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Recommendation ITU-T G.971

General features of optical fibre submarine cable systems

Summary

Recommendation ITU-T G.971 applies to optical fibre submarine cable systems. The purpose of this Recommendation is to identify the main features of optical fibre submarine cable systems, and to provide generic information on relevant Recommendations in the field of optical fibre submarine cable systems. A common implementation relevant to all the optical fibre submarine cable systems is described in Annex A. Specific information relevant to each optical fibre submarine cable systems is included in annexes of other Recommendations. The updated data on cable ships and submersible equipment of various countries are also described in Appendix I.

In this latest version, relationship among Recommendations relevant to optical fibre submarine cable systems found in section 7 is amended to take into account three groups of “General”, “Components or Functions” and “System Requirements”.
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Recommendation ITU-T G.971

General features of optical fibre submarine cable systems

1Scope

This Recommendation applies to optical fibre submarine cable systems.

The purpose of this Recommendation is to identify the main features of optical fibre submarine cable systems, and to provide generic information on relevant Recommendations in the field of optical fibre submarine cable systems. Annex A contains common implementation aspects of all optical submarine cable systems. Appendix I contains data on cable ships and submersible equipments of various countries.

2References

The following ITU-T Recommendations and other references contain provisions which, through reference in this text, constitute provisions of this Recommendation. At the time of publication, the editions indicated were valid. All Recommendations and other references are subject to revision; users of this Recommendation are therefore encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references listed below. A list of the currently valid ITU-T Recommendations is regularly published. The reference to a document within this Recommendation does not give it, as a standalone document, the status of a Recommendation.

[ITU-T G.821]Recommendation ITU-T G.821 (2002), Error performance of an international digital connection operating at a bit rate below the primary rate and forming part of an Integrated Services Digital Network.

[ITU-T G.826]Recommendation ITU-T G.826 (2002), End-to-end error performance parameters and objectives for international, constant bit-rate digital paths and connections.

[ITU-T G.828]Recommendation ITU-T G.828 (2000), Error performance parameters and objectives for international, constant bit-rate synchronous digital paths.

[ITU-T G.8201]Recommendation ITU-T G.8201 (2011), Error performance parameters and objectives for multi-operator international paths within optical transport networks.

[ITU-T G.972]Recommendation ITU-T G.972 (2016), Definition of terms relevant to optical fibre submarine cable systems.

[ITU-T G.973]Recommendation ITU-T G.973 (2016), Characteristics of repeaterless optical fibre submarine cable systems.

[ITU-T G.973.1]Recommendation ITU-T G.973.1 (2009), Longitudinally compatible DWDM applications for repeaterless optical fibre submarine cable systems.

[ITU-T G.973.2]Recommendation ITU-T G.973.2 (2011), Multichannel DWDM applications with single channel optical interfaces for repeaterless optical fibre submarine cable systems.

[ITU-T G.974]Recommendation ITU-T G.974 (2007), Characteristics of regenerative optical fibre submarine cable systems.

[ITU-T G.977]Recommendation ITU-T G.977 (2015), Characteristics of optically amplified optical fibre submarine cable systems.

3Definitions

3.1Terms defined elsewhere

This Recommendation uses the terms defined in [ITU-T G.972].

4Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:

BASBurial Assessment Survey

BOLBeginning of Life

BUBranching Unit

CPTCone Penetrometer Testing

CTECable Terminating Equipment

DP-systemDynamic Positioning-system

DWDMDense Wavelength Division Multiplexing

PFEPower Feeding Equipment 

PLGRPre-Lay Grapnel Run

ROVRemotely Operated Vehicle

SCARABSubmersible Craft Assisting Repair and Burial

SWLSafe Working Load

TSETerminal Station Equipment

TTETerminal Transmission Equipment

5Conventions

None.

6Features of optical fibre submarine cable systems

An optical fibre submarine cable system has specific technical features:

a)A submarine cable system should have a long lifetime and be highly reliable. The main reason for this that the construction and maintenance of a link is long and expensive because of the difficulty in accessing a submerged plant. Moreover, most submarine links are of strategic importance in the transmission network – the interruption of a link usually results in significant loss of traffic and revenue.

b)A submarine cable system should possess mechanical characteristics which enable it:

1)to be installed accurately with correct slack and with due attention to safety considerations on the seabed – deep water installations can reach up to 8,000 metres. (In general, submarine cable systems shall be installed, buried or inspected by specially designed cable ships and submerged equipment. Detailed information of such cable ships and submerged equipment (i.e., ploughs, ROVs, etc.) is contained in Appendix I);

2)to resist environmental conditions on the sea bottom at the installation depth, particularly hydrostatic pressure, temperatures, abrasion, corrosion and marine life;

3)to be adequately protected (i.e., by armouring or burying) against aggression, due for example to trawlers or anchors; 

4)to survive recovery from such a depth, and subsequent repair and relay, with due safety considerations.

c)The material characteristics of a submarine cable system should enable the optical fibre:

1)to achieve its desired reliability over its design lifetime; 

2)to tolerate stated loss and aging mechanisms, especially bending, strain, hydrogen, stress, corrosion and radiation.

d)The transmission quality of a submarine cable system should follow, as a minimum [ITU-T G.821] or [ITU-T G.826] or [ITU-T G.828] or [ITU-T G.8201].

Figure 1 shows the basic concept of optical fibre submarine cable systems and boundaries. Optical submarine repeaters or optical submarine branching units could be included, depending on each system requirement.

In Figure 1, “A” denotes the system interfaces at the terminal station (where the system can be interfaced to terrestrial digital links or to other submarine cable systems), and “B” denotes beach joints or landing points. Numbers in brackets in the figure refer to [ITU-T G.972]. 
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Figure 1 – Example of optical fibre submarine cable systems

7Relationship among Recommendations relevant to optical fibre submarine cable systems

Relationships among the various Recommendations pertaining to optical fibre submarine cable systems are shown in the flow chart presented in Figure 2. Recommendations relevant to optical fibre submarine cable systems can be categorized into three groups. The first group covers general aspects on optical fibre submarine cable systems. This category is composed of [ITU-T G.971], [ITU-T G.972] and [b-ITU-T G.Sup.41]. These documents respectively describe general features, definitions and design guidelines for optical fibre submarine systems. The second group deals with the components or functions used in optical fibre submarine systems. This category is composed of [b-ITU-T G.975], [b-ITU-T G.975.1], [b-ITU-T G.976], [b-ITU-T G.978] and [b-ITU-T G.979]. These documents describe forward error correction, advanced forward error correction, test methods, optical fibre cables and characteristics of monitoring systems relevant to optical fibre submarine systems. The final group describes system requirements. This category contains [ITU-T G.973], [ITU-T G.973.1], [ITU-T G.973.2], [ITU-T G.974] and [ITU-T G.977]. Respectively, these Recommendations consider: the repeaterless, longitudinal compatible repeaterless, single channel interface based repeaterless, regenerative and optically amplified submarine systems.
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Figure 2 – Relationships among Recommendations relevant to optical fibre submarine cable systems



Annex A

Common implementation aspects of optical submarine cable systems for manufacturing, installing and maintenance

(This annex forms an integral part of this Recommendation.)

A.1Introduction

This annex outlines the common aspects of submarine cable systems specified in [ITU-T G.973], [ITU-T G.973.1], [ITU-T G.973.2], [ITU-T G.974] and [ITU-T G.977], such as manufacturing, installation, and maintenance.

The information provided in this annex is intended as a guide to current practice and is not intended as a Recommendation relating to existing or future systems.

A.2Manufacturing

A.2.1    Quality in optical fibre submarine cable systems

The high performance and reliability requirement established for an optical fibre submarine cable system can be fulfilled only if stringent quality procedures are applied during designing, manufacturing and laying of a system. Although quality procedures are particular to each optical fibre submarine cable supplier, the following basic principles generally apply.

A.2.1.1  Qualification of the designs and technologies

This activity – part of the development process – is intended to demonstrate that the performance of technology, a component or an assembly is compatible with meeting the overall system performance requirements and provides reasonable assurance that the reliability target can be met. Qualification includes high-stress testing, intended to estimate the durability of the technology, component or subassembly and to determine the screening procedure. It also includes long-term life testing (some of which might be accelerated, for instance by the temperature), the purpose of which is to confirm the validity of the screening procedure and to evaluate the lifetime and/or the reliability of the technology, component or assembly. Qualification of a cable or submarine equipment may also include sea trials.

A.2.1.2  Certification of components and sub-assemblies

This activity, part of the manufacturing process, is intended to assure the ability of each component or assembly to comply with its performance and reliability specifications, once installed. For submarine equipment, each component is individually certified. The certification is based on the results of screening tests. Its aim is to remove any items or components that may be unsatisfactory, particularly those likely to exhibit early failures.

A.2.1.3  Manufacturing inspection

This activity, during the manufacturing process, is intended to verify that the quality plan is respected, that each operation is accomplished according to the agreed procedure, and that the result is satisfactory.

The responsibility for manufacturing inspection can be shared between the manufacturer and the purchaser of an optical fibre submarine cable system.

A.2.1.4  Factory acceptance tests

After completion of the manufacture of each item (TSE and submerged equipment), functional and performance tests must be carried out in order to release the equipment from the factory.

This activity, conducted in the factory, should comprise all tests necessary to confirm that TSE (including final software) and submerged equipment (repeater and cable sections) are ready for installation or assembly. The tests should demonstrate that the requirements of the technical specification will be met by the segments and the full network once installed or assembled, if no discrepancy occurs during the installation or assembly period.

On completion of factory testing, equipment may be tested during a trial period to check its stability.

A.2.2    Assembly and loading procedure

Link assembly consists of jointing the cable sections, the repeaters and the branching units and checking that the guaranteed margin is present for each fibre in each cable section, so as to constitute the submarine portion. Link assembly is usually performed in the cable factory prior to loading.

Ship loading consists of installing the submarine portion, or fractions of it, on board the cable ship, prior to laying. Ship loading is generally performed with the link unpowered. Tests are made periodically during loading to confirm that the performance of the assembled equipment has not been affected by the loading process.

A.3System installation

A.3.1    Submarine route survey

A route survey is performed prior to cable laying so as to select the cable route and means of cable protection (lightweight protection, armour, burial). The route survey consists of studying the sea depth profile, the sea bottom temperature and seasonal variations, the morphology and nature of the sea bottom, the position of existing cables and pipes, the cable fault history, fishing and mining activities, sea current, seismic activity, laws, etc.

A cable route study should normally be carried out prior to the start of a route survey to determine all environmental, political, economical and practical aspects related to the route. Discussions should be held with local authorities and fishing bodies for this purpose, together with the inspection of landing sites and access points, as necessary.

An assessment of burial feasibility can also be carried out as part of the route survey, either through direct continuous measurement (burial assessment survey (BAS)) or discrete periodic measurement (cone penetrometer testing (CPT)).

A.3.2    Submarine cable installation

Cable laying is normally performed using a recognized cable-ship after any necessary route clearance in shallow water has been carried out (e.g., pre-lay grapnel run (PLGR)).

Laying is normally undertaken only when weather and sea conditions do not create severe risk of damage to the submarine portion, cable ship and laying equipment, or of injury to personnel.

The cable may be buried in the seabed to increase cable protection. Burial can be undertaken during laying by using a sea plough towed by the laying cable ship, or after laying using a self-propelled submersible robot or other means.

During laying, a predetermined cable overlength (slack) is laid, so as to ensure that the cable is properly laid on the sea bottom. The system should be tested during the laying and at the end of laying, to ensure that no significant system degradation has been induced. Laying testing includes transmission and functional tests, and may include tests on redundant subassemblies. To permit testing during cable laying, the link may be powered, provided that safety regulations are respected.

A.3.3    Land cable installation and testing

Land cable tests will be performed after the completion of land cable installation at each site to confirm performances.

In particular, the return earth system shall be tested after its installation.

A.3.4    Terminal station equipment installation and testing

After completion of terminal station equipment installation activities in the cable terminal station, a site acceptance testing programme should be conducted, based on the factory acceptance test programme already performed. Results of both periods should be compared. In the event of an unfavourable comparison between the two sets of results, the cause of the irregularities should be determined.

All equipment units provided as spares shall be tested for correct operation by substitution with working units.

On completion of the suite tests, the equipment shall be subject to a continuous confidence trial period to be defined depending on the equipment type.

Following the site acceptance testing period for each item, interconnection of equipment should be carried out to control their interoperability. A specific integration test plan should then be conducted. The results obtained could be compared with previous results (including technology demonstration). In the event of an unfavourable comparison between the two sets of results, the cause of the irregularities should be determined.

A.4System commissioning

Commissioning testing is performed prior to installing traffic on the system to ensure that the system meets its overall transmission performance contractual requirement, and that all functionalities, with respect to the network management, are operating. When extra margins are available at the beginning of life (BOL), it is recommended that they be assessed in order to track the ageing of the system.

If redundancy is used in the design to meet the reliability performance, redundant components could be used to correct faults occurring during laying or prior to commissioning. However, the aim is to ensure that the number of redundant devices remaining is sufficient to meet, with a high probability, the target for the number of ship repairs.

On completion of the system commissioning period, a continuous transmission segment out-of-service confidence trial should be followed. Carefully controlled procedures should be established to prevent the introduction of errors through human action. Any irregularity, variation alarm or non-routine event observed should be investigated.

A.5Maintenance

A.5.1    Routine maintenance

Routine maintenance is performed from the terminal stations using the supervisory system. It consists of periodic monitoring of the system parameters and, when required, preventive redundancy switching.

A.5.2    Maintenance at sea

Optical fibre submarine cable systems can be subject to faults, due in particular to external aggression and component failure. It is important to define and develop well-established and efficient repair procedures and equipment in order to facilitate repair and limit loss of traffic.

Maintenance at sea is usually performed using dedicated repair cable ships.

A.5.2.1  Fault localization

For systems equipped with optical submarine repeaters, a first localization to within one supervisory section is obtained using the supervisory system.

For the end cable sections, cable fault localization may be achieved from the terminal stations, using adequate electrical measurement (resistance, capacitance, insulation, etc.) and optical reflectometry.

Similarly, cable fault localization may be achieved from the cable ship after cable recovery, using the same methods.

Electroding can be used to locate the cable route.

A.5.2.2  Cable recovery

During cable recovery, it may be necessary, in order to limit the mechanical tension applied to the cable, to cut the cable on the sea bottom prior to recovering both ends separately.

A.5.2.3  Sea repair

Several methods can be used for sea repair, depending on the sea depth:

–Shallow water repair may necessitate additional cable length, but not a repeater. A margin for repair work is generally included in the shallow water optical power budget as the shallow water sections are the most exposed to risk from external aggression, even when precautions have been taken.

–Deep sea repair usually necessitates the addition of a cable length and sometimes a repeater to compensate for the extra attenuation, if the extra attenuation incurred cannot be accommodated, in the available margin generally a very low repair margin is included in the deep water optical power budget, as deep sea repairs do not frequently occur.

When a fault is identified within one supervisory section, the section may be replaced by a mini-system, without further localization. This method may save time, but requires more spare equipment.

Repair safety procedures are applied on board the cable ship and in the terminal station, so as to ensure the safety of the personnel operating on board the cable ship. In particular, power safety procedures involve earthing the cable in the terminal station, on board the cable ship and at the branching unit.


Appendix I

 Data on cable ships and submersible equipments of various countries

(This appendix does not form an integral part of this Recommendation.)

I.1Cable ships

Cable ships are used for laying optical submarine cables and also for repairing optical submarine cables, including repeaters. A cable ship contains a cable tank, a cable engine and an unwinding/winding pulley. The cable tank houses wind optical submarine cable and repeaters. The cable engine controls the unwinding/winding speed so that it synchronizes well with the ship’s speed. Unwinding/winding pulleys are installed at the bow and/or stern of the ship, and are called bow and stern sheaves, respectively. 

The cable ship also carries submersible equipment for underwater work. Generally, a dynamic positioning (DP) system is used, and it maintains the position of the ship at a fixed point automatically, without the use of an anchor.
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I.2Submersible equipments

Various types of submersible equipment are used to support the installation and maintenance of an optical submarine cable system. Typical examples of submersible equipment include a plough and a remotely operated vehicle (ROV).

A plough is towed by a cable ship and is used to lay the optical submarine cable while burying it. 

An ROV is used when a plough is not available. A submersible craft assisting repair and burial (SCARAB) is a type of ROV. ROVs typically enable inspection, repair, and burial.
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