure, shown in Fig. 1, is called fibre unit structure.

The fibre unit structure is protected by a very high strength steel wire vault. This vault is surrounded by a copper tube, produced by seam welding a tape formed around the vault and swaging it onto the strand. This structure, shown in Fig. 2, is called Composite Conductor.

Axial water penetration is limited by injection of a water blocking material between the vault steel wires.

The Composite Conductor is then polyethylene insulated. The polyethylene insulation provides abrasion resistance and high voltage insulation. This completes the design of the lightweight (LW) cable, shown in Fig. 3, used for deep-sea deployment.

The OALC-4 LW cable may be used at any sea depth down to 8000 meters (Type 30 - 1.6 (/km) or down to 7000 meters (Type 31 - 1 (/km).

1.2.1.2 Lightweight protected cable

The lightweight cable structure is protected by an additional metallic tape formed around the insulated sheath with an overlap and covered by a second sheath of high density polyethylene to form the LWP cable, shown in Fig. 4. This design provides an additional protection against abrasion, fishing hook penetration and fish-bite damage.

The OALC-4 LWP cable may be used at any sea depth down to 7000 meters (Type 30 – 1.6 (/km) or down to 6000 meters (Type 31 – 1 (/km), but is generally used between 1000 and 3500 meters.
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Figure 1 - Fibre Unit Structure 
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Figure 2 - Composite Conductor
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE 30

	Number of optical fibres (n)
	
	Up to 12
	Up to 12

	Steel vault diameter
	mm
	7.2
	7.2

	First layer wires # (left hand)
	
	8
	8

	First layer wires diameter
	mm
	1.4
	1.4

	Second layer wires # (left hand)
	
	16
	16

	Second layer wires diameter
	mm
	1.0 / 1.3
	1.0 / 1.3

	Outer diameter
	mm
	17
	17

	Cable Resistance 
	(
	1.0
	1.6

	Weight in air 
	Kg/m
	0.56
	0.50

	Weight in water 
	Kg/m
	0.33
	0.27

	Storage factor
	m3/km
	0.26
	0.26

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	70
	70

	Permanent tension acceptable (NPTS)
	kN
	20
	20

	Operating tension acceptable (NOTS)
	kN
	30
	30

	Short term tension acceptable (NTTS)
	kN
	50
	50

	Modulus 
	km
	>21
	>25

	Crush resistance
	kN
	30
	30

	Impact resistance
	J
	>20
	>20

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant (Lay / Recovery)
	deg.Knots
	46 / 53
	41 / 48


Figure 3 - Lightweight Cable (LW)
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE 30

	Cable core diameter
	mm
	17
	17

	Steel vault diameter
	mm
	7.2
	7.2

	First layer wires # (left hand)
	
	8
	8

	First layer wires diameter
	mm
	1.4
	1.4

	Second layer wires # (left hand)
	
	16
	16

	Second layer wires diameter
	mm
	1.0 / 1.3
	1.0 / 1.3

	Outer diameter
	mm
	23
	23

	Cable Resistance 
	(
	1.0
	1.6

	Weight in air 
	Kg/m
	0.81
	0.75

	Weight in water 
	Kg/m
	0.38
	0.32

	Storage factor
	m3/km
	0.48
	0.48

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	70
	70

	Permanent tension acceptable (NPTS)
	kN
	20
	20

	Operating tension acceptable (NOTS)
	kN
	30
	30

	Short term tension acceptable (NTTS)
	kN
	50
	50

	Modulus 
	km
	>17
	>22

	Crush resistance
	kN
	30
	30

	Impact resistance
	J
	>20
	>20

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant (Lay / Recovery)
	deg.Knots
	42 / 49
	39 / 45


Figure 4 - Lightweight Protected Cable (LWP)

1.2.2 Armoured cables

Armoured cables use the lightweight (LW) deep sea cable as central core  structure, with additional external protection provided where required by conditions and nature of the seabed and installation methods.

1.2.2.1 Single Armoured Light cable  (SAL)

SAL cable is made by stranding a single layer of high strength galvanised steel wires over the lightweight (LW) cable structure. The steel wires are flooded with bituminous compound and covered by polypropylene yarns. This cable, shown in Fig. 5, is normally used where full protection by burial is possible. It may be used at any sea depth between 0 and 2000 meters. 

1.2.2.2 Single Armoured Cable (SA)

SA cable is made by stranding a single layer of high strength galvanised steel wires over the lightweight (LW) cable structure. The steel wires are flooded with bituminous compound and covered by polypropylene yarns. This cable, shown in Fig. 6, is normally used where only partial protection through burial is possible, in regions where hazards such as intensive fishing are present. It may be used at any sea depth between 0 and 1500 meters.

1.2.2.3 Double Armoured Cable (DA)

DA cable is made by adding a second layer of galvanised steel wires around the SA cable,  flooded with bituminous compound and covered with polypropylene yarns. This cable, shown in Fig. 7, is normally used for surface laying in regions where hazards such as intensive fishing are present. It may be used at any sea depth between 0 and 500 meters but is generally used between 0 and 200 meters.
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE 30

	Core cable diameter
	mm
	17
	17

	First layer steel wires diameter
	mm
	3.4
	3.4

	First layer steel wires # (left hand)
	
	18
	18

	First layer steel wires lay length
	mm
	470
	470

	Outer diameter
	mm
	28
	28

	Weight in air 
	kg/m
	2.1
	2.0

	Weight in water 
	kg/m
	1.5
	1.4

	Storage factor
	m3/km
	0.75
	0.75

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	280
	280

	Permanent tension acceptable (NPTS)
	kN
	100
	100

	Operating tension acceptable (NOTS)
	kN
	150
	150

	Short term tension acceptable (NTTS)
	kN
	200
	200

	Modulus 
	km
	>19
	20

	Crush resistance
	kN
	40
	40

	Impact resistance
	J
	400
	400

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant 
	deg.knots
	76
	73


Figure 5 - Single Armoured Light Cable (SAL)
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE30

	Core cable diameter
	mm
	17
	17

	First layer steel wires diameter
	mm
	4.6
	4.6

	First layer steel wires # (left hand)
	
	14
	14

	First layer steel wires lay length
	mm
	470
	470

	Outer diameter
	mm
	31
	31

	Weight in air
	kg/m
	2.7
	2.6

	Weight in water 
	kg/m
	1.9
	1.8

	Storage factor
	m3/km
	0.9
	0.9

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	370
	370

	Permanent tension acceptable (NPTS)
	kN
	150
	150

	Operating tension acceptable (NOTS)
	kN
	200
	200

	Short term tension acceptable (NTTS)
	kN
	250
	250

	Modulus 
	km
	>19
	20

	Crush resistance
	kN
	40
	40

	Impact resistance
	J
	400
	400

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant 
	deg.knots
	81
	79


Figure 6 - Single Armoured Cable (SA)
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE 30

	Core cable diameter
	mm
	17
	17

	First layer steel wires diameter
	mm
	4.6
	4.6

	First layer steel wires # (left hand)
	
	14
	14

	First layer steel wires lay length
	mm
	470
	470

	Second layer steel wires diameter
	mm
	7.0
	7.0

	Second layer steel wires # (left hand)
	
	15
	15

	Second layer steel wires lay length
	mm
	560
	560

	Outer diameter
	mm
	46
	46

	Weight in air 
	kg/m
	7.6
	7.5

	Weight in water 
	kg/m
	5.8
	5.7

	Storage factor
	m3/km
	2.2
	2.2

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	560
	560

	Permanent tension acceptable (NPTS)
	kN
	200
	200

	Operating tension acceptable (NOTS)
	kN
	300
	300

	Short term tension acceptable (NTTS)
	kN
	400
	400

	Modulus 
	km
	>9
	10

	Crush resistance
	kN
	50
	50

	Impact resistance
	J
	400
	400

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant 
	deg.knots
	116
	115


Figure 7 - Double Armoured Cable (DA)

The standard tension characteristics of the OALC-4 cables as defined below are summarised in table 1.
The Nominal Permanent Tensile Strength (NPTS) is the maximum tension that the cable can withstand during the system lifetime without any impairment of fibres nor degradation of the overall cable performance.

The Nominal Operating Tensile Strength (NOTS) is the maximum tension that can be applied to the cable during the time necessary to make cable joints, without significant reduction of NPTS.

The Nominal Transient Tensile Strength (NTTS) is the maximum tension that can be applied to the cable during a cumulative period of one hour, without significant reduction of NPTS/NOTS.

The Fibre Breaking Load (FBL) is the maximum tension that can be applied to the cable without causing fibre break.

The Ultimate Cable Tensile Strength (UTS) is the maximum tension that can be applied to the cable without causing cable break.

Table 1 - Cables Characteristics (summary)

	Characteristics
	Unit
	LW
	LWP
	SAL
	SA
	DA

	Core cable diameter
	mm
	17
	17
	17
	17
	17

	First layer steel wires diameter
	mm
	-
	-
	3.4
	4.6
	4.6

	First layer steel wires # (left hand)
	
	-
	-
	18
	14
	14

	First layer steel wires lay length
	mm
	-
	-
	470
	470
	470

	Second layer steel wires diameter
	mm
	-
	-
	-
	-
	7.0

	Second layer steel wires # (left hand)
	
	-
	-
	-
	-
	15

	Second layer steel wires lay length
	mm
	-
	-
	-
	-
	560

	Outer diameter
	mm
	17
	23
	28
	31
	46

	Weight in air
1(/km

1.6(/km
	kg/m

kg/m
	0.56

0.50
	0.81

0.75
	2.1

2.0
	2.7

2.6
	7.6

7.5

	Weight in water
1(/km

1.6(/km
	kg/m

kg/m
	0.33

0.27
	0.38

0.32
	1.5

1.4
	1.9

1.8
	5.8

5.7

	Performances
	Unit
	LW
	LWP
	SAL
	SA
	DA

	UTS
	kN
	70
	70
	280
	370
	560

	NPTS
	kN
	20
	20
	100
	150
	200

	NOTS
	kN
	30
	30
	150
	200
	300

	NTTS
	kN
	50
	50
	200
	250
	400

	Modulus
1(/km

1.6(/km
	km

km
	>21

25
	17

22
	>19

20
	>19

20
	>9

10

	Hydrodynamic constant for recovery
1(/km

1.6(/km
	deg.knots

deg.knots
	53

48
	49

45
	76

73
	81

79
	116

115


2. FIBRE UNIT STRUCTURE

2.1 Description

The fibre unit structure includes the following components (from inside to outside):

· Up to 12 optical fibres loosely housed in the steel tube,

· non hygroscopic filling compound,

· steel tube

2.2 Steel Tube Manufacturing

The stainless steel tape is formed into a tube through a preforming mill.

The tube filling material is a non hygroscopic compound. It is selected to be compatible with the fibre coating and the steel tube, to exhibit no dripping nor long-term phase separation after processing, and to allow easy positioning of fibres ensuring low residual stress.

Optical fibres and filling compound are introduced into the formed tube, just prior to the welding operation, through a specially designed feeding system. The manufacturing process is controlled such that there is fibre excess length inside the tube.

The formed tube is longitudinally laser welded, reduced to the required size through a reduction mill and taken up onto a drum. The tube is checked for defects through a weld fault detector during the tubing process.

Jointing of two lengths of tube with splicing of the fibres, prior to composite conductor manufacturing, may be realized to avoid the use of a factory joint. This operation follows a process specified, qualified and controlled such that it does not affect cable characteristics.

2.3 Optical Characteristics of Fibre Unit Structure 

After tube manufacturing the fibres are checked for:

· Attenuation regularity (OTDR),

· Transmission attenuation,

· Chromatic dispersion (where applicable),

· Polarisation mode dispersion (where applicable)

3. DEEP SEA CABLES: LIGHTWEIGHT CABLES (LW & LWP)

3.1 Description

The lightweight (LW) deep sea cable is as shown in Fig. 3: a composite conductor forming a pressure-resistant vault covered by an insulating sheath, over the fibre unit structure. 

The composite conductor construction and manufacturing process are defined such that appropriate mechanical performance is obtained, such as bending behaviour and interlayer adherence. In particular, the composite conductor shall be capable of being wound around a 140 mm diameter mandrel (the weld being in the upper position, i.e. stretched), without evidence of cracking on the copper nor on the weld, and the adherence of the copper to the steel shall be equal to or greater than 60daN, for a test sample of 25 mm in length.

The LW and the LWP cables shall be capable of sustaining 30 reverse bends around a 1 meter radius without evidence of optical, mechanical nor electrical damage.

Each manufactured cable length is optically checked for attenuation regularity, transmission loss, and where applicable chromatic dispersion and polarisation mode dispersion.

3.2 Composite Conductor

3.2.1 Steel vault

High grade steel wires are stranded in two layers around the fibre unit structure under an arrangement designed to form a vault. Water-blocking material is injected intermittently in the vault to ensure longitudinal water tightness performance.

3.2.2 Copper tube

A high conductivity copper tape is longitudinally formed around the strand, then is continuously welded along the vault.

3.2.3 Composite conductor

The welded copper tube is reduced in diameter and swaged onto the strand to form the composite conductor.

3.3 Insulating Sheath (LW type)

3.3.1 Manufacturing

A thin layer of adhesive copolymer is applied on the composite conductor to ensure good interlayer adherence before extruding the main insulating layer, made of  polyethylene having high abrasion resistance. The insulated cable is cooled within a pressurised tube to avoid formation of bubbles, and to obtain the required adhesion of the insulation layer to the composite conductor. The cable is subjected to a high voltage dielectric strength test after extrusion.

Restoration of outer insulation may be realized by application of a heat-shrink sleeve (in case of limited damage) or using a moulding technique to avoid the use of a factory joint. These operations follow processes that are specified, qualified and controlled such that they do not affect cable characteristics.

3.3.2 Electrical characteristics

The cable electrical characteristics are given in table 2. 

Each manufactured section length is electrically checked. The cable electrical insulation is qualified to sustain a 12kV operational voltage for 25 years, and is compatible with the use of electroding fault detection methods.

	Composite conductor resistance at 10°C
	( 1.0 or 1.6 (/km

	Insulation between composite conductor and water
	> 105 M(.km

	Dielectric strength between composite conductor and water
	> 45kV DC for 5 min

	Nominal capacitance in sea water
	0.18 µF/km


Table 2 - Cables electrical characteristics

3.4 Lightweight Protected Cable (LWP type)

3.4.1 Manufacturing

A copolymer coated metallic tape is longitudinally formed over the LW cable with an overlap and a high density polyethylene sheath is then extruded over the tape ensuring its heat-bonding to both inner and outer sheaths, providing good interlayer adherence. The cable is subjected to a high voltage dielectric strength test after extrusion.

3.4.2 Electrical characteristics

LWP cable electrical characteristics are identical to those of the LW cable (see table 2).

3.4.3 Transmission characteristics

Each manufactured LWP cable length is optically checked for attenuation regularity (OTDR) after manufacturing.

4. ARMOURED CABLES

4.1 General

Armoured cables are manufactured starting from deep-sea cable. This section describes only the armour manufacturing.

Armoured cables electrical characteristics are identical to those of the LW cable (see table 2).

The armoured cables shall be capable of sustaining 30 reverse bends around a 1 meter radius (under negligible tension) without evidence of optical, mechanical nor electrical damage.

Each manufactured armoured cable length is optically checked for attenuation regularity after manufacturing.

4.2 Single Armoured Cables (SAL and SA)

The SAL/SA cables armouring process consists in the following steps:

· left-hand stranding of a layer of hot-dip galvanised, high strength steel wires,

· flooding with a bituminous compound,

· application of layers of black (or black and white) PIP yarns

4.3 Double Armoured Cable (DA)

The DA cable armouring process consists in the following steps:

· left-hand stranding of a first layer of hot-dip galvanised, high strength steel wires,

· flooding with a bituminous compound,

· cabling of layers of black PIP yarns,

· left-hand stranding a second layer of hot-dip galvanised steel wires,

· flooding with a bituminous compound,

· cabling of layers of black (or black and white) PIP yarns.

4.4 Cable Transitions

Where route conditions require the use of different cable types, transitions from one type of cable to another are made to ensure a transition of mechanical properties. Transitions are usually made during the manufacturing process.
Transitions involve a progressive change between the two cable types. They can include:

· Polypropylene yarns, used to ensure changes in diameter do not cause snagging during cable transfer,

· Progressive changes of armour wire sizes and number, in an appropriate sequence,

· Incorporation of binders and fillers as necessary to maintain wires at required places.

Transitions are designed such that the required strength level and handling characteristics vs. bend and twist are maintained across the transition.

Where appropriate, the transition may be made in two steps.

5. LAND CABLE

The land cable links the beach manhole and the terminal station. 

Depending on land route characteristics requirements or whether a particular improved immunity is required against electromagnetic perturbations, its design can be either derived from the submarine cable design, ensuring both the optical and the power transmission, or it can be split into two cables, one housing the optical fibres and the other ensuring the power transmission.

These cables are compatible with standard land joint housings (e.g. the PEL as shown as an example in Figure 8).

[image: image10.wmf]
Figure 8 - PEL 30 - General View

5.1 Land Cable: Submarine type

The submarine type of land cable is called LCP. This cable is primarily intended to be laid in ducts; its design is identical to the lightweight protected cable (LWP). The metallic tape is acting as an electromagnetic screen and is earthed after installation.

The outer jacket is made of high-density polyethylene, and the cable nominal outer diameter is 23mm.

LCP cable may be delivered in containers or on drums according to table 3.

	Ref
	type
	diameter (mm)
	Width (mm)
	Weight
	Capacity 

	
	
	flange
	barrel
	inner
	outer
	(kg)
	(m)

	E165A
	wood
	1650
	900
	820
	951
	190
	1000

	GBE
	wood
	1900
	1200
	950
	1170
	445
	2300

	E220
	wood
	2200
	1200
	1000
	1187
	450
	4000

	E245
	wood
	2450
	1300
	1000
	1187
	575
	5500

	FN
	steel
	1650
	965
	610
	750
	185
	1100

	GN
	steel
	1900
	1160
	1000
	1175
	325
	2600

	HN
	steel
	2200
	1400
	1000
	1175
	390
	3300

	IN
	steel
	2600
	1680
	1000
	1175
	590
	4800


Table 3 - LCP cable packaging

5.2 Land Cable: Terrestrial types

In such case the land cable is split into two cables, one housing the optical fibres and the other ensuring the power transmission.

5.2.1 Optical cable

The optical cable design is based on the stranded loose tube design. Fibres are housed in jelly-filled plastic loose tubes, which are SZ-stranded around a dielectric strength member to form the cable core.

The cable outer protection is to be adapted to actual installation conditions. Two basic versions are available:

· a fully dielectric cable, which outer protection is made out of reinforcement yarns and an outer polyethylene jacket, suitable for duct pulling applications; 

· an armoured cable, which outer protection consists in an optional intermediate polyethylene jacket and reinforcement yarns, a corrugated steel tape, longitudinally applied with an overlap and an outer polyethylene jacket. This design is suitable either for duct pulling or for direct burial applications.

These cable designs are longitudinally watertight; typical cables cross-sections are shown in figure 9.
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	1: Dielectric strength member; 2: Optical fibre; 3: Loose tube; 4: Filler; 5: core wrappings; 6: Inner sheath (armoured); 7: Mechanical reinforcement (yarns/armour); 8: Outer sheath


Figure 9 - Typical land optical cables cross section

5.2.2 Power cable

The power cable design is dimensioned to ensure the transmission of the feeding power from the terminal station to the beach joint.

It comprises a stranded bare copper or aluminium conductor, covered with a cross-linked insulation and semi-conductive layers, an helically applied screen and a black plastic outer jacket.

A typical cable construction is shown in figure 10.
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Figure 10 - Typical land power cable construction

6. JOINTING

6.1 General

Jointing can be performed on raw materials in the factory as part of the cable manufacturing process, or on the cable itself during assembly operations, and on board a cable ship during cable laying or maintenance operations.

6.2 Jointing of Raw Materials

Raw materials are jointed together to allow manufacturing long lengths of cable:

· Tube steel tape, using laser welding;

· Optical fibre, using arc fusion splicing with coating reinstatement;

· Composite conductor steel wires, using electrical welding;

· Metallic tapes (copper, steel), using electrical welding;

· Armouring wires, using electrical welding.

Two lengths of tube may also be jointed together to avoid the manufacture of a jointing box.

All these processes are specified, qualified and controlled in such a way that they do not affect cable characteristics.

6.3 Cable Jointing

6.3.1 General

Cable jointing is realized with a jointing box, designed to ensure the following functions:

· optical continuity, achieved by arc fusion splicing of the fibres

· mechanical continuity, achieved by anchoring the armour wires, the vault steel wires, the copper tape and the stainless steel tube to the body of the joint; this last connection also ensures the electrical continuity

· pressure resistance, ensured by the jointing box construction

· high voltage insulation and water-proofness, maintained by over-moulding the jointing box with polyethylene

· storage of fibre and splices, coiled in dedicated tanks located on each side of the box.

6.3.2 Jointing box manufacture.

The manufacture of a jointing box is realized according to the following sequence:

· Both cable ends are prepared in removing their constituents (polypropylene yarns, armour wires, insulating layer, copper tape, vault wires, steel tube) in a predetermined manner, to access the optical fibres

· Vault wires are anchored into the joint by crimping between two conical piece parts, the copper tape and the steel tube are clamped to the joint

· Optical fibres are spliced using an arc fusion technique. Each splice is checked for attenuation in order to guarantee a value consistent with the link power budget, is submitted to a proof-test and is mechanically reinforced using a heat-shrinkable sleeve.

· The excess fibre lengths are coiled in dedicated tanks located at both ends of the jointing box, which is then closed with a steel sleeve that ensures the resistance to hydrostatic pressure. A high pressure, high-speed injection polyethylene moulding process is used to insulate and seal the box and to ensure amalgamation with the cable polyethylene insulation. This constitutes the deep sea splice box, shown in fig. 11.

· If armoured, the armour wires ends are terminated with crimped ferrules and are anchored into epoxy resin moulded between the deep sea splice box and a surrounding metallic case. This resin isolates as well the steel wires anchoring from sea water, thus minimising corrosion and magneto-hydrodynamic effects.

· Each joint is equipped with two bend limiters. They provide protection against shocks and limit cable bending radius e.g. when the jointing box passes around sheaves in the factory or around bow sheaves of the cable ship. Fig. 12 shows a cross section of an armoured cable joint extremity with its bend limiter.
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Figure 11 - Deep-Sea Cable Jointing Box
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Figure 12 - Armoured Cable Jointing Box with Bend Limiters

6.3.3 Jointing box characteristics.

The breaking load of the joint is at least equal to 90% of the breaking load of the cable.

Bend limiters are dimensioned so as they are compatible with standard equipment aboard cableships, and ploughs commonly used.

D.C. resistance of the jointing box, measured between two points located on composite conductors 10 mm apart from the box, is less than 0.2 (.

The joint electrical insulation is qualified to sustain a 12kV operational voltage for 25 years, and is compatible with the use of electroding fault detection methods.

6.4 Repeaters Couplers

6.4.1 General 

The cable junction to a repeater is ensured via a coupler.

The coupler is sufficiently robust to preserve the mechanical, electrical and optical integrity of the system, more particularly under the most demanding service conditions that are met at the bow during recovery operations, where a particularly severe combination of tension and bending is encountered at the junction between cable and repeater.

It consists in a jointing box, similar to the box used for the cable joint, connecting the cable elements to the repeater tail tube that provides electrical and optical continuity between cable and repeater. Mechanical coupling is achieved between the jointing box and the repeater by means of a flexible bend-limiting device commonly known as "armadillo". Two types of armadillos are used, one for LW/LWP cables and the other for armoured cables.

The coupler described in this document is designed for ASN repeater and BU. For other types of submerged equipment, different termination designs may be used.

6.4.2 Extremity jointing box manufacturing

The connection of a cable length to a termination is made in the same way as for the cable joint (see paragraph 6.3.2). Fig. 13 shows a cross section of an armoured cable termination to a repeater.
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Figure 13 - Typical Cable Termination

6.4.3 Coupler characteristics

The breaking load of a coupler is at least equal to 90% of the breaking load of the cable for LW and LWP. 

Armoured coupling designs are qualified to 200kN around a 3 meter sheave and to 400kN (or 90% of cable UTS if lower) in straight pull.

The coupler extremity box is qualified to the same standards as the jointing box with regards to its electrical characteristics.

6.5 Branching Unit Couplers

For the branching unit, the couplers are identical to the standard repeater coupler.

On the "two-leg side", couplers can be pulled in opposite directions without causing damage to the branching unit or the cables.
6.6 Jointing Operations on board Cable ship.

6.6.1 Jointing operations during cable installation.

Jointing of the cable during installation operations can be made using the same method as in factory jointing, or can be realised using an Universal Joint for which the OALC-4 cable is fully qualified.

6.6.2 Jointing operations for maintenance purpose.

For repairing installed cable, the maintenance authorities have the possibility to use either the same method as in factory jointing, or an Universal Joint for which the OALC-4 cable is fully qualified.

6.6.3 Jointing time.

Table 4 shows the typical duration for jointing operations on different cable types, using ASN jointing technique. It has to be noted that these figures strongly depend on several parameters such as weather conditions and available manpower, and that they do not include station to station measurements:

	
	Typical duration (hours)

	Jointing operations
	LW/LWP
	SA
	DA

	Cable ends preparation & LW mechanical coupling
	2
	3
	4

	Fibre Splicing and Control (n fibres)
	n x 0.2
	n x 0.2
	n x 0.2

	Fibres Positioning and Box Sealing
	0.5
	0.5
	0.5

	Final Assembly and Moulding
	2
	2
	2

	Armour Reconstitution
	0
	1
	3

	Overall Checking
	0.5
	0.5
	0.5

	Total Duration (for 8 fibres):
	7
	9
	12


Table 4 - typical duration for jointing operations

6.6.4 Environmental Requirements

There are no specific environmental requirements for splicing and jointing operations on board a cable ship.

However the jointing area should be closed and kept as clean as possible to avoid contamination during moulding process. In addition vibrations and excessive temperature variations will make the jointing operation more difficult and increase the risk of splicing or moulding failures.

7. MARKINGS

7.1 Cable

A two-kilometre interval is used for cable length marking.

Numbered yellow adhesive tape (indelible number) are used for the marking, following an increasing order, within each cable section, over each two kilometres. A marking consists of three adhesive tapes spaced by 0.5m, wound around the cable and bearing the number corresponding to the running kilometre.

7.2 Submerged equipment

Joints, repeaters and branching units are signalled on each side with coloured adhesive tape placed according to the following scheme:

· 4 markings located at 10m from the joint/repeater

· 3 markings located at 50m from the joint/repeater

· 2 markings located at 200m from the joint/repeater

· 1 marking located at 500m from the joint/repeater

The markings are red for the deep sea LW cable and white for the LWP and for armoured cables. They are 0.5m long and are spaced by 0.5m from each other.
8. RELIABILITY

8.1 Design and Fibre Lifetime 

The cable long term reliability is based on two design principles:

· The fibre and splices inside the cable are proof tested and the cables are dimensioned so that the calculated fibre break probability is negligible throughout the cable lifetime,

· The jointing box design is such that stress on the fibre is fixed to a maximum bending strain value of 0.2 %.

As a result, the reliability of the fibre in the cable and joints during deployment, recovery, repair and service life is ensured with a large margin.

8.2 Environmental Effects

8.2.1 Hydrogen effects

Hydrogen is known to produce optical fibres loss increase, caused by two additive phenomena: 

· Irreversible effects caused by the interaction of Hydrogen or hydroxyl ions with the fibre dopants (this does not apply to pure silica core fibre used for compensation),

· Reversible effects caused by the absorption of molecular Hydrogen by the fibre.

The sensitivity of fibres depends on the fibre design in itself as well as on its manufacturing process. As part of their qualification procedure, the optical fibres are evaluated and selected to exhibit minimum attenuation increase caused by Hydrogen effects over the cable lifetime. This loss increase is thermally activated, is generally proportional to the square root of the H2 partial pressure and its evolution is approximately proportional to the square root of time.

Hydrogen traces that might be found inside the cable structure may have three origins: 

· release by cable raw material,

· generation by electrolytic cells inside the cable,

· generation by outside environment and permeating through the cable or joint structure

The release of hydrogen from raw materials is evaluated in terms of mechanism and long term generation as part of their qualification process. They are selected in order to ensure that the cumulative amount of hydrogen after 25 years does not result in a partial pressure exceeding 5.6 x 10-2atm in the cable core.

Electrolytic cells may be present if moisture trapped inside the cable structure condenses when it cools after manufacture. The maximum water content has been evaluated to generate a partial hydrogen pressure of less than 1.3 x 10-2atm around the steel tube.

Both effects are verified to be non detrimental to the optical fibres attenuation through a long term ageing test performed during the qualification process.

Outside hydrogen source may be:

· hydrogen dissolved in sea water, which is evaluated to be at a partial pressure of 10-4atm, 

· emissions from sediment, resulting in a partial pressure estimated to be less than 10-4atm,

· corrosion of armouring wires where the outer protection has been removed by abrasion or impact. A pessimistic evaluation of corresponding hydrogen partial pressure outside the cable is 1.5atm.

The hydrogen ingress in the cable core from these outside sources is strongly limited by the copper barrier placed over the cable core and by the steel tube housing the fibres. The resulting hydrogen partial pressure under the copper barrier is estimated to be far less than 10-4atm after 25 years and has a negligible impact for both deep sea and armoured cables.

Although the armour wires are thoroughly flooded with a bituminous compound and covered with polypropylene yarns to prevent contact with sea water and limit Hydrogen-generating corrosion, specific considerations have to be made for armoured cables, as localised pinholes or welding imperfections may accelerate Hydrogen diffusion into the cable core. A pessimistic evaluation of the hydrogen partial pressure inside the cable after 25 years, based on production statistical data, shows a cumulated estimated figure of less than 6x10-2atm around the stainless steel tube for armoured cables. Actual partial pressure near the optical fibres is expected to be far less, considering the additional protection brought by the steel tube and the low probability of coincidence of these pinholes or welding imperfections with armouring wires corrosion areas. 

In addition, the cable joint is designed and its materials carefully selected so that Hydrogen effects (more particularly its generation as a result of corrosion processes) are minimized. This is verified through a long term aging test performed on a joint sample in artificial sea water.

Overall resulting Hydrogen-related loss increase is expected to be less than 0.003dB/km after 25 years. This pessimistic evaluation result remains below testing equipment accuracy.

8.2.2 Radiation effects

As far as nuclear radiation effects on submarine cable are concerned, optical fibres are loss sensitive to high-energy radiation. Alpha and Beta rays are stopped by the copper and steel vault, so only Gamma rays have to be considered.

Gamma ray origin may be:

· sediments,

· sea water,

· artificial (waste/dumping site).

The cable route shall avoid artificial sources of Gamma ray.

Sea water source is negligible (35pCi/g) and the main gamma ray source are U238, Th232 and K40 present in sea bed sediments. Clay sediments are the most radioactive and their maximum activity is evaluated to be 50pCi/g corresponding to a maximum exposure of 1rad/year.

The measured Gamma ray sensitivity of fibres used in submarine transmission systems has been evaluated to be approximately 0.8 x 10-4 dB/km/rad for line fibre and approximately 0.1x10-4dB/km/rad for compensation fibre.

Over 25 years, the resultant attenuation increase is estimated to be less than 0.002dB/km for those areas susceptible to be a source of Gamma radiation. This figure is pessimistic.

8.2.3 Protection against Hydrogen Sulphide

Effects on submarine cables of highly concentrated hydrogen sulphide consist in a corrosion of armour steel wires where exposed to sea water and a corrosion of the copper conductor once H2S has diffused through the insulation layer, inducing possible reduction of the cable dielectric strength which might be a concern where system power feeding requires the cable to sustain high voltage electrical tension.

In general, high H2S concentrations may be found in areas with organic deposits in shallow waters or in areas where a volcanic activity is present. Such areas are normally well localised and of small extension. From this point of view, a suitable route selection avoiding zones where H2S is highly concentrated is generally possible and very effective.

If hazardous areas cannot be avoided, suitable measurements may be carried out along the planned cable route and adapted cable protection is to be considered where hydrogen sulphide (H2S) concentration in the seawater exceeds acceptable levels.

In deep water sections appropriate protection may be provided by replacing the LW cable with a LWP cable, which metallic screen acts as an effective barrier against H2S.

For armoured cable types, an additional thick outer bitumen compound layer covered with white washing chalk may be applied over the outer PIP yarns layer to constitute a sufficient protection against H2S.

The materials used for the joints are such that they can be safely used in high hydrogen sulphide environment.

8.2.4 Effect of temperature

Within the temperature ranges for both operation, handling and storage the cable design and materials selection ensures that the attenuation variation  stays at very low levels. Testing results have shown that changes actually remain of the order of magnitude of testing equipment accuracy (( 1 x 10-3 dB/km in the operation temperature range). 

Fibre Zero Chromatic Dispersion wavelength exhibits a temperature coefficient of 0.03nm/°C.

8.3 System Design Margin

Taking into consideration the above listed effects, and considering that the figures are both pessimistic and close to the limit of detection, a global margin of 0.005dB/km can safely be taken into account in power budget calculations. This value may be revised to fit with specific environment conditions.

8.4 Water Ingress Limitation

During the manufacturing process, a filling gel is continuously injected inside the tube and a water blocking material is intermittently injected inside the vault. In the event of cable damage, this construction ensures limited water penetration.

The damaged cable length resulting from water ingress can be approximately computed using the formula L = k . (P . t)1/2, where:


P is the water pressure at sea bottom in bars,



t is the water ingress duration in days,



L is the water penetration length in meters along the cable,



k is a constant usually equal to 6.

The formula given above is the result of numerous tests performed under high pressures and is applicable for pressures higher than a 30 to 50 bars range.

Below this pressure range, the formula does not apply because of the non-continuous filling inside the vault; actually in this case the penetration cannot be modelled with a simple formula. In these situations the water ingress limitation is less than 250 m after 15 days of exposure.

9. STORAGE AND OPERATION

9.1 Storage Conditions

The cable shall preferably be stored in tanks with both ends of each piece of cable left accessible for measurements. The cable ends shall be sealed to prevent moisture penetration. It is recommended to have cable tanks filled with water, and direct exposure to sunlight shall be avoided except for short duration.

Short lengths of cable can be stored on drums of the appropriate dimensions. It is recommended to have the cable protected with a covering, and direct exposure to sunlight is to be avoided except for short duration. Use of steel drums is recommended for long term storage. 

9.2 Spare Submersible Plant Recommended Tests

The integrity of cable optical and electrical characteristics shall be verified for attenuation regularity and insulation resistance before and after each handling operation.

9.3 Cable End Seals

Two types of cable end seal are recommended:

a) When cable has to be left on the seabed for a short period of time (e.g. 2 or 3 days), it is recommended to use end seals made of heat-shrinkable sleeve and special adhesive tape.

b) When cable has to be left on the seabed for a longer period of time, it is recommended that cable end sealing be similar to a factory joint in which fibres are looped and a sea earth wired so that the cable can be monitored. 

9.4 Cable Recommended Bending Radius

The cable recommended bending radius are as follows:

· Static, storage on drums: 0.5 meter for LW and LWP cables and 0.9 meter for armoured cables

· Static, coiling in tanks: 1 meter for LW and LWP cables and 1.5 meter for armoured cables

9.5 Cable Recommended Temperature Ranges

The cable recommended temperature ranges are as follows:

· -10°C to +35°C in operation,

· -10°C to +50°C  for handling, laying or recovery

· -20°C to +50°C  for storage.

9.6 Calculated Recovery Curves

Calculated maximum recovery speed for deep-water cables and recovery tension for armoured cables are shown in Figures 14.1 to 14.5. These calculations are carried out with a typical recovery angle of 80° and a wave height of 4 metres. Armoured cables curves are calculated at typical maximum deployment depths.
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Figure 14.1 - Recovery curves for LW cable
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Figure 14.2 - Recovery curves for LWP cable 
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Figure 14.3 - Recovery curve for SAL cable (depth: 2000 m).
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Figure 14.4 - Recovery Curve for SA cable (depth: 1500 m).
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Figure 14.5 - Recovery Curve for DA cable (depth: 500 m).

9.7 Length of Cable to be Replaced in case of Damage

In the event of a cable break due to external causes, the following techniques/features can contribute in reducing the cable length to be replaced:

· Localisation, made with an accuracy of ±100 m within a span.

· Cable recovery, made with accuracy of less than 500 m (depth permitting).

· Limited water ingress

They allow to limit the length of damaged cable to less than 1000m in both direction, and result in re-laying an additional length of cable close to 1.5 times the water depth.

As in deep sea many dredges to recover cable are usually required, the length of cable to be replaced depends on depth, distance between the dredges, nature of the fault and the possibility to reuse or not short lengths of recovered cable.

10. CABLE QUALIFICATION

10.1 General 

The OALC-4 cable design benefits from the experience acquired by ASN in the use of a steel vault structure surrounding a central core containing the fibres, and from the use of raw materials similar or identical to those used in other ASN long-proven cables.

The OALC-4 cable was submitted to a full qualification test program to demonstrate that its specified characteristics are met, and to prove its reliability in various situations such as transport, storage, handling, laying, operation and repair.

Improvements made to the cable design, materials or manufacturing processes since its original qualification have been validated following the same principles. 

The cable qualification process consisted in a series of factory tests and sea trials performed in both shallow and deep water, to demonstrate the cable ability to withstand actual installation and recovery operations. This testing was conducted in line with recognised international submarine cable standards and according to severe internal requirements and procedures.

10.2 Factory Testing

The OALC-4 cable has been qualified according to the following test program. Full results are available upon request at ASN premises:

Cable qualification

· Tensile in free gyration conditions

· Tensile blocked gyration

· Tensile fatigue

· Bending resistance (sheave test) 

· Temperature cycling (-20°C to + 50°C)

· Long term ageing

· Water ingress

· Abrasion

· Inter-layer adhesion

· Hydrostatic pressure resistance

· Electrical test 

Before, during and after these tests optical measurements were performed, along with isostatic pressure test if applicable, covering where applicable attenuation and attenuation regularity, chromatic dispersion and polarisation mode dispersion

Joints qualification

· Anchoring devices tensile test

· Tensile in free gyration conditions

· Tensile blocked gyration

· Tensile fatigue

· Sheave test (bending under tension)

· Passage through LCE

· Dissection after mechanical tests

· Electrical test

· Pressure test

· Long term aging in artificial sea water

· Bump and vibration

10.3 Sea Trials

Three series of sea trials in total have been conducted allowing to validate the suitability of the OALC-4 cable for long haul submarine applications, and to supplement the series of factory qualification tests.

The capability of a loose tube structure to withstand prolonged vertical exposure, which is a common situation in submarine cable installation/repair, was demonstrated through a specific preliminary sea trial performed in March 1992 in the Atlantic Ocean. Two armoured cable of a length greater than 2000m were kept in a vertical position for 20 hours in a deep sea area (approximately 5000 meters depth) and a 6-7 Beaufort wind force, without showing evidence of filling gel flow nor attenuation increase.

A second sea-trial was conducted on a similar design (14mm cable) in January/February 1994 in the Atlantic Ocean. During this 15 days trial under difficult weather conditions (4-5 metres sea swell) the cable was successfully laid and recovered from depths greater than 3500m using standard equipment. In total 10 km of armoured cable, 27 km of deep sea cable and several jointing/looping boxes were evaluated during these trials.

The OALC-4 17mm cable itself was validated through a series of sea trials conducted in August 1996 and February 1997 in the Atlantic Ocean. During these trials more than 14 km of armoured cable and 65 km of deep sea cable, repeaters, BU and jointing boxes were tested. Very good results were obtained in a various range of configurations, including laying, stand-by and recovering from 5000m of LW cable and repeater, laying and recovery of a BU, laying of armoured cables to their design depth, and burying trials to a 1500m depth.

11. CONTINUOUS DEVELOPMENT

Alcatel follows a policy of continuous development principles that may result in desirable enhancements being available. In those circumstances, Alcatel reserves the right to modify their product to make use of such enhancements wherever feasible.
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