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Abstract: This guide documents accepted protection practices for transmission-to-generation
interconnections. It is intended to cover the protection system applications at the interconnections
between transmission systems and generation facilities greater than 10 MVA. This guide does not
cover distributed energy resources.
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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 notices
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
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a consensus
development 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 documents 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 development 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
documents 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 appropriate,
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:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, 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
pertaining 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 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 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
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

IEEE draft and approved standards are copyrighted by IEEE under US 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 adoption
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
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.

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,
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.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 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
discrimination 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
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.

Documents

5 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniveRRYSENR:2048 JrFEnANNSIS 5869kvek1:56 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.246-2017


http://ieeexplore.ieee.org/
http://standards.ieee.org
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/about/sasb/patcom/patents.html
http://www.avadocuments.com/doc/ieee-c37-246-2017
http://www.avadocuments.com/doc/ieee-c37-246-2017

Participants

At the time this guide was completed, the C18 Working Group had the following membership:

Abu Bapary
Jeffrey Barsch
Randall Cunico
Will English
Dominick Fontana
Dale Fredrickson
Nathan Gulezynski
Mike Jensen
Gerald Johnson
(corresponding)

Alla Deronja, Chair
Keith Houser, Vice Chair

Yuan Liao
Heather Malson
Rene Midence
(corresponding)
Dean Miller

John Miller

Adi Mulawarman
(corresponding)
Mukesh Nagpal

James O’Brien
Mahendra Patel
Manish Patel
Neftaly Torres
(corresponding)
Ian Tualla

Joe Uchiyama
Joseph Valenzuela
Solveig Ward
Richard Young

The following members of the individual balloting committee voted on this guide. Balloters may have voted

for approval, disapproval, or abstention.

Ali Al Awazi
Radoslav Barac
Thomas Barnes
Jeffrey Barsch
Michael Basler
Philip Beaumont
Martin Best
Wallace Binder
Thomas Blair
William Bloethe
Brian Boysen
Clarence Bradley
Jeffrey Brogdon
Demetrio Bucaneg
William Bush
William Byrd

Paul Cardinal
Randall Crellin
Randall Cunico
Jonathan Deverick
Kevin Donahoe
Gary Donner
Michael Dood
Ahmed EI Sherbieny
Dominick Fontana
Dale Fredrickson
Jean-Sebastien Gagnon
Jalal Gohari
Stephen Grier

Randall Groves
Nathan Gulczynski
Roger Hedding
Werner Hoelzl
Robert Hoerauf
Gerald Johnson
Peter Kelly

Yuri Khersonsky
James Kinney
Gary Kobet

Boris Kogan

Jim Kulchisky
Mikhail Lagoda
Chung-Yiu Lam
Raluca Lascu
Lawrenc Long
Don Lukach
Bruce Mackie
Heather Malson
Omar Mazzoni
Walter McCannon
Dean Miller
Daleep Mohla

Joe Mooney
Brian Mugalian
Adi Mulawarman
Jerry Murphy

R. Murphy

Bruce Muschlitz
Anthony Napikoski

6

Michael Newman
James O’Brien
Lorraine Padden
Subhash Patel
Christopher Petrola
Robert Pettigrew
Charles Rogers
Steven Sano
Thomas Schossig
Robert Seitz
Hyeong Sim

Philip Spotts
Wayne Stec

Gary Stoedter
Michael Thompson
Wayne Timm
Demetrios Tziouvaras
James Van De Ligt
Tou Vang

John Vergis
Quintin Verzosa
Christopher Walker
John Wang

Karl Weber
Kenneth White
Roger Whittaker
Philip Winston
Richard Young

Jian Yu

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua UniveRRYSENR:2048 JrFEnANNSIS 5869kvek1:56 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.246-2017


http://www.avadocuments.com/doc/ieee-c37-246-2017
http://www.avadocuments.com/doc/ieee-c37-246-2017

When the IEEE-SA Standards Board approved this guide on 28 September 2017, it had the following

membership:

Chuck Adams
Masayuki Ariyoshi
Ted Burse

Stephen Dukes
Doug Edwards

J. Travis Griffith
Michael Janezic

*Member Emeritus

Jean-Phillipe Faure, Chair

Gary Hoffman, Vice Chair

John D. Kulick, Past Chair
Konstantinos Karachalios, Secretary

Thomas Koshy
Joseph L. Koepfinger*
Kevin Lu

Daleep Mohla

Damir Novosel
Ronald C. Petersen
Annette D. Reilly

7

Robby Robson
Dorothy Stanley
Adrian Stephens
Mehmet Ulema
Phil Wennblom
Howard Wolfman
Yu Yuan

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua UniveRRYSENR:2048 JrFEnANNSIS 5869kvek1:56 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.246-2017


http://www.avadocuments.com/doc/ieee-c37-246-2017
http://www.avadocuments.com/doc/ieee-c37-246-2017

Introduction

This introduction is not part of IEEE Std C37.246-2017, IEEE Guide for Protection Systems of Transmission-to-
Generation Interconnections.

This guide presents protection considerations for interconnections between transmission systems and
generation facilities.

While some electric utilities have system protection requirements for interconnecting generation to their
transmission systems, there had never been an industrywide document that incorporated commonalities
between these requirements to drive application consistency. Industry deregulation, resulting in separate
ownership of transmission and generation facilities, also contributed to the need for such a document. This
guide should be especially beneficial for independent power producers and consulting engineers, who often
design these interconnections, by providing instruction based on industry-recognized guidelines rather than
on individual requirements of various utilities.
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IEEE Guide for Protection Systems
of Transmission-to-Generation
Interconnections

1. Overview
1.1 Scope

This guide documents accepted protection practices for rgeneration interconnections. It is intended to cover
the protection system applications at the interconnections between transmission systems and generation
facilities greater than 10 MVA. This guide does not cover distributed energy resources.

1.2 Purpose

This guide provides guidance to those who are responsible for the protection of electrical interconnections
between transmission systems and generation facilities greater than 10 MVA. It is not intended to supplant
specific transmission or generator owner practices, procedures, requirements, or any contractual agreement
between the transmission and generator owners.

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.

IEEE Std C37.2™, IEEE Standard for Electrical Power System Device Functional Numbers, Acronyms, and
Contact Designations.'?

IEEE Std C37.90™, IEEE Standard for Relays and Relay Systems Associated with Electric Power Apparatus.
IEEE Std C37.102™, IEEE Guide for AC Generator Protection.

IEEE Std C37.113™, IEEE Guide for Protective Relay Applications to Transmission Lines.

'TEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).
*The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
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IEEE Std C37.246-2017
IEEE Guide for Protection Systems of Transmission-to-Generation Interconnections

3. Definitions, acronyms, and abbreviations
3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The /EEE Standards Dictionary
Online should be consulted for terms not defined in this clause.’

conventional power plant: A power plant utilizing one or more synchronous generators.
generation facility: A facility that produces electric energy.

generation facility relays: The protection systems used to separate a generation facility from a transmission
system for faults in the generation facility and in the transmission system.

generator owner: An entity that owns or leases, with rights equivalent to ownership, a generation facility.
interconnection: The facilities that connect a transmission system to a generation facility.

point of interconnection: A switching substation where a generation facility is electrically connected to a
transmission system.

tapped connection: An interconnection where a generation facility is directly connected to a transmission
line.

tapped generation: A generation facility that is directly connected to a transmission line.
tie line: A transmission line dedicated to connecting a generation facility to a transmission system.

transmission owner: An entity that owns or leases, with rights equivalent to ownership, an electric
transmission system.

transmission system: A high-voltage electric power system for delivering power, usually over long distance.

transmission system relays: The protection systems used to isolate faulted components of a transmission
system for faults in the transmission system.

3.2 Acronyms and abbreviations

CT current transformer

DTT direct transfer trip

GSU generator step-up transformer
PV photovoltaic

SSR subsynchronous resonance
VT voltage transformer

WTG wind turbine generator

*[EEE Standards Dictionary Online subscription is available at http://dictionary.ieee.org.
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IEEE Std C37.246-2017
IEEE Guide for Protection Systems of Transmission-to-Generation Interconnections

4. Establishing interconnection
4.1 General design approach

When considering a design approach for transmission-to-generation interconnections, the type of new
generation that is added to the system has already been selected through careful planning by the generator and
transmission owners. For example, demand at various loading conditions could have necessitated a need for
a gas-fired peaking plant, or new generation could be required to replace a decommissioned coal-fired unit. In
addition, the state could have a clean power initiative that would involve adding a solar or wind turbine facility.
The new project should go through a formal process beginning with an interconnection request. Once this has
been approved through the authority having jurisdiction, a technical evaluation of the proposed interconnection
should be obtained. A generation interconnection study is performed to validate the impact of the proposed
generation and to identify system upgrades required to accommodate the proposed generation in order to
maintain proper and reliable operation of the transmission system. There are unique modeling requirements
for different types of generation, including renewable resources such as wind and solar energy, which provide
intermittent output and fault current magnitude challenges versus a typical synchronous machine. The
interconnection study provides technical details about not only the proposed interconnection location for the
new generation facility but also the impact to other customers and the surrounding transmission system. The
technical details, including power system analysis data and transmission system upgrades required for the
generation interconnection, are included in the guide. The information provided in this guide should be helpful
to the project as it relates to the overall design approach.

The general design approach should be coordinated between the generator and transmission owners. Typically,
the design responsibility for the generator owner ends at the agreed-upon point of change of ownership between
the transmission and generator owners. Considerations for the design approach as it relates to protection
systems are detailed later in this guide. For example, generator ground protection needs to be coordinated
with the transmission line relays. A similar philosophy is required for backup distance or voltage-controlled
time overcurrent protection. Utilizing the data obtained during the information exchange is essential for the
engineer. This data allows the engineer to complete the protection study for the interconnection, and this guide
should help to design reliable protection schemes.

4.2 Information exchange and protection system characteristics

4.2.1 General

Some or all of the following information needs to be exchanged between transmission and generator owners.
The amount of information exchanged will be determined by the type of the interconnection.

4.2.2 Transmission owner

From a transmission owner’s perspective, determining the location of the point of interconnection is the first,
and an important, step in the process. Once the point of interconnection is agreed upon, the station configuration
and type of protection schemes can be determined. In order to define the type and characteristics (electrical
and protective) of the system with which a generation facility is being interconnected, specific information
is needed. This information includes the protection schemes (or proposed protection schemes) utilized to
protect the transmission system where the interconnection with the generation facility occurs. Examples of
line protection scheme types include directional comparison blocking, directional comparison unblocking,
permissive overreaching transfer trip, permissive underreaching transfer trip, and line current differential.
Other protection schemes at the transmission level include bus differential and islanding control schemes.
Projected fault current levels, along with the Thevenin equivalent X/R ratios of the transmission system,
available at the point of interconnection are important for determining breaker and other electrical equipment
capabilities. The acceptable choice(s) for generator step-up transformer (GSU) winding connections should
be specified. The relay models, settings, and instrument transformer ratios for the protection schemes should
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also be proposed or specified. It is acknowledged that regional transmission authorities may have additional
information exchange requirements that are applicable for specific areas and may change from time to time.

4.2.2.1 Protection information
4.2.2.1.1 Maximum and minimum short-circuit current

The maximum and minimum short-circuit current data is used to specify equipment installed for the
interconnections with generation facilities. The transmission owner uses this data to determine the effect of
resulting short-circuit current on the surrounding system and equipment, specifically, the interrupting current
rating of substation circuit breakers and the short-circuit ratings of substation busses, transformers, and other
equipment subjected to the increased fault current. The increased short-circuit duty affects relay settings since
the increased values may cause instantaneous overcurrent elements to pick up for out-of-zone faults, speed
up time overcurrent elements for relays surrounding the new generation installation, and require protection
recoordination. For interconnections that provide infeed such as a tap interconnection, it could also desensitize
the transmission system relays and thereby lead to an underreaching condition.

Minimum short-circuit values could be obtained for alternate switching configurations, which may be due
to seasonal configuration changes or known contingency configurations used for maintenance or equipment
outages. Examples of alternate configurations are opening a line terminal to help avoid seasonal overloads
of the line and removing a strong source due to a fault or maintenance. These fault current values are used to
set the minimum pickup for the generation facility protective relays to optimize their operation for all known
contingency conditions.

4.2.2.1.2 Additional considerations for faults in generator zone

Generation facility protection relays are installed with settings to separate the generation facility from the
transmission system for faults in the facility and thereby minimize the effect on the surrounding system.
Typical generation facility relays that provide instantaneous separation for faults within the generation facility
are listed below:*

a) 87T transformer differential relay (Figure 2 in 4.2.2.1.4 and Figure 3, Figure 4, and Figure 5 in
4.2.2.1.8)
b)  87B bus differential relay (Figure 2)
c)  87Lline differential relay (Figure 5)
Generation facility overcurrent relaying should be coordinated with transmission protection so that faults in
the generation facility zones are cleared before the transmission protection systems operate. Typical generation

facility relays include transformer underreaching phase instantancous and overreaching time overcurrent
functions 50/51T. It may be necessary to consider regional regulatory requirements for relay loadability issues.

The transmission owner typically has time-delayed overreaching elements that respond to faults in the
generator zone. These settings should be coordinated to allow the generator protection elements to operate and
clear the faults within their zone of protection before the transmission system relays operate.

4.2.2.1.3 Additional considerations for faults in transmission zone

The transmission system protection should isolate faulted components quickly to allow generation to stay
online and to minimize the effects of disturbances to the generation facility.

“Protective device numbers used in this document are defined in IEEE Std C37.2.
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The generation facility protection needs to coordinate with the transmission system relays for faults in the
transmission system. Typical generation facility relays used to provide backup protection for the transmission
system faults are listed below:

a) 21 phase distance (Figure 2 in 4.2.2.1.4 and Figure 3, Figure 4, and Figure 5 in4.2.2.1.8)

b) 51TG transformer ground overcurrent (Figure 2, Figure 3, Figure 4, and Figure 5)

¢) 67 phase directional overcurrent (Figure 2, Figure 3, and Figure 4)

d) 67N ground directional overcurrent (Figure 2, Figure 3, and Figure 4)

e) 51V-Rvoltage-restrained overcurrent (Figure 2, Figure 3, Figure 4, and Figure 5)

f)  51V-Cvoltage-controlled overcurrent (Figure 2, Figure 3, Figure 4, and Figure 5)
For optimal coordination, if the phase distance function is used on the transmission system, the phase distance
function should be used for generation protection. If the phase directional overcurrent function is used on

the transmission system, the voltage-restrained or voltage-controlled overcurrent function should be used for
generation protection.

It may be necessary to consider regional regulatory requirements for relay loadability issues.

4.2.2.1.4 Example of relay coordination on interconnection

Basic relay coordination is shown in Figure 1 for the following fault conditions:

a)  Fault 1 — Generation protection should trip before CB2, CB3, CB4, or CBS5 line relays.

b) Fault2 —Bus A differential protection should trip before CB4 or CB5 line relays. The generator relays
may trip as backup protection. Bus B relays may trip as backup protection for a failed CB2 or CB3
breaker or bus differential relays.

c) Fault 3 Normal configuration — Line relays associated with CB3 and CBS5 should trip and isolate the
fault.

d) Fault 3 Alternate configuration — With Line 1 out of service, a fault on Line 2 should be detected and
cleared by CB3 line relays and CBS5 line relays. However, since Line 1 is out of service and there may
not be enough coordination margin between the line and generator protection, it may be acceptable to
trip CB1 for Line 2 fault.
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Figure 1—Example of tripping coordination for fault location
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4.2.2.1.5 Protection considerations for power system stability

System planning studies are performed as part of a generator interconnection assessment. These studies
may discover that the interconnecting generator may become unstable and go out-of-step during certain
contingencies. This condition is not desirable to either a generator owner or a transmission owner. Therefore,
system planning engineers often specify high-speed clearing for the fault contingencies causing the unstable
conditions. However, in some situations where high-speed protection either is not viable or does not mitigate
the unstable condition, the transmission owner can advise the generator owner to install an out-of-step tripping
scheme. In cases where the power swing is located in the transmission system, the transmission owner may
install out-of-step detection, typically, in the form of an out-of-step blocking scheme, along with applicable
communication scheme(s) to disconnect the generator(s) causing the unstable condition. It may be necessary
to evaluate the interconnection for out-of-step tripping scheme application in the event of generator loss of
synchronization and related protection scheme failure(s). Out-of-step protection schemes are not covered
in this document; for detailed discussions, consult manufacturer literature and industry papers such as
IEEE Std C37.102 and IEEE PES PSRCC Special Publication [B3].>¢

In extreme cases, a remedial action scheme (RAS) to disconnect generators may be required. Because
misoperation or nonoperation of an RAS can pose serious risk to the system security, the RAS design must
adhere to strict regional regulatory requirements.

4.2.2.1.6 Autoreclosing practices

Autoreclosing is used to restore lines after momentary faults and can increase the reliability of and provide
stability to the system. There are two types of autoreclosing:

— High-speed — typically occurs in 1 s or less. It may or may not be supervised by a phase fault detector;
therefore, reclosing may be supervised by the type of fault, e.g., single line-to-ground fault.

— Time-delayed — typically greater than 5 s. This autoreclosing is supervised by line and bus voltages. A
“dead line” is determined if the voltage is 20% to 30% of nominal. When the dead line is determined,
the autoreclose occurs after the corresponding time delay.

If autoreclosing occurs while generation is still on the affected line, the resulting autoreclose would likely be
out of phase and lead to generator and turbine damage. Due to this possibility, autoreclosing near generation
facilities should be carefully evaluated. Typically, transmission lines that are adjacent to generation facilities
are not automatically reclosed first from the generation terminals for personnel safety, equipment damage,
and liability reasons. On tie lines to generation facilities, high-speed autoreclosing is generally not performed.
Time-delayed autoreclosing with voltage supervision is possible to allow restoration of station service to the
generation facility. This approach should be discussed with the generator owner. If autoreclosing is allowed, a
breaker failure direct transfer trip (DTT) from the generator breaker should be used to block autoreclosing of
the remote station.

Other important considerations when evaluating autoreclosing include restoring load and avoiding sustained
outages.

4.2.2.1.7 Synchronizing practices

Generators are typically connected to an energized system via a synchronizing scheme, which may be
automatic or manual. Synchronizing schemes are used to minimize torques imposed on the generator and
prime mover by allowing a close only if differences between phase angles, voltages, and frequencies across an
open synchronizing breaker are within acceptable limits.

’Information on references can be found in Clause 2.
*The numbers in brackets correspond to the numbers of the bibliography in Annex A.
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However, during black-start situations or restoration following a system separation, a reconnection may occur
at a location remote from the generator. The generator synchronizing breaker may already be closed so that
its synchronizing scheme cannot be used. The nearer the reconnection point is to the generator, the greater the
possibility of damaging torques due to an out-of-phase closure. Thus, breakers at likely reconnection locations
near generators should be supervised by a synchronism check relay. The settings of the synchronism check
relay should be carefully evaluated to provide a closing window that is narrow enough to prevent damaging
torques to nearby generators.

For a detailed discussion of synchronizing function, see 7.3.1.

4.2.2.1.8 Complete relay one-line diagrams for point of interconnection

Figure 2, Figure 3, Figure 4, and Figure 5 show various transmission-to-generation interconnection
configurations with typically required interconnection relays, which were discussed in4.2.2.1.2 and 4.2.2.1.3.
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Figure 2—Typical interconnection relays for generation facility with multiple units

Documents

16 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniveRRYSENR:2048 JrFEnANNSIS 5869kvek1:56 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.246-2017


http://www.avadocuments.com/doc/ieee-c37-246-2017
http://www.avadocuments.com/doc/ieee-c37-246-2017

IEEE Std C37.246-2017
IEEE Guide for Protection Systems of Transmission-to-Generation Interconnections

Transmission System

Interconnecting / Interconnecting
Substation Bus Substation Bus
"/, 3 E_ Generator Owner Equipment x\

i3

{

o H\'u
i 57 ‘_@/
-
Applied to coordin ate/
with transmission @ C)
25

system for faults on
generation fadility

|
|
|
[
|
[
|
[
|
[
|
[
|
[
|
[
|
[
|
: of protection system
I and as a point of H % UAT
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\

equipment

Shown for completeness

coordination with remote To auxiliary
transmission protection lnads

By Bl P )}
|1
L : Lva \3.1..«"
{1

\
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
l
|
|
|
|
|
l
|
|
|
|
!

ww

Figure 3—Typical interconnection relays for tapped generation
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Figure 4—Typical interconnection relays for generation facility with multiple generators
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