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Abstract: The performance, test requirements, procedures, and acceptance criteria for a
transmission line overhead ground wire (a.k.a. shield wire, static wire, earth wire, skywire) with
optical fibers commonly known as optical ground wire (OPGW) are covered. Functional
requirements, such as electrical, mechanical, optical fiber, environmental, and packaging, and
test requirements related to design, installation, in-service, and maintenance, including routine
tests, are covered.

Keywords: fiber optic ground wire, laboratory tests, OPGW, optical ground wire, type tests
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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
development 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 without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy
of any of the information or the soundness of any judgments contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, 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 revision or reaffirmation, or every ten years for stabilization. When a document is more than five
years old and has not been reaffirmed, or more than ten years old and has not been stabilized, 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 his or
her independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, seek the
advice of a competent professional in determining the appropriateness of a given IEEE standard.

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.
A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the official position of IEEE or any of its committees and shall not be considered to be, nor be
relied upon as, a formal interpretation of the IEEE. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE standards shall make it clear that his or her views should be considered the
personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

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. Recommendations to change the status of a stabilized standard should include a
rationale as to why a revision or withdrawal is required. Comments and recommendations on standards, and requests
for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA
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; +1 978 750 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

This introduction is not part of IEEE Std 1138-2009, IEEE Standard for Testing and Performance for Optical Ground
Wire (OPGW) for Use on Electric Utility Power Lines.

IEEE Std 1138-1994 [B39] for optical ground wire (OPGW) was first published in 1994 and since then has
been used worldwide to purchase and specify the performance of OPGW cables.” The original purpose of
the standard was to fill a need for standardization of terminology, performance, and test requirements for
OPGW cables. The original title was: IEEE Standard Construction of Composite Fiber Optic Overhead
Ground Wire (OPGW) for Use on Electric Utility Power Lines. Over the years, the document has been used
primarily as a test standard. To better reflect how the standard is presently used, the title has been changed
to: IEEE Standard for Testing and Performance for Optical Ground Wire (OPGW) for Use on Electric
Utility Power Lines.

This revised standard documents the collective experience gained by the industry since the original
publication. Changes have been made in the following areas:

a)  Organization of contents

b)  Functional requirements

c) Test requirements

d) Installation recommendations
e) Hardware

f)  Packaging requirements

g) Updating of all references and annexes
Representatives of the following IEEE subcommittees have reviewed this document:

—  Fiber Optics Subcommittee—Power Systems Communications Committee, PES
—  Towers, Poles, and Conductors Subcommittee—Transmission and Distribution Committee, PES
— ESMOL Subcommittee—Transmission and Distribution Committee, PES

— Lightning and Insulator Subcommittee—Transmission and Distribution Committee, PES

# The numbers in brackets correspond to those of the bibliography in Annex A.
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Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA web site at http://standards.ieee.org.

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 errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/icee/interp/
index.html.
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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 is not responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity
or scope of Patents Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable
or non-discriminatory. Users of this standard are expressly advised that determination of the validity of any
patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further
information may be obtained from the IEEE Standards Association.
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IEEE Standard Construction—of
~ » Eil Dot
e for Testing and
Performance for Optical Ground
Wire (OPGW) for Use on Electric
Utility Power Lines

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection in_all circumstances. Implementers of the standard are responsible for
determining appropriate safety, security, environmental, and health practices or regulatory

requirements.

This IEEE document is made available for use subject to important notices and legal
disclaimers. These notices and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notice” or “Important Notices and Disclaimers

Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers.html.

1. Overview
1.1 Scope

This standard covers the performance, test requirements, procedures, and acceptance criteria for a
transmission line overhead ground wire (a.k.a. shield wire, static wire, earth wire, skywire) with
optical fibers commonly known as optical ground wire (OPGW). An OPGW cable has the dual
performance functions of a ground wire with telecommunications capabilities.

This standard includes functional requirements, such as electrical, mechanical, optical fiber,
environmental and packaging, and test requirements related to design, installation, in-service, and

maintenance, including routine tests.

This standard is not intended to supersede any established safety rules, codes, regulations, or
practices associated with the use of OPGW cables. It is the responsibility of the user of this standard
to_establish appropriate safety and health practices and to determine the applicability of regulatory
limitations prior to use.
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1.2 Purpose

This standard covers the construction, mechanical and electrical performance, acceptance criteria,
and test requirements for overhead ground wire (OPGW) designed to be located primarily on
overhead power utility facilities. The standard provides performance and testing requirements that
insure within the guidelines of this standard that the mechanical and electrical capabilities of the
cable and cable components properly maintain mechanical integrity, optical fiber integrity, and
optical transmission.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,
they must be understood and used, so each referenced document is cited in text and its relationship
to this document is explained). For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments or corrigenda)

applies.
standards:

ANSI/AA 53, 1981, Packaging Standards for Aluminum Conductor and ACSR."

ASTM B 230/B 230M, Standard Specification for Aluminum 1350-H19 Wire for Electrical
Pugposes.2

NSHEIA 359-A-1984- Standard Colors for Identificat i Codine

ASTM B 398/B 398M, Standard Specification for Aluminum-Alloy 6201-T81 Wire for Electrical
Purposes.

ASTM B 415, Standard Specification for Hard-Drawn Aluminum clad Steel Wire.

ASTM B 498, Standard Specification for Zinc-Coated (Galvanized) Steel Core Wire for Aluminum
IEC 61232, Aluminum-Clad Steel Wires for Electrical Purposes.

IEC 61395, Overhead Electrical Conductors—Creep Test Procedures for Stranded Conductors.
TIA/EIA-455-3, FOTP-3A, Procedures to Measure Temperature Cycling Effects on Optical Fibers,
Optical Cable, and Other Passive Fiber Optic Components.’

TIA/EIA-455-81-B, FOTP-81A, Compound Flow (Drip) Test for Filled Fiber Optic Cable.

IEEE Std 524™ IEEE Guide to the Installation of Overhead Transmission Line Conductors
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3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards
Dictionary: Glossary of Terms & Definitions should be referenced for terms not defined in this
clause.®

hardware: Attachments or fittings that are in direct contact with the cable.

maximum design load (MDL): The maximum design load the cable is expected to experience in
service under meteorological loading conditions (e.g., wind, ice loads, temperature). The MDL is

used in determining the maximum rated design tension.

maximum rated design tension (MRDT): The maximum tension rating of the cable so it will
function over its lifetime without reducing the performance of the optical fibers. This tension rating
will be determined by the cable manufacturer. MRDT may be expressed in terms of tension or as a
percentage of rated tensile strength (RTS). MRDT may also be known as maximum rated cable

load (MRCL).

optical ground wire (OPGW): OPGW cable has the dual performance functions of a ground wire
with telecommunications capabilities.

optical time delay reflectometer (OTDR): Used to determine the degree and location of
attenuation in optical fibers by transmitting a light source and measuring time of flight and strength

of reflected optical signal.

rated tensile strength (RTS): The calculated tensile load that the cable shall withstand without
mechanical failure.

sagging tension (SAT): The initial tension at which the cable is pulled during the sagging portion

of the installation process. This tension is used to achieve the appropriate sag relative to other

conductors and the ground.
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stringing tension (STT): The tension used to pull the cable through sheaves during the stringing
portion of the installation process. This is never greater than the sagging tension. Also known as

installation or pulling tension.

s IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ
08854,

USA (http://standards.ieee.org/).

¢ The TEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics
Engineers,

Incorporated.
7 TIA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood. Colorado 80112,

USA
(http://global.ihs.com/).
8 The IEEE Standards Dictionary.: Glossary of Terms & Definitions is available at http://shop.ieee.org/.

system (OPGW system): The cable and hardware working together.

NOTE—The cable and hardware described in this standard function as an integrated unit.o

4. Description of OPGW cable and components

The composite fiber optic overhead ground wire shall be made up of buffered flexible glass optical
telecommunications fibers contained in a protective central fiber optic unit surrounded by
concentriclay stranded metallic wires in single or multiple layers. The dual purpose of the composite
cable is to provide the electrical and physical characteristics of conventional overhead ground wire
while providing the optical transmission properties of optical fiber.
There are multiple acceptable designs of OPGW. Typically, they consist of one or more layers of
metallic wires stranded about a cable core comprised of components such as tubes, wires and/or
slotted rods, and optical fibers in optical fiber units.

Stranded metallic wires

aa. . . .

b

a) The composition and stranding of the metallic wires shall be in accordance with the appropriate
industry standard for metallic wires and cabling such as those referenced in Clause 2. For
consistency and operability with existing materials and methods used in power transmission lines,
the stranded metal wires shall, where applicable, meet the appropriate wire and cabling standards
as they will apply to conventional ground wire.

b) At the supplier’s option, the rated tensile strength (RTS) may include the strength of the
optical unit. In this case, the supplier shall notify the customer if the fiber optic unit is considered a

load- bearing tension member when determining the total RTS of the composite conductor.

¢) The finished galvanized or aluminum-clad steel wires shall contain no joints or splices unless

otherwise agreed upon between the supplier and the purchaser.
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4.2 Design of fiber optic unit

The fiber optic unit shall be designed to house and protect the optical fibers from damage due
to forces such as crushing, bending, twisting, tensile stress, and moisture. The fiber optic unit and
the outer stranded metallic conductors shall serve together as an integral unit to protect the optical
fibers from degradation due to vibration and galloping, wind and ice loadings, wide temperature
variations, lightning and fault current, as well as environmental effects that may produce hydrogen.
The fiber optic unit may include an aluminum tube, channeled aluminum rod, stainless steel tubing
or aluminum-coated stainless steel tubing; but is not limited to these designs.

4.2.1 Metallic tube

The fiber optic unit may include a tube such as stainless steel or aluminum to house the fibers.
The tube may be fabricated as a seamless tube, seam welded, or a tube without a welded seam.The
fiber optic unit may include a stainless steel tube with an aluminum protective coating to house the
fibers. The coating shall completely cover the tubes leaving no exposed areas of tubing that can
make electrical contact either directly or indirectly through moisture, contamination, protrusions,
etc., with the surrounding stranded wires described in 4.1.

° Notes in text. tables. and figures of a standard are given for information only and do not contain requirements needed to
implement this stand

4.2.2 Grooved rod or spacer

A grooved rod or spacer may be fabricated with one or more grooves and formed into a helix to
house the optical fibers. The fibers may be contained inside a tube placed in the groove(s). An outer
protective shield may be applied around the rod or spacer such as a tube or a helically applied
overlapping tape to provide an additional mechanical and environmental barrier.

4.2.3 Filling compound

If required, the interstices of the fiber optic unit shall be filled with a suitable compound to prohibit
any moisture ingress from outside or any water migration along the fiber optic unit. The filling
compound used shall be compatible with all the components with which it may come in contact.

4.2.4 Structural members of fiber optic unit

Structural member(s) may be used to limit the stress on the fiber inside the central fiber optical
unit._These structural member(s) shall be made of non-conductive dielectric materials that do not
pose an electrical hazard to the fiber optic splicing or terminations processes.

4.3 Optical fiber

The core and the cladding shall consist of all glass that is predominantly silica (SiO2). The
coating is usually made from one or more synthetic materials, such as plastic or acrylate, or
compositions and shall be provided to protect the fiber during manufacture, handling, and
operation. The optical fiber shall be in accordance with the appropriate industry standard such as
those referenced in Clause 2.
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4.4 Buffer construction

A buffer for protection from physical damage during fabrication, installation, and
performance of the OPGW_cable may surround the individually coated optical fiber(s). Loose
buffer or tight buffer constructions are two types of protection that may be used to isolate the fibers.
The fiber coating and buffer shall be strippable for splicing and termination.

4.4.1 Loose buffer

Loose buffer construction shall consist of a tube that surrounds each fiber or fiber group such that
the inner diameter of the tube is greater than the outside diameter of the fiber or fiber group. The
interstices inside and outside the tube may be filled with a water-blocking compound.

4.4.2 Tight buffer

Tight buffer construction shall consist of a suitable material that comes in contact with the coated
fiber.

4.4.3 Color coding

The fiber coloring shall be in accordance with an appropriate industry standard for fiber color as
referenced in Clause 2. In cases where the number of fibers per unit exceeds the number of fibers
per unit provided in the applicable standard, the supplier shall implement other means for
identifying fibers in the same unit. In case of multiple fiber units, these units shall be also uniquely

identified.

4.4.4 Color performance

The original eelor—eceding—system——shall-be—identification of fibers and units shall remain
discernible throughout the design life of the cable when cleaned and prepared per manufacture’s
recommendations.

5.1 Electrical
5.1.1 Fault current performance

An OPGW cable shall be designed so that fault currents due to short circuits do not damage the
integrity or impair the functionality of any component of the cable and its optical, electrical, and
mechanical performance. Fault current is that which enters the OPGW as a result of a line-to-tower
short circuit. The end user will provide (1) a description of short-circuit fault current adequate for
establishing the required I’t requirement of the OPGW, or (2) I’t as specified by the end user.

5.1.2 Lightning performance

An OPGW cable shall be designed so that lightning arcs striking the cable do not impair the
long term functionality of any component of the cable and its optical, electrical, and mechanical
performance.
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