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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained
in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,
or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for revi-
sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to conclude
that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned to check
to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to interpretation requests
except in those cases where the matter has previously received formal consideration.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Note: Attention is called to the possibility that implementation of this standard may require use of subject mat-
ter covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying patents
for which a license may be required by an IEEE standard or for conducting inquiries into the legal validity or
scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; (978) 750-8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

Thisintroduction isnot part of | EEE P1120-2004, |EEE Guidefor the Planning, Design, Installation, and Repair
of Submarine Power Cable Systems.

This guide has been prepared in the form of alist with brief explanations after each item. Thislist represents
the more important aspects to consider when working on a submarine cable project. As such, this guide
should be particularly helpful to the engineer who is occasionally presented with the challenge of working
on a submarine cable project.

This approach is used because a comprehensive coverage of the wide variety of subjects involved in a
submarine cable project would fill many volumes. Once this list has been used to evaluate a particular
project, detailed information can be obtained by searching technical literature and by interviewing expertsin
thefield.

This version of this guide addresses many more topics than the previous version. It aso provides brief
explanations of these topics to illustrate their relevance.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:/
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errataperiodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieeel/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which alicense may be required to implement an IEEE standard or for
conducting inquiriesinto the legal validity or scope of those patents that are brought to its attention.
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IEEE Guide for the Planning, Design, Installation,
and Repair of Submarine Power Cable Systems

1. Overview

1.1 Scope

This guide provides a list of factors to consider when planning, designing, permitting, installing,
commissioning, and repairing submarine power cable systems. While many factors are common to both
power and communication cables, this guide focuses on power cables that cross seas, lakes, and rivers.

1.2 Purpose

The purpose of this guide is to assist engineers in developing knowledge and to assure that important items
are not overlooked when dealing with submarine cable systems.

1.3 Preface

Submarine cables are installed in unique environments using specialized installation techniques. Some
uncommon characteristics that may be encountered include:

A variety of environmental conditions, including the transitions between water and land
Challenges in gathering geophysical information

High installation and retrieval stresses on the cable

A potentially hostile marine environment during construction and repair

Human activities that do not normally threaten land cables

Even with these constraints, submarine cables have successfully served the industry since the 1890s. They
sometimes offer a means of delivering energy and communications in a direct route that may provide
superior system benefits and higher reliability, and sometimes they cost less than other alternatives.
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This guide is broken into a number of clauses that roughly follow the milestones that a submarine cable
project goes through. The milestones are commonly not sequential; for example, information will have to
be gathered so the route can be evaluated, but one must have chosen a prospective route before a survey
can be done.

2. Route selection
A number of factors must be considered when evaluating potential cable routes. Most of these factors

influence the cost, constructability, reliability, and reparability of the proposed cable system, and they
should be weighed along with the electrical benefits to the power system.

2.1 Natural marine conditions

Below is a list of naturally occurring marine conditions that may influence the evaluation of a prospective
submarine cable route. Some of these conditions may vary considerably along the cable route, so an
observation at one location may not represent the entire route.

2.1.1 Water depth

As the depth increases, cable-laying tensions will increase, which may influence the design of the cable and
the installation method. Route surveys may also be more difficult.

2.1.2 Rock and pinnacles

Laying a cable over a sharp object may kink the cable. Where the cable is suspended between two points on
the sea bottom, it may fatigue due to strumming (vortex-shedding vibration) induced by water currents.
Where cable touches down, it may abrade on the bottom, especially if the bottom is hard.

2.1.3 Tidal, current, or surf action

Currents may carry silt or gravel that may abrade the cable. Strong tidal currents may wash the cable back
and forth across the bottom, thus damaging it.

2.1.4 Shifting bottoms/scour

The soil under the cable may wash out, leaving the cable suspended and under high tension. Alternatively,
the cable may become deeply buried (which will affect its ampacity and its ability to be retrieved).

2.1.5 Soil structural stability

The soil composition and consistency affect the stability of the walls of cable trenches. The presence of
large boulders, rock outcroppings, and reefs can impede the trenching, plowing, and jetting operations.

2.1.6 Marine slope stability
Underwater landslides can damage a cable system.
2.1.7 Icebergs and pack ice

Icebergs being moved by the wind, river current, or tidal current can scour away soil and damage cables.
Icebergs moving ashore can pound on cables in the subtidal and tidal zone.
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2.1.8 Soil thermal properties

Soil thermal properties influence the cable design in terms of conductor size and operating temperature.
Sediments with high amounts of organic material, oil contamination, or volcanic ash typically have high
thermal resistivity. When cables are buried in soft mud by jetting, the sediment composition and its thermal
properties may be altered.

2.1.9 Chemical attack/corrosion
Corrosive properties of some soils, or from gas emanation, may affect the cable design.
2.1.10 Sub-bottom material

The material below the surface may be entirely different than the surface material. Rock outcrops may lie
just below the surface.

2.1.11 Very soft soils

If the bottom is very soft, the cables may continue to sink into the bottom after they are laid, causing them
to be overstressed due to catenary tension. Excessive cable sinking also increases its external thermal
resistance, and hence the operating conductor temperature.

2.1.12 Marine borers
Some marine organisms may burrow into the cable.
2.1.13 Storm action

Wave action from storms may result in beach erosion or filling.

2.2 Man-made obstacles

It is common to encounter manmade obstacles in the proposed submarine cable corridor, which may
include:

— Other power, communication, submarine cables and petroleum pipelines. Joint installation
projects, or integrating power and communications into the same cable, may reduce hazards.

— Pipelines, including sewer, water, and gas lines
— Effluent outfalls
— Sunken ships and debris, especially near docks and bridges

— Piers, docks, boat ramps, roadways, foundations, buildings, etc. These may be abandoned and not
visible from the surface of the water.

— Disposal areas, either from dredging or dumping of refuse
— Restricted areas (for example, Naval training or testing areas)

— Future construction
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2.3 Hazardous human activities

The most common cause of cable failure is mechanical damage by human activity. The damage may be
caused by:

— Dragging anchors and tug boat lines
— Beached marine equipment

— Dock and bridge maintenance

— Dredging

— Dumped debris

— Fishing activity

— Shellfish harvesting

— Aquatic farming

— Pile driving

— Horizontal directional drilling

— Other cable or pipe laying operations
— Maintenance work on adjacent cables or pipelines

— Contamination of the seabed with chemicals, toxins, and heavy metals

2.4 Marine access

A number of factors may influence the desirability of certain routes, including:

— If the water is shallow for a long distance from shore, some marine craft and installation
techniques may not be able to be used

— The distances the marine surveying vessels must travel

— The distance installation vessels must travel from dockage, the cable transfer port, and support
facilities

— The distance to safe harbors for marine vessels for protection from inclement weather

— The size and length of the submarine cable, and the width of the cable corridor

2.5 Beach conditions

2.5.1 Slope and stability

Steep slopes may make the land portion of the route difficult to construct or unstable.
2.5.2 Beach composition

Poor digging conditions may make it difficult to lay the cable in the beach. Concrete cable chases, cast iron
cable protectors, or other forms of protection may be required.
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2.5.3 Access by land

It is beneficial to have access to beaches by shore-end marine installation equipment. It is desirable for the
cable route from the water to the termination to allow for the cables to be installed and for the simultaneous
passage of equipment and traffic.

2.6 Termination sites

The termination site may be as simple as a terminal pole, or a splice to a land cable, or as complex as a
cable termination station that includes system protection, metering, transformation, and shunt reactors. The
following is a brief list of factors to consider. See 6 for termination station design considerations.

— Access to beach landing of cable

— Equipment and water access to the termination site

— Proximity to power lines on land

— Access to station service power

— Proximity to communications lines or microwave tower sites
— Extent of site preparation

— Room for laydown area, site office, and temporary power
— Aesthetics/screening/landscaping

— Land use zoning

— Cost of land or right-of-way acquisition

— Future development
2.6.1 Elevation differences between terminations stations

When a fluid-filled cable system is used, it is desirable for the two termination stations to be at
approximately the same elevation unless the fluid pressurizing will be done from one end only.

2.7 Installation considerations
2.7.1 Installation technique and environmental impacts

Alternative routes may go through various natural environments and different installation techniques may
be required to install the cable in each environment. See 3 and 7 for more information.

2.7.2 Public access

Access to beaches, waterways, and boat ramps may be impacted by the installation operation.
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2.7.3 Navigation

The cable-laying vessel may temporarily inhibit the free passage of marine traffic. This may require
coordination with marine authorities, including local vessel traffic control, the Coast Guard, and the Navy.

2.7.4 Historical/archaeological significance

The preservation of historical or archeological sites may be required. Surveying or sifting through
excavated material may be required to identify if archeological artifacts are present.

2.8 System integration

The submarine cable must be integrated into the existing systems on each side of the water. Some routes
may provide more overall system benefit than others.

2.9 Length

In general, longer crossings are more expensive than shorter ones. An exception may occur if two route
alternatives require different types of cable construction or installation techniques.

2.10 Width

The cable corridor width may vary with alternative cable system designs. For example, a single, three-
conductor cable requires less right-of-way width than a system that uses four single-conductor cables (one
cable being a spare). See 5 for more information.

2.11 Operating rights and permitting

Operating rights, including easements and leases, may be easier to acquire or less costly for certain routes.

2.12 Monitoring and environmental mitigation

Some routes may go through environmentally sensitive areas that will have to be monitored before and
after the cable installation, and any damage may have to be repaired.

3. Permitting and environmental impacts

The route, installation method, termination station siting, and timing of the installation may all be
influenced by the potential environmental impacts. Each route may have unique environmental aspects.
Permitting agencies may require monitoring, mitigation, or compensation for any damage. In most
countries, permitting agencies are located at the federal, state, and local levels. Aboriginal groups may also
have jurisdiction. Some considerations are outlined in the following paragraphs.
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