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Abstract: Reliability of electric power systems remains an important societal issue. While
transmission disturbances draw national attention and scrutiny, service interruptions at the
distribution level are the primary concern of the end-use customer and their regulatory and
governmental representatives. Much effort has been expended in developing methods to
uniformly and consistently quantify the reliability of distribution service based on electric system
performance. However, the results of a nationwide survey of recorded information used for
calculating distribution reliability indices performed in 1998 by the Working Group on System
Design (now Distribution Reliability) indicate that significant inconsistencies exist in the data,
categorization of that data, and in the collection processes used within the industry. This guide
discusses the collection, categorization, and use of information related to electric power
distribution interruption events and will be used in the development of industry guidelines. This
guide presents a minimal set of data and a consistent categorization structure that, when used in
combination with IEEE Std 1366™, will promote consistency in how the industry collects data for
the purpose of benchmarking distribution system performance.

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

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

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

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

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

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

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

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 should be considered the
approved IEEE standard.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 00:13:27 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1782-2014


http://www.avadocuments.com/doc/ieee-1782-2014
http://www.avadocuments.com/doc/ieee-1782-2014

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

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

Comments on standards should be submitted to the following address:

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

Laws and regulations

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

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
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 fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.
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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 ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at
http://iecexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

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

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.iecee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 00:13:27 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1782-2014


http://ieeexplore.ieee.org/xpl/standards.jsp
http://standards.ieee.org/
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/about/sasb/patcom/patents.html
http://www.avadocuments.com/doc/ieee-1782-2014
http://www.avadocuments.com/doc/ieee-1782-2014

Participants

At the time this IEEE guide was completed, the System Design Working Group had the following

membership:
Rodney Robinson*, Chair (201 1-Present)
John McDaniel, Vice Chair
Val Werner*, Secretary
Barney Adler Tim Croushore Margaret Kirk
John Ainscough Bill Daily Mark Konya*
Dave Albergine Jeff Deal Frank Lambert
Daniel Arden Herve Delmas Dave Lankutis*
Greg Ardrey Chuck DeNardo Ken Lau
Ignacio Ares Fred Dennert Roger Lee
Davood Asgharian Frank Doherty Jim Lemke
Jim Ashkar April Dornbrook Jack Leonard
Dustin Ballacy R. Clay Doyle Giancarlo Leone
John Banting Jeff Duff Gene Lindholm
Karie Barczakk Herman Dyal Ray Lings
Philip Barker Mike Engel Nick Loehlein
Ryan Bartlett Russ Erlich Andrew Lozano
Ed Beavers Joe Eto Susan Lovejoy
Bill Becia Charlie Fijnvandraat Ning Lu
James Benaglio Emily Fisher Robert Manning
Lina Bertling Doug Fitchett Ethan Matthes
William Beutler Fred Friend Ed Mayer
Tom Bialek Keith Frost* Tom McCarthy
Roy Billinton Justin Fuith Tom McDermott
Chantal Bitton Anish Gaikwad Mark McGranaghan
David Blankenheim David Gilmer Steve McHardy
John Bolinger Manuel Gonzalez Kale Meade
Jim Bouford* John Goodfellow Tom Menten
Vilet Bounnam John Gordon Bill Montgomery
Stephane Brule Tom Grisham J. C. Mathieson
Jason Bundren Tom Gutwin Mathieu Mougeot
James Burke Don Hall* Jerry Murray
William Burley Jane Hammes Peter Nedwick
Brandy Burnett Randy Harlas Mike Nekola
Thomas Callsen Keith Harley Terry Nielsen
Manuel Camara Harry Hayes Denise Nikoloff
Mark Carr David Haynes Gregory Obenchain
Patrick Carroll Eric Helt Ray O’Leary
Heide Caswell* Jim Hettrick Gregory Olson
Cliff Cayer Ray Hisayasu Jamie Ortega
Donald M. Chamberlin Paul Hodges Anil Pahwa
M. L. Chan Alex Hofmann Milorad Papic
Baden Chatterton Tao Hong Marc Patterson
Dave Chetwynd Ian Hoogendam Dan Pearson
Bill Chisholm Bob Howes Mike Pehosh
Tony Chou Mike Hyland Charles Perry
Rich Christie Cindy Janke Ray Piercy
Rob Christman Allan Jirges Jeff Pogue
George Clark Joshua Jones Steve Pullins
Mike Clodfelder Robert Jones Henry Quach
James Cole Mark Kemper Mike Rafferty
Betsy Coppock John Kennedy William Ranken
Larry Conrad Mort Khodaie Alvin Razon
Grace Couret Ann Kimber Caryn Riley

vi
Copyright © 2014 IEEE. All rights reserved.

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 00:13:27 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1782-2014


http://www.avadocuments.com/doc/ieee-1782-2014
http://www.avadocuments.com/doc/ieee-1782-2014

Sebastian Rios

D. Tom Rizy

Tim Rogelstad
Ziolo Roldan
Julio Romero Aguero
Chris Root

Reed Rosandich
Robert Rusch
David Russo

Dan Sabin

Jim Sagen

Bob Saint*

N. D. R. Sarma
Josh Schellenberg
Dave Schepers
Steven Schott
Andy Schwalm
Ken Sedziol

Matt Seeley

*Primary author

Mike Shepherd
David Shibilia
Tom Short
Cheong Siew

Jeff Smith

Rusty Soderberg
John Spare
Joshua Stallings
Lee Taylor

Jay TeSelle

Rao Thallam
Mark Thatcher
Casey Thompson
Betty Tobin

Tom Tobin

S. S. (Mani) Venkata
Joe Viglietta*
Marek Waclawiak
Juli Wagner

Reigh Walling
David Wang
Daniel J. Ward
Cheryl A. Warren*
Neil Weisenfeld
Greg Welch

Lee Welch
Charlie Williams
John Williams
Taui Willis
Mike Worden
Don Yuen

Eena Singh
Andy Holt

Jason Handley
Tony Thomas
Dave Crudele
Bo Van Beekum
Le Xu

The following members of the individual balloting committee voted on this guide. Balloters may have
voted for approval, disapproval, or abstention.

William Ackerman
Ali Al Awazi
Wallace Binder
James Bouford
A. James Braun
Gustavo Brunello
Ted Burse
Robert Christman
James Cole
Larry Conrad
Ray Davis

Neal Dowling
Frederic Friend
Michael Garrels
Waymon Goch
Edwin Goodwin
Randall Groves
Donald Hall
Dennis Hansen
David Haynes
Werner Hoelzl
Richard Jackson

Mayank Jain
Laszlo Kadar

Gael Kennedy

Yuri Khersonsky
Morteza Khodaie
Joseph L. Koepfinger
Jim Kulchisky
Saumen Kundu
Greg Luri

Thomas McCarthy
Christian McCollom
John McDaniel
John McDonald
John Miller

Daleep Mohla
Jerry Murphy
Michael Newman
Joe Nims

Lorraine Padden
Richard Paes

Bansi Patel
Christopher Petrola

Craig Preuss
Michael Roberts
Charles Rogers
Bob Saint
Bartien Sayogo
Tony Seegers
Hamid Sharifnia
James Smith
Jerry Smith
John Spare
Gary Stoedter
Lee Taylor
William Taylor
Eric Udren

John Vergis
Jane Verner
Carl Wall
Daniel J. Ward
Val Werner
Kenneth White
Luis Zambrano
Francisc Zavoda

When the IEEE-SA Standards Board approved this guide on 27 March 2014, it had the following

membership:

Peter Balma
Farooq Bari
Ted Burse

John Kulick, Chair
Jon Walter Rosdahl, Vice Chair
Richard H. Hulett, Past Chair
Konstantinos Karachalios, Secretary

Clint Chaplin

Stephen Dukes
Jean-Philippe Faure

vii
Copyright © 2014 IEEE. All rights reserved.

Gary Hoffman
Michael Janezic
Jeffrey Katz

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 00:13:27 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1782-2014


http://www.avadocuments.com/doc/ieee-1782-2014
http://www.avadocuments.com/doc/ieee-1782-2014

Joseph L. Koepfinger*
David J. Law

Hung Ling

Oleg Logvinov

Ted Olsen

*Member Emeritus

Glenn Parsons
Ron Petersen
Adrian Stephens
Peter Sutherland
Yatin Trivedi

Phil Winston
Don Wright
Yu Yuan

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Richard DeBlasio, DOE Representative
Michael Janezic, NIST Representative

Julie Alessi
IEEE-SA Content Publishing

Erin Spiewak
1IEEE-SA Standards Technical Community

viii
Copyright © 2014 IEEE. All rights reserved.

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 00:13:27 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1782-2014


http://www.avadocuments.com/doc/ieee-1782-2014
http://www.avadocuments.com/doc/ieee-1782-2014

Introduction

This introduction is not part of IEEE Std 1782™-2014, IEEE Guide for Collecting, Categorizing, and Utilizing
Information Related to Electric Power Distribution Interruption Events.

This guide was initiated by the desire of members of the working group to be able to have meaningful
comparisons of reliability metrics. This guide was assembled to provide information regarding the
collection, utilization, and categorization of information related to electric power distribution interruption
events for the specific purpose of system reliability comparisons.

The purpose of this guide is to foster uniformity and consistency of collection of data among utilities in the
trending and benchmarking of electric power distribution reliability to enable meaningful assessment of the
performance of different electric utilities. In addition, this guide is intended to provide education and
guidance with the assessment, trending, and benchmarking practices related to electric power distribution
system reliability.

There is an industry need, given the widespread attempts to benchmark and compare electric power
distribution reliability and the impact of such comparisons on key stakeholders including end-use electricity
customers, utility companies, and governmental entities. The guide will describe recommended data
collection, utilization, and categorization practices that should be followed to ensure fair and accurate
trending and benchmark comparisons.
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IEEE Guide for Collecting,
Categorizing, and Utilizing Information
Related to Electric Power Distribution
Interruption Events

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers 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.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers.html.

1. Overview

1.1 Introduction

Benchmarking of distribution reliability performance has become commonplace in the electric power
industry over the past several years despite the fact that useful comparisons are often difficult to make due
to the data collection methods employed, differences in system design and operation, and differences in the
environments. Many benchmarking studies have been established, each with its own criteria to define how
data should be provided and analyzed. In order to arrive at meaningful conclusions, consistent interruption
event data and categorization of that data are desirable (Werner et al. [B9]).' IEEE Std 1366™ has defined
a methodology that, if used, will provide a common way to segment data.” The purpose of Interruption
Reporting Practices Guide is to define data collection procedures. Clearly this is a large topic; therefore,
this guide has been broken into the following three issues:

a) Data consistency and categorization for benchmarking surveys
b) Data collection within the electric power distribution industry

c) Data usage and practices

! The numbers in brackets correspond to those of the bibliography in Annex E.
? Information on references can be found in Clause 2.
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1.2 Scope

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

1.3 Purpose

The purpose of this guide is to foster uniformity and consistency of collection of data among utilities in the
trending and benchmarking of electric power distribution reliability to enable meaningful assessment of the
performance of different electric utilities. In addition, this guide is intended to provide education and
guidance with the assessment, trending, and benchmarking practices related to electric power distribution
system reliability.

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.* *

3. Data consistency and categorization for benchmarking surveys

3.1 Overview

This portion of the guide presents suggestions on comparison of utilities based on a high-level
categorization of interruption related data. It is not meant to limit how detailed the collection of data could
be, or to say what must be collected, rather to define the minimum set of data collection categories required
for benchmarking and to give consistency to those categories.

When performing benchmarking studies, the differences between the collection methods, the locations, and
the differences in system design can make comparison difficult. Examples of the types of items that may be
relevant when performing benchmarking studies are listed below.

3.1.1 Collection methods

A variety of methods available for collecting data, some listed below, could lead to issues when comparing
data in benchmarking surveys.

— The differences in the interruption data collection systems (ranging from manually entered paper
systems to completely automated computer-based systems)

— The ability to collect interruption data from the system (ranging from the substation level down to
the customer service drop)

* The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
* IEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).
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— The use, or nonuse, of step restoration when collecting interruption data
— The determination of the start time

— The definition of sustained interruption may play a role (ranging from greater than 1 min to greater
than 5 min)

—  The definition of a customer (account, meter, premise, etc.)

— Interruption delineations (unplanned interruptions, planned interruptions, major events, etc.)

3.1.2 Location

In some cases, a difference in locale could also lead to issues when comparing data in benchmarking
surveys.

— System characterization (rural, suburban, urban)

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

3.1.3 System design

In addition, the differences in system design could lead to issues when comparing data in benchmarking
surveys.

— System layout (radial, loop, two transformer station, etc.)
— System placement (underground or overhead)

This guide includes a minimal set of data and a consistent categorization structure necessary for
comparison of distribution system performance. Presented are categories for system characterization,
interruption causes, responsible systems, conditions, voltages, devices, device initiation, and restorations.

3.2 Data collected during the interruption event process

As part of the interruption event collection process, the cause is collected with other pertinent information.
This information should include:

—  The number of customers interrupted (CI)
—  The interruption durations, based on start date/time and restore date/time
—  The number of customer minutes of interruption (CMI)

As the database is maintained over the years, cause information can be used in combination with the
number of interruption events, the number of CI, and the number of CMI to numerous analytical ends,
some of which will be discussed in this document.

3.3 System characterization

It is important to identify the composition of the utilities participating in a benchmarking study. The
characterizations of the utility system are usually broken into the three categories below. The categories are
defined by the customer’s density as shown below.

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

b) Suburban (31 through 93 customers per circuit kilometer or 50 through 150 customers per
circuit mile)

¢) Urban (greater than 93 customers per circuit kilometer or 150 customers per circuit mile)
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Percentages of the number of circuits are applied to each of the categories above to describe the make-up of

each utility.

As observed in Table 1 below, a simple system composed of the circuits outlined below should be treated

as shown below.

Events

Table 1—System characterization example (percent number of circuits)

Circuit length Circuit Customers/circuit Circuit
(km) customers length (km) designation
Circuit A 14 100 7 Rural
Circuit B 50 2000 40 Suburban
Circuit C 12 1500 125 Urban
Circuit D 20 500 25 Rural
Circuit E 27 1000 37 Suburban
Urban Suburban Rural
Percent of circuits with 20% 40% 40%
system designation

3.4 Interruption cause categories

Ten general interruption cause categories are suggested for comparison in benchmarking studies. These are
intentionally broad categories that will make possible more precise benchmark comparisons between
different distribution utilities. There are numerous categories that could be chosen, but with the goal of
uniformity for comparison purposes, the following ten categories were chosen:

a) Equipment
b) Lightning
¢) Planned
d) Power supply
e) Public
f)  Vegetation
g)  Weather (other than lightning)
h)  Wildlife
i) Unknown
j)  Other
The recommended categories do not prevent a utility from collecting more detailed data, and that is indeed

encouraged. However, the data collected should able to be placed into one of the ten categories
recommended.

The following paragraphs describe the types of interruptions that should be put into each category. Of
course, not every possible interruption can be discussed; but for most interruptions, the choice of category
is apparent. The cause categories are discussed in the order as presented above.

a)  Equipment—Any piece of the distribution system equipment that is defective or fails and causes
an interruption to customers should be put in the equipment category. A few examples of
equipment types include controls, conductors, insulated transitions, interrupting devices,
arresters, structures and supports, switches, and transformers.
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b) Lightning—The lightning category includes all interruptions caused by lightning. This may be by
a direct stroke contacting the wires or another piece of equipment, or by a lightning-induced
flashover of the wires or another piece of equipment.

¢) Planned—The planned category includes, but is not limited to: Road construction, maintenance
and repairs, load swaps, replacing equipment, and house moves. Typically, planned interruptions
are those interruptions that can be delayed by the utility personnel and performed only after the
appropriate or required customer notification. Often, regulatory commissions have specified rules
describing planned interruptions.

d) Power supply—The power supply category includes interruptions caused by a failure in the
transmission system including the transmission portion of a substation or the loss of a generating
unit including those associated with distributed generation. It does not include outages due to the
loss of a distribution substation component.

e) Public—Any interruptions resulting as an act of the public at large should be put into the public
category. Examples include: customer trouble, non-utility employee or contractor dig-in,
fire/police requests, foreign contact (such as Mylar balloons, crane boom, and aluminum ladder),
traffic accidents, vandalism, and fires and explosions not originating on or within utility-owned
equipment.

f)  Vegetation—The vegetation category includes interruptions caused by falling trees or limbs,
growth of trees, vines, and roots. It should be emphasized that if a tree is involved, the cause
category is vegetation. This is important to note during wind storms. It may not be possible to
determine that a feeder may have a forestry issue if wind is listed as the cause when actually a
tree was involved.

g) Weather—The category of weather should include interruptions due directly to a weather
phenomenon including: wind, snow, ice, hail, and rain where the weather itself caused the
interruption and exceeded the system’s design limits. Wind does not include slapping or
galloping conductors; those would go under the equipment category. Ice forming on conductors
and tearing them down or flooding of power facilities would be included in the weather category.

NOTE— If any part of a tree is involved, it would go under the vegetation category.’

h)  Wildlife—This includes mammals, birds, reptiles, and insects, or any other non-human member
of the animal kingdom. Wildlife can cause interruptions directly through contact, like snakes,
mice, ants, raccoons, squirrels, or birds; or indirectly, like nests and bird excrement.

i) Unknown—The unknown category includes any customer interruptions where a definitive cause
cannot be determined after investigation. The level of investigation required is determined by the
individual utility.

j)  Other—Any interruptions to customers that do not fall into any of the other cause categories
should be assigned to the other category. Some examples include: errors in construction,
maintenance, operating, or protecting; overload; and contamination.

3.5 Responsible system

When participating in benchmarking studies, it is useful to know the responsible system. This is defined as
the portion of the system in which the fault initiated. There are several responsible system categories. These
include:

a)  Distribution overhead

b) Distribution underground

* 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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¢)  Generation
d)  Substation
e) Transmission
f)  Customer equipment
The customer equipment category refers to customer-owned equipment that is an integral portion of the

utility’s system, and when a fault occurs on the customer owned equipment, it causes interruptions to one
or more of the utility’s other customers.

3.6 Conditions

The categories under conditions refer to conditions at the time of the interruption. Many times the condition
may be a contributing factor to the number of customer interruptions or the time it takes to restore
customers. The conditions may play an important role when analyzing benchmarking data. The proposed
condition categories include:

a) Routine (day-to-day)
b) Major event

Routine is defined as daily conditions that do not constitute a major event day. A major event day is
defined by IEEE Std 1366™ in the major event day definition. These designations would have to be added
to the interruption data after the determination that a major event occurred.

Additionally, individual utilities may choose to collect other conditions, such as weather, that were present
during the time of the interruption event. For example, each utility could develop a list of weather
conditions based upon local climate.

3.7 Voltage level

In some benchmarking studies, information is provided using typical voltage classes (phase-to-phase) as
shown in the list below. The voltage information for a customer interruption event should be based on the
highest voltage level affected.

a)  Secondary/Low voltage

b) SkV
¢ I5kV
d) 25kV
e) 35kV
f)  >35kV

g) Transmission

3.8 Interrupting devices

Benchmarking studies may review the type of interrupting devices used, their failure rates, how many
operations occurred, and the total number of devices deployed. Interrupting device is the device that
initiates the start of the customer interruption. The following is the recommended list of categories of
interrupting devices.
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a)  Circuit breaker/substation recloser

b) Fuse

¢) Line recloser

d)  Sectionalizer

e) Switch

f)  Other
The following discussion centers on which particular devices should be put into each category. 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. Reclosers located along a circuit/line should be in
the line recloser category. Gang switches and blade disconnects are captured in the switch category. Any

other interrupting devices not covered by the first five categories, including an open conductor, are grouped
under the “other” category.

3.9 Interrupting device initiation

Another analysis of interrupting devices may include the manner in which they operated when they were
opened and closed. These operations can fall into the following recommended categories:

a)  Automatic
b) Manual

“Automatic” includes all operations without human intervention. “Manual” is any operation that involves
personnel to operate the device, whether at the location of the device or from a remote location.

3.10 Customer restoration

Benchmarking studies may analyze how customers are restored after experiencing an interruption to power.
There may be several ways to reenergize customers after an interruption. The suggested categories are as
follows:

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

d) Left disconnected

e) Reenergized at station

f)  Repaired defective equipment
g) Replaced defective equipment
h) Replaced fuse

i)  Reset transformer breaker

j)  Installed temporary

The first category, automatic substation transfer, includes any scheme that transfers customers to an
alternate supply in the event that their primary supply is interrupted. This scheme operates without any
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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 reenergize
interrupted customers to another part of the same feeder/circuit. In some cases, customers will not be put
back in service due to fire, flood, or some other destructive force that destroys the entity requiring power.
In this case, “left disconnected” is the category.

Sometimes a feeder/circuit is locked out at the station and no cause is found. The circuit breaker or recloser
is closed again (reclosed), and if it holds, the category “reenergized at station” is chosen. It may also be
used for transformer or bus outages in the station. The last five categories are self-explanatory.

3.11 Equipment failure or deterioration

Benchmarking studies frequently examine equipment performance as well. This equipment is usually failed
equipment that initiated the customer interruption. Typically, pieces of equipment are grouped into
different categories. Data collected may be by number of interruption events, number of customers
affected, or by duration of the interruption. Results from this data may reveal rates of failure for various
types of equipment, if some utilities have a problem with a type of equipment as compared to other utilities,
and how the use of equipment varies from one utility to another. The following is the recommended list of
categories of equipment.

a) Cable

b) Wire

¢) Connector

d) Control

e) Insulated transition

f)  Interrupting device

g) Lightning/surge arrester
h)  Other equipment

i)  Structural support

j)  Switch

k) Transformer

The “cable” category includes all cable that is direct buried or placed in pipe or conduit or U guard. “Wire”
refers to overhead strung conductors and jumpers. Connections, splices, and other hardware are not
included in these two categories. The “connector” category includes connectors, insulinks, splices, etc. The
“control” category contains relays, smart meters, and other control equipment. “Insulated transition” is
comprised of bushings, insulators, separable connectors, polymeric terminations, potheads, stress relief
cones, etc. The “interrupting device” category consists of circuit breakers, reclosers, and fused equipment.
The “lightning/surge arrester” and “other” categories are self-explanatory. “Structural support” category
includes anchors, poles, towers, cross arms, braces, etc. The “switch” category contains disconnect,
isolation, and load break switches; solid-blade cutouts; etc. The last category, “transformer,” can include
auxiliary, current, distribution, grounding, potential or voltage, power, rectifying, step-down/conversion,
and voltage regulating transformers.
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4. Data collection within the electric power distribution industry

4.1 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. [B2]). Most utilities, including investor-owned, municipal, and co-operative
utilities, have realized the need to capture 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), the supervisory control and data acquisition system
(SCADA), and the outage management system (OMS). In general, a utility’s interruption reporting system
uses key information from these systems to improve the completeness and accuracy of reliability
information.

Comparing reliability statistics between utilities is a difficult task because of so many factors, not the least
of which is differing data collection processes and procedures. During the benchmarking process, it is
imperative that consideration be given to the level of data collection and the state of implementation of
these systems and their associated processes. Even among utilities that have similar systems, such as an
outage management system from a specific vendor, performance differences are likely to occur, due either
to customization for an individual utility and/or process differences, and those differences may be
significant. Without such consideration, comparison of performance will be inexact.

4.2 Manual collection systems

Typically, a utility with paper maps and little or no connectivity records 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 beginning time of the service
interruption to determine the impact of each event on customers. This approach may be the least accurate
approach of the methods that will be discussed in this guide. It is the one that forms the starting point for
most utilities in their evolution to a fully connected system, as most utilities began collecting reliability
performance information as a consequence of building a system to assist with quicker power restoration.

The data collected with these systems helps that utility identify and track areas on the systems that have
reliability concerns. These concerns could include repeated interruptions and potentially poor customer
satisfaction. Generally, the manual reporting system tracks only sustained interruptions and does not record
the momentary interruptions. In utilizing this method, step restoration efforts are very difficult to track
properly; specifically the customer minutes of interruption are not reduced correctly.

Without a fully connected model that provides the connectivity of each customer to the protective devices
upstream on the feeder, utility staff must manually group individual customer calls (tickets) by area and
then provide this information to field personnel for restoration. Using this approach may result in customers
supplied through different devices being grouped together incorrectly, thereby extending the restoration
time. In this case, the field personnel have to contact each customer to make sure everyone is restored with
the resolution of the outage. If it is assumed everyone in the area has had service restored, then some
customers may need to call back to report their continued interruption.

Typically, the interruption records are manually entered into a spreadsheet, or database, and are maintained
as time allows, by available personnel, with varying degrees of timeliness. Most of these systems allow
free-form text entry, thereby introducing errors into the system merely from the act of recording the data.
Further, the level of detailed information captured for each interruption will be limited and may not always
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include such information as the cause, the device affected, the location, and a variety of other useful types
of information.

With the manual system, the input from field personnel tends to vary greatly in that they are based solely
on the individual field worker’s best estimate, which can be made as conservative as desired to provide an
overly optimistic, or pessimistic, result. Again, the nature of this type of approach provides only general
trends and should be used by the utility for internal comparison and not used to benchmark performance
with other utilities unless the results are clearly identified as having been generated with a manual system.

4.3 Fully automated outage system

At the other end of the interruption data collection spectrum are systems that utilize a full connectivity
model from customers to transformers, to lateral protective devices, to main line protective devices, and
finally back to substation protective devices (i.e., breakers) and in some cases even through the substation
and into the transmission system. In these advanced systems, the outage management system (OMS) is
often based on a complete geographic information system, and in some cases, may include information
provided by a real-time substation device outage reporting system via SCADA. With this fully integrated
system, the utility has the potential to have an accurate count of the number of customers affected by each
outage as well as the duration of each interruption of service. Beyond installing these systems, utilities must
educate employees to ensure that personnel are properly operating all the new systems and understand the
impact of their actions. The process is equally as important as the information technology system in
obtaining accurate reliability information.

Using such systems allows for the provision of timely results of system performance metrics and
performance trending. Analysis may be performed down to specific devices; in some cases to the individual
customer level. With the full customer connectivity model, utilities not only will have more accurate
information to build their reliability statistics, but they will have the ability to automatically group or
combine individual customer calls to specific transformers or fused laterals and thereby minimize the
number of tickets or equipment outages being investigated at one time. Once the problem has been resolved
and the device restored, all of the customers supplied through this device are considered restored. The
connectivity model allows the utility to account for the partial, or step, restoration of portions of the feeder
and correctly identifies the duration of interruption experienced by each customer throughout the
restoration activities.

Most utilities that have implemented a more accurate and sophisticated connectivity model and outage
management system have found that their reliability statistics appear to have deteriorated. In many cases,
the new systems enable full accounting of the number of customers affected by each service interruption as
well as the service interruption duration because accurate start and end times for the interruptions are
captured. Rather than being considered a reason to not implement such a system, the more accurate
methods will provide many capabilities for the utility to develop a better picture of problem areas and the
comparable magnitude of the problems for prioritization. Furthermore, these systems will help the utility
optimize its spending and meet the challenges of ever increasing regulatory and customer scrutiny.

4.4 Implementation of various outage systems

The current technologies, systems, and processes used by different utilities are based on various drivers that
are utility-specific and are the result of many years of operation. Until the widespread availability of outage
management systems in the 1990s, it was considered adequate to operate based on a manual system. As
more public service commissions and customers demanded better data, utilities have requested the
development of advanced systems that they could implement. Many of these systems cost millions of
dollars and take years to implement. No matter the reason for improvements in the components of the
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company’s outage management process, the utility should build on these advancements to provide
improved accuracy and response time.

As a utility considers system enhancements to its mapping, customer information system, facilities
tracking, work management, or other related systems, it should consider the added benefits and
improvement that can be achieved by building up or integrating these systems with an outage management
system/process.

All outage management systems rely on several key components:

—  Connectivity model from customer to supply, ranging from:
1) A link between transformers, devices, and customers
2) A full and accurate GIS model, including phasing
—  Customer interruption reporting from:
1)  Customer service representative contact
2) Interactive voice recognition unit (IVR)
3)  Web applications supporting interruption reporting
4)  Automated outage reporting device
— SCADA
1)  Substation automation devices
2)  Distribution automation devices
— Automatic meter reading outage reporting

— Outage event report analysis or grouping capabilities, i.e., group by customer, transformer, or
protective device

1)  Viahard copy outage tickets
2)  Viaelectronic database with input:
i)  Via mobile data terminals

ii)  Via manual incident entry

All of the above key components of an outage management system can be provided in many different
ways, with varying levels of completeness and accuracy. Most utilities find when they implement more
sophisticated models or systems, their reliability statistics worsen due to increased accuracy of data
collection.

The need to have accurate maps in electronic format can be a driver for implementing new or improved
interruption collection processes. With the implementation of a geographic information system (GIS), the
utility can utilize this information to further improve its connectivity model and outage management
process. The cost justification for the GIS, and the outage management system, is the ability to utilize the
added benefits of these systems working together to improve utility efficiencies and customer service.

On the other hand, for those utilities that do not currently have or cannot justify the purchase and
implementation of a GIS, establishment of the connectivity by itself may be justified based on the outage
call grouping functionality that can improve the efficiency of the dispatch personnel and reduce outage
restoration times.

Gathering the outage information in a timely manner is key. Even the most sophisticated, fully-
computerized OMS can only analyze and group the customer interruptions entered into the system. If there
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is a limit in the number of customer calls that the customer service representatives or IVR systems can
enter in a given period, or, the outages calls entered are scattered throughout the territory, the OMS may not
reduce the number of tickets or trouble orders for dispatching and tracking. Utilities with limited
interruption reporting capabilities may easily be able to cost justify funding for an increased number of
customer service representatives, or implement an IVR system.

Further, as utilities improve their connectivity model and outage reporting methods, more emphasis can be
made to justify expanding their outage management system capabilities. The OMS can either be developed
in-house by the utility or obtained from an OMS provider that can best utilize the utility’s existing
connectivity model and outage reporting processes. Purchasing a packaged OMS will probably provide the
utility with included capabilities that have not been considered in-house but, as a package, can be
incorporated into the cost justification for the purchase.

As each utility deals with the key components, it needs to consider the overall importance of each function
to the utility and focus funding to any of the components that, if not implemented, will limit the process
from meeting the utility’s operations and customer reliability requirements.

4.4.1 Evaluating the impact of outage management process changes

Upon implementation of an automated outage management system, indices are likely to change reflective
of the differences in measuring outage events. Thus, while index levels may indicate deterioration, this is
generally the result of collecting data which was not previously collected or may reflect more accuracy in
the collection process. A variety of methods have been implemented to try to measure the effect of the
process change. Two specific approaches are discussed below.

4.4.1.1 Before and after OMS comparison results: OMS uplift correlations

An example approach, OMS uplift correlations, is shown below. It can be used for evaluating the impact of
outage management reporting “discipline,” or an automated outage management system is shown step-by-
step below.

First, the prior system daily performance is assembled. Pre-arranged and customer requested outage causes
were removed from the dataset. Next, the post-implementation system daily performance is assembled.
Both datasets were reviewed to determine whether any “outlier” events had occurred using the application
of the 2.5 beta daily screening (consistent with the method for determining the existence of a major event).
For days that reached that level, they were separated out. The remaining days were summarized on a
monthly basis, and trouble calls (tc) summarized for the same days and months. Trouble calls were
correlated to customer interruptions and customer minutes of interruption, as shown in Table 2. Within
Figure 1, visual assessment of the tabular data is depicted, whereby the OMS impact on metrics is visible.
This may be considered a form of reporting “uplift.” That is to say, while the system fundamentally
performed the same, the impact of process results in apparently different performance metrics. In Figure 2,
uplift that can be attributed to reporting discipline is shown, as is uplift attributable to network connectivity
and outage management system processes.

Several key assumptions exist with this approach. First, it is assumed that there is no substantial change in
real reliability before and after implementing these process changes, therefore any known improvements to
the system could yield false conclusions, and need to be accounted for. Thus, if implementation occurred at
a point in the year where reliability fundamentally alters (i.e., the summer for a summer-stressed system),
this assumption would need to be corrected. Second, it assumes that customer trouble reporting processes
before and after are materially the same. If any changes to customer call patterns could be expected (which
could be due to local news, changes in call handling, changes in call centers or business offices, etc.) this
assumption would likewise need to be corrected. Third, an assumption is made that outage duration, both
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before and after system changes, is also approximately equal. If it is expected that a change will occur
(either to lengthen or shorten duration), this needs to be factored into the calculations and correlations.

Table 2—Comparative data for assessing OMS uplift

Restated
Customer Restated Restated Customer
Trouble SAIDI SAIFI  Sustained Minutes Restated SAIDI Restated Sustained Minutes
Calls Minutes  Events Outages Interrupted |Trouble Calls Minutes SAIFI Events Outages Interrupted

Aug 1048 12 0.13 382 556219 1048 12 0.13 382 556 219
Sep 481 14 010 325 647933 481 14 0.10 325 647933
Oct 384 7 0.10 245 342794 384 7 0.10 245 342 794
Nov 267 2 003 138 108 734 267 2 0.03 138 108 734
Dec 333 9 0.10 158 417303 333 9 0.10 158 417 303
Jan 414 23 042 157 1082 503 243 3 0.02 86 122325
Feb 197 16 0.16 115 728 053 148 6 0.05 93 261612
Mar 224 5 008 135 212855 224 5 0.08 135 212855
Apr 519 16 0.13 232 904 337 519 16 0.13 232 904 337
May 678 26 0.36 398 1435 332 678 26 036 398 1435 332

Correlations Used to Restate

outages vs saidi post outages vs tc post

0.75 0.83

SAIDI

average pre saidi 8.12

average post saidi 15.85

uplift factor 1.95

SAIFI

average pre saifi 0.10,

average post saifi 0.18

uplift factor 1.86)

System Monthly Performance/Pre & Post OMS
mmmm Restated Pre OMS 60 - r 500

SAIDI
= Total Pre OMS SAIDI

[ Restated Post OMS
SAIDI

400

1 Total Post OMS SAIDI

0
2 300
=]
Restated Pre OMS £
Outages f
«« s+« Total Pre OMS = 200
Outages %
¢ Restated Post OMS @D
w
Outages = 100
~ A= TotalPost OMS 5
Outages =
0
B Restated Pre OMS SAIDI 8.9 5.4 59 | 116 | 111 | 119 | 139 | 7.4 2.3 9.0 2.6 56 | w
= Total Pre OMS SAIDI 8.9 5.4 59 | 116 | 111 | 119 | 139 | 7.4 2.3 9.0 | 232 | 156 | D
= Restated Post OMS SAIDI 4.6 16.4 26.0 12.4 21.7 13.5 19.1 14.7 12.0 19.7 7.0 3.5 8
= Total Post OMS SAIDI 46 | 164 | 260 | 220 | 21.7 | 135 | 191 | 147 | 120 | 197 | 17.0 | 147
Restated Pre OMS Outages 206 260 350 358 388 382 325 245 138 158 86 93
==+« Total Pre OMS Outages 206 260 350 358 388 382 325 245 138 158 157 115
—+— Restated Post OMS Outages | 87 231 285 | 284 | 336 | 247 | 189 | 197 | 132 | 112 99 73
= <= Total Post OMS Outages 135 232 398 283 320 294 293 233 166 143 127 100
Figure 1—Monthly comparison of pre- versus post-OMS implementation:
monthly SAIDI and outages
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System Network Annual Performance History: Reporting and Process Impacts

mamam Total SAIDI
SAIDI w/out ME
Normalized SAIDI & X

-<%--Total Outages
Outages w/out ME
—— Normalized Outages
e Baseline Normalized Outages

««+#++ Baseline Normalized SAIDI

4..¢ ——
$eevsceee < desescccceccecies AN EY ehoeececns ..l ). ... t hectivity
i Uplift

Outages (Events) shown as lines
SAIDI (Minutes) shown as bars

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year7 Year 8 Year 9
Reporting Discipline Creates Netw ork Connectivity and Time
SAIDI & Outage Uplift Accuracy Create SAIDI Uplift

Figure 2—Summary performance history of pre- versus post-uplifted performance:
SAIDI and outages

4.4.1.2 Before and after OMS comparison results: “incrementing averages”

Another method of evaluating the impact of system reporting changes, incrementing averages (Bouford and
Warren [B1]), is shown in Table 3. It is founded on the premise that incrementing into a historical period,
one will be able to discern the tendency of the system, whether it is based on an actual change in
performance or on a change in the underlying measurement system. The running average, also called the
cumulative moving average, is an unweighted average of the sequence of 7 values xj, ..., x; up to the current
time, and the formula can be written as Ca; = (x,+...+X;/i. The brute force method to calculate this would be
to store all of the data and calculate the sum and divide by the number of data points every time a new data
point arrived.

To use the method of incrementing averages, the running averages of annual performance are calculated
through the period of record by incrementing each start year. This running average calculation is displayed
in Figure 3 where there are 11 years, which are then plotted as 11 running averages as shown in Figure 5.
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Table 3—Annual performance to calculate incrementing averages uplift method

SAIDI | Running | Yr | Yr1l | Yr10 Yr9 Yr8 Yr7 Yr6 Yrs Yr4 Yr3 Yr2 Yr1
(min) avg start start start start start start start start start start start

incr’ | incr’d | iner’d | iner’d | iner’d | iner’d | iner’d | iner’d | iner’d | incer’d incr’d
davg avg avg avg avg avg avg avg avg avg avg

(same

as
running

avg)

57.6 57.6 1 57.6
56.1 56.9 2 56.1 56.9
73.1 62.3 3 73.1 64.6 62.3
67.8 63.7 4 67.8 70.5 65.7 63.7
60.7 63.1 5 60.7 64.3 67.2 64.4 63.1
41.0 59.4 6 41.0 50.9 56.5 60.7 59.7 59.4
74.3 61.5 7 74.3 57.7 58.7 61.0 63.4 62.2 61.5
67.0 62.2 8 67.0 70.7 60.8 60.8 62.2 64.0 62.9 62.2
79.9 64.2 9 79.9 73.5 73.7 65.6 64.6 65.1 66.3 65.0 64.2
73.1 65.1 10 73.1 76.5 73.3 73.6 67.1 66.0 66.3 67.1 65.9 65.1
92.1 67.5 11 92.1 82.6 81.7 78.0 77.3 71.2 69.7 69.5 69.9 68.5 67.5

A first approach with this data is to look at an average across the entire period using the running average
calculations for the first year as shown in Figure 3. The SAIDI for this company appears to be gradually
deteriorating; however, no clear conclusions as to the reason can be drawn from this chart. Another way to
approach the data is to gradually factor into the analysis more of the years of history as calculated in
Table 3 and depicted graphically in Figure 4.

o SAIDI

90 P

(7]
()]
5 70 k K
£ ~N
S /
8 60 -
3 —
50
«=¢==SAIDI (Min) V =f=Running Avg
40
30 T T T T T T T T T T 1

Yrl Yr2 Yr3 Yrd Yr5 Yr6 Yr7 Yr8 Yr9 Yrl0 Yrlil

Figure 3—Running average SAIDI
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Figure 4—Incremented average SAIDI—different start years

When a substantial step increase occurs in a time series so that the average for the data after the increase is
significantly different than that prior to the increase, two distinct groupings will appear when incrementing
averages are applied. The magnitude of the increase in the resultant metric value can be determined by the
percent difference between the averages of these two groupings of incrementing averages. When the values
in the years affected by the introduction of the new data collection system are reduced by the percentage
difference of the averages of the two groupings, any other factor affecting the increase will be shown in the
plotting of the incrementing averages. The method will also clearly show not only the impact of changed
processes/systems but also any system deterioration affects. These may be due in part to weather or other
external factors.

Rather than a simple running average, a method of incrementing averages is applied to the data. This is
done by incrementing the start year for a series of running averages of the SAIDI values. Figure 5 shows
the results for one utility’s data set. Each data point on a specific line represents the average from the start
year of that line to the year represented by that data point. For example, on the light green line, the first
point is the SAIDI for year 3, while the fourth point is the average from year 3 to year 6.

For the years prior to year 7, the incremented averages “track” toward the same value range through year 7,
approximately 63 minutes. Even the incrementing averages starting in year 3, year 4, and year 5, which are
greatly affected by the outlier value of year 6, trend toward the average of the year 1 through year 6 data
set. This can be seen as a grouping of the averages at the year 7 point.

The incremented averages for post-year 6 start years are demonstrating a marked difference in value; they
are tracking toward a very different value range than the pre-year 7 values. The post-year 6 averages appear
to track toward approximately 78 minutes. For the subject utility, an OMS was implemented in year 7. For
many utilities, this will result in a more complete dataset of outage events, more accurate calculations of
customer minutes of interruption, and more certainty of the number of customers interrupted in each outage
event. What is being shown by this action of the incrementing averages is that the post-year 6 data set has a
different, and higher, average value than the pre-year 7 data set. It appears that the introduction of the OMS
has caused the SAIDI values to be higher by some rather constant amount. The two distinct data sets have
established separate groupings of their incrementing averages for this evaluation period. If the incrementing
averages were carried forward for enough years, all the incrementing averages would merge to the average
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