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Abstract: Electric power system reliability remains an important societal issue. Transmission
disturbances draw national attention and scrutiny, but service interruptions at the distribution level
are the primary concern of end-use customers and their regulatory and governmental
representatives. Much effort has been expended on developing methods to uniformly and
consistently quantify the reliability of distribution service based on the distribution grid’s
performance. The collection, categorization, and use of information related to electric power
distribution interruption events are discussed in this guide. When combined with
IEEE Std 1366™, consistency in how the industry collects data for the purpose of benchmarking
distribution system performance, is achieved.

Keywords: benchmarking, data collection, IEEE 1782™,  |[EEE 1366™, outage management
systems, power distribution reliability, reliability management, sampling methods
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing
varied viewpoints and interests to achieve the final product. IEEE Standards are documents developed by
volunteers with scientific, academic, and industry-based expertise in technical working groups. Volunteers
are not necessarily members of IEEE or IEEE SA, 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 makes no warranties or representations concerning its standards, and expressly disclaims all
warranties, express or implied, concerning this standard, including but not limited to the warranties of
merchantability, fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant
or represent that the use of the material contained in its standards is free from patent infringement. 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: THE
NEED TO PROCURE 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 IEEE standard is translated, only the English version published by IEEE is 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, nor 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 the presenter’s views should be considered the personal views of that individual rather
than the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations,
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 evaluating comments or in revisions to an IEEE standard is
welcome to join the relevant IEEE working group. You can indicate interest in a working group using the
Interests tab in the Manage Profile & Interests area of the IEEE SA myProject system. An IEEE account is
needed to access the application.

Comments on standards should be submitted using the Contact Us form.

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 constitute 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.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

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
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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.

Photocopies

Subject to payment of the appropriate licensing fees, 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;
https://www.copyright.com/. 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 IEEE Xplore or contact IEEE. For more
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata
Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number
and year of approval to access the web page of the published standard. Errata links are located under the

Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to
periodically check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

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 https://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
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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.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. IEEE Standards development activities
consider research and information presented to the standards development group in developing any safety
recommendations. Other information about safety practices, changes in technology or technology
implementation, or impact by peripheral systems also may be pertinent to safety considerations during
implementation of the standard. 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.
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Introduction

This introduction is not part of IEEE Std 1782-2022, IEEE Guide for Collecting, Categorizing, and Utilizing
Information Related to Electric Power Distribution Interruption Events.

This guide was assembled to provide information regarding the collection, utilization, and categorization of
information related to electric power distribution interruption events, which supports both benchmarking
across systems as well as development of actions to alter the performance of the electrical network. The
aim of this guide is to foster uniformity and consistency in utilities’ collection of data on electric power
distribution reliability trends and benchmarks to enable meaningful assessment of the reliability
performance of different electric utilities. In addition, this guide is intended to provide education and
guidance on assessing, identifying trends in, and benchmarking practices related to electric power
distribution system reliability. Reliability performance has a significant impact on key stakeholders,
including end-use electricity customers, utility companies, and governmental entities. Widespread attempts
to benchmark and compare different entities’ electric power distribution reliability indicate an industry
need for this information. The guide describes recommended data collection, utilization, and categorization
practices that should be followed to help ensure fair and accurate comparisons of trends and benchmarks.
The Distribution Reliability Working Group recognizes that this guide has been informed and enhanced by
a broad set of stakeholders. The Working Group appreciates the input of policy makers, practitioners, and
academics to both the scope of this guide and the application of data-driven reliability analysis and
improvements.

Previous benchmarking of distribution system reliability aimed to enable utilities to compare themselves to
peers. The previous version of this guide (IEEE Std 1782™-2014) established methods to help ensure valid
and consistent comparisons and provided guidance for analyzing and categorizing information that the
industry has used to drive reliability improvement initiatives. This guide complements IEEE Std 1366™,
which defines a methodology to segment data. !

Emergence of new technologies and industry’s need for further stratification of the ten interruption cause
codes defined in the previous version of this guide have led to this current revision of the guide, which
introduces cause code subcategories that allow for detailed categorization and evaluation of interruptions.
This revision also discusses use of the interruption cost estimate (ICE) calculator, the incorporation of
smart distribution technology, and advancements in reliability improvement programs. Finally, this revision
expands the previous version’s discussion of the importance of outage data collection and augments
guidance on this topic. The aim of these efforts is to enhance the application of utility reliability data.

The discussion of data collection procedures is broken down into three topics:
a) Data consistency and categorization for benchmarking surveys

b) Data collection within the electric power distribution industry

c) Data usage and practices

Acknowledgments

The Distribution Reliability Working Group wants to recognize the work and time its members contributed
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1. Overview

e)Datausage-and-practees

1.1 Scope

This guide provides information regarding the collection, utilization, and categorization of
information related to electric power distribution interruption events for the purpose of

comparing the system reliability_of different utilities' systems and underlying actions to change

the performance of the electrical network eemparisens.
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1.2 Purpose

The purpose of this guide is to foster uniformity and consistency of collection of data among
utilities for in-the trending and benchmarking ef-electric power distribution reliability, to enable

meaningful assessment of the reliability performance of different electric utilities. In addition, this

guide is intended to provide education and guidance on with the assessing trends assessment;

trending; and benchmarking practices related to electric power distribution system reliability.

1.3 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to

the standard and from which no deviation is permitted (shall equals is required to) 23

The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred

but not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

2 The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe

unavoidable situations.

3 The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.
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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 1366™, IEEE Guide for Electric Power Distribution Reliability Indices.? 42

3.Definitions, acronyms, and abbreviations

3.1 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.®

There are no definitions in this version of the standard.

3.2 Acronyms and abbreviations

AMI advanced metering infrastructure

BIL basic insulation level

CAIDI customer average interruption duration index
C&l commercial and industrial

4 The IEEE standards or products referred to in this document are trademarks of The Institute of Electrical and Electronics

Engineers, Inc.

SIEEE publications are available from The Institute of Electrical and Electronics Engineers (https http://standards.ieee.orgy).

SIEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE account is required for access to the dictionary,

and one can be created at no charge on the dictionary sign-in page.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 00:14:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1782-2022


http://www.avadocuments.com/doc/ieee-1782-2022
http://www.avadocuments.com/doc/ieee-1782-2022

CELID-s customers experiencing long interruption durations/single interruption
duration

CEMI customers experiencing multiple interruptions

CEMSMI customers experiencing multiple sustained & momentary interruptions

Cl customers interrupted

CIS customer information system

CME customer minutes interrupted

CPI circuit performance indicator

DER distributed energy resource

GIS geographic information system

ICE interruption cost estimate

IVR interactive voice recognition

ME major event

MED major event day

NERC North American Electric Reliability Corporation

O&M operations and maintenance

OMS outage management system

ROW right-of-way

SAIDI system average interruption duration index

SAIFI system average interruption frequency index
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SCADA supervisory control and data acquisition

SF storm factor

4. Data consistency and categorization for benchmarking surveys

4.1 Overview

This clause pertion—of—the—guide presents suggestions for comparing utility reliability
performance en—comparison—of—utilities based on a high-level categorization of interruption

related-data. It aims isnet-meant-tolimit how-detailedthe-collection-of-data—could be—orto-say

what-must-be-collected,rather to define the minimum set of data collection categories required
for benchmarking and to help ensure that give-consisteney—+to-those categories_are consistent.

However, the definitions in this clause are not meant to limit the degree of detail in the data that

a utility collects, or to say what data should be collected.

This guide describes a minimum set of data and a consistent categorization structure needed for

comparison of distribution system performance among utilities. This structure includes the

following categories: system characterization, interruption cause(s), responsible systems,

conditions, voltages, devices, device initiation, and restoration.

Differences among data W

collection methods, the—locations, and the—differences—in—system designs design can make
benchmarking comparisons eemparison difficult. Elements Examples—ef-the-types-ofitems that
may be relevant to when—performing benchmarking studies are listed in the next subclause
below:.

4.1.1 Collection methods and definitions

Inconsistencies in the ways that data are collected, the definitions of the data points that are

collected, and the nature of different utilities' systems make it difficult to compare data among

different sources. The following list identifies sources of inconsistency in system interruption

data:
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— Fhe Differences in the—interruption data collection systems (ranging from manually

entered—paper systems with manual entries to completely automated, computer-based

systems).

— Variations in the ability to collect interruption data from the distribution system, often the

result of incomplete circuit topology and data connectivity from which to infer outage

impacts (ranging from the substation level dews-to the customer service drop).
— TheUse, or lack of use nenuse, of step restoration when collecting interruption data.

— Differences in how interruption Fhe-determination-of-the-start time is determined.

— Differences in the definition of what constitutes a sustained interruption-may-playa—rele

(ranging from longer than 1 min to longer greater than 5 min).
— Differences in the definition of a customer (account, meter, premise, etc.).

— Differences in delineation of the type of interruption delireations (unplanned
interruptions, planned-interruptions, major event events, etc.).

— Differences in definition of, or insufficient information about, the location of the fault that

causes an interruption.

— Differences in system design.

— Utilities may contain customers with or without smart meters; moreover, the reporting

resolution of the meters may be different (hourly, 15 min, etc.). The detection and

interpretation of interruptions may vary from one area to another.

The following subclauses discuss fault location and system design in more detail.
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4.1.2 Location

"Location" refers to the specific site where a fault occurs, which is not necessarily the location of

the device that operated to clear the fault, also known as the "fault location." Identification of fault

locations could allow for enhanced application of protection devices and schemes in addition to

other targeted reliability improvement activities (IEEE Std 1806™ [B3]).” In some cases, a

difference in location could affect comparisons among data in benchmarking surveys. In many

cases, knowing both the sustained and momentary locations of faults can lead to a broad

understanding and characterization of system reliability. For example, knowing the locations of

momentary events could enable evaluation and action to prevent a sustained event. The

following information is relevant to identifying location:

—  Physical location within a system (pole number, latitude and longitude, etc.)

—  System characterization (rural, suburban, urban, networked)

—  Climatic information (hot, cold, wet, dry, lightning, etc.)

For additional information on methods to use protection relays, digital fault recorders, traveling

wave locators, and power quality monitors for fault location, refer to IEEE Std C37.114™ [B2].

4.1.3 System design

In—additien,—the—Differences in system design could lead to data comparison issues when

comparing-data-in benchmarking surveys. Critical elements of system design are as follows:

— System layout (radial, loop, two transformer station, etc.)

— System placement (underground or overhead)

Z“The numbers in brackets correspond to those of the bibliography in Annex E.
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For example, underground and overhead electrical distribution systems are exposed to

different external and internal factors that can result in a customer interruption. Generally

speaking, knowing whether an outage occurred within an overhead or underground system

enables improved understanding of system performance and outage causes. However,

outages can result from equipment at the interface of these two systems and the initiating fault

could incorrectly be attributed to the wrong design type, should there be incomplete

understanding of how to differentiate; for instance, a fuse transitioning from overhead to

underground could be the isolation point for a deteriorating underground network and the

fault could be improperly associated with an overhead cause.

In addition, the method for recording the fault location is different for underground and

overhead systems. Generally, the geographical address of the nearest pole to the fault on the

overhead system is recorded while the distance along the cable (or nearest access point) is

used for fault location recording in underground systems. This can also lead to inconsistencies

comparing predominantly overhead systems with predominantly underground systems for

benchmark comparisons.

4.2 Data collected during the interruption event-precess

Data that should be collected during an interruption event are as follows:

—  Cause of the interruption

—  Fhe-Number of customers interrupted (CI)
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—  —The Interruption duration duratiens, based on start date/time and restore date/time
—  —7FheNumber of customer minutes of interruption (CME €M)

As the database is maintained over time, analyses can use the-years—eause information about the

causes of interruptions ean—be—used in combination with the number of interruption events, the

number-of-CI, and the CMI. Some of the purposes number of those analyses are CMI+onumerous
analytical-ends, some-of- which-will- be discussed in 4.4 and 4.5 this-deeument.

4.3 System characterization

It is important to identify the composition of the utilities participating in a benchmarking study.
Utility circuits (and systems) generally fall into one Fhe-characterizations of the following wtility

systemare-usaally-broken-into-the three categories, which below—The-eategories are defined by
customer the-eustomer’s density-asshownbelow.

a) Rural (less than 31 customers per circuit kilometer or 50 customers per circuit mile)

b) Suburban (31 to threugh 93 customers per circuit kilometer or 50 to threugh 150

customers per circuit mile)

¢) Urban (more greater than 93 customers per circuit kilometer or 150 customers per circuit

mile)

The percentages-ef-the-number of circuits represented by are-applied-to-each of the categories are

used above to describe the makeup of each utility.

As-ebserved-in-Table 1 outlines belew; a simple system composed of five the circuits, identifying
their individual characterization eutined-belowshould betreated-asshown below:.
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Table 1—System characterization example {percent numberof eireuits)

Circuit length Circuit Customers/circuit Circuir
(km) CUSTOIMETS length designation
(km)

Circuit A 14 100 I Rural

Circuit B 30 2000 40 Suburban

Circnit C 12 1500 125 Urban

Circuit D 20 500 25 Rural

Circuit E 27 1000 37 Suburban

New
— —
Circuit length Circuit Customers/circuit
(k) customers length (kom) gnation

Ciremitd —~_ 14 100 7 Rural
Circuit B S0 2000 0 Suburban
Circuit C 12~ 1500 _JF— 125 Urban
Circuit D 20 5 25 Rural

L— 1000 —~—

Circuit E 27 37 Suburban
/! Urban Suburban R!gl !

Percent of 20%

designation

40%

(Peleted)

40%

-

For benchmarking purposes when considering the utility's system as a whole, different

approaches are pursued among utilities to identify their system characterization. One approach is

to look at the percentages of the system in each of the categories above to describe the makeup of

the system. For this purpose, either of three percentage values may be utilized: percentage of

circuits in each category, percentage of miles/kilometers of each category, or percentage of

customers in each category. For instance, for the system presented in Table 1, values presented in

Table 2 can be calculated. Based on the practice of the utility, the system could be characterized as

"suburban" based on the circuit length or customer breakout or "rural/suburban” based on

number of circuits.

Table 2—System characterization example (percent number of circuits)

Urban Suburban Rural
Percentage of circuits in each category 20% 40% 40%
Percentage of circuit length in each category 9.8% 62.6% 27.6%
Percentage of customers in each category 20.4% 58.8% 11.8%

New
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Another approach is to utilize the same metric used for categorizing circuit customer density to

the overall system-level characterization. By doing so, the example system presented could be

characterized as suburban based on the calculation of 41.5 customers per kilometer (total

customers divided by total circuit kilometers).

While combining these circuits and labeling them by the system's characterization may facilitate

benchmarking studies, the benefits of using more granular circuit data may be lost. For example,

studving each circuit using the combined system-level characterization may limit mitigation

strategies as an urban circuit C or rural circuits A and D could be labeled suburban based on

system characterization.

4.4 Interruption cause categories

Ten general interruption cause categories are suggested for use eemparisernr in benchmarking
comparisons stueies. These categories are intentionally broad, to allow for eategeries—that-will
make—pessible—mere precise benchmark comparisons possible among between different
distribution utilities. Many FThere-are-numerous categories of causes that could be used; ehesen;
but-with-the goal-of uniformity for-comparisen—purpeses; the following 10 ten categories were

chosen with the goal of establishing uniformity to facilitate comparisons:

a) Equipment

b) Lightning

) Planned

d) Power supply

e) Public

f) Vegetation

g) Weather (other than lightning)

h)  wildlife
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i) Unknown

)] Other

These categories are suggested to create a uniform framework for data for benchmark studies,

but utilities are free and encouraged to collect more detailed data. For the purpose of

benchmarking studies and comparisons, the data should be able to fit into one of these 10

categories, including the subcategories that are recommended in this revision of this guide (4.5).

The subcategories allow for collection of more detailed, granular data than were available to be

used in previous benchmarking studies.

The outage interruption cause categories and subcategories should reflect the external driver that

caused the disruption to the electricity distribution system and resulted in a service interruption

to affected customers. Some in the industry refer to this as the "initiating cause" of the service

interruption.

The following list describes paragraphs—eeseribe the types of interruptions that should be put into

each category. It is Ofeourse; not every-possible to address every potential type of interruption,-ean

be-diseussed; but for mestinterruptions-the choice of category and subcategory is apparent for most

interruptions. The cause categories are discussed in the order as-presented above.

a)  Equipment—Any interruption caused by a piece of the-distribution system equipment that

is defective or fails and causes an interruption of service to customers te-eustomers-should
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b)  Lightning—Thelichtningcategoryineludes-All interruptions caused by lightning, whether

This-may-be-by a direct stroke contacting the wires or other anetherpiece-of equipment, or
by a lightning-induced flashover of the wires or other anotherpiece-of equipment.

c)  Planned—Including Fhe—planned—eategory—inelades, but is—not limited to,;— road

construction, distribution-line maintenance and repairs, load swaps, and replacing

equipment_replacements —and-house—meves. Typically, planned interruptions are—these
interruptions—that-can be delayed by the-utility personnel and performed only after the

appropriate or required customer notification. Many Often; regulatory commissions have

specified rules for deseribing planned interruptions.

d)  Power supply —Including Fhe-powersupplyeategory-inchades interruptions caused by a

failure in the power generation or transport system that delivers power to the distribution

substation. Traditionally, this category included transmission systems, the bulk electric

system (BES) and non-BES transmission—system—including—the—transmission portion of a

substation, subtransmission, and ex-the loss of a generating unit. With the advent of

distributed energy resources, the "power supply" category can include distributed

generation and storage on the utility side of the meter. This category—inehiding—these

associated—with-distributedgeneration—tt-does not include outages resulting from due—te
the loss of a distribution substation components eemponent.

e)  Public—Any interruption interruptions resulting from as an act of the public at large, such
as sheuld-be-putinto-the publiccategory—Examples-inelude:customer trouble; ;nonutility
employee or contractor dig-in;; fire/police requests;; foreign contact (e.g., such—as_Mylar
balloon , crane boom, and aluminum ladder);; traffic accidents;; vandalismj; and fires,and

explosions, and smoke not originating on or within utility-owned equipment.

f) Vegetation —The—vegetation—eategory—inelades—Interruptions caused by falling trees or
limbs, or growth of trees, vines, and roots.—H—sheuldbe-emphasized—that-If a tree is
involved, the cause category is "vegetation.'-This-is-impertant-to-nete-during-wind sterms:
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g)  Weather —The-eategory-of-weathershould-include Interruptions_resulting-ee directly or

indirectly from te a weather phenomenon such as wind inelading—wind, snow, ice, hail,

and-rain, and flooding when where the weather itself caused the interruption by exceeding

and-exeeeded the system's design limits. Wind does not include slapping or galloping
conductors, which fall ;-these-weould-ge under the "equipment” category. Ice forming on

conductors and tearing them down or flooding of power facilities would be included in the

weather category.

h) Wildlife —Fhis—inelades-Mammals, birds, reptiles, and insects, or any other nonhuman
member of the animal kingdom_that causes an interruption —Wildlife—can—eause
interruptions directly through contactlikesnakesmiceants, raccoons,squirrelsor-birds;

or indirectly (e.g.,}ke nests or and bird excrement that affect equipment).

i) Unknown—Any interruption for which Fhe-unknewn—category—includes—any—ecustomer
interruptions—where a definitive cause cannot be determined after an investigation. The

level of investigation required is determined by the individual utility.

)] Other— Any interruption cause interruptions—to-eustomers-that is known but does de not
fall into any of the previously listed ether cause categories.-sheuld-be-assigned-to-the-other

4.5 Interruption cause subcategories

The 10 categories of interruption causes discussed in 4.4 are useful for high-level benchmarking.

If more detailed benchmarking or analysis is desired, more granular outage cause information is

needed. For this purpose, the IEEE Distribution Reliability Working Group developed a set of

subcategories (Martino [B4]).
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Information from the field after a restoration might be inconclusive so that a subcategory cannot

be definitively identified. In these instances, it is acceptable to leave the subcategory blank rather

than entering inaccurate data that could negatively impact reliability decision making.

Some utilities may want to only record outages under the "equipment” category or may have

regulatory obligations to record causes in a certain way, but additional inputs to the outage

record capture detail that is useful for comparing (and improving) reliability. These inputs

generally transcribe to the "sustained" or interruption cause, the "initiating" or contributing cause,

and the affected equipment. The initiating cause is the event or phenomena that likely led to or

contributed to a sustained cause (IEEE 1782 category/subcategory). In general, the initiating cause

is the disturbance that changes the electrical system state from static to dynamic and is intended

to help explain how the sustained cause led to a customer interruption.

For example, a tree falls on a windy day and contacts the primary overhead wires. In this

instance, the initiating cause could be Weather —Wind, the sustained cause could be Vegetation —

Tree, and the affected equipment could be Equipment—Conductor/Cable. This example identifies

how one outage record could be discernable from another, where the initiating cause distinctly

distinguishes the two outage events.

In another example, wind causes galloping on a conductor, resulting in a circuit lockout. The

circuit is patrolled with no damage found and the circuit is successfully reenergized. For this

example, Weather— Wind is both the initiating and the sustained cause, and the affected

equipment could be Equipment— Conductor/Cable. This example is not to infer an initiating

cause is required or otherwise necessary to be duplicative of the sustained cause, but instead it

highlights how they can both be the same without undermining their combined usefulness.

This subclause identifies the subcategories to the IEEE 1782 categories, while affected equipment

and initiating cause inputs to an outage record are covered later in the guide in 4.6 and 4.7.

Table 3 through Table 12 describe the types of interruptions that may be put into each category

and subcategory. It is not possible to discuss every type of interruption, but for most

interruptions, the choice of category is apparent. The subcategories identify the catalyst for a

system interruption that results in customers experiencing a service interruption.
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Table 3—Equipment subcategory

IEEE 17812 category Subcategory

Degradation

Eqguipment that has exceeded its designed life span initiates a failure
because the equipment can no longer perform as expected.

Eguipment error

Equipment does not operate as intended because of its placement.
component/control design, or erroneous operation (or mis-operation) in
response to faults when no other cause is identified.

Egquipment

Any interruption caused by a piece of Emvironmental
distribution system equipment that 1s . . L .
defective or fails and causes an Equipment fails prior to its expected end of useful life because of
intermuntion of service to custo manufacturing defect or unexpected environmental intrusion (such as
P ’ water enfering).
Other

Any piece of equipment that is not covered by other items in this
subcategory and that fails to operate as expected under reasonable
operating conditions, The failure could be a result of wear, fatigue,
cofrosion, contamination, of long-term exposure to the environment.

New
Table 4—Lightning subcategory?®
IEEE 1782 category Subcategory
Direct sirike
Lightning A lightning strike makes direct contact with equipment,

All interruptions caused by lightning, whether by a E:;fﬁr ih;j;:tage. See NOTE.

dlIEC:I' str_oke contacting the WHES_ or other met A lightning strike makes contact with the area surrounding

or by a lightning-induced flashover of the wires or : = . p =

other equipment equipment, causing protection schemes to operate for reasons
equipment. including lightning-induced flashover of the wires or other

piece of equipment.

New

NOTE —A lightning strike would not apply to a failed arrester.

85 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to

implement this standard.
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Table 5—Planned subcategory

IEEE 1782 category

Subcategory

Plarmed

Including. but not limited fo. road construction
distribution-line maintenance and repairs, load swaps,
and equipment replacements. Tvpically, planned
interruptions can be delaved by utility personnel and
performed only after appropriate or required customer
notification. Many regulatory commissions have
specified rules for planned interruptions.

New construction

This subcategory applies to any planned power outage that
results from a distribution line needing to be deenergized to
accommodate building of new structures. The new
construction can be undertaken by the utility, local
municipality, or other entity.

Maintenance

This subcategory applies to planned outages resulting from
deenergizing a line so that maintenance work can be
completed safely.

Customer reguest

This subcategory applies to outages resulting from a
customer request. For examiple, so that work at the
customer’s address can be completed safely. An outage of
this type can sometimes affect surrounding customers.

Other utility request
This subcategory applies to outages that result from the
request of another electric or nonelectric utility.

Other
This subcategory applies to any planned outage that not
covered by other definitions in this category.

Table 6 —Power supply subcategory

IFEEE 1782 category

Subcategory

Power supply

Generation

This subcategory applies to a distribution system
outage that results from loss of generation that is
serving the transnussion or distribution systen.

Transmission

This subcategory applies to distribution system
outages that result from a fault on the
transmission systenl, which includes BES and
non-BES mfrasticiure.

Subtransmission
This subcategory applies to distribution system

Including intermuptions caused by a failure in the power generation
or transport system that delivers power to the distribution
substation. Traditionally, this category included transmission
systems, the BES and non-BES portion of a substation,
subtransmission, and the loss of a generating unit. With the advent
of distributed energy resources, the “power supplyv”™ category can
include distributed generation and storage on the utility side of the
meter. This category does not include outages resulting from the
loss of distribution substation components.

outages that result from a fault on the
subtransmission system

Distribution

This subcategory applies to distribution system
outages that result from a fault on a third-party
distribution system, such as a neighboring (or
nmunicipal) utility, that supplies a utility
distribution system.

Disributed generation and storage

This subcategory applies to interruptions caused
by the unintended malfunction of utility- or
customer-owned distributed generation and/or
storage systems.

Other utility supply

This subcategory applies to outages affecting a
distribution customer that is within a utility’s
service territory but has a distribution feed from a
neighboring utility, often referred to as a
“borderline” customer.
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Table 7—Public subcategory

I[EEE 1782 category Subcategory

Dig-in

This subcategory applies to interruptions that result from a
dig-in to distribution underground facilities. A vanety of
entities can be responsible for a dig-in, including
homeowners, subcontractors, third-party contractors, and
unknown entities, and causes can include mismarked dig
locations or utility facilities.

Foreign contact

This subcategory applies any time a foreign object (not
meluding vegetation or vehicles) contacts the electricity

. distribution system, causing an inferruption in electricity
Pﬂbh_c . . ] service. Examples of foreign objects that can cause outages
Any interruption resulting from an act of the public include balloons (Mylar or rubber), metal building =

at large, such as customer trouble; nonutility i
employee or contractor dig-in; fire/police requests; ?#;l_?o;g;s’ : . and cranes or backhoes.

i?ﬁﬁuﬂ lgil-c%&?{ %_%téaﬂogﬂdmimf bo-ol m_]_ - This subcategory includes any interruption in electric service
. ’ L | resulting from a fire or an explosion. Examples mclude fires

and fires, explosions and smoke not originating on and) losions i 2 manhole- irie. and forest

or within utility-ovwned equipment. or cxplosions m a 0'¢. E145S. praiie, and forest
fires; and explosions at a factory or similar facilities. This

category also includes inferruptions resulting from fire or

police requests to disconnect electrical service because of

dangerous or hazardous sifuations.

Vehicle

This subcategory includes any interruption by vehicle

accidents and contact with utility equipment.

Other

This subcategory includes interruptions caused by vandalism,

nonutility tree-trimming incidents, and other similar

circumstances.
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Table 8 — Vegetation subcategory

IEEE 1782 category Subcategory

Within clearance zone (right-gf-way)

This subcategory applies to outages caused by vegetation that is
within the utility’s vegetation clearance zone (right-of-way
[ROWT). Specific causes of within clearance zone vegetation
caused outages include vegetation growth into conductors, vines
within the ROW, and trees or limbs located within the ROW and
fall onto distribution system facilities.

Outside clearance Zone

This subcategory applies to outages caused by vegetation outside of
the utility’s maintained vegetation clearance zone (ROW). Specific
causes of outside clearance zone vegetation caused outages include
trees and limbs falling onto distribution system facilities.

Other

This subcategory applies to any vegetation caused outage that not
covered by other definitions within the vegetation category.

Vegetation

Interrmuptions caused by falling trees or limbs or
growth of trees. vines, and roots. If a tree is
involved, the cause category is “vegetation.”™

Table 9—Weather subcategory

IEEE 1782 category Subcategory

Precipitation

An outage should be categorized as resulting from weather when
snow, sleef. or heavy rain causes an mtermiption to distribution
system customers. Outages caused by ice are coded separately.
Ice

This subcategory applies to outages caused by ice buildup on the
distribution system.

Weather
Interruptions resulting directly or indirectly
from a weather phenomenon such as wind,

) i - Wind
snow, ice, hail, rain, and flooding when the Thi i . . !
weather itself caused the inferruption by : subctaregcra ;pphes “h'.eﬂ any of the following pl_leuomerm
7 cause an inferruption to distribution system customers: tomadoes,

exceeding the system’s design limits. Wind
does not include slapping or galloping
conductors, which fall under the “equipment™
category. Ice forming on conductors and

hurricanes, and wind gusts strong enough to by themselves damage
equipment and thereby cause an interruption.
Extreme temperaire

ine " i This subcategory applies when the temperature is extreme enough
Eﬁﬁgﬂ . Ouclldozg ifc{}]ded u;g &t}:ﬂ_‘;ﬁm to cause damage fo distribution equipment/wires and as a result
category interrupt electricity service to customers.
’ Other

This subcategory applies when weather-induced phenomena or
natural disasters not listed in the other “weather” subcategories,
such as mudslides, floods, and earthquakes, cause inferruptions in
electricity service to distribufion system customers.
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Table 10 —Wildlife subcategory

IEEE 1782 category

Subcategory

Wildlife

Mammals, birds. reptiles, insects. or
any other nonhuman member of the
animal kingdom that cause an
interruption directly through contact
or indirectly (e.g.. nests or bird
excrement that affect equipment).

Mammal

This subcategory applies to outages caused by a mammal’s interaction with
the electricity distribution system. Squirrels, beavers, raccoons, and rodents
are examples of species that cause outages by coming into contact with
distribution system infrastructure.

Bird

This subcategory applies to outages caused by a bird’s interaction with the
electrical distribution system. Specific types of inferactions with the system
can vary depending on the tvpe of bird, for example, raptors perching. The
“bird” subcategory can also include outages resulting from bird nests or bird
excrement contacting system infrastructure.

Reptile/Amphibian

This subcategory applies to outages cansed by a reptile’s or an amphibian’s
interaction with the electrical distribution system. Species commonly
involved in reptile/amphibian outages are snakes, frogs. and lizards.

Other
This subcategory applies to any outage caused by wildlife but not covered by
other definitions in this category. Examples of species that fall into the

“other” subcategory include insects and fish.

Table 11 —Unknown subcategory

IEEE 1782 category

Subcategory

Unkmown
Any intermaption for which a

after an mvestigation. The level of
investigation required is defermined
by the individual ufility.

definitive cause cannot be determined

No specific cause found
Thas subcategory applies when the affected line has been patrolled (or
evaluated) and a definitive cause cannot be determined.

New

Table 12— Other subcategory

IEEE 1782 catecory

Subcategory

Other

Any mterruption cause that 1s known
but does not fall into any of the
previously listed cause categories.

Ukility error

This subcategory applies whenever an outage results from an electric utdity or
1ts field personnel making a nustake, for example. 1 areas such as
construction, distribution automation, maintenance, operations, of protection.

Other utility initiated

This subcategory applies when another utility (“utility B™) causes a loss of
service to uithty A’s distnbution customers. Examples include problems with
equipment belonging to another electrical or nonelectrical utility (utility B)
that is housed on a commeon structure {or in a shared trench) resulting in an
interruption fo utility A's customers. See NOTE 1.

Other

This subcategory applies to any outage for which the canse is known but not
covered by other definitions in this or any of the other main categories. See
NOTE 2.

NOTE 1—Planned outages that are imtiated/requested by other ufilities should be coded as “Other Utlity Request™

code within the “Planned™ subcategory.
NOTE 2—0Outages where the cause is unknown should be categorized as Unknown—No Specific Cause Found.

New
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4.6 Affected equipment

Benchmarking studies frequently examine equipment performance. Equipment is the system

component that is usually responsible for a customer interruption. Data collected on affected

equipment can be categorized by number of interruption events, number of customers affected,

or duration of the interruption. Analysis of this datum may vield rates of failure for various types

of equipment, reveal whether some utilities have more of a problem with a particular type of

equipment compared to the experience of other utilities, or reveal how the use of equipment

varies from one utility to another.

In general, data on affected equipment are intended to supplement the interruption cause

categories and subcategories described in 4.4 and 4.5. The combination of information about

affected equipment, cause categories and subcategories, and contributory factors (4.7) will

generally capture the essence of an outage event.

A list of categories of equipment recommended for tracking is as follows. Some companies have

databases that contain this list of equipment for purposes of directly linking assets to outage

causes:

a) Structure/Support

b) Insulator

c) Conductor/Cable

d)  Connector/Splice

e) Elbow/Terminator

f) Arrester

o) Transformer

h) Simple Switching Device
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i) Simple Interrupting Device

1) Advanced Interrupting/Switching

k)  Controls

1) Circuit Breaker

m) Other

Structure/Support refers to noninsulating elements that hold or support conductors or cables,

including poles, brackets, and cross arms. These structures can cause an outage by failing to

secure a conductor or cable under reasonable operating conditions.

Insulator refers to equipment used to isolate energized conductors or cables from support

structures. Insulators can deteriorate from long-term exposure to environmental factors (salt,

chemicals, ultraviolet radiation, etc.). An insulator that has a chipped skirt or that breaks can

cause tracking or arcing, which, in turn, can cause brittleness, resulting in wires coming down

even under normal load/sag.

Conductor/Cable refers to an overhead conductor or underground cable. An overhead conductor

can break because of fraying or brittleness resulting from exposure to the environment. An

underground cable can short as a result of water intrusion or deterioration of casing or internal

insulation.

Connector/Splice refers to any type of connection on an overhead conductor or underground

cable that tracks internally as a result of water intrusion or corrosion or that cracks, splits, or

develops holes because of exposure to the environment. Examples of connectors include (but

are not limited to) automatic splice connections, stirrups, hot line clamps, pad connectors, and

piercing style connectors.

Elbow/Terminator refers to equipment that connects a conductor or cable to equipment or to an

insulated transition that tracks internally because of corrosion or water intrusion corrosion or

that cracks, splits, or develops holes as a result of exposure to the environment.
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Arrester refers to a type of surge protection equipment that causes an outage by failing,

permanently shorting, tracking, or having damaged/blown parts that contact energized lines.

Transformer refers to a component that transfers electrical energy from a primary distribution

circuit to a secondary distribution circuit or to a consumer's service circuit. It can fail because of

internal or external breakdowns caused by exposure to the environment, contamination,

tracking on bushings, or other factors.

Simple Switching Device refers to a manually operated device that opens or closes circuits. Simple

switching devices include motorized, ganged air break switches and gang-operated air break

switches. They can cause or extend an outage either by failing to operate or by creating a fault

by arcing, tracking, or shorting as a result of rusted, corroded, or worn parts.

Simple Interrupting Device refers to a device such a standard link fuse or nonsettable sectionalizer

whose functional specification and operational parameters are set by the manufacturer and

cannot be altered by a utility (end user).

Advanced Interrupting/Switching Device refers to a switch that can interrupt current flow and that

has functional specifications and operational parameters that are configured by the

manufacturer but can be changed by the utility or end user using a program or control

selectable interface. Examples include reclosers (hydraulic and electronic), programmable

switching devices, and settable sectionalizers.

Controls _are equipment, such as a control box, used to operate "smart" devices with

programmable logic or remotely through supervisory control and data acquisition (SCADA).

Controls can cause or extend an outage by failing or misoperating. Misoperation or failure can

result from water intrusion through a worn or missing weather seal, an external case damaged

by exposure to the environment, missing or dead battery backup, or frayed or corroded

communication wires or connectors.
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Circuit Breaker is a mechanical switching device capable of operating (making, carrving, and

breaking electrical current) under normal and specified abnormal circuit conditions. Some

common causes for circuit breaker failure can include overload, wear, fatigue, corrosion, and

contamination.

Other encompasses any piece of equipment not covered by other definitions above, which fails

to _operate as expected under reasonable operating conditions because of wear, fatigue,

corrosion, contamination, or long-term exposure to the environment.

4.7 Contributory factors

In many instances, multiple factors contribute to an outage. Different entities characterize these

factors differently; for example, the North American Electric Reliability Corporation (NERC)

distinguishes between initiating and sustained causes of an outage. Other organizations or

utilities may rely on comments or in-house categorizations to describe causal factors. To help

with reducing conflicting definitions among different organizations, an option would be to

utilize the concept of a contributory factor. A contributory factor can be thought of as a pre-

event that is directly relevant to an outage. Contributory factor categories can be the same as the

"primary" cause categories and subcategories described in 4.4 and 4.5. Incorporating

contributory factors could allow utilities to preserve information to describe an event beyond

the primary categories and subcategories of causes. In some cases, the contributory factor may

be treated as the initiating cause or sustained cause, as introduced in 4.5, when appropriate.

Some utilities may also be required by their regulatory agencies or governing bodies to record

specific, detailed narratives of operational events and to use outage incidents as the proxy for

those events. Those requirements may not align with the recommendations in this guide and/or

with how the utility currently reports outage causes. For example, California utilities are

required to report specific outages that are considered to pose a risk of igniting fire. Outage

cause codes and subcategories were not designed to capture this kind of information, but the

category of contributory factors can be used to record these attributes of an event without

compromising the use of uniform outage classification categories. Moreover, the information

added by recording contributory factors can help with investigations of root causes of outages.
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The examples below illustrate how cause categories and subcategories, affected equipment, and

contributory factors work together to help codify the cause of an outage. These examples

highlight issues that utilities may face in meeting internal and/or external reporting

requirements. Certain of these approaches can complicate data mining because key information

may_ not be readily accessible in a standard format; text mining (including potential

misspellings) may be the required solution, which could limit the extensibility of the approach

and confidence in the findings.

Examples of outage cause classifications using categories, subcategories, and contributory

factors:

— A tree felled by a logger. In this scenario, the "sustained" cause category and

subcategory could be "Vegetation—Qutside Clearance Zone (ROW)," with "Public—

Other" as the "initiating" contributory factor. The affected equipment could be

"Conductor/Cable." The two causes in this example help to distinguish the outage from

other events such as high winds felling a tree from outside the ROW.

— A tree felled by high wind. In this scenario, the "sustained" cause category and

subcategory could be "Vegetation —Outside Clearance Zone (ROW)," with "Weather —

Wind" as the '"initiating" contributory factor. The affected equipment could be

"Conductor/Cable." The two causes in this example help to distinguish the outage by

making clear that the tree falling was likely a result of wind rather than of other

factors.

— A vault floods during a rainstorm. In this scenario, the "sustained" cause category and

subcategory could be "Weather —Precipitation,” with the addition of "Weather —Other"

as the 'initiating" contributory factor. The affected equipment could be

"Elbow/Terminator.” In this example, the two causes help to distinguish the outage

from other events such as a water main burst.
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— A vault floods after a water main burst. In this scenario, the "sustained" cause category

and subcategory could be "Public—Other," with the addition of "Other —Other Utility

Initiated" as the "initiating" contributory factor. The affected equipment could be

"Elbow/Terminator."”

— A fused cutout operates on a hot day with no system overloads or other operations on

the same circuit. In this scenario, the "sustained" cause category and subcategory could

be "Equipment —Equipment Error," with the addition of "Weather —Extreme Heat" as

the 'initiating" contributory factor. The affected equipment could be "Simple

Interrupting Device." In this example, the two causes help to clarify that the outage

may be from equipment overloading (i.e., line current exceeded the continuous rating

of a standard overhead fuse).

— A protective device operates on a mild temperature day with high winds. In this

scenario, the '"sustained" cause category and subcategory could be "Equipment -

Equipment Error," with the addition of "Weather - Wind" as the "initiating"

contributory factor. No affected equipment was found. A patrol indicated no damage

to the system but noted high winds in the area, which indicates that although there is

no known cause for the fault, wind is suspected to have initiated the outage.

— A vehicle strikes a pole resulting in a wire down in California. In this scenario, the

"sustained" cause category and subcategory could be "Equipment—Other" with the

addition of "Public—Other" as the '"initiating" contributory factor. The affected

equipment could be "Conductor/Cable.” Due to California's current reporting

requirements, the utility could use additional cause categories and subcategories to

describe the outage more explicitly such as "Equipment—Wire Down" and "Public—

Car vs. Pole."

— High winds cause conductor slapping. In this scenario, the "sustained" cause category

and subcategory could be "Equipment—Environmental," with the addition of

"Weather—Wind" as the "initiating" contributory factor. The affected equipment could

be "Conductor/Cable."
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4.8 Responsible system

The responsible system is the portion of the system in which a fault is initiated. This information

is useful in benchmarking studies. There are several categories of responsible system, including

the following:

a) Distribution overhead

b) Distribution underground

¢) Generation

d) Substation

e) Transmission

1) Subtransmission—System elements operated at voltages typically between

distribution and primary transmission

2) Non-BES-transmission—System elements operated at voltages for primary

transmission but not registered with NERC as elements of the BES

3) BES transmission—System elements operated at voltages for primary transmission

and registered with NERC as elements of the BES

f)  Customer equipment

The "customer equipment” category refers to customer-owned equipment that is an integral part
portion of the utility's system; and that, when a fault occurs on this the—eustomer—owned

equipment,- causes interruptions to one or more of the utility's other customers.
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4.9 Conditions

The term " eategeriesunder-conditions' refers refer to circumstances eenditions at the time of an
the interruption, which can —Many-times-the-condition-may be an important a-contributing factor

in to the number of customers interrupted eustomerinterruptions or the time it takes to restore

customers. Fhe—Conditions_can may—play an important role in analysis of when—analysing

benchmarking data. The following categories are proposed for classifying conditions eendition

s nclude:

a) Routine (day-to-day)

b) Major event days

"Routine” conditions are typical is-eefined-as daily conditions that do not constitute a major event
day. A major event day is defined by IEEE Std 1366. The "conditions" P*-in-the-major-event-day
definiion—These designations would have to be added to the-interruption data after it is

determined the-determination that a major event has occurred.

Additionally-Individual utilities could may choose to collect data on other conditions, such as
weather, that are observed were—present during the time of an the interruption—event. For

example, each utility could develop a list of weather conditions based on #pen local climate.
4.10 Voltage level

In some benchmarking studies, information is provided using typical voltage classes (phase-to-
phase) as shown in the following list-belew:. The voltage information for a customer interruption

event should be based on the highest voltage level affected:-

a) Secondary/Low voltage
b) 5kV
C) 15kV
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d 25kV

e) 35kV

f) >35 kV

g) Transmission

1) Sub-transmission

2) Non-BES Transmission

3) BES Transmission9

4.11 Interrupting devices

Benchmarking studies might may review the type and total number of interrupting devices used,

the their failure (misoperations or mechanical failure) rates_of interrupting devices—how—many

operations—oceurred, and the tetal-number of operations. The interrupting devices—deployed-
Interruptingdevice is the device that initiates a the-start-ef-the customer interruption. The following

is the recommended list of categories for describing ef interrupting devices:-

? Note that system voltages for BES and non-BES transmission can overlap. That is, although most BES transmission voltages are
greater than 100 kV, some BES transmission voltages are less than 100 kV. Similarly, although most non-BES transmission voltages

are less than 100 kV, some non-BES transmission voltages are greater than 100 kV. The distinction between BES and non-BES

transmission depends on whether a transmission element is registered with NERC as part of the BES.
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a) Circuit breaker/substation recloser
b) Fuse

c) Line recloser

d) Sectionalizer

e) Switch

f) Other

The following comments focus diseussion-centers on which partiestar-devices should be put into
each of the above categories, with the caveat that eategery—Of-course; not every possible device

can be discussed. The circuit breaker/recloser category should include circuit breakers and
reclosers found in substations and those used for protection of entire feeders/lines. The fuse

category should include line, tap, and transformer fuses. Line recloser devices are Reelesers

located along a circuit/line and can shewld be programmed to open and close automatically in an

attempt to restore service by clearing transient faults. Hydraulic reclosers, electronic reclosers,

cut-out mounted reclosers, and pulse closing devices are examples of the line reclosing devices

recloser—eategory. Gang switches and blade disconnects belong are—eaptured in the switch

category. Any other interrupting devices not covered by the first five categories, including an

open conductors, fall into eenduetoraregrouped-under the "other" category.

4.12 Interrupting device initiation

Anether-Analysis of interrupting devices may include the manner in which they operated when
they were opened and closed. Fhese-Operations can be classified fall into two thefellowing

recommended categories:
a) Automatic

b) Manual
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"Automatic" includes all operations that take place without human intervention. "Manual"

includes all operations-is-any-operation that involve invelves personnel controlling te-eperate the

device, whether at the location of the device or from a remote location.

4,13 Customer restoration

Benchmarking studies may analyze how customers' power is are-restored after experieneing-an
interruption. Customers' premises can te—pewer—Fhere—may be re-energized in several ways

following te-reenergize-eustomers-after an interruption. The suggested categories of restoration

are as follows:

a) Automatic substation transfer
b) Automatic circuit sectionalizing
c) Manual circuit sectionalizing

d) Left disconnected

€) Re-energized at station

f) Grid separation

g) Temporary installation

h) Repaired Defective equipment repair

i) Defective equipment replacement

) Fuse replacement

k) Transformer breaker reset

e—Replaced-defective equipment
hy  Replaced fuse
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T T
P—Installedtempeorary
The first category, "automatic substation transfer,” includes any scheme that shifts transfers

customers to an alternate supply when in-the-event-that their primary supply is interrupted. This

scheme operates without arny human intervention.

"Automatic circuit sectionalizing" refers to any automatic schemes outside the substation that
transfer customers experiencing a power interruption to another energized circuit segment, either

on the same circuit or a different circuit.

"Manual circuit sectionalizing" refers to any action taken by field personnel or remote operation
by an operations supervisor to transfer interrupted customers to other feeders/circuits. This also
includes resetting midline reclosers and operating switches to re-energize interrupted customers

using te another part of the same feeder/circuit.

In some cases, customers will not be put back in service, for example, because of a due-to-fire;

floed,—or-some-other-destruetive force_such as fire or flood that destroys the_customer premises

entityreguiring-power. In this case, "left disconnected" is the category.

Sometimes a feeder/circuit is not able to restore customers after fault operation(s) (resulting in a

lock- leeked-out) at the station with ane no cause is-found. In that situation, the circuit breaker or

recloser is closed again (reclosed), and, if it holds, the category "re-energized at station" applies.

This approach is-ehesen—t may also be used for transformer or bus outages in the station.

"Grid separation" describes a situation in which a customer disconnects from the grid during an

outage and utilizes off-grid power from a distributed energy resource (DER) such as a microgrid

or some other form of electric generation.
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"Installed temporary" describes a situation in which a utility makes a temporary repair to restore

service or maintain public safety until a permanent repair can be made (State of New York Public

Service Commission [B7]). Examples include a temporary repair to restore customers after an

interruption caused by a vehicle accident or a storm when permanent repairs cannot be made

immediately.

The last four five categories, "defective equipment repair," "defective equipment replacement,"

"fuse replacement," and "transformer breaker reset," are self-explanatory.
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5. Data collection within the electric power distribution industry

5.1 Overview

It is generally accepted that in today's operating environment, utilities need to accurately capture
information regarding the number of service interruptions, their duration, and the number of
customers affected (Robinson et al. [B5 B2]). Most utilities, including investor-owned, municipal,
and cooperative _entities wtilities, have realized the need to document eaptare equipment outages
and the resulting customer interruptions; nearly all capture sustained interruptions. The methods
and approaches vary widely depending on the existence and sophistication of installed
information systems, such as the customer information system (CIS), the-geographic information
system (GIS), SCADA the-supervisory—econtroland-data—aequisition system~«(SCADA), and the
outage management system (OMS). In general, a utility's interruption reporting system uses key

information from these other systems to document complete, accurate improve-the-completeness
and-aceuraey-of reliability information.
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Comparing reliability statistics among between utilities is a-difficult for taskbeeause-ofse-many
reasons, including factors,—not—theJeast—of—-which—is differing data collection processes and

procedures. During the-benchmarking,—preecess—it-is—imperative—that consideration should be

given to the level of data collection at each entity as well as to ane-the state of implementation of

data-collection these systems and their associated processes. Even among utilities that have

similar systems, such as OMSs an-outage-management-system from the same a-speeifie vendor,

performance differences are likely,—te—oeecur—due either because of e customization for an
individual utility andfor because of process differences_that—and—these—differences—may be
significant. If these differences are not taken into account, an exact Witheutsuch-consideration;

comparison of different utilities' performance will not be possible inexaet.

5.2 Manual collection systems

Typically, a utility with paper maps and little or no connectivity—+ecerds will utilize a fully
manual collection approach. Field personnel estimate the number of customers affected during
a service interruption. Utilities couple these estimates with an estimate of the start beginning
time of the serviee-interruption to determine the impact of each event on customers. This
approach may be the least accurate appreach-of the methods that will be discussed in this guide

and—} is where the-ene-thatforms—the startingpeintfor most utilities start in their journey
toward evelution—te a fully connected system.—as Most utilities began collecting reliability

performance information as a consequence of building a system to speed up assist-with-guicker

power restoration.

The data collected help the with-these-systems-helps-that-utility identify and track areas on the
system systems that raise have reliability concerns. These concerns could include repeated

interruptions and potentially poor customer satisfaction. Generally, a the manual reporting
system tracks only sustained interruptions and does not record the-momentary interruptions.
With manual data collection, it is difficult to properly track In—wutilizing—this—method,—step
restoration efforts and therefore the CMI might not be recorded accurately are-verydiffieattte
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