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| EEE Standards documents are developed within the Technical Committees of the3BEiEties and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serveilycdumtawithout
compensation. They are not necessarily members of the Institute.ahidarsts developed within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as thdss anitside of IEEE which
have expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE &fadwkss not imply that there are no other
ways to produce, test, measure, purchase, market, or provide other goods and sereidds teéascope of the IEEE
Standard. Furthermore, the viewpoint expressed at the time gasfais approved and issued is subject to change
brought about through developments in the state of the art and comments receivecfsoof thee standard. Every
IEEE Standard is subjected to review at least every five years for revision onraiffir. When a document is more
than five years old, and has not been reaffirmed, it is reasonable to conclude that its cdthi@ung$, still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to d#tatritieg have the
latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested pantyleeg of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of textwitigether
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portitasdefds as they relate to
specific applications. When the need for interpretations is brought to the attention othEH#EStitute will initiate
action to prepare appropriate responses. Since IEEE Standards representsusafsall concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balaasts. iRbr this reason
IEEE and the members of its technical committees are not able to providgan response to interpretation requests
except in those cases where the matter has previously received éomsideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

IEEE Standards documents are adopted by the Institute of Electrical and Elsdfogiiceers without regard o
whether their adoption may involve patents on articles, materials, or pracggshsadoption does not assume
any liability to any patent owner, nor does it assume any obligation whatever to partiesgattapstandard
documents.
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Foreword

(This Foreword is not a part of IEEE C37.95-1989, IEEE Guide for Protective Relaying tf-Otlsumer Interconnections.)

The principle value of this guide will be realized if it establishes a commamdrof understanding among all of
those involved in the process of supplying electric power from the utility tootheumer.

This guide was prepared by the Consumer-Utility Working Group of the Consumer Relaying Coordination
Subcommittee of the IEEE Power System Relaying Committee. At the time this casgdapyproved, the Working

Group membership was as follows:

J. C. Appleyard, Chair

R. F. Arehart A. E. Hughes A. C. Pierce
G. Babcock R. H. Jones J. E. Stephens
S. P. Conrad K. J. Khunkhun W. M. Strang
R. W. Dempsey L. E. Landoll J. W. Walton
E. J. Emmerling J. R. Latham T. E. Wiedman
W. E. Feero J. Lemezis S. E. Zocholl
E. Guro J. R. Linders

At the time this guide was approved, the Consumer Relaying Coordination Subcommittelge Hatlotving

membership:
R. H. Jones, Chair
E. Guro, Vice-Chair/Secretary
J. C. Appleyard W. E. Feero L. J. Powell
G. Babcock A. E. Hughes A. A. Regotti
R. W. Beckwith E. W. Kalkstein J. E. Stephens
R. W. Dempsey H. Lee W. M. Strang
J. T. Emery J. R. Linders S. E. Zocholl
E. J. Emmerling R. J. Moran
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IEEE Guide for Protective Relaying of
Utility-Consumer Interconnections

1. Introduction

The physical means by which electric energy is received from the electric utility is kiscamiaterconnection tie.
The primary elements include transmission or distribution circuits, transforamerswitching devices in the form of
circuit breakers, fuses, and isolating disconnect switches. The secehelagnts include sensing devices to obtain
information to operate the primary equipment intelligently, and protective relays to initradealeof equipment from
service automatically and quickly when an electric fault or disturbance occurs.

It is important to remember that the physical laws of nature which govern the operating behavieleofranpower
system do not recognize defined lines of electric facility ownership. Thuswfell-engineered interconnection, it is
suggested that problems in electric power system protection be studied and analyzdigt eriticaut regard to
ownership.

From the viewpoint of service reliability and service continuity, it is basic to understand that thencested, best
implemented protective relaying system is no substitute for an adequategnetbgiower system. Indeed,
inadequately applied protective relaying will contribute to inadequate and unsatisfaetformance of an otherwise
well-designed power system. In considering a new installation, or changes téstamgearrangement, it is very
important that protective relaying and safety be given careful attention in the early stages of planning.

2. Scope

This guide contains information on a number of different protective relaying practices for the atiBtyater
interconnection. It is intended to cover applications involving service to a consumer thallypoequires a
transformation between the utility's supply voltage and the consumer's utilizatiage. Interconnections supplied at
the ultimate utilization voltage are not covered.

This guide is not intended to supplant specific utility or consumer practices, procemturequirements, or any
contractual agreement between the utility and consumer. The examples in Sectiorne® &we illgstrative purposes
only and do not necessarily represent the preferred protection trader all conditions.
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This guide addresses users (consumers), with or without generation, that are connectgdstabtrtiinsmission or
transmission circuits. The specific control schemes associated@nteration are not addressed. It is not intended to
apply necessarily to consumer generation connected to utility distribution circuits.

3. Purpose

The primary purpose of this guide is to help those who are responsible for the applicatioaativeratlaying for the
electrical interconnection between utility and consumer systems. It is anticipatéaviidoe used by representatives
of the utility, the consumer, and their consultants who are responsible for the specificatigm, aled operation of the
interconnection. Recognizing the diverse audience being addressed, background iorioamdtreferences are
included in Section 4 to direct the reader to more complete treatment of thi&amate

4. References

[1] ANSI C2-1990, National Electrical Safety Cotle.

[2] ANSI/IEEE C37.010-1979 (R1988), Application Guide for AC High-\Voltage Circuit Breakers Rated on a
Symmetrical Current Basfs.

[3] ANSI/IEEE C37.2-1987, Standard Electrical Power System Device Function Numbers.

[4] ANSI/IEEE C37.5-1979, Guide for Calculation of Fault Current for Application of AC High-Voltage Circuit
Breakers Rated on a Total Current Basis.

[5] ANSI/IEEE C37.90-1978 (R1982), Relays and Relay Systems Associated with ElectricAppaeatus.
[6] ANSI/IEEE C37.91-1985, Guide for Protective Relay Applications to Power Transformers.

[7] ANSI/IEEE C37.93-1987, Guide for Power System Protective Relay Applications of Audio Tom&®kghone
Channels.

[8] ANSI/IEEE C37.96-1988, Guide for AC Motor Protection.

[9] ANSI/IEEE C37.97-1979 (R1984), Guide for Protective Relay Applications to Power System Buses.
[10] ANSI/IEEE C37.99-1980 (R1985), Guide for Protection of Shunt Capacitor Banks.

[11] ANSI/IEEE C37.101-1985, Guide for Generator Ground Protection.

[12] ANSI/IEEE C57.13-1978 (R1986), Standard Requirements for Instrument Transformers.

[13] ANSI/IEEE Std 141-1986, Recommended Practice for Electric Power Distribution for IndBtri¢gs (IEEE
Red Book).

[14] ANSV/IEEE Std 241-1983, Recommended Practice for Electric Power Systems in @imhiBeildings (IEEE
Gray Book).

1ANSI publications are available from the Sales Department, American BhStndards Institute, 1430 Broadway, New York, N0918.
2ANSI/IEEE publications are available from the Institute of Elect@ca Electronics Engineers, Service Center, 445 Hoes Risegtaway, NJ
08855-1331, or from the Sales Department, American National Standartigend430 Broadway, New York, NY 10018.
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[15] ANSI/IEEE Std 242-1986, Recommended Practice for Protection and Coordination of Ihduast@mmercial
Power Systems (IEEE Buff Book).

[16] ANSI/IEEE Std 315-1975 (R1989), Graphic Symbols for Electrical and Electronics Degram

[17] ANSI/IEEE Std 446-1987, Recommended Practice for Emergency and Standby Bovkedufstrial and
Commercial Applications (IEEE Orange Book).

[18] ANSI/IEEE Std 493-1980, Recommended Practice for the Design of Reliable Industrial and Commessial P
Systems (IEEE Gold Book).

[19] ANSI/IEEE Std 519-1981, Guide for Harmonic Control and Reactive Compensation of Static PovexteZsn
[20] ANSI/NFPA 70-1987, National Electrical Code.

[21] IEEE Std 80-1986, Guide for Safety in AC Substation Groun‘ﬂing.

5. Establishing Consumer Service Requirements and Supply Methods

5.1 Interconnection

The utility-consumer interconnection provides the path for power flow between supplisy) @tid user (consumer).
The interconnection may comprise one or more circuits and is assumed to inclage w@nsformation. For the
purposes of this guide, the extent of the interconnection is defined to include the nearest sourotesitle plevice
for transformer high-side switching and the transformer low-side bus atwhBwi devices.

5.2 General Process

The supply that is selected should satisfy the consumer's load requiremeitablé\aility supply options in the area
as well as the utility's design standards and operating and maintenance practicedshbeld@nsidered.

5.2.1 Consumer Defines Requirements

Prior to meeting with utility personnel, the consumer should define his presefutarel load requirements. He
should establish the connected kVA along with the average and peak demand and reactiveqpoeererds, the
effect of interruptions and voltage dips on plant operation, the required dependability anty sdédie utility's
electrical service, plus any other needs that may be unique to the operation. The com\gimats should be
prepared to discuss these requirements in detail with utility engineers to ensure ¢histdhaear understanding of
the consumer's requirements.

5.2.2 Utility Defines Service Availability

The utility should describe the supply voltages available in the area and estimatiiaharid total costs of the

various alternatives. Most utilities establish nominal limits on the kVA that can beesippliifferent voltage levels.

The availability of single- and multiple-line supply and the performance level bfstaald be discussed in detall. In
addition, the utility should inform the consumer of any required studies, unusual problems, or fututeaplaresy

SNFPA documents are published by the National Fire Protection Associatior;Riobls Sales Division, Batterymarch Park, MA269. Copies
are also available from the Sales Department of the American Natiamala®dls Institute, 1430 Broadway, New York, NY 10018.
4EEE publications are available from the IEEE Service Center, 445 HoesRiaoataway, NJ 08855-1331.
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affect the quality or continuity of supplying service. Some utilities publish stdmafarmation booklets detailing the
requirements for service.

When the consumer has identified critical power requirements, the utility enggi®uld investigate their
characteristics to be certain that both parties have a clear understanding of thef effentuptions and voltage dips.
The utility may then be able to suggest a supply system that will meet these requeremsnggest plant control
changes to make the operation more successful. It should be recognized¢hattheslectrical utility supply method
that completely eliminates the possibility of momentary service interruptionstaggalips. If the consumer cannot
tolerate these service disruptions, consideration should be given to the installatieciftd &rxilities to allow riding
through these periods.

The primary cause of service complaints is the failure to adequately evaluaféetief interruptions and voltage
dips on the consumer's equipment. Depending on the type of operation, a voltage dip of only a fexarcygesery
costly because it can disrupt an industrial process. It is especially ctitita tareful evaluation be made by the
consumer of the voltage requirements of his loads and the electronic systepre\tu# process control. In many
instances, special means are available to make the loads taénamavoidable voltage conditions on the power
system.

5.3 Information Exchange

Once the supply method is established, a further exchange of information is required so thiidrtaesign can be
completed and the utility can make the necessary preparations to supply the. dgyviestablishing good
communication between the utility and the consumer as early as possible for either a new ed suyulify, specific
requirements can be identified an included in the initial design before equipment is ordered.

5.3.1 Typical Information Furnished by Utility

« Available short-circuit current—range of single- and three-phase to ground-fault cundestsociate/R
ratios at the consumer's point of service. Values for normal and #étesupply facilities as well as any
anticipated future values should be provided.

»  Expected minimum, maximum, and nominal voltage at the consumer's point oédervavailable voltage
levels.

»  Outage history of the supply—both forced an maintenance outages

«  Estimated frequency, duration, and magnitude of momentary voltage dips at the atsmpoimeof service

e Operating requirements and restraints

e Specific protection requirements to coordinate with the utility system

»  Specific reclosing practices on both normal and alternate supply facilities

* Harmonic content, voltage fluctuation, and current unbalance constraints impogéé hyility. Also
quantification of voltage waveform distortion and harmonic current injection from other saurdee utility
system if requested by the consumer

« Additional information requested by the consumer, such as:

Supply line construction and routing

Supply substation arrangement and location

Utility grounding and lightning protection practices

Metering arrangements and data

ooodg

5.3.2 Typical Information Furnished by Consumer

»  Expected service date (when consumer will be ready for power)
e Complete one-line diagram of plant distribution system

»  Preferred supply voltage

«  Transformer ratings, connections, voltage taps, and impedances
»  Power factor correction capacitor ratings and connections

* Copyright © 1989 |ELE Al FQhQQelggments
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»  Switchgear specifications, including protective relay types and ranges

*  Motor loads, types, sizes, and starting frequency

» Unusual load characteristics, such as those due to furnaces, thyristors, and other Hoatise@nclude
flicker and harmonic producing equipment)

*  Generation information, including short-circuit information

*  \bltage balance requirements

»  Protection and control schematic drawings, as appropriate

» Point of interconnection physical arrangement drawings

«  Expansion plans, which include projected loads, future substation development, and estiteated da

e Station ground grid design

*  Maintenance capability of consumer personnel

5.3.3 Future Utility System Changes

The utility should inform the consumer of any substantial utility system changes. Faulexém installation of a
large transformer that alters short-circuit currents at the supply point may affect thenedagpower system. In like
manner, changes in regulator or capacitor location may also affect the congpawer'system.

5.4 Specific Supply Considerations

In determining the final supply method, consideration should be given to the designiofetcennection, the
arrangement of the utility's supply system, its protective relaying requirements, anchitnerace requirements and
responsibilities.

5.4.1 Division of Ownership

Individual operating and maintenance philosophies of the consumer and utility may impit system design.
Proper engineering design should not be compromised. This guide places primaryigmphasnciples and
practices to be applied toward coordinated operation of an integrated system.

5.4.2 Nature of Interconnection

The utility-consumer interconnection tie may consist of one circuit or multiple cir&iitgle service consists of a
single line supplied from a single source and connected to a single transformer, witttioosrte the consumer's
distribution system at the low-voltage side of the transformer. Such service is salijgetruption on forced or
planned outage of the supply source, line, or transformer. If single line supply is not adal@atative supply
facilities, such as a standby supply or multiple-line supply with or without multiplefdrametion, should be
considered. A normally open standby supply from a second utility source can esstblation of service by
automatic or manual switching operations on failure of the principal single-line supply. Multipleagaltity
interconnection lines routed over separate rights of way, with multiple transformatibenhance continuity of
service. ldeally, multiple lines should not originate at the same bus, since an outagebaftheuld result in a
consumer outage. Utility supply configurations, which provide two interconnection lines include:

»  Two lines from separate utility sources
» Two lines derived by sectionalizing an existing utility tie line

Multiple supply lines may terminate at the consumer substation if a strong source is requéred thesconsumer's
load or other area loads.

As described in succeeding sections of this guide , the effects on service voltage of locelaadutidity supply
system faults will depend on the nature of the interconnection. Supply configurations are covered in hame deta
Section 6
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5.4.3 Interconnection Protection Requirements

The complexity of the protection used at an interconnection will vary depending wltagevlevel, system
configuration, the type and amount of consumer load, and specific requirements of either the rconatiling In a
dual supply system, for example, additional relaying may be required to respond to undesirabfoywdinem one
supply to the other. Special consideration must be given to consumers with large onajenerators connected to
their system.

If a bus is installed at the consumer's location as part of the utility supply, the peotetaiing for the supply lines
and bus will normally be considered as part of the utility system. The consumer shtarlize with the effects of
the protection applied to these facilities, since the duration of interrugtiordtage dips due to faults on the supply
lines or buses has a direct effect on service.

Regardless of ownership, the protective equipment should be specified and designed to provide a cogstiémated s
If the consumer's facilities become an integral part of the utility system, proteajwineraents should assure the
integrity of the supply system. This may result in some apparent duplication of proesptipenent based on the
philosophy and objectives of the utility and consumer in regard to protection. The protectiomtiftheonsumer
interconnection facilities should satisfy the objectives of both parties. Irsaléctne protection requirements, relay or
fuse specification, relay setting or fuse size, and testing procedures should be discussgdethdpon by both
parties.

5.4.4 Maintenance

In determining the interconnection system and the associated protective equipment, it shaddgbized that
periodic maintenance of all facilities is required. Comprehensive mainefasiades operational testing of relays,
control batteries, and interrupting devices. This applies to the utility supply systemellaas the consumer's
utilization system. During periods of maintenance, the reliability of the supplyssibiy even the continuity of
service may be affected. This work should be coordinated between the utility and consumerreamasize any
adverse impact. If the consumer cannot tolerate the loss of service for periodic mamteha installation of an
alternate supply will be required.

5.5 Load Considerations

The primary concern in applying protection for faults on the electrical supply or titiizeystems is to minimize
personnel hazard and equipment damage. However, the effect of the protectiveesdoin the load served should be
considered. The operating time of fuses or protective relays and switching deveresirtes the time to isolate a
faulted piece of equipment. During the fault, the electric system is subjected to abrarments and voltages.
Abnormal voltages on unfaulted portions of the system can affect the operation egspooaitrols, ac contactors,
motors, computers, and other electronic devices. Reclosing practices of theatilitsovide restoration of service to
all facilities for a temporary fault, such as lightning-induced flashover of arhead line. Reclosing can provide
automatic restoration of service to a portion of the system once a permanently fectied Isas been isolated. The
consequences of reclosing vary and can be significant if the consumer's system includésrgemdarge motors. It
is essential that the implications be understood and that designs be selectetitte mexjuired objectives.

5.6 Other Supply Considerations

Harmonics, grounding, ferroresonance, and voltage regulation are discussed briefly in tthis $rsonnel
responsible for the protection of the interconnection should recognize that these conditiofsctdneafuality of
service and possibly even the performance of protective relays andgbectiated control circuits.
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