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Abstract: Guidance for the planning, permitting, design, equipment specification, installation,
commissioning, operation, and maintenance of gas-insulated transmission lines is provided in this
project. Only technical aspects are addressed in this guide. Commercial and legal issues associat-
ed with gas-insulated transmission lines are not considered. This guide applies to ac transmission
lines rated for maximum operating voltage of 72.5 kV and higher.

Keywords: gas-insulated bus, gas-insulated cable, gas-insulated line, gas-insulated substation,
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notic-
es and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Asso-
ciation (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus de-
velopment process, approved by the American National Standards Institute (“ANSI”), which brings together
volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards are doc-
uments developed through scientific, academic, and industry-based technical working groups. Volunteers in
IEEE working groups are not necessarily members of the Institute and participate without compensation from
IEEE. While IEEE administers the process and establishes rules to promote fairness in the consensus develop-
ment process, 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.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards doc-
uments are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. 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.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropri-
ate, seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN
ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON ANY STANDARD, EVEN
IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND REGARDLESS OF WHETHER SUCH
DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE should be considered the approved
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of 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 of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice pertain-
ing to IEEE Standards documents. Suggestions for changes in documents should be in the form of a proposed
change of text, together with appropriate supporting comments. Since IEEE standards represent a consensus
of concerned interests, it is important that any responses to comments and questions also receive the concur-
rence of a balance of interests. For this reason, IEEE and the members of its societies and Standards Coordi-
nating Committees are not able to provide an instant response to comments or questions except in those cases
where the matter has previously been addressed. For the same reason, IEEE does not respond to interpretation
requests. Any person who would like to participate in revisions to an IEEE standard is welcome to join the
relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the
provisions of any IEEE Standards document does not imply compliance to any applicable regulatory require-
ments. 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

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted 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 these documents available for use and adop-
tion by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer Ser-
vice, 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.

Updating of IEEE Standards documents

Users of IEEE Standards documents 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, corri-
genda, 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.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten years
old and has not undergone a revision process, 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 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 Xplore at http://iceexplore.icee.org/
or contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

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 by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair discrim-
ination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not re-
sponsible 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 valid-
ity 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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Introduction

This introduction is not part of IEEE Std C37.122.4™-2016, IEEE Guide for Application and User Guide for Gas-
Insulated Transmission Lines, Rated 72.5 kV and Above.

Gas-insulated line (GIL) has been manufactured starting in the early 1970s when the first gas-insulated substa-
tions were introduced. IEEE has not had any standard to address any manufacturing of GIL. To address IEEE
policy that IEEE standards should be harmonized with international standards whenever possible, a study was
conducted by a joint task force of the Substations Committee and the International Electrotechnical Commis-
sion (IEC). This included creating an IEEE Standard that generally aligned with the IEC GIL standards.
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IEEE Guide for Application and User
Guide for Gas-Insulated Transmission
Lines, Rated 72.5 kV and Above

1. Overview

The purpose of this guide is to provide technical assistance for the selection, application, and project manage-
ment for a gas-insulated line (GIL) transmission project from initial planning through decommissioning and
retirement. It is not within the scope of this guide to address contractual or commercial questions related to
GIL projects.

The document includes tables, flowcharts, and other aids that may be of use in a typical GIL project. While not
required, a certain minimum knowledge of GIL is advantageous in order to utilize the benefits of this technol-
ogy. The relevant information for accurate system planning using GIL is also included in this document, along
with operations and maintenance information.

This guide includes equipment with the following specifications or characteristics: rated voltage 72.5 kV and
above, alternating current, single-phase, rigid (solid aluminum) enclosure, installed above ground, in a trench,
directly buried or in tunnel, laid horizontally, vertically, at any angle, and using pure SF, or a mixture of SF,
with nitrogen as the insulating medium.

1.1 Scope

This project will provide guidance for the planning, permitting, design, equipment specification, installation,
commissioning, operation, and maintenance of gas-insulated transmission lines. The guide will address tech-
nical aspects only. Commercial and legal issues associated with gas-insulated transmission lines are not con-
sidered. This guide applies to ac transmission lines rated for maximum operating voltage of 72.5 kV and
higher.

1.2 Purpose

There is currently no complete guide covering planning, design, installation, and operation of gas-insulated
transmission lines. The guide produced by this project will fill this void and become a useful reference for
electric power engineers considering the installation of GIL.

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
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IEEE Std C37.122.4-2016
IEEE Guide for Application and User Guide for Gas-Insulated Transmission Lines, Rated 72.5 kV and Above

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.

ASTM D1933, Standard Specification for Nitrogen Gas as an Electrical Insulating Material.'

CIGRE 218, Gas-Insulated Transmission Line (GIL) (Brochure).’

CIGRE 276, SF, Gas Handling Guide (Brochure).

IEC 60376, Specification of technical grade sulfur hexafluoride (SF6) for use in electrical equipment.’

IEC 60480, Guidelines for the checking and treatment of sulfur hexafluoride (SF) taken from electrical equip-
ment and specification for its re-use.

IEC 62271-204, HV gas-insulated transmission lines for rated voltages of 72,5 kV and above.

IEC 62271-303, High-voltage switchgear and controlgear—Part 303: Use and handling of sulphur hexafluo-
ride (SFy).

IEEE Std 693™ IEEE Recommended Practice of Seismic Design of Substations.**

IEEE Std C37.017™, IEEE Standard for Bushings for High-Voltage [over 1000 V (ac)] Circuit Breakers and
Gas-Insulated Switchgear.

IEEE Std C37.122™ [EEE Standard for Gas-Insulated Substations.

IEEE Std C37.122.6™, IEEE Recommended Practice for the Interface of New Gas-Insulated Equipment in
Existing Gas-Insulated Substations Rated above 52 kV.

3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Online should be consulted for terms not defined in this clause.® Users should reference IEEE Std C37.122™
for most definitions.’

compartment (GIL): A section of the GIL assembly that is enclosed, except for openings necessary for inter-
connection, providing insulating gas isolation from other compartments.

gas zone: A section of the GIL that may consist of one or several gas compartments that have a common gas
monitoring system.

partition (GIL): Part of an assembly separating one compartment from other compartments. It provides gas
isolation and support for the conductor (gas barrier insulator).

support insulators: Composite cast resin material that is used to hold the conductor concentric to the
enclosure.

'ASTM publications are available from the American Society for Testing and Materials (http://www.astm.org/).

*CIGRE publications are available from the Council on Large Electric Systems (http://www.e-cigre.org/).

*[EC publications are available from the International Electrotechnical Commission (http://www.iec.ch/). IEC publications are also
available from the American National Standards Institute (http://www.ansi.org/).

“The IEEE standards or products referred to in this clause are trademarks owned by the Institute of Electrical and Electronics Engineers,
Incorporated.

SIEEE publications are available from the Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).

*JEEE Standards Dictionary Online is available at: http://dictionary.ieee.org.

"Information on references can be found in Clause 2.
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4. Technical details of GIL
4.1 General information

CIGRE 218 provides comprehensive information about GIL (Koch [B35]).* Subclauses 4.2 through 4.12 pro-
vide a short overview of GIL features to familiarize the reader with the characteristics of GIL.

4.2 Description

The technology of GIL is similar to gas-insulated substations (GIS), where a high-voltage conductor support-
ed by insulators is positioned within a grounded enclosure and the remaining space between is filled with a
pressurized gas for electrical insulation. See Figure | for the internals of the GIL. The support insulators are
composed of composite cast resin material. The conductor of each phase is located within an aluminum enclo-
sure. Sliding contacts provide compensation for thermal expansion of the conductor. The enclosure expansion
(i.e., in tunnel or trench installations) is compensated for by bellows assemblies. The GIL is divided along its
length into separate gas compartments. GIL dimensions are determined by the dielectric, thermal, and me-
chanical design requirements. Conductor and enclosure diameters and thicknesses, and gas composition and
pressure, may be varied according to the application to provide an optimum solution. In typical standard ap-
plications, dielectric considerations will determine the enclosure dimensions. For high current rated circuits,
thermal considerations may require larger dimensions to maintain temperatures within acceptable limits.

4.3 Typical installations

Enclosure
Inner conductor
Conical insulator
Support insulator

a Male sliding contact

b Female sliding contact

Aaash wWN =

Figure 1—General design of GIL

The GIL installation is generally defined by the transmission system or application requirements. The GIL is
usually installed using different methods: in a tunnel, duct, or trench: on steel structures above ground or di-
rectly buried in the ground.

The aboveground installation is most commonly found in electrical switchyards, installed on steel structures
above ground and/or in concrete trenches or walls. In a switchyard application, the GIL connects the GIS with
other remote equipment like transformers, overhead lines, or other sections of an existing substation. This

8The numbers in brackets correspond to those of the bibliography in Annex E.
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application is also the most economical because minimal excavation is required for the structural supports.
An aboveground installation can also be provided in public access areas; however, physical security should be
considered, including fences, climbing deterrents, and gas density monitor covers, etc.

Directly buried installations are used inside or outside substations where the GIL is used to connect remote
equipment or switchyards. In this case, the GIS is typically covered with a minimum of 1 m of soil and provid-
ed with cathodic (corrosion) protection. The cathodic protection that can be used is either a traditional system
or a coating that is applied to the enclosure. If a concealed installation is required for either security or aesthet-
ic purposes, a buried installation should also be considered. In any case, the GIL route should be carefully in-
vestigated for interferences above and below grade. Buried installation may also require a larger trench width
“footprint” because the phases are usually arranged in a flat configuration.

A tunnel is widely used for underground installations in cities or other areas with limited space and obstacles
along the route. These tunnels are either drilled very deeply, typically 20 m to 40 m below the surface, or close
to the surface built using an open trench, and then backfilling to create a tunnel. A tunnel of 3 m in diameter
is sufficient for incorporating a two-circuit GIL system. GIL tunnel installation is often found in conjunction
with hydroelectric or pump storage power plants where the electric power generation is in a mountain cavern
and the GIL is used to transmit the electrical energy to the transmission grid at the surface.

Examples of typical GIL installations are shown in Annex A.

4.4 GIL application information

GIL has multiple features that may help the application engineer address specific problems, which include the
following:

a)  Overall transmission losses are low compared to overhead lines, because of large conductor cross
sections.

b)  There are no significant dielectric losses.

c¢) Ratings of 2000 MVA and more at 550 kV are available with directly buried GIL without auxiliary
cooling.

d) Significantly greater than 2000 MVA are available for outdoor installations in air (dependent chiefly
on ambient temperature).

e) GIL capacitance is several times greater than the capacitance of an equivalent overhead line but sever-
al times less than the capacitance of a cross-linked polyethylene (XLPE) cable.

f)  The high-voltage components of GIL are not exposed to environmental conditions like snow, ice,
wind, pollution, or contamination.

g)  GIL lacks any significant aging phenomena, as reported by CIGRE on gas-insulated equipment (Koch
[B35], CIGRE Brochure 150 [B19]).

h)  Lengths of lines, in the range of 60 km to 80 km, are possible without reactive compensation.

i) Greater flexibility in routing the line, as any angle is possible.
Some of the environmental features include the following:

—  Less visual impact than overhead lines
— Low external electromagnetic field levels

— No increased risk of fire as the enclosure, conductor, and insulation materials are made of materials
that do not readily burn
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— High degree of gas tightness, especially in welded design, some economic considerations include:
» Lower transmission losses over the life of the GIL installation compared to overhead lines

* Higher availability due to minimal maintenance and established reliability

Pure SF; is used in switching elements of GIS and high-voltage circuit breakers mainly because of'its excellent
arc-quenching characteristics. To meet only electrical insulation requirements (non-switching), a gas mixture
of 80% to 90% of nitrogen (N,) and 10% to 20% (by volume) of SF, is adequate. This reduces the amount of
SF, required.

Annex B provides a detailed comparison between overhead line (OHL), cable, and GIL.

4.5 Influence of GIL on the transmission network

Due to the special characteristics of GIL, the following influences on the transmission network might occur.
The individual influences must be determined using network studies (see D.2 and D.5 in Annex D).

— Due to its lower inductance, the GIL will tend to carry a greater share of the transmitted power when
connected parallel to existing OHL or cables.

— A requirement for line compensation should be studied. However, for very long GIL (greater than
60 km to 80 km), reactive compensation may be needed, depending on the inductive power already
available in the network. See CIGRE Brochure 351 [B20] for further explanation.

— The high transmission capability of GIL (2000 MVA per system) may provide the same capacity in a
direct buried installation as that of an overhead line circuit.

— The GIL/overhead line hybrid system allows auto-reclosure as the probability that the fault is in the
GIL section is very low. If the fault is in the GIL portion, the additional damage resulting from the re-
closure will not normally cause damage beyond the faulted section of GIL, or result in loss of gas. This
allows the system to operate without major changes in operation and protection schemes.

4.6 Temperature design criteria

IEEE Std C37.122 should be followed with regard to the temperature limits, with the following additions:

— For tunnel installation, the maximum enclosure temperature should not exceed 70 °C.
— For outdoor (open air) installations, the maximum enclosure temperature should not exceed 80 °C.

— For direct buried installations, the maximum enclosure temperature should be limited to avoid soil
drying, typically between 50 °C and 60 °C.

4.7 Seismic aspects

Seismic analysis should be performed as stated in IEEE Std 693™.

The seismic behavior of GIL is similar to pipelines. Welded tubes are very flexible and usually withstand
earthquakes without any damage, as long as there is no significant settlement or gap in the ground. Special
attention has to be paid to external elements that the GIL may pass through that modify the support character-
istics of the GIL (e.g., crossing bridge abutments or expansion joints and building entries) as well as special
laying areas with poor soil stability (e.g., sands and shale formations).
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