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Five Year Outage Index Report 

Table 1 *. 

* Numbers are based on IEEE standards. All numbers are recorded and monitored in 
minutes. 

CONTRIBUTING CAUSES FOR 2007 

OUTAGE TYPE OUTAGE MIN. PERCENTAGE 
EQUIPMENT FAILURE 61 8604 57.58% 

Table 2*. 

* Numbers in minutes. Total outages for 2007 were 1074384 minutes. 
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Ten Worst Reporting Circuits per Outage Index 

SAID1 

FLEMINGSB URG2 4.08 Equipment Fa i I ure 

MURPHYSVILL,E2 I .83 Equipment Failure 

FLEMINGSB URG4 I .46 Weather 

M A  YSVILLE3 1.38 Tree 
Table 3. 

SAIFI 
Circuit Index Value Outage Category 

CHARTERS3 7.48 Equpment Failure 
FLEMINGSB URG2 4.44 Equ pment Failure 

HILDA4 0.76 Line Fuse 
Table 4. 
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Circuit Index Value Outage Category 
FLEMINGBURG1 391.14 Equipment Failure 
FLEMINGSB URG4 

Table 5 .  
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Introduction 

(This introduction is not part of lEEE Std 1366.2003, IEEE Guide for Elcctric Power Distribution Reliability Indices.) 

This Guide has been updated to clarify existing definitions and to introduce a statistically based definition 
for classification of major event days The working group created a methodology, 2 5 Beta Method, for 
determination of major event days. Once days are classified as normal or major event days, appropriate 
analysis and reporting can be  conducted. After this document is balloted, the working group will continue to 
investigate the major event definition by reviewing catastrophic events and days with zero events to 
determine if enhancements are warranted. 

Patents 

Attention is called to the possibility that impleinentation of this standard may require use of sub,ject matter 
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or 
validity of any patent rights in connection therewith The IEEE shall not be responsible for identifying 
patents for which license may be required by an IEEE standard or far conducting inquiries into the legal 
validity or scope of those patents that are brought to its attention. 

Notice to users 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL: 
standards.ieee.orp/readinp/ieee/updates/e~ata/~ndex.html. Users are encouraged to check this lJRL for 
errata periodically. 

Interpretations 

Current interpretations can be accessed at the following IJRL: http://standards.ieee.ore/readinplieee/interp/ 
index.html. 

iv Copyright 0 2004 IEEE All rights reserved 

http://standards.ieee.ore/readinplieee/interp


Participants 

At the time this standard was completed, the Working Group on System Design had the following 
membership: 

John Ainscough 
Greg Ardtey 
Ignacio Ares 
.John Banting 
Philip Barker 
Steve Benoit 
Lina Bertling 
Roy Billinton 
Dave Blew 
Math Bollen 
James D. Bouford 
Richard Brown 
Joe Buch 
James Burke 
Ray Capra 
Mark Carr 
Patrick Carroll 
Donald Chamberlin 
Jim Cheney 
Simon Cheng 
Dave Chehvynd 
Ali Chowdhury 
Richard D. Christie 
Rob Christman 
Mike Clodfelder 
Larry Conrad 
Ed Cortez 
Grace Couret 
Tim Croushore 
Peter Daly 
Rich D'Aqnanni 
Bill Day 
AI Dimberger 
April Dombrook 
R. Clay Doyle 
Dan Durback 
Russ Ehrlich 
Charlie Fijnvandratt 
Doug Fitchett 
Robert Fletcher 
Mahmud Fotuhi-Firuzabad 
Keith Frost 
Chris Gedemer 
Peter Gelineau 
David Gilmer 
Jeff Goh 
Manuel Gonzalez 
John Goodfellow 
Robert Y .  Goto 
lohn Grainger 

Cheryl A. Warren, Chair 
John McDaniel, Secretaiy 

Don lIall 
Mark Halpin 
Dennis Hansen 
Randy Harlas 
Mostafa Hassani 
Harry Hayes 
David Haynes 
Charles Heising 
Eric Helt 
Richard Hensel 
Jim Hettrick 
Francis Hirakami 
Dennis B. Horman 
George E. Hudson 
Brent Hughes 
Joseph Hughes 
Carol Jaeger 
Kevin Jones 
Karim Karoui 
John Kennedy 
Tom Key 
Mladen Kezunovic 
Mort Khodaie 
Margaret Kirk 
Don Koval 
Dan Kowalewski 
Thomas M. Kulas 
Majella Lafontaine 
Frank Lambert 
Lany Larson 
Ken Lau 
Jim Laurich 
RobertE Lee 
Jim Lemke 
Gene Lindholm 
Raymond M. Lihvin 
Vito Long0 
Andrea Mansoldo 
Arshad Mansoor 
Stephen Middlekauff 
Karen Miu 
Bill Montgomery 
Chris R. Mueller 
Jerry Murray 
Peter Nedwick 
D L Nickel 
R S Nowell 
Helyne Noyes 
Gregory Olson 
Ani1 Pahwa 

Dan Pearson 
Theodore Pejman 
Christian Perreault 
Charles Perry 
Manuel S. Peters 
Ray Peters 
Robert Pettigrew 
C.Y. Pi 
Steven L. Puruckner 
Ignacio Ramirez-Rosado 
Wanda Reader 
Vitta1 Rebbapragada 
John Redmon 
Sebastian Rios 
D. Tom Rizy 
Rodney Robinson 
David Russo 
Dan Sabin 
Shafi Sabir 
Jim Sagen 
Bob Saint 
Joe Santuk 
N.D.R. Sarma 
David J. Schepers 
Ken Sedziol 
Peter Shaw 
Michael Sheehan 
Tom Short 
Hari Singh 
John Spare 
Andy Stewart 
L,ee Taylor 
Rao Thallam 
Mark Thompson 
Ridley Thrash 
Betty Tobin 
Tom Tobin 
Hahn Tram 
Hector Valtierra 
S S. (Mani) Venkata 
Joseph Viglietta 
Marek Waclawiak 
Daniel J. Ward 
Carl Wam 
Neil Weisenfeld 
Lee Welch 
Val Werner 
Charles Williams 
Bill Winnerling 
Mike Wordcn 

Acknowledgments 

The following members were priinary authors and data analyzers for the development of the 2.5 Beta 
Methodology that is used for identification o f  major event days: 

James D. Bouford, Richard D. Christie, Dan Kowalewski, John McDaniel, David I Schepers, Joseph 
Viglietta, Cheryl A. Warren, Charles Williains. 

Copyright 0 2004 IEEE All rights reserved V 



The following members of the balloting committee voted on this standard. Balloters inay have voted for 
approval, disapproval, or abstention. 

William Ackerman 
Paul Anderson 
Gregory Ardrey 
Ignacio Ares 
Kraig Bader 
John Banting 
L.ina Bertling 
Edward Bertolini 
David Blew 
Math H. J Bollen 
James Bouford 
JosephF Bnch 
James J. Burke 
William Burley 
James Cheney 
Ali Asraf Chowdhury 
Michael Clodfelder 
L.arry Conrad 
Tommy Cooper 
John Dagenhart 
Ronald Daubert 
Frank Denbrock 
Andrew Dettloff 
John Doering 
Gary Donner 
Randall Dotson 
Robert C. Doyle 
Stephen Early 
Amir El-Sheikh 
Alexander Emanuel 
Gary Engmann 
Marcel Fortin 
Fredric Friend 
Keith Frost 
Manuel M Gonzalez 
Thomas Grebe 

Charles W Grose 
Randall Groves 
Erik Guillot 
Donald Hall 
Kenneth Hall 
Dennis Hansen 
David Haynes 
Charles R. Heising 
Richard Ilensel 
James Mettrick 
Philip Hopkinson 
Edward Horgan, Ir. 
David Jackson 
George Kalacherry 
George Karady 
Mark J.  Kempker 
Gael R. Kennedy 
Mort Khodaie 
David Krause 
Frank Lambert 
Lawrence Larson 
Roger Lawrence 
Jim Lemke 
Gene Lindholm 
Gregory Luri 
Fammarz Maghsoodlou 
John McDaniel 
Mark McGranaghan 
Gary Miehel 
Abdul Mousa 
Frank Muench 
George Niles 
Gregory L. Olson 
Robert Oswald 
Paulette Payne 

Daniel Pearson 
Carlos Peixoto 
Michael Pehosh 
Charles Perry 
Paul Pillitteri 
Orville Plum 
Percy Pool 
John Redmon 
Joseph Renowden 
Rodney Robinson 
James Ruggieri 
Daniel Sabin 
Bob Saint 
Surya Santoso 
David Schepers 
Neil Schmidt 
Ken Sedziol 
Tom Short 
Chris Siebenshuh 
H. Jin Sim 
Cameron Smallwood 
James Smith 
Devendra K. Soni 
Keith Stump 
Malcolm Thadcn 
Elisabeth Tobin 
Hahn Tram 
Mani Venkata 
Joseph Viglietta 
Carl Wall 
Daniel Ward 
CherylA Warren 
Lee Welch 
ValG Werner 
Charles Williams 
James Wilson 

vi Copyright 0 2004 IEEE All rights reserved 



When the IEEE-SA Standards Board approved this standard on 10 December 2003, it had the following 
membership: 

Don Wright, Chair 
Howard M. Frazier, Vice Chair 

Judith Gorman, Secretary 

Stephen Berger 
Joseph Bruder 
Bob Davis 
Richard DeBlasio 
Julian Forstefl 
Toshio Fukuda 
Arnold M. Greenspan 
Raymond Hapeman 

Donald M. Heirman 
Laura I-litchcock 
Richard Hulett 
Anant Jain 
Lowell 0 Johnson 
Joseph L. Keopfinger* 
Thomas J McCean 
Steve M. Mills 

*Member Emeritus 

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

Alan Cookson, NIST Represeiitntive 
Satish K Agganval, NRC Represenfalive 

Michelle Turner 
IEEE S!aiidarrls Project Editor 

Daleep C. Mohla 
William J Moylan 
Paul Nikolich 
Gary S Robinson 
Malcolm V Thaden 
Geoffrey 0 Thompson 
Doug Topping 
Howard L. Wolfman 

Copyright 0 2004 IEEE All rights reserved. vii 



CONTENTS 

""...I. " . " . "  1 
- ..,.." ... "".. 1 

1 , I  Scope.. ,"... . .."." .... ""..........".."."....".. ..""......"l"." 

1.2 Purpose _.."..I.,. "."_. ..._II.."""..._".. ~ . .  ._ ..., ".."..."...^^... ... " .............. " .... "," 

4. Reliability indices .. ...I_ .. l"..  .. ,...... .. ...".l... . ,..-... ".".^.."."".. 

4.1 Basic factors 
4.2 Sustained intenuption indices 

..""..~ .......,. " .......,. "."" ._.......... ~... 7 
. ~ ... t..... ~ .... ". I .. 7 

I..._. l.........l..-..... _. . I  ........ ..__..._.... ..8 

5.  Application of the indices I ._...... _ . . ~  I ............ "I._ l,.-...l.._ ... ._.. ." .. 

5.1 Sample system 1.1.. ...... " ~ . " ~  ..... .._. ".... .... 1 _  ......I ..I.._ " ..,, .... ^ " . "  .... " "  ...... " ...... 12 

." .. " " . . . .  " " "  .". ..",..""". "".""... """...".",."^",..~ 14 

..", .I~.... 17 

5.2 Calculation of indices for a system with no major event 
5.3 

Information about the factors which affect the calctilation of reliability indices ...I". .. . . 

Examples ........,...... ."."..... _.I.I. ~ . - I . -  ,._ .... I ... 

6. 

6.1 Rationale behind selecting the indices provided in this guide ..l..._.ll.ll_............ ~ ..... ....,.."._.... .I..I 17 
6.2 Factors that cause variation in reported indices ... "..... .. . ,_.,I ....._. ._."._ ...,... ~ ...,... 17 

Annex A (informative) Survey of reliability index usage .l_l...l ..-.... ,.~.". ..."_. .ll...ll_. ~......l.,..,,~..--.- I I...._..__, 18 

Annex B (informative) Major events definition development.. ""._..__ ,~,.l,.ll,,ll... I ._"_.  ..._. _I.._ .... _.._,l.,........._... 27 

Annex C (informative) lntemai data subset .l......,,...l_ll.,... ..."""" .,.,. ,.l..l_ .._. _"..."" I . .". . _ " _ . , I  ^ .  .."" 35 

... 
V l l l  Copyright 0 2004 IEEE. All rights reserved 



IEEE Guide for Electric Power 
Distribution Reliability Indices 

I. Overview 

1.1 Scope 

This guide identifies distribution reliability indices and factors that affect their calculation. I t  includes 
indices, which are useful today, as well as ones that may be useful in the future. The indices are intended to 
apply to distribution systems, substations, circuits, and defined regions. 

I .2 Purpose 

The purpose of this guide is twofold. First, it is to present a set of terms and definitions which can be used to 
foster uniformity in the development of distribution service reliability indices, to identify factors which 
affect the indices, and to aid in consistent reporting practices among utilities Secondly, it is to provide 
guidance for new personnel in the reliability area and to provide tools for internal as well as external 
comparisons. In the past, other groups have defined reliability indices for transmission, generation, and 
distribution but some of the definitions already in use are not specific enough to be wholly adopted for 
distribution. Users of this guide should recognize that not all utilities would have the data available to 
calculate all the indices. 

2. References 

The following standards shall be used, when applicable, in preparing manuscripts. When the following 
standard is superseded by an approved revision, the revision shall apply. 

IEEE Std. 859iM-1987(R2002), IEEE Standard Terms for Reporting and Analyzing Outage Occurrences 
and Outage States of Electrical Transmission Facilities I ,  

IEEE Std 493Thf-1997(R2002), Recommended Practice for Dcsign of Reliable Industrial and Commercial 
Power Systems. 

'IEEE Publications arc available from the lnstitutc of Elccrical and Electronics Enginccrs, 445 Hocs Lane, P 0 Box 133 1, Piscaulway, 
NJ 08855-1 331 .  USA (http://staiidards iccc orgl) 
2The IEEE shndards or products rcfcrrcd lo in this clnusc arc tradcinarks or dlc Institute. of Elcctrical and Electronics Enginccrs, lnc 
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IEEE 
Std 1366-2003 IEEE GUIDE FOR ELECTRIC POWER DlSTRlBlJTlON RELIABILITY INDICES 

3. Definitions 

Definitions are given here to aid the uscr in understanding the factors that affect index calculation Many of 
these definitions were taken directly from The Authoritalive Dicliom~y of IEEE Standards Term, 7th 
Edition [B9I3 If there is a conflict between the definitions in this document and the dictionary, the 
definitions in this document take precedence. Others are given because they have a new interpretation within 
this document or have not been previously defined. 

3.1 connected load: Connected transformer kVA, peak load, or metered demand (to be clearly specified 
when reporting) on the circuit or portion of circuit that is intemptcd When reporting, the report should state 
whether it is based on an annual peak or on a reporting period peak. 

3.2 customer: A metered electrical service point for which an active bill account is established a1 a specific 
location (e.g., premise). 

3.3 customer count: The number of customers either served or interrupted depending on usage. 

3.4 distribution system: That portion of an electric system that delivers electric energy from transformation 
points on the transmission system to the customer. 

NOTE-The distribution system is generally considered to be anything from the distribution substation fence to the 
customer meter Often the initial overcurrent protection and voltage regulators are within the substation fence and are 
considered to be part of the distribution system. 

3.5 forced outage: The state of a component when it is not available to perform its intended hnction due to 
an unplanned event directly associated with that component. 

3.6 interrupting device: An interrupting device is a device whose purpose is to intempt the flow of power, 
usually in response to a fault. Restoration of service or disconnection of loads can be accomplished by 
manual, automatic, or motor-operated methods. Examples include transmission circuit breakers, feeder 
circuit breakers, line reclosers, line fuses, sectionalizers, motor-operated switches or others. 

3.7 interruption: The loss of service to one or more customers connected to the distribution portion of the 
system. It is the result of one or more component outages, depending on system configuration. See also: 
outage. 

3.8 interruption duration: The time period from the initiation of an intenuption to a customer until service 
has been restored to that customer. The process of restoration may require restoring service to small sections 
of the system (see 5 3 2) until service has been restored to all customers Each of tliese individual steps 
should be tracked collecting the start time, end time and number of customers interrupted for each step. 

3.9 interruptions caused by events outside of the distribution system: Outages that occur on generation, 
transmission, substations, or customer facilities that result in the interruption of service to one or more 
customers. While generally a small portion of the number of interruption events, these interruptions can 
affect a large number of customers and last for an exceedingly long duration. 

3.10 lockout: Refers to the final operation of a recloser or circuit breaker in an attempt to isolate a persistent 
fault, or to the state where all autoinatic reclosing has stopped. The current-carrying contacts of the 
overcurrent protecting device are locked open under these conditions. 

3.11 loss of service: A complete loss of voltage on at least one normally energized conductor to one or more 
custoincrs This does not include any of the power quality issues such as: sags, swells, impulses, or 
harmonics. 

3The nunibers in brackets correspond lo lliose oTlIic bibliography in Anncx D 
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3.12 major event: Designates an event that exceeds reasonable design and or operational limits of the 
electric power system. A Major Event includes at  least one Major Event Day (MED). 

3.13 major event day: A day in which the daily system SAIDI excceds a threshold value, T,, For the 
purposes of calculating daily system SAIDI, any interruption that spans multiple calendar days is accrued to 
the day on which the interruption began. Statistically, days having a daily system SAIDI greater than TMED 
are days on which the energy delivery system experienced stresses beyond that normally expected (such as 
severe weather). Activities that occur on major event days should be separately analyzed and reported. (See 
4.5.) 

3.14 momentary interruption: A single operation of an interrupting device that results in a voltage zero. 
For example, hvo circuit bleaker or recloser operations (each operation being an open followed by a close) 
that momentarily interrupts service to one or more customers is defined as two momentary interruptions. 

3.15 momentary interruption event: An intemption of duration limited to the period required to restore 
service by an interrupting device. 
NOTE--Such switching operations must be completed within a specifier1 time of 5 min or less. This definition includes 
all reclosing operations that occur within five minutes of the first interruption. For example, if a recloser or circuit 
breaker operates two, three, or four times and then holds (within 5 min of the first operation), those momentary 
interruptions shall be considered one momentary interruption event. 

3.16 outage (electric power systems): The state of a component when it is not available to perfonn its 
intended function due to some event directly associated with that component 
NOTE- 
(1 )  An outage may or may not cause an interruption of service to customers, depending on system configuration. 
(2) This definition derives from transmission and distribution applications and does not apply to generation outages. 

3.17 planned interruption: A loss of electric power that results when a component is deliberately taken out 
of service at a selected time, usually for the purposes of construction, preventative maintenance, or repair. 

(1) This derives from transmission and distribution applications and does not apply to generation interruptions. 
(2) The key test to determine if  an interruption should be classified as a planned or unplanned interruption is as follows: 
if i t  is possible to defer the interruption, the interruption is a planned interruption; otherwise, the interruption is an 
unplanned interruption. 

3.18 planned outage: The state of a component when i t  is not available to perform its intended function due 
to a planned event directly associated with that component. 

3.19 reporting period: The time period from which interruption data is to be included in reliability index 
calculations. The beginning and end dates and times should be  clearly indicated. All events that begin within 
the indicated time period should be included. A consistent reporting period should be used when comparing 
the performance of different distribution systems (typically one calendar year) or when comparing the 
performance of a single distribution system over an extended period of  time The reporting period is 
assumed to bc one year unlcss otherwise stated. 

NOTE- 

3.20 step restoration: A process of restoring interrupted customers downstream from the interrupting 
devicekomponent in stages over time. 

3.21 sustained interruption: Any interruption not classified as a part of a momentary event. That is, any 
interruption that lasts more than 5 minutes. 

3.22 total number of customers served: The average number of customers served during the reporting 
period.. I f  a different customer total is used, it must be clearly defined within the report. 

3.23 unplanned interruption: An interruption caused by an unplanned outage. 

Copyright Q 2004 IEEE All rights reserved 3 
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4. Reliability indices 

4.1 Basic factors 

These basic factors specify the data needed to calculate the indices. 

i denotes an interruption event 

Restoration Time for each Interruption Event 

Customers Interrupted 

Customer Minutes interrupted 

Events 

Total 

Number of Momentary Interruptions 

Number of Momentary Interruption Events 

Number of Interrupted Customers for each Sustained Interruption event during the 
Reporting Period 

Number of Interrupted Customers for each Momentary Interruption event during the 
Reporting Period 

Total Number of Customers Served for the Areas 

Connected kVA Load Interrupted for each Interruption Event 

Total connected kVA Load Served 

Total Number of Customers who have Experienced a Sustained Interruption during the 
Reporting Period 

Total Number of Customers who have Experienced more than ?I Sustained Interruptions 
and Momentary Interniplion Events during the Reporting Period. 

Number of Interruptions Experienced by an Individual Customer in the Reporting Period 

Major event day identification threshold value. 

4.2 Sustained interruption indices 

4.2.1 System average interruption frequency index (SAIFI) 

The system average interruption frequency index indicates how often the average customer experiences a 
sustained interruption over a predefined period of time. Mathematically, this is given in Equation (I). 

4 Copyright 0 2004 IEEE All rights reserved 
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Total Number of Ctistorners Interrupted _._-. SAlFI = Total Number of Customers Served 

IEEE 
Std 1366-2003 

To calculate the index, use Equation (2) below. 

CNi - CI SAIFI = -- - - 
N T  N T  

4.2.2 System average interruption duration index (SAIDI) 

This index indicates the total duration of interruption for the average customer during a predefined period of 
time. It is commonly measured in customer minutes or customer hours of interruption. Mathematically, this 
is given in Equation (3).  

Customer Interruption Durations 
SA'D1 = Total Number of Customers Served 

To calculate the index, use Equation (4). 

(3) 

4.2.3 Customer average interruption duration index (CAIDI) 

CAIDI represents the average time required to restore service. Mathematically, this is given in Equation (5). 

c Customer Interruption Duration 
Total Number of Customers Interrupted 

---. CAIDI = - 

To calculate the index, use Equation 6 

4.2.4 Customer total average interruption duration index (CTAIDI) 

This index represents the total average time in the reporting period that customers who actually experienced an 
interruption were without power. This index is a hybrid of CAIDI and is similarly calculated except that those 
customers with multiple interruptions are counted only once. Mathematically, this is given in Equation (7). 

Customer Interniption Duration 
-.- 

Total Number of Customers Interrupted CTAIDI = 
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To calculate the index, use Equation (8). 

CriNj  
CTAIDI = - CN 

NOTE- I n  tallying Total Number of Customers Interrupted, each individual customer should only be counted once 
regardless of number of times interrupted during the reporting period. This applies to 4 2 4 and 4.2 5 

4.2.5 Customer average interruption frequency index (CAIFI) 

This index gives the average frequency of sustained interruptions for those customers experiencing 
sustained interruptions. The customer is counted once regardless of the number of times interrupted for this 
calculation. Mathematically, this is given in Equation (9) 

Total Number of Customers Interrupted 
Total Number of Custers Internipted 

I-_-- CAIFI = -- 
To calculate the index, use Equation (10) 

CNi  
CAIFI = - 

CN 

(9) 

4.2.6 Average service availability index (ASAI) 

The average service availability index represents the fraction of time (often in percentage) that a custonier 
has received power during the defined reporting period. Mathematically, this is given in Equation ( 1  1). 

Customer Hours Service Availability 
Customer Hours Service Demands 

-._ ASAI = -- 

To calculate the index, use Equation (12). 

N T x  ( Number of hours/yr)-ErjNj 

N T x  ( Number of hours/yr) 
__._-- ASAI = _____’- 

NOTE-There are 8760 hours in a non-leap year, 8784 hours in a leap year. 

4.2.7 Customers experiencing multiple interruptions (CEMI,) 

This index indicates the ratio of individual customers experiencing more than n sustained interruptions to the 
total number of customers served. Mathematically, this is given in Equation (13). 

(13) 
Total Number of Customers that experience more than 17 -- sustained interruptions 

Total Number of Ctktomers Served CEMl17 

To calculate the index, use Equation (14) 

NOTE-This index is often used in a series of calculations with rr incremented from a value ofone to the highest value 
of interest. 
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4.3 Load based indices 

4.3.1 Average system interruption frequency index (ASIFI) 

The calculation of this index is based on load rather than customers affected. ASlFI is sometimes used to 
measure distribution performance in areas that serve relatively few customers having relatively large 
concentrations of load, predominantly industrial/commercial customers. Theoretically, in a system with 
homogeneous load distribution, ASIFI would be the same as SAIFI. Mathematically, this is given in 
Equation (1 5) .  

c Total Connected kVA of Load lnterrupted 
Total Connected kVA Served (15) ASIFl = -1.- 

To calculate the index, use Equation (16). 

C L ;  

LT 
ASIFI = - 

4.3.2 Average system interruption duration index (ASIDI) 

The calculation of this index is based on load rather than customers affected Its use, limitations, and 
philosophy are stated in the ASlFI definition in 4.3.1" Mathematically, this is given in Equation (17). 

c Connected kVA Duration of Load Interrupted 
Total Connected kVA Served 

ASID] = I__ --...--- - ~ -  

To calculate the index, use Equation (18) 

C";L; 
ASlDI = -- 

4.4 Other indices (momentary) 

4.4.1 Momentary average interruption frequency index (MAIFI) 

This index indicates the average frequency of momentary interruptions. Mathematically, this is  given in 
Equation ( I  9). 

(19) 
c Total Number of Customer Momentary Interruptions 

Total Number of Custoiners Served MAIFI = - 

To calculate the index, use Equation (20). 
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4.4.2 Momentary average interruption event frequency index (MAIFIE) 

This index indicates the average frequency of momentary interruption events. This index does not include 
the events immediately preceding a lockout Mathematically, this is given in Equation (21). 

Total Number of Customer Momentary Interruption Events MAIFIE = -- ~- 
Total Number of Customers Served 

To calculate the index, use Equation (22) 

4.4.3 Customers experiencing multiple sustained interruption and momentary interruption 
events (CEMSMI,) 

This index is the ratio of individual custoiners experiencing more than n of both sustained interruptions and 
momentary interruption events to the total customers served. Its purpose is to help identify customer issues 
that cannot be observed by using averages Mathematically, this is given in Equation (23). 

(23) 
Total Number of Customers Experiencing More Than I I  Interruptions 

Total Number of Customers Served 
_----- CEMSMI,, = 

To calculate the index, use Equation (24). 

CNT(~<  > n) 

NT 
CEMSMI,, = 

4.5 Major event day classification 

The following process (“Beta Method”) is used to identify MEDs. Its purpose is to allow major events to be 
studied separately from daily operation, and in the process, to better reveal trends in daily operation that 
would be hidden by the large statistical effect of major events This approach supersedes previous major 
event definitions (see Annex A for sample definitions). For more technical detail on derivation of the 
methodology refer to Annex B. 

A major event day is a day in which the daily system SAIDI exceeds a threshold value, T M ~ ~ .  The SAIDI 
index is used as the basis of this definition since it leads to consistent results regardless of utility size and 
because SAID1 is a good indicator of operational and design stress. Even though SAIDI is used to deterniine 
the major event days, all indices should be calculated based on removal of the identified days. 

In calculating daily system SAIDI, any interruption that spans multiple days is accrued to the day on which 
 he interruption begins. 

The major event day identification threshold value, T M ~ D ,  is calculated at the end of each reporting period 
(typically one year) for use during the next reporting period as follows: 
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Date 

3/18 
3/18 
3/18 
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Number of Customers Interruption Type Duration 
(min) Time 

18:34:30 20.0 200 Sustained 
I8:38:30 IO 400 Momentary 
18:42:00 513 5 700 Sustained 

a) Collect values of daily SAIDI for five sequential years ending on the last day of the last complete 
reporting period. If fewer than five years of historical data are available, use all available historical 
data until five years of historical data are available. 

Only those days that have a SAIDIDay value will be used to calculate the T M E ~  (do not include 
days that did not have any interruptions). 
Take the natural logarithm (In) of each daily SAIDI value in the data set. 
Find a (Alpha), the average of the logarithms (also known as the log-average) of the data set. 

Find p (Beta), the standard deviation of the logarithms (also known as the log-standard deviation) of  
the data set. 
Compute the major event day threshold, TMED, using equation (25). 

b) 

c) 

d) 

e) 

t) 

(a + 2.5 p) 
T~~~ = e 

g) Any day with daily SAIDI greater than the threshold value T,,L~ that occurs during the subsequent 
reporting period is classified as a major event day. 

Activities that occur on days classified as m j o r  event days should be separately analyzed and reported. 

4.5.1 An example of using the major event day definition 

An example of using the major event day definition to identify major events and subsequently calculate 
adjusted indices that reflect norinal operating performance is shown in this subclause. 

This subclause illustrates the calculation of the daily SAIDI, calculation of the ma,jor event day threshold 
TMEn, identification of major event days, and calculation of ad,justed indices. 

Table 1 gives selected data for all outages occurring on a certain day for a utility that serves 2,000 
customers. 

Table I-Outage data for 1994 

One month of historical daily SAIDI data is used in the following example to calculate the Major Event Day 
threshold T,,,,,. Five years of historical data is prefenble for this method, but printing that many values in 
this standard is impractical, so only one month is used to illustrate the concept. The example data is shown in 
Table 2. 
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In (SAIDIIday) SAlDIlday 
(min) In (SAIDiIday) Date 

12/1/93 26 974 3 295 12/17/93 0 329 -1 112 
12/2/93 0 956 -0.046 12/18/93 0 this day IS not included in 

the calculations since no 
customers were interrupted. 

(min) Date 

~ 

12/3/93 0 131 -2 033 12/19/93 0281 -1 268 ~-~ _-_____-- - 
12/4/93 1292 0 256 12R0/931.810-- 0 593 

12/5/93 4 250 1447 12/21/93 0 250 -1 388 

12/6/93 0 119 -2 127 12/22/93 0 021 -3 876 

12/7/93 0 130 -2 042 12/23/93 1 233 0 209 

12/8/93 12 883 2 556 12/24/93 0.996 -0 004 
12/9/93 0 226 -1 487 12/25/93 0 162 -1 818 

-1 244 

12/11/93 0015 -4 232 12/27/93 0.535 -0.626 
12/12/93 1788 0 581 12/28/93 0.291 -1 234 

-0 891 12/29/93 0 600 -0 51 1 

-____I__ 

-___I 

---- 12/10/93 13 864 2 629 12/26/93 0.288 

__ 12/13/93 0410 
12/14/93 0 007 -4 967 12/30/93 1 750 0 560 
12/15/93 1 124 0 117 1213 1/93 3 622 1287 
12/16/93 1951 0 668 
NOTE-The SAIDlIday for 12/18 is zero The natural logarithm of zero IS undefined Therefore, 12/18/93 IS note 
considered during the analysis 

IEEE GUIDE FOR ELECTRIC POWER DISTRIBUTION RELIABILITY INDICES 

The value of a, the log-average, is the average of the natural logs, and equals -0 555 in this case. 

The value of b, the log-standard deviation, is the standard deviation of the natural logs, and equals 1.90 in 
this example. 

The value of a i -  2.5p is 4.20 

The threshold value T A ~ , G ~  is calculated by e(4 20) and equals 66 69 SAID1 per day. This value is uscd to 
evaluate the future time period (e.g., the next year). 
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Date SAIDIIDay 
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1/1/94 
1/2/94 

Table 3 shows example SAIDllday values for the first month of 1994. 

Table 3-Daily SAID1 data, January 1994 

0.240 1 / I  7/94 5.700 
0.014 I 11 8/94 0.109 

1/3/94 
1/4/94 
1/5/94 
1/6/94 
1/7/94 

0.075 1/19/94 0.259 
2.649 I/20/94 1.142 
0.666 112 1/94 0.262 
0.189 1/22/94 0.044 
0.009 1/23/94 0.24.3 

~ 

1/8/94 
1/9/94 
1/10/94 
111 1/94 
111 2/94 
1 I1 3/94 
1 / I  4/94 

The SAIDIlday on 1/28/94 (2.37.49) exceeds the example threshold value (T,,,, = 66.69), indicating that 
thc distribution system experienced stresses beyond that normally expected on that day, Therefore, 1/28/94 
is classified as a major event day. The SAIDIIday for all other days was less than TMED, indicating that 
normal stresses were experienced on those days 

5.932 1.117 I /24/94 
0.1 1 I 1/25/94 2.698 
8.683 1/26/94 5.894 
0.277 1/27/94 0.408 
0.057 1/28/94 237.493 
0.974 1/29/94 2.730 
0.150 I 13 0194 8.1 10 
0.633 1 13 1 194 0.046 
0.434 

.__ 

To complete the example, indices should be calculated for the following two conditions: 

a) all events included 

b) major event days removed. In most cases, utilities will calculate all of the indices they normally use 
(e.g., SAIFI, SAIDl andlor CAIDI). For this example, only SAIDI will be shown. 1994 SAIDI for 
condition one, all events included, is given in Equation (27) below. 

SAIDI = C Daily SAIDI = 287 3.5 (27) 

1994 SAIDl for condition two, major event days removed for separate reporting and analysis, is given in 
equation 28 below. 

SAIDl = C Daily SAIDl with the MEDS removed = 49 86 (28) 

5. Application of the indices 

Most utilities store interruption data in large computer databases. Some databases are better organized than 
others for qiierying and analyzing reliability data. The following section will show one sample partial 
database and the methodology for calculating indices based on the inforination provided. 
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3/17 
4/15 
515 
6/12 
716 
8/20 
813 1 
913 
1017 

- 
- 
- 

- 
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12:12:20 12:20:30 7075 107 200 800 S 
18:23:56 18:24:26 7075 256 400 1 600 M 

23: 17:OO 23:47: 14 7075 567 25 75 S 

09:30:10 09:31:10 7075 678 2000 4000 M 
15:45:39 20: 1250 7075 832 90 500 S 

08:20:00 10:20:00 7075 I003 700 2100 S 

17: 1O:OO 17:20:00 7075 1100 1 SO0 3000 S 
1015:OO 10:55:00 7075 1356 100 200 S 

00:23:10 01:34:29 7075 43 5 GOO 1806- S 

- - - ~  

5.1 Sample system 

Name 

Willis, J 

Table 4 shows an excerpt from one utility’s customer information system (CIS) database for feeder 7075, 
which serves 2,000 customers with a total load of 4 MW. In this example, Circuit 7075 constitutes the 
“system” for which the indices are calcuIated. More typically the “system” combines all circuits together in 
a region or for a whole company. 

Event Duration Date Circuit 
Number code min 

707.5 3/17/94 107 8.17 

Table +Outage data for 1994 

Williams, J 
Willis, J 
Wilson, D 
Willis, J 
Willis, J 
Wilson, D 
Yattaw, S 
Willis, J 
Willis, J 
Willis, J 

Event Number of 
customers Date 1 Time 1 Timeon Circuit 1 code 1 

3 
41 1 5/94 256 0,s 707.5 

707.5 41 I 5/94 2.56 0.s 
7075 5/5/94 435 71.3 
707.5 611 2/94 567 30.3 
7075 8/20/94 832 267.2 
7075 8120194 832 267.2 
707.5 8/20/94 832 267.2 
7075 813 1/94 1003 120 
7015 9/3/94 1100 10 
7015 10/27/94 1356 40 

- 

- 

8 

The total number of customers who have experienced a sustained interruption is 3,215. The total number of 
custoiners experiencing a momentary interruption is 2,400. 

Table 5-Extracted customers who were interrupted 
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1 Brk 7075 411 5 18:23:56 2 3 
2 Recl 707.5 716 09: 30: 10 3 4 

Brk7075 812 12:29:02 1 3 3 
4 Brk7075 812 12:30:50 2 3 
5 Recl 707.5 812 13:25:40 2 4 
6 Recl 7075 8/25 08:OO:OO 2 4 
7 Brk7075 912 04: 06 5 3  2 .3 

1 8  Recl 7075 915 11:53:22 3 4 
9 Brk7075 918 15:25:10 1 3 
10 Recl 7075 1012 17: IS: 19 I 4 
11  Recl 707.5 11/12 00:00:05 1 4 

. .. 

Table 6-Interrupted device operations 

IEEE 
Std 1366-2003 

Time 1 Number of 1 Number of Operations 
Operations to lockout Device 1 Date Number 

From Table 6,  i t  can be seen that there were eight circuit breaker operations that affected 2000 customers. 
Each of them experienced 8 momentary interruptions. There were twelve recloser operations that caused 750 
customers to experience 12 momentary interruptions. Some of the operations occurred during one reclosing 
sequence To calculate the number of momentary interruption events, only count the total number of 
reclosing sequences In this case there were five circuit breaker events (records 1,.3,4,7, and 9) that affected 
2000 customers. Each of them experienced 5 momentary interruption events. There were six recloser events 
(records 2, 5, 6, 8, 10 and 11)  that affected 750 customers each of them experienced 6 momentary 
interruption events 

5.2 Calculation of indices for a system with no major event days 

The equations in Clause 4.5 and definitions in Clause 3 should be used to calculate the annual indices (see 
Equations (29) - (40)). In the example below, the indices are calculated by using the equations in 4.2 and 4.4 
using the data in Table 4 and Table 5, assuming there were no major event days in this data set. 

(29) 
200 t 600 t 25 + 90 + 700 t 1500 + 100 = 

2000 SAIFl = 

(30) ( 8 . 1 7 ~ 2 0 0 ) t ( 7 1 . 3 X G 0 0 ) t ( 3 0 , 3 X 2 5 ) t ( 2 6 7 . 2 X 9 0 ) t ( 1 2 0 X 7 0 0 ) t ( 1 0 ~  1 5 0 0 ) + ( 4 0 ~  100) = 8G 
2000 SAID1 = 

SAID1 - 86.110 - 53 57 
SAIFl I6075 CAlDl = - - - - 

To calculate CTAIDI and CAIFI, the number of customers experiencing a sustained interniption is required. 
The total number of customers affected (CN) for this example can be no more than 2000. Since only a small 
portion of the custonicr information table is shown it is impossible to know CN; however, it is likely that not 
all of the 2000 customers on this feeder experienced an interruption during the year. I800 will be arbitrarily 
assumed for CN (for your calculations actual information should be used) since the interruption on 913 
shows that at least 1500 customers have been interrupted during the year. 
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( 8 . 1 7 ~ 2 0 0 ) + ( 7 1 . 3 ~ 6 0 0 ) + ( 3 0 . 3 ~ 2 5 ) + ( 2 6 7 . 2 X 9 0 ) + ( 1 2 0 X 7 0 0 )  t(f0x 1500)+(40~ 100) = 9 5 6 8  (32) 1800 
CTAIDI = 

2O0+600t25+90+700+1500+ 100 = , 79 
1800 CAIFI = (33)  

ASAI = 8 7 G 0 ~ 2 0 0 0 - ( 8 . 1 7 x 2 0 0 + G 0 0 x 7 1 . 3 t 3 0 . 3 ~ 2 5 + 2 6 7 . 2 ~ 9 0 +  I20x700t lOx700+ 10x 1500+40x l00)/60 "= 0999836 
8760 X ZOO0 

(34) 

800+ l800+ 7 S t  500t  2 1 O O t  3000i.200 = 2,12 
4000 

ASIFI = -- 

(36) (800~8 .17 )+ (1800~71 .3 )+ (75X30 .3 )+ (500~267 .2 )+ (~100~700)  t 3000(6)i~200~40 = 444(i9 
4000 ASIDI = 

CTAIDI, CAIFI, CEMI,,, and CEMSMI,, require detailed interruption information for each customer. The 
database should be searched for all customers who have experienced more than n interruptions that last 
longer than five minutes, Assunie 11 is chosen to be 5. In Table 5, ciislomer Willis, J. experienced seven 
interruptions in one year and it is plausible that other customers also experienced more than five 
interruptions, both momentary and sustained 

For this example, assume arbitrary values of 350 for CN(k > I?) ,  and 7.50 for CNT(L > n). The number of 
interrupting device operations is given in Table 6 and is used to calculate MAIFl and MAIFIF Assume the 
number of customers downstream of the recloser equals 750 These numbers would be known in a real 
system. 

CEM15 = - 350 - - 0.175 
2000 

8 x 2 0 0 0 + 1 2 ~ 7 5 0  = 1 2 5  
2000 MAIFl = - 

5 x 2000 + 6 x 750 = 7.25 
2000 MAIFEE = - 

750 
2000 

CEMSMIS = - = 0.375 

(37) 

(39) 

Using the above sample system should help define the methodology and approach to obtaining data from the 
inforination systems and using it to calculate the indices. 

5.3 Examples 

The following subclause illustrates two concepts: momentary interruptions and step restoration through the 
use of examples 

5.3.1 Momentary interruption example 

To better jllustrale Ihe concepts of momentary interruptions and sustained interruptions and the associated 
indices, consider Figure 1 and Equation 41, Equation 42, and Equation 43. Figure 1 illustrates a circuit 
composed of a circuit breaker (B), a recloser (R), and a sectionalizer (S). 
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00:45 
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- 
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01:30 

02:oo 
-- 
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1000 customers interrupted 
500 customers restored, 500 45 22 500 
500 still out of service 
Additional 300 customers 300 60 18 000 
restored, 200 still out otservice. 
Feeder trips again, 800 
previously reslored customers 
are interrupted again (200 
remained out and were not 
restored at this lime ) 
800 customers restored again 800 20 I6 000 

Final 200 customers restored 200 I20 24 000 
Event ends 

No Interruption Momentary Sustained 
" ..., """ .".. ..,_._..," .._," ,.,""" ..... .̂ "."" ..... . ,". ......... "... .......... ~ ............. ". .... ".." ......... I. 

3 Shots 

Totals 

V 
A 

250 Customers 1000 Customers 750 Customers 

I800 N/A 80 500 

Figure I-Sample system 2 

For this scenario, 750 customers would experience a momentary interruption and 250 customers would 
experience a sustained interruption. Calculations for SAIFI, MAIFI, and MAlFIE on a feeder basis are 
shown in Equations 41-43 below. Notice that the numerator of MAlFl is multiplied by 2 because the 
recloser took two shots, however, MAlFlE is multiplied by 1 because it only counts the fact that a series of 
momentary events occurred. 

250 SAIFI = - = 0.125 2000 

2 x 750 
2000 

MAIF1 = - = 07.5 

MAIFIE - I x750  - - 0.375 
2000 (43) 

5.3.2 Step restoration examples 

The following case illustrates the step restoration process A feeder serving 1000 customers experiences a 
sustained interruption. Multiple restoration steps are required to restore service to all customers. Table 7 
shows the times of each step, a description and associated customers interruptions and minutes they were 
affected in a time line format. 

Table 7-Example 1 for a feeder serving 1000 customers with sustained interruption 

1 Customer Interruptions ~ u r a t i o n  1 CMI i (min) 

-~ 

Relative Description Time 
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Steps Time Customers Interrupted 

1 0O:OO-00:45 I 000 
2 00:4.5-01:00 500 
3 01 :00-0290 200 -- 

IEEE GUIDE FOR ELECTRIC POWER DISTRIBUTION RELIABILITY INDICES 

CMI 

4.5 000 

7500 
12 000 

Figure 2 illustrates the example described in Table 7. In this example, all of the customers supplied by the 
.circuit were interrupted at the beginning of step 1. Service was restored to a portion of those customers at the 
end of step 1 .  Service was restored to another portion of those customers at the end of step 2. Additional 
customers were interrupted during step 3 (new step 1). Service was restored to additional customers at the 
end of step 3 .  

Total customer for SAlFI count (Only step 1 's) 

Total CMI 
1800 

0 

0 
0 

0 

80.500 

0 

P 
01 
0 2 .. 

0 
0 

0 
-L 

-+ 
.. 
0 

0 

w 
0 

2 .. 

Figure 2-Step restoration time chart 
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0 
0 
F 
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6. Information about the factors which affect the calculation of reliability 
indices 

6.1 Rationale behind selecting the indices provided in this guide 

One view of distribution system performance can be garnered through the use of reliability indices. To 
adequately measure performance, both duration and frequency of customer interruptions must be examined 
at various system levels. The most conlmonly used indices are SAIFI, SAIDI, CAIDI and ASAI. All of these 
indices provide information about average system performance. Many utilities also calculate indiccs on a 
feeder basis to provide more detailed information for decision making. Averages give general performance 
trends for the utility; however, using averages will lead to loss of detail that could be critical to decision 
making. For example, using system averages alone will not provide information about the interruption 
duration experienced by any specific customer. At the time of this writing, it is difficult for most utilities to 
provide information on a customer basis. This group envisions that the tracking of specific details 
surrounding specific interruptions rather than averages will, in the future, be accomplished by improving 
tracking capabilities. To this end, the working group has included not only the most commonly used indices, 
but also indices that examine performance at the customer level (e.g., CEMI,,). 

6.2 Factors that cause variation in reported indices 

Many factors can cause variation in the indices reported by different utilities. Some examples of differences 
in the following: 
- level of automated data collection 
- geography 
- system design 
- data classification (e g , are major events in the data set?, planned interruptions?) 

To ensure accuratc and equitable assessment and comparison of absolute performance and performance 
trends over time, it is important to classifL performance for each day in the data set to be analyzed as either 
day-to-day or major event day Not performing this critical step can lead to false decision making because 
major event day performance often overshadows and disguises daily performance. Interruptions that occur 
as a result of outages on customer owned facilities or loss of supply from another utility should not be 
included in the index calculation. 
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Annex A 

(infarmative) 

Survey of reliability index usage 

The Working Group on System Design conducted three surveys on distribution reliability index usage. The 
first one was completed in 1990 and the second was completed in 1995 and the third one was completed in 
1997. The purpose of the surveys was to determine index usage and relative index values. In 1990, 100 
United States utilities were surveyed, 49 of which responded. In 199.5, 209 utilities were surveyed, 64 of 
which responded. In 1997, 159 utilities were surveyed and 61 responded. Responding utility locations are 
shown by state in Figure A.l. Newer surveys are being performed by Edison Electric Institute (EEI). The 
data provided is not comparable because utilities provided whatever information was easily obtainable. 

-~ 

Number of Companies Responding by State I 

Figure A.1-Location of companies that respond to surveys 

All surveys showed that the most commonly used indices are SAIFI, SAIDI, CAIDI, and ASAI. Figure A 2 
shows the percentage of companies using specific indices in 1990. Figure A 3 shows the same information 
for 1995 and 1997. Figures A.4-A.8 show data on the most commonly used indices given by quartiles where 
Q1 is the top quartile. The data shawn in the QI column means khat 25% of utilities have an index less than 
the value shown. For further clarification: 

Q1: 25% of utilities have an index less than the value shown 

Q2: 50% of utilities have an index less than the value shown (the median value) 

Q3: 75% of utilities have an index less the value shown 

Q4:100% of utilities have an index less the value shown 
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Percentage of Companies Using a Given Index 
1990 Survey - 49 out of 100 Utilities Responding 
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Figure A.2-Percentage of companies using a given index reporting in 1990 
(49 out of 100 utilities responding) [ B I I ]  
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Figure A.3-Percentage of companies using indices reporting in 1995 and 1997 [Bl] 
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Figure A.4-SAIFI- 1990,1995 and 1997 survey results [BI] and [BI I ]  
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Figure A.S-.SAIDI- 1990,1995, and 1997 survey results [Bl] and [BI I ]  
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Figure A.6-CAIDI- 1990, 1995, and 1997 survey results 

1.0001 

1 .oooo 

0.9999 

- 09998 

0.9997 

0 999f 

0 999’: 

0 999’ 

2 

IEEE Survey Results - ASAl 

__.- 
0 1997 Data 

Q4 Q3 Q2 Q1 
Quartiles 

Figure A.7-ASAI- 1990,1995, and 1997 survey results [BI] and [BI I ]  
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IEEE Survey Results- MAIFI 1995 
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Figure A.8-MAIFIQ- 1995 survey results (1990/7 data not available) [SI] 

A.l Cause codes 

In the 1997 survey, cause codes were surveyed. The results are shown below in Figure A.9 

% of Companies Using a Cause Code 
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Figure A.9-I997 Cause code usage I 
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% of Companies Using a Cause Code 
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A 2  Results of question # 7 of the 1999 EEI reliability survey 

The following information was provided by the Edison Electric Institute (EEI) based on a survey they 
performed in 1999. The text is shown exactly as the survey respondents provided the information to EEL 

What definition do you use for major events? 

Major storm defined as 10% or more of the customer base interrupted in an operating region 
(based on 8 operating regions) or customers interrupted for 24 hours 
Intemptions that result from a catastrophic event that exceeds the design limits of the electric 
power system, such as an earthquake, tornado, or an extreme storm. 
A major storm is an event that affects 10% or more of the connected customers with I %  not 
restored within 24 hours. 
Ten percent or more of our customers are without power and have been without power for more 
than 24 hours. 
The major stonn exclusion a criterion is based on a statistical analysis of the last four-year 
history of reliability data. A cumulative ffequency distribution of the number of locations 
requiring service restoration work per day is calculated for the four-year period. When the 
frequency of the restoration work exceeds the 98.5 percentile, by company or region the major 
storm criterion work be met for the all intemptions for that day 

Ten percent of customers in a given region affected by an event plus the last customer out 
greater than 24 hours 

All three of the following must be true: 

-widespread damage 
-10 000 or 10% of customers served in area affected 

--National Weather Service declares severe weather watch or warning for the area 

Ten percent customer base and 1 customer for 24 hours 

Copyright 0 2004 IEEE All rights reserved 2.3 



IEEE 
Std 1366-2003 IEEE GUIDE FOR ELECTRIC POWER DISTRIBUTION RELIABILITY INDICES 

8) More than 15 000 customers out (out of a total customer base of 450 000). 
9) As defined by our PUC as named storms, tornados, ice storms, etc. 
IO)  Events where 10% of your customers (meters) have experienced an interruption due to the 

event. 

11) lEEE Std 13XTM-I998; Definition 3.12 major event. Company 1 defined as, 10% of the 
customers within a region without electricity and not restored within a 24 hour period. 

12) Ten percent of the entire electric system’s customers must experience an interruption in service 
and one percent of the entire electric system’s customers must experience an interruption in 
service for more than 24 hours. 

13) Ten percent of customers out of service and restoration time exceeding 24 hours. 
14) Named storms, i e. humcane, tropical storms, or tornadoes verified by the National Weather 

Service. Major forest fires are also included. In addition, Company 2 reporting definition does 
not include planned interruptions.. MAIFI is reported as momentary events. 

15) (1) Winds in excess of 90 mph OR (2) 1/2 inch of ice and winds in excess of 40 mph. 

NOTE- The major stonn outage minutes in 1999 were minimal for Company 3 and did not impact the 
reliability measures. 

16) 0.8 hours x customers served for a month, if the customer hours lost for any one day in that 
month exceed this value it can be removed from our year-end calculations. Interruptions that 
result from a catastrophic event that exceeds the design limits of the electric power system, 
such as an earthquake or an extreme stonn. These events shall include situations where there is 
a loss of power to 10% or more of the customers over a 24-hour period and with all custoiners 
not restored within 24 hours. 

17) State of Connecticut Department of Public Utility Control - Major Storm Exclusion Definition 
for 1999 - Any day or 24-hour period, where 31 restoration steps or greater were experienced. 
For 2000, the 1JI storni exclusion is based on 35 restoration steps or greater. The change in 
storm exclusion restoration step threshold, is based on the previous four-year outage history. 

18) A period of adverse weather which interrupts 10% or more of the customers served in an 
operating area, or results in customers being without power for 24 hours or longer. 

19) Weather events that cause more than 100 000 customers to be interrupted, with restoration 
taking at least 24 hours. 

20) ( I )  A Watch or Warning has been issued by the National Weather Service, (2) Extensive 
mechanical damage has been experienced and (3) More than 6% of the customers served in a 
region have been affected by outages during a 12-hour period. 

21) A major storm is defined as the interruption to I10 000 customers or more which is about 5 
percent of our total customers. The 1 10 000 was arrived at by going out six standard deviations 
from the mean of all daily cases of trouble. 

22) Any outage lasting longer than 48 hours is capped at 48 hours. 
23) Any event outage over 10% of the customers in a region AND requiring over 24 hours to 

restore service to all customers. (PUC definition) Outages occurring during qualifying major 
storms are not entered into our system, therefore we can only report on 8B, 1 IB, and 13B 
below. 

24) Determination is subjective, not strictly defined at this time. 
2.5) Tropical stonns, hurricanes, tornados, and ice storms. 

26) Interruptions that result from a catastrophic event that exceeds the design limits of the electric 
power system, such as an earthquake or an extreme storm. These events shall include situations 
where there is a loss of power to 10% or more customers in a region over a 24-hour period and 
with all customers not restored within 24 hours. 

27) >io% of customers out of service for >24 hours.. 
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28) 1s 000 or more customers out of service. 

29) Ten percent of customers in an area (region) interrupted. 

30) (1) 10% or more of customers interrupted in a operating area And (2) A storm or other large 
occurrence where customers experience an interruption for 24 or more hours in an operating 
area. 

31) A storin is determined at regional level when in any consecutive 24 hours the cumulative out- 
ages reach 15 AND cumulative customer interruption minutes reach 200 000 

32) A major storm is defined as an intcrruption of electric service resulting from conditions beyond 
the company’s control, which affects at least 10% of the customers in an operating area during 
the course of an event 

33) Level 3 or above out of 5 according to our emergency plan. About 5 storms per year excluded. 

34) Any day during which the number of interruptions are greater than 3 standard deviations above 
average 

35) CAIDI for the storm period must be 2.5 times normal. Outside crews required to restore 
damage. Restoration of damage must require 24 hours or more. 

36) Named Storms (i e. hurricane). 

37) Extension mechanical damage to the electric system. Outages involving more than 10% of the 
customers served by district More than 1 % of the customers serviced have not been restored 
within 24 hours 

38) 15 000 or more customers outages. 

39) (1) > 10% of the customers out of service at any one time, reported on a district basis. and (2) 
Extraordinary storm event such as a tornado, severe winds, etc. 

40) A major storm is one which affects 15 000 of our approximately 120 000 customers AND 
makes an incremental addition of 10 min to company SAIDI. 

41) A storm or equipment failure that would cause widespread serious damage throughout the 
service area in such proportion that available Company 4 forces would be unable to restore 
service within 48 hours. We designate this as a L.evel 111 event - Company 4 has 3 levels of 
event classifications There were no Level I11 events in 1999. 

42) The major storm exclusion criterion is based on a statistical analysis of the last four-year 
history of reliability data A cumulative frequency distribution of the number of locations 
requiring service restoration work per day is calculated for the four-year period. When the 
frequency of the restoration work exceeds the 98.5 percentile, by company or region the major 
storm criterion work be met for the all interruptions for that day 

43) Named storms, tornadoes, ice, events with >lo% of customers out 

44) An interruption of electric service resulting From conditions beyond the control of the electric 
distribution company which affects at least 10% of the customers in an operating area during 
the course of event for a duration of 5 min each or greater. 

45) An interruption of electric service resulting from conditions beyond the control of the electric 
distribution company which affects at least 10% of the customers in an operating area. 
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Annex B 

(informative) 

Major events definition development 

9.1 Justification and process for development of the 2.5 beta methodology 

The statistical approach to identifying major event days was chosen over the previous definitions (as shown 
in A 2) because of the difficulties experienced in creating a uniforni list of types of major events, and 
because the measure of impact criterion (i e , percent of customers affected) reqriired when using event types 
resulted in non-uniform identification The new methodology should fairly identify major events for all 
utilities. Some key issues had to be addressed in order to consider this work successful They were as 
roi I OW s : 
- Definition must be understandabk and easy to apply 

- Definition must be specific and calculated using the same process for all utilities 

- Must be fair to all utilities regardless of size, geography, or design. 

- Entities that adopt the methodology will calculate indices on a nomialized basis for trending and 
reporting. They will further classify the major event days separately and report on those days through 
a separate process 

Daily SAIDI values are preferred to daily customer minutes interrupted (CMI) values for major event day 
identification because the former permits comparison and computation among years with different numbers 
of customers served. Consider the merger of two utilities with the same reliability and the same number of 
customers CMI after the merger would double, with no change in reliability, while SAIDI would stay 
constant. 

Daily SAIDI values are preferred to daily SAIFl values because the former are a better measure of the total 
cost of reliability events, including utility repair costs and customer losses, than the latter. The total cost of 
unreliability would be a better measure of the size of a major event, but collection of this data is not 
practical. 

The selected approach for setting the major event day identification threshold, known as the “Two Point 
Five Beta” method (since it is using the log-normal SAIDI values rather than the raw SAIDI values), is 
preferred to using fixed multiples of standard deviation (e& “Three Sigma”) to set the identification 
threshold because the latter results in non-uniform MED identification among utilities with different sizes 
and average reliabilities The b multiplier of 2 5 was chosen because, in theory, it would classify 2.3 days 
per year as major events. If significantly more days than this are identified, they represent events that have 
occurred outside the random process that is assunied to control distribution system reliability. The process 
and the multiplier value were evaluated by a number of utilities with different sized systems from different 
parts of the United States and found to correlate reasonably well to current major event identification results 
for those utilities. A number of alternative approaches were considered. None was found to be clearly 
superior to Two Point Five Beta. 

When a major event occurs which lasts through midnight (for example, a six hour hurricane which starts at 
9:00 PM), the reliability impact o f  the event may be split between two days, neither of which would exceed 
the TkfED and therefore be classified as a major event day This is a known inaccuracy in the method that is 
accepted in exchange for the simplicity and ease of calculation of the method. The preferred number of years 
of data (five) used to calculate the major event day identification threshold was set by trading off between 
the desire to reduce statistical variation in the threshold (for which more data is better) and the desire to see 
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the effects of changes in reliability practices in the reported results, and also to liinit the amount of data 
which must be archived. 

B.l.1 Remarks 

To generate the example data, values of a and b were taken from an actual utility data set, and then daily 
SAIDVday values were artificially generated using a log normal distribution with these values of a and p. 
The daily SAIDI values were then adjusted to illustrate all aspects of the calculation, e g. a day in Table 2 
was assigned a SAID1 value of zero, and a day in Table 3 was assigned a SAIDI value higher than the 
computed threshold. 

This annex provides a technical description and analysis of the 2.5p method of identifying MEDs in 
distribution reliability data. The 2.5p method is a statistical method based on the theory of probability and 
statistics. Fundamental concepts such as probability distribution and expected value are highlighted in italics 
when they are first used, and provided with a short definition. An undergraduate probability and statistics 
textbook can be consulted for more complete definitions. 

B.1.2 Beta (p) method description 

A threshold on daily SAID1 is computed once a year (see 4.5). The short version is as follows: 

a) 

b) 
e) 
d) 

e)  

f )  

Assemble the five most recent years of historical values of SAIDVday. If  less than five years of data 
is available, use as much as is available. 
Discard any day in the data set that has a SAIDl/Day of zero 
Find the natural logarithm of each value in the data set. 
Compute the average (a ,  or Alpha) and standard deviation (p or Beta) of the nahiral logarithms 
computed in step 3. 
Compute the threshold TMED= exp (Alpha + 2.S * Beta). 
Any day in the next year with SAID1 > T,,,, is a major event day. 

B.2 Random nature of distribution reliability 

The reliability of electric power distribution systems is a random process, that is, a process that produces 
random values of a specific random variable. A simple example of a random process is rolling a die. The 
random variable is the value on the top face of the die after a roll, which can have integer values between 1 
and 6. 

In electric power distribution system reliability, the random variables are the reliability indices defined in 
the guide. These are evaluated on a daily or yearly basis, and take on values from zero to infinity. 

B.3 Choice of SAID1 to  identify major event days 

Four commonly used reliability indices are: 

- System Average Interruption Duration Index (SAIDI) 
- System Average Interniption Frequency Index (SAIFl) 

- Customer Average Interruption Duration Index (CAIDI) 
- Average Service Availability Index (ASAI) 
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These indices are actually measures of unreliability, as they increase when reliability becomes worse 

An ideal measure of unreliability would be customer cost of unreliability, the dollar cost of power outages to 
a utility's customers. This cost is a combination of the initial cost of an outage and accumulated costs during 
the outage. Unfortunately, the customer cost of unreliability has so far proven impossible to estimate 
accurately. In contrast, the reliability indices above are routinely and accurately computed from historical 
reliability data. However, the ability of an index to reflect customer cost 01 unreliability indicates the best 
one to use for major event day identification. 

Duration-related costs of outages are higher than initial costs, especially for major events, which typically 
have long duration outages. Thus a duration-related index will be a better indicator of total costs than a 
frequency-related index like SAlFI or MAIFI. Because CAIDl is a value per customer, it does not reflect the 
size of outage events. Therefore SAIDI best reflects the customer cost of unreliability, and is the index used 
to identify major event days. SAIDl in minuteslday is the random variable used for major event day 
identification. 

The use of Customer Minutes Interrupted per day was also considered. Like SAIDI, CMI is a good 
representation of customer cost or unreliability In fact, SAlDl is just CMI divided by the number o i  
customers in the utility. The number of customers can vary from year to year, especially in the case of 
mergers, and multiple years of data are used to find major event days. Use of SAlDl accounts for the 
variation in customer count, while use of CMI does not. Therefore SAIDI is preferred 

B.4 Probability distribution of distribution system reliability 

6.4.1 Probability density functions and probability of exceeding a threshold value 

MEDs will be days with larger SAID1 values. This suggests the use of a threshold value for daily SAIDI. 
The threshold value is called Th,,,,. Days with SAIDI greater than ThED are major event days. As the 
threshold increases, there will be fewer days with SAIDl values above the threshold. The relationship 
between the threshold and the number of days with SAIDI above the threshold is given by the probability 
density function of SAIDVday. 

The probability density function gives the probability that a specific value of a random variable will appear. 
For example, for a six sided die, the probability that a one will appear in a given roll is 1/6th, and the value 
of the probability density function of one is 1/6th for this random process. 

The probability that a value greater than one will occur is just the sum of the probability densities for all 
values greater than one. Since each value has a probability density of 1/6th for the example, this sum is just 
5/6ths. As the threshold increases, the probability decreases. For example, for a threshold of 4, there are only 
two values greater than 4, and the probability of rolling one of them is 2/6ths or 1/3rd. 

In the die rolling example, the random variable can only have discrete integer values. SAlDl/day is a 
continuous variable. In this case, the sum is replaced by an integral. The probability p that any given day will 
have a SAlDIlday value greater than a threshold value T is the integral of the probability density function 
from the threshold to infinity as shown below in Equation (B. I). 

00 

p (  SAID1 > 7') = J p @ (  SAID1)dSAIDl 
T 

Graphically, the probability is the area under the probability density function above the threshold, as shown 
in Figure B. 1 I 
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SAIDUday 

Figure B.1-The area under the probability density function pdf(SAID1) 
above threshold (T) is the probability p that a given day will have a 

SAID1 value greater than (T) 

if any given day has a probability p of being a major event day, then the expected value [see Equation (B.2)] 
of the number of major event days in a year is the probability times the number of days in a year. 

E( MED/ ,year)  = 365 . p (  SAID1 > T M E D )  (B 

For example, X p  = 0.1, then the expected number of major event days in a year is 36.5. This does not mean 
that exactly 36.5 MEDs will occur. The actual number will vary due to the randomness of the process. 

Using the die rolling example, the probability of getting a six in any roll is 1/6th. Therefore the expected 
number of sixes in six rolls is 1, However, if the die is rolled six times, there could be six sixes, or zero sixes, 
or any number in between. As the number or trials goes up, the number of sixes will approach 1/6th of the 
number of rolls, but for small numbers of rolls there will be some variation from the expected value. 

B.4.2 Gaussian, or normal distribution 

The expected number of MEDs per year can be computed for any given threshold if the shape of the 
probability density function is known. The shape of the probability density function is called the probability 
distribution. Specific types of shapes have specific names. The most well known is the Gaussian 
distribution, also called the normal distribution or bell curve, shown in Figure B.2. 

-4 -2 0 2 

r 

Figure 6.2-Gaussian or normal probability distribution 
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The Gaussian distribution is completely described by its mean, or average value, (p or Mu) and its standard 
deviation ((3 or Sigma). The average value is at the center ofthe distribution (at 0 on the x axis in Figure B.2) 
and the standard deviation is a measure of the spread of the distribution. 

An important property of the Gaussian distribution is that the probability of exceeding a given threshold is a 
function of the number of standard deviations the threshold is from the mean. Equation (13.3) provides 
mathematical terms. 

If the threshold is iz standard deviations greater than the mean, and the probability of exceeding the 
threshold,p(SAIDI > TM~D),  is a function only of 17, and not of the mean and standard deviation. Values for 
this function are found in tables in the backs of probability textbooks and in, for example, standard 
spreadsheet functions. Table B.l gives the probability of exceeding the threshold for different number of 
standard deviations k. 

0.001 35 

8.4.3 Three sigma 

The term “Three Sigma” is often used loosely to designate a rare event. It comes from the Gaussian 
probability distribution. As Table B 1 shows, the probability of excceding a threshold that is three standard 
deviations more than the mean is 0.00135, or one and a half tenths of a percent. If daily SAlDI had a 
Gaussian probability distribution, it would be relatively easy to agree on a Three Sigma definition for the 
major event day threshold, T,,ED. Unfortunately, SAID1 does NOT have a Gaussian distribution. It has a 
log-normal distribution. 

B.5 Log-normal distribution 

The random variable in the Gaussian distribution has a range from --w to - w ~  In real life, many quantities, 
including distribution reliability, can only be zero or positive. This causes the probability distribution to 
skew, bunching up near the zero axis and having a long tail to the right. The degree of skewness depends on 
the ratio of mean to standard deviation. When the standard deviation is small compared to the mean, the log 
normal distribution looks like the Gaussian distribution, as shown in Figure B 3(b) When it is large 
conipared to the mean, i t  does not, as shown in Figure B.3(a). Daily reliability data usually has standard 
deviation values far larger than the mean. 
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(a) Less than standard deviation. 
(b) Greater than standard deviation. 

Figure 6.3-Log-normal distributions 

-15 -10 -5 5 

In(SAID1lday) 
-20 

This indicates three years of daily SAID1 data from anonymous 
Utility 2 supplied by the Distribution System Design Working 
Group The logs of the data are normally distributed, so the daily 
data is log-normally distributed. 

Figure B.4-Histogram of the natural logs 

A consequence of the log-normality of daily reliability data is that the three sigma conditions no longer hold. 
In particular, the probability of exceeding a given threshold is no longer independent of the values of the 
average and standard deviation of the distribution. This means that using a method such as Three Sigma 
would result in different numbers of MEDs for utilities with different average values of  reliability, or with 
different standard deviation values. This seems inequitable. 

Fortunately, the logarithms of log-normal data have a Gaussian distribution. If the average of the logarithms 
of the data is called a, or Alpha, and the standard deviation of the logarithms of the data is called B, or Beta, 
then and 13 are the mean and standard deviation of a Gaussian distribution and a threshold on the log of the 
data can be set which is independent of the values of a and 13. Equations (B.4) and (B 5) show thcse concepts 
mathematically. 
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(B.4) 

The probability of exceeding TMED is a function of k, just as in the Gaussian example. Table B.2 gives these 
probabilities as wcll as the expected number of Major Event Days (MEDs) for various values of k. 

Table B.2-Probability of exceeding TMED 
as a function of multiples of BETA 

MEDdyr 

0.02275 8.3 
2.4 0.00822 3.0 

I 2.5 I 0.00621 1 2.3 I 

B.5.1 Why 2.5? 

Given an allowed number of MEDs per year, a value for k is easily computed. However, there is no 
analytical method of choosing an allowed number of MEDs/year. The chosen value of k = 2.5 is based on 
consensus reached among Distribution Design Working Group members on the appropriate number of days 
that should be classified as Major Event Days. As Table B.2 shows, the expected number of days fork = 2.5 
is 2.3 MEDs/year. In practice, the experience of the committee members, representing a wide range of 
distribution utilities, was that more than 2.3 days were usually classified as MEDs, but that the days that 
were classified as MEDS were generally those that would have been chosen on qualitative grounds. The 
performance of different values of k were examined, and consensus was reached on k = 2.5 

B.6 Fairness of the 2.5R method 

it is likely that reliability data from different utilities will be compared by utility management, public 
utilities commissions and other interested parties. A fair MED classification method would classify, on 
average, the same number of  MEDs per year for different utilities. 

The two basic ways that utilities can differ in reliability terms are in the mean and standard deviation of their 
reliability data. Differences in means are attributable to differences in the environment between utilities, and 
to differences in operating and maintenance practices Differences in standard deviation are mostly 
attributable to size. Larger utilities have inherently smaller standard deviations. 

As discussed above, using the mean and standard deviation of the logs of the data (a and p) to set the 
threshold makes the expected number of MEDs depend only on the multiplier, and thus should classify the 
same number of MEDs for large and small utilities, and for utilities with low and high average reliability. 
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This is not the case for using the mean and standard deviation of the data without taking logarithms first The 
expected number of MEDs varies the average and standard deviation This variation occurs because of the 
log-normal nature of the reliability probability distribution. 

B.7 Five years of data 

From a statistical point of view, the more data used to calculate a threshold, the better. However, the random 
process producing the data changes over time as the distribution system is expanded and operating 
procedures are varied. IJsing too much historical data would suppress the effects of these changes. 

The addition of another year of data should have a low probability of chaiiging the MED classification of 
previous years, A result from order statistics gives the probability that the kth largest value in in samples will 
be exceeded f times in n future samples [BIOI. It is given in Equation (B.5). 

(€3 .5)  

For example, if M= 3 years of data then i n  = 1095 samples I f f=  3 MEDs/year then the largest non-MED is 
the k = 1095 -9 = 1086th ordered sample. The probability o f f=  3 days in the next year of 12 = 365 samples 
exceeding the size of the largest non-MED is found from the equation to be 0.194 (19.4%). In Figure B.5 p 
is plotted against M for several values ofJ 

0.05 &-. I -'v 

0 5 10 15 

M , years 

Figure B.5-Probability of exactly new MEDs in the 
next year of data, using M years of historical data 

The consensus of the Design Working Group members was that 5 years was the appropriate amount of data 
to collect. They felt that the distribution system would change enough to invalidate any extra accuracy from 
more than 5 years of data. 
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Internal data subset 

C.l  Calculation of reliability i 
use 

dices for subsets of dat for i ternal comp 

Reliability performance can be assessed for different purposes. I t  may be advantageous to calculate 
reliability indices without planned interruptions in order to review perfonnance during unplanned events. In 
another case, it may be advantageous to review only sustained interruptions. Assessment of performance 
trends and goal setting should be based on normal event days (neglecting the impact of MEDs). lltilities and 
regulators determine the most appropriate data to use for reliability performance monitoring. When indices 
are calculated using partial data sets, the basis should be clearly defined for the users of the indices. At a 
minimum, reliability indices based on ail collected data for a reporting period and analyzed as to normal 
versus major event day classifications should be provided. Indices based on subsets of collected data may be 
provided as specific needs dictate. 

34 Copyright 0 2004 IEEE All rights reserved 



IEEE GUIDE FOR ELECTRIC POWER DISTRIBUTION RELIABILITY INDICES 
IEEE 

Std 1366-2003 

Annex D 

(informative) 

Bibliography 

[Bl] “A Nationwide Survey of Distribution Reliability Measurement Practices,” IEEEPES Working Group 
on System Design, Paper No. 98 WM 21 8 

[BZ] Balijapelli N., Venkata S. S., Christie R. D , “Predicting Distribution System Performance: Against 
Regulatory Reliability Standards,” to appear in IEEE Transactions on Power Delivery. 

[B3] Blinton, R and Allan R. N , “Reliubili/y Eiwlzrufion offotver S’sfenis,” Plenum Press, 1984 

[B4] Billinton R., Allan R , Salvaderi L., Applied Reliability Assessnient in Electric Power Systems, iEEE 
Press, New York, 1991. 

[BS] Brown R.E., Electric Power Distribution Reliability, Marcel Dekker, New York, 2002 

[BG] Capra, R. A., Gangel, M. W , and Lyon, S.V. “Underground Distribution System Design for Reliability,” 
K E E  T~amuclions on Power Apparatirs aridfi~s/erns, Vol. PAS-88, No. 6, June 1969, pp“ 834-42. 

[B7] Christie R.D , “Statistical Classification of Major Event Days in Distribution System Reliability,” 
accepted to lEEE Transactions on Power Delivery 

[B8] EPRI EL.-2018, RP-1356-1, Development of Distribution System Reliability and Risk Analysis 
Models,” Val. 2, August 1981 

[B9] iEEE 100, The Aufho~-i/afive Diclionaly oflEEE S~atidard Ternu, 7th Edition.’ 

[BlO] Kottegoda N T , and Rosso R., Statistics, Probability, and Reliability for Civil and Environmental 
Engineers, McGraw-Hill, New York, 1997. 

[BI 11 Marinello, C A , “A Nationwide Survey of Reliability Practices,” presented at EEI Transaction and 
Distribution Committee Meeting, Hershey, PA, October 20, 1993 

”Availnblc on rcqucsi from eliristic@cc washingon cdu 
’IEEE publicaiions arc avnilablc corn thc Institulc of Electricnl and Elcclmnics Enpinccrs.445 Hocs Lmc, P 0 Box 1331, Piscalmmy, N I  08855-1331. 
USA (hnp//sinndnrdn icec org0 

Copyright 0 2004 IEEE All rights reserved 3.5 


