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KPSC Case No. 2006-00494 Annual Report
Calendar Year 2007

Order Dated October 26, 2007

Item No. 1

Page 1 of 1

Kentucky Power Company

REQUEST

On a system-wide basis, provide on a calendar year (January to December) the System Average
Interruption Frequency Index (SAIFT), the System Average Interruption Duration Index (SAIDI),
and the Customer Average Interruption Duration Index (CAIDI):

(a) provide information separately for calendar years 2003 through 2007,

(b) calculated on system-wide level, using IEEE Std. 1366 guide (latest version) to define
the terms used in the report, exclude Major Events, and

(c) durations of outages measured and reported in minutes.

RESPONSE

Calculated values for each index for each of the past 5 calendar years are listed on the attached
page (see Attachment A). Also, pursuant to the Commission's Order dated October 26, 2007 in
Case No. 2006-00494, a copy of the current version of IEEE Std 1366-2003 is attached (see
Attachment B). Tt should be noted that this is copyrighted material; so further use may be
restricted.

WITNESS: Everett G Phillips
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Kentucky Power Company
5 Year System Performance

(Excluding IEEE-defined Major Events)

c

alendar |

Year | SA":l CAID' ; SAID' 'k
2003 2.360 236.6 558.2
2004 2.545 204.5 520.5
2005 2.576 15973 4104
2006 2.757 182.2 502.1
2007 2.276 146.9 334.2
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Grateful acknowledgment is made to the Edison Electric Institute for the permission to use the following
source material:

Pages 28-30 of the June 2001, Edison Electric Institute 2000 Reliability Report.

Abstract: Distribution reliability indices and factors that affect their calculations are defined in this
guide. The indices are infended to apply fo distribution systems, substations, circuits, and defined
regions.
Keywords: circuits, distribution reliability indices, distribution systems, electric power, reliability
indices

The institute of Eiectrical and Electronics Engineers, inc.
3 Park Avenue, New York, NY 10016-5997, USA

Copyright © 2004 by the Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published 14 May 2004. Printed in the United States of America.

IEEE is a registered trademark in the U.S. Patent & Trademark Office, owned by the Institute of Electrical and Electronics
Engineers, Incorporated.

Print: ISBN 0-7381-3889-4 SH95193
PDF: ISBN 0-7381-3880-8 85985193

No part of this publication may be reproduced in any form, in an electronic retrieval system or otherwise, without the prior
written permission of the publisher.
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the JEEE administers the process and establishes rules to promote fairness
in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the
information contained in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

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. Every IEEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to

conclude that 7ts contefts; althouglrstillof 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 publishing and making this document available, the IEEE js not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a
competent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of inferests. For this reason, IEEE and the members of its
societies and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except
in those cases where the matter has previously received formal consideration. 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, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
P.O. Box 1331

Piscataway, NJ 08855-1331USA

NOTE—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 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 a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, 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

—elassroorm-use-can-also-be.obtained throngh the Copyright Clearance Center.
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Introduction

(This infroduction is not part of TEEE Std 1366-2003, IEEE Guide for Electric 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 implementation of this standard may require use of subject 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 for conducting inquiries into the legal

validity or scope of those patents that are brought to itsattention:

Notice to users

Errata

Frrata, if any, for this and all other standards can be accessed at the following URL: htip://
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/iece/interp/
index html.

v Copyright © 2004 IEEE. All rights reserved.
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IEEE Guide for Electric Power
Distribution Reliability Indices

1. Overview

1.1 Scope

This guide identifies distribution reliability indices and factors that affect their calculation. It 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.

1.2 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. 859™.1987(R2002), IEEE Standard Terms for Reporting and Analyzing Outage Occurrences
and Outage States of Electrical Transmission Facilities.!*2

TEEE Std 493™.1997(R2002), Recommended Practice for Design of Reliable Industrial and Commercial
Power Systems.

IEEE Publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).

*The IEEFE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

Copyright © 2004 IEEE. All rights reserved. 1
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3. Definitions

Definitions are given here to aid the user in understanding the factors that affect index calculation. Many of
these definitions were taken directly from The Authoritative Dictionary of IEEE Standards Terms, Tth
Edition [89]3‘ 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 interrupted. 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 at 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 16 be anytting from the distributionsubstationfence-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 function due to
an unplanned event directly associated with that component.

3.6 interrupting device: An interrupting device is a device whose purpose is to interrupt 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 interruption 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 these 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 automatic 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
customers. This does not include any of the power quality issues such as: sags, swells, impulses, or
harmonics.

3The numbers in brackets correspond to those of the bibliography in Annex D.

2 Copyright © 2004 IEEE. All rights reserved.
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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 exceeds a threshold value, Tygp. 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 Tgp
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, two circuit breaker 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 interruption of duration limited to the period required to restore
service by an interrupting device.

NOTE—Such switching operations must be completed within a specified 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 perform 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.

NOTE—
(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 it 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 it 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 be one year unless otherwise stated.

3.20 step restoration: A process of restoring interrupted customers downstream from the interrupting
device/component 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. If 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 © 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

T; = Restoration Time for each Interruption Event

CI = Customers Interrupted

CMlI = Customer Minutes Interrupted

E = Events

T = Total

M, = Number of Momentary Interruptions

Mg = Number of Momentary Interruption Events

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

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

Ny = Total Number of Customers Served for the Areas

L; = Connected kV A Load Interrupted for each Interruption Event

Ly = Total connected kVA Load Served

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

CNTgom = Total Number of Customers who have Experienced more than » Sustained Interruptions

and Momentary Interruption Events during the Reporting Period.
k = Number of Interruptions Experienced by an Individual Customer in the Reporting Period

Tyep = 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 (1).

4 Copyright © 2004 IEEE. All rights reserved.



Pursuant to PSC's QOctober 26, 2007 Order in Case No. 2006-00494
ltern No. 1, Attachment B
Page 14 of 44EEE
IEEE GUIDE FOR ELECTRIC POWER DISTRIBUTION RELIABILITY INDICES Std 1366-2003

3 Total Number of Customers Interrupted

SAIFT = Total Number of Customers Served M
To calculate the index, use Equation (2) below.
TN,
SATFI = -]-V—f = ]—?
T T
(2)

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).

5. Customer Interruption Durations

SAIDL = P Numborof Cusiomers Served ®)
To calculate the index, use Equation (4).
sr.N.
samr = = = %\-43 @)
T T

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).

3. Customer Interruption Duration

CAIDL = Total Number of Customers Interrupted )
To calculate the index, use Equation 6.
ZrN;  sAIDI
I T me——— T sttssmmem—aasar—
CAID ZN,' SAIFT ©

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).

5. Customer Interruption Duration
CTAIDI =

M

Total Number of Customers Interrupted

Copyright © 2004 IEEE. All rights reserved. 5
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To calculate the index, use Equation (8).

ZriN ;

CTAIDI = —= (8)

NOTE— In tallying Total Number of Customers Interrupted, each individual customer should only be counted once
regardiess 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).

S Total Number of Customers Interrupted

CAIFL = Total Number of Custers Interrupted ©)
To calculate the index, use Equation (10)
CATFI = = 10
T (1o

4.2.6 Average service availability index (ASAI)

The average service availability index represents the fraction of time (often in percentage) that a customer
has received power during the defined reporting period. Mathematically, this is given in Equation (11).

Customer Hours Service Availability

ASAL = Customer Hours Service Demands

(11)
To calculate the index, use Equation (12).

N X { Number of hours/yr)~y" riN ;

ASAL = N 7> ( Number of hours/yr) (12)

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).

Total Number of Customers that experience more than »n sustained interruptions

CEMI” N Total Number of Customers Served (13)
To calculate the index, use Equation (14).
CN
CEMI = —k>n) (14)
n Ny

NOTE~—This index is often used in a series of calculations with » incremented from a value of one to the highest value
of interest

6 Copyright © 2004 IEEE. All rights reserved.
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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. ASIFT 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 (15).

_ 5 Total Connected kVA of Load Interrupted

ASTFT = Total Connected kVA Served (13
To calculate the index, use Equation (16).
2L
ASTFI = — (16)
Ly

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 ASIFI definition in 4.3.1. Mathematically, this is given in Equation (17).

5. Connected kVA Duration of Load Interrupted

ASIDI = Total Connected kVA Served an

To calculate the index, use Equation (18).

sr.L

i
Ly

ASIDI =

(18)

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 (19).

5 Total Number of Customer Momentary Interruptions

MATFT = Total Number of Customers Served (19)
To calculate the index, use Equation (20).
SIM;N_ .
MATFI = N’ s
T
(20)
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4.4.2 Momentary average interruption event frequency index (MAIFig)

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).

_ 3 Total Number of Customer Momentary Interruption Events

MAIFI Total Number of Customers Served @1)
To calculate the index, use Equation (22).
SIM.N_.
MATFI . = Z E mi (22)
Np

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

This index istheTatio-of individual-customers-experiencing-meore-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).

Total Number of Customers Experiencing More Than » Interruptions

CE = 23
MSMI" Total Number of Customers Served (23)
To calculate the index, use Equation (24).
CNT
cEMsMI = —k21) 24
Nr

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, Tjzp. The SAIDI
index is used as the basis of this definition since it leads to consistent results regardless of utility size and
because SAIDI is a good indicator of operational and design stress. Even though SAIDI is used to determine
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
the interruption begins.

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

8 Copyright © 2004 IEEE. All rights reserved.
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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.

b)  Only those days that have a SAIDI/Day value will be used to calculate the Tyzp (do not include
days that did not have any interruptions).

c) Take the natural logarithm (In) of each daily SAIDI value in the data set.
d) Find o (Alpha), the average of the logarithms (also known as the log-average) of the data set.

e) Find B (Beta), the standard deviation of the logarithms (also known as the log-standard deviation) of
the data set.

f)  Compute the major event day threshold, T zp, using equation (25).

_ [(@+25B)

T (25)

MED

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

Activities that occur on days classified as major 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 normal operating performance is shown in this subclause.

This subclause illustrates the calculation of the daily SAIDI, calculation of the major event day threshold
TEp. identification of major event days, and calculation of adjusted indices.

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

Table 1—Outage data for 1994

Date Time D'(l:;laifli;) n Number of Customers Interruption Type
318 18:34:30 20.0 200 Sustained
3/18 18:38:30 1.0 400 Momentary
3/18 18:42:00 513.5 700 Sustained

NOTE— Although the third interruption was not restored until the following day, its total duration counts in the
day thatthe interruption began. Note also that SAIDI considers only sustained interruptions. Then for 3/18/1994,
daily SAIDI (assuming a 2000 customer utility) is given in Equation (26).

(20x200) +(513x 700) _ 151 73 min

SAIDI = 5000

(26)

One month of historical daily SAIDI data is used in the following example to calculate the Major Event Day
threshold Tyzzp. Five years of historical data is preferable 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.

Copyright © 2004 IEEE. All rights reserved. 9
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Table 2-—One month of daily SAIDI and In (SAIDI/day) data

Date SA(IglI[’l ‘)“‘y in (SAIDI/day) Date SA(IIEZ ‘)’ay In (SAIDV/day)

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.

12/3/93 0.131 -2.033 12/19/93 0.281 -1.268

12/4/93 1.292 0.256 12/20/93 1.810 0.593

12/5/93 4.250 1.447 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

12/10/93 13.864 2.629 12/26/93 0.288 -1.244

12/11/93 0.015 -4.232 12/27/93 0.535 —0.626

12/12/93 1.788 0.581 12/28/93 0.291 -1.234

12/13/93 0.410 ~0.891 12/25/93 0.600 ~0.511

12/14/93 0.007 ~4.967 12/30/93 1.750 0.560

12/15/93 1.124 0.117 12/31/93 3.622 1.287

12/16/93 1.951 0.668

NOTE—The SAIDI/day for 12/18 is zero. The natural logarithm of zero is undefined. Therefore, 12/18/93 is note

considered during the analysis

The value of o, 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 o+ 2.58 is 4.20,

The threshold value Tyzp is calculated by 20 and equals 66.69 SAIDI per day. This value is used to
evaluate the future time period (e.g., the next year).

10 Copyright © 2004 IEEE. Al rights reserved.
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Table 3 shows example SAIDI/day values for the first month of 1994.

Table 3—Daily SAIDI data, January 1994

Date SAIDY/Day Date SAIDI/Day

1/1/94 0.240 1/17/94 5.700
1/2/94 ' 0.014 1/18/94 0.109
1/3/94 0.075 1/19/94 0.259
1/4/94 2.649 1720/94 1.142
1/5/94 0.666 1/21/94 0.262
1/6/94 0.189 1/22/94 0.044
1/7/94 0.009 1/23/94 0.243
1/8/94 1.117 1/24/94 5.932
1/9/94 0.111 1/25/94 2.698
1/10/94 8.683 1/26/94 5.894
1/11/94 0.277 1/27/94 0.408
1/12/94 0.057 1/28/94 237.493
1/13/94 0.974 1/29/94 2.730
1/14/94 0.150 1/30/94 8.110
1/15/94 0.633 1/31/94 0.046
1/16/94 0.434

The SAIDI/day on 1/28/94 (237.49) exceeds the example threshold value (Tzp = 66.69), indicating that
the distribution system experienced stresses beyond that normally expected on that day. Therefore, 1/28/94
is classified as a major event day. The SAIDI/day for all other days was less than T ,zp, indicating that
normal stresses were experienced on those days.

To complete the example, indices should be calcnlated 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., SATFI, SAIDI and/or CAIDI). For this example, only SAIDI will be shown. 1994 SAIDI for
condition one, all events included, is given in Equation (27) below.

SAIDI = ¥ Daily SAIDI = 287.35 27

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

SAIDI = ¥ Daily SAIDI 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 querying and analyzing reliability data. The following section will show one sample partial
database and the methodology for calculating indices based on the information provided.
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5.1 Sample system

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 calculated. More typically the “system” combines all circuits together in
a region or for a whole company.

Table 4—Outage data for 1994

Date Time Time on Circuit Iizf;;t I:::g}:;;?sf ing Intert;;gtion
317 12:12:20 | 12:20:30 7075 107 200 800 S
4/15 18:23:56 | 18:24:26 7075 256 400 1600 M
5/5 00:23:10 | 01:34:29 7075 435 600 1800 S
6/12 23:17:00 | 23:47:14 7075 567 25 75 S
7/6 09:30:10 | 09:31:10 7075 678 2000 4000 M
8/20 15:45:39 | 20:12:50 7075 832 90 500 S
8731 08:20:007 | 10:20:00 7075 1003 700 2100 S
9/3 17:10:00 | 17:20:00 7075 1100 1500 3000 S
10/7 10:15:00 | 10:55:00 7075 1356 100 200 S
Interruption type: Total Customers Served = 2,000
S— Sustained
M- Momementary

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

Table 5—Extracted customers who were interrupted

Duradon
Willis, J 7075 3/17/94 107 8.17
Williams, J 7075 4/15/94 256 0.5
Willis, J 7075 4/15/94 256 0.5
Wilson, D 7075 5/5/94 435 71.3
Willis, J 7075 6/12/94 567 30.3
Willis, J 7075 8/20/94 832 267.2
Wilson, D 7075 8/20/94 832 267.2
Yattaw, S 7075 8/20/94 832 267.2
Willis, J 7075 8/31/94 1003 120
Willis, J 7075 9/3/94 1100 10
Willis, J 7075 10/27/94 1356 40

12 Copyright © 2004 IEEE. All rights reserved.
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Record Device Date Time Numbe.r of Number of Operations
Number Operations to lockout

1 Brk 7075 4/15 18:23:56 2 3

2 Recl 7075 7/6 09:30:10 3 4

3 Brk 7075 8/2 12:29:02 1 3

4 Brk 7075 8/2 12:30:50 2 3

5 Recl 7075 8/2 13:25:40 2 4

6 Recl 7075 8/25 08:00:00 2 4

7 Brk 7075 92 04:06:53 2 3

8 Recl 7075 9/5 11:53:22 3 4

9 Brk 7075 9/8 15:25:10 1 3

10 Recl 7075 1072 17:15:19 1 4

11 Recl 7075 11/12 00:00:05 1 4

From Table 6, it 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.

_ 200 +600 +25 +90 + 700 + 1500 + 100 _

SAIFL 2000

1.61 (29)

[ = (8.17x 200) + (71.3 X 600) + (30.3 X 25) +(267.2 X 90) + (120 x 700) + (10 x 1500) + (40 x 100) _ 86.11 min  (30)

SADD 2000

_ SAIDI _ 86.110 _ .
CADI = 5= = Teg75 ~ 5357 min 31

To calculate CTAIDI and CAIF], the number of customers experiencing a sustained interruption 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 customer 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. 1800 will be arbitrarily
assumed for CN (for your calculations actual information should be used) since the interruption on 9/3
shows that at least 1500 customers have been interrupted during the year.
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_ (8.17x 200) + (71.3 x 600) + (30.3 x 25) + (2672 x 90) + (120 x 700) + (10 x 1500) + (40 x 100)

CTAIDI 1300

= 95.68 min (32)

_ 200+ 600 +25 + 90 + 700 + 1500 + 100 _ 1.79 (33)

CAIFL 1800

8760 x 2000—(8.17 x 200 + 600 x 71.3 + 30.3 x 25 + 267.2 x 90+ 120 x 700 + 10 x 700 + 10 x 1500 + 40 x 100)/60

ASALE 8760 x 2000 = 0.999836
(34
ASIFT — 800+ 1800+ 75+ 500+ 2100+ 3000 +200 _ , ;- 5)
4000
ASIDI = (800X 8.17)+ (1800 x 71.3) + (75 x 30.3) + (500 x 267.2) + (2100 x 700) + 3000(6) + 200X 40 _ 4, co 36)

4000

CTAIDI, CAIFI, CEM],, and CEMSMI, require detailed interruption information for each customer. The
database should be searched for all customers who have experienced more than » interruptions that last
longer than five minutes. Assume r is chosen to be 5. In Table 5, customer Willis, J. experienced seven

infertuptions 1n one year and it—is plausiblethat—other—customers—also—experienced—more—than—five
interruptions, both momentary and sustained.

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

350

CEMI; = = = 0.175 (37)
MATF] = 8><2002(;r0(1)2x750 =125 (38)
MAIFE,, = -5-1‘-399%66—3‘—15—9 =725 (39)
CEMSMI, = 5255(% = 0375 (40)

Using the above sample system should help define the methodology and approach to obtaining data from the
information 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 illustrate the 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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No Interruption | Momentary |  Sustained
3 Shots 2 Shots
5] D :

1000 CUStOI'neI'S 750 CUStOmerS 250 CUS’[O!‘ner‘S

Figure 1—Sample system 2

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

250
SAIFI = s = 0.125 (41)
T 2x750 _
MATFI = 5o = 075 (42)
C1XT50
MATFI; = - = 0.375 (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

R ,';}::;i:e Description Customer Interruptions D?gslt:)o n CMI
00:00 1000 customers interrupted.
00:45 500 customers restored, 500 45 22 500
500 still out of service.
01:00 Additional 300 customers 300 60 18 000
restored, 200 still out of service.
01:10 Feeder trips again, 800
previously restored customers
are interrupted again. (200
remained out and were not
restored at this time.)
01:30 800 customers restored again. 800 20 16 000
02:00 Final 200 customers restored. | 200 120 24 000
Event ends.
Totals 1800 N/A 80 500
Example SAIFI = 1800/1000 = 1.8 interruptions
Example CAIDI = 80 500/1800 = 44.7 min
Example SAIDI = 80 500/1000 = 80.5 min

Copyright © 2004 IEEE. All rights reserved. 15
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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.

1000 J 800 :
Customers i Customers N
Step 1 } New
500 H Step 1
Cust—o] DA, 3
R ey
llTTillJ{ Ilfllzioiullflll- l!{!{{{i_l
LSteh 2 ) Cust ] Step 3 Zfl
T ustomers rrrerrrrry
jo [ =3 o o o jo]
Q e = = - »n
o 5 (=] - [ fovd
o 4] o o o= ] (o

Figure 2—Step restoration time chart

Table 8 shows the information in a format that explains each step and allows the reader to see the calculation
steps.

Table 8—Restoration steps for exampie 1

Steps Time Customers Interrupted CMI
00:00-00:45 1000 45 000
00:45-01:00 500 7500
3 01:00-02:00 200 12 000
1
| 1 | 01:10-01:30 | 800 16 000 [

Total customer for SAIFI count (Only step 1’s) | 1800
Total CMI | 80 500
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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 commonly used indices are SAIFI, SAIDI, CAIDI and ASAI All of these
indices provide information about average system performance. Many utilities also calculate indices 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 accurate and equitable assessment and comparison of absolute performance and performance
trends over time, it is important to classify 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.

Copyright © 2004 [EEE. All rights reserved. 17
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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 unsage and relative index values. In 1990, 100
United States utilities were surveyed, 49 of which responded. In 1995, 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.1. 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

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

All surveys showed that the most commonly used indices are SAIFI, SAIDI, CAIDI, and ASAIL 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 shown in the Q1 column means that 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

04:100% of utilities have an index less the value shown

18 Copyright © 2004 IEEE. All rights reserved.
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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) [B11]

Percentage of Responding Utilities Use of an Index
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Figure A.3—Percentage of companies using indices reporting in 1995 and 1997 [B1]
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IEEE Survey Results for SAIFI

1997 Data
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Number of Interruptions per year
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Figure-A.4—SAIFI- 1990, 1995 and 1997 survey results [B1] and [B11]

IEEE Survey Results - SAIDI
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Figure A.5—SAIDI- 1990, 1995, and 1997 survey results [B1] and [B11]
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IEEE Survey Results - CAIDI

900 ~=7957 Data 825
800 1995 Data
1990 Data

700
600
500
400

Minutes

300
200
100

Quartiles

Figure A.6—CAIDI- 1990, 1995, and 1997 survey results
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Figure A.7—ASAI- 1990, 1995, and 1997 survey results [B1] and [B11]
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IEEE Survey Results- MAIFI 1995
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Figure A.8—MAIFIQ- 1995 survey resuits (1990/7 data not available) [B1]

A.1 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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Lighning |
Animal K

. : B 5 : o :
0% 10%  20% 30% 40%  50%  60%

=

T T
70% 80% 90%

Figure A.9—1997 Cause code usage 1
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% of Companies Using a Cause Code
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Figure A.10-—1997 Cause code usage 2

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?

1) 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.

2) Interruptions 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.

3) A major storm is an event that affects 10% or more of the connected customers with 1% not
restored within 24 hours. .

4) Ten percent or more of our customers are without power and have been without power for more
than 24 hours.

5) The major storm exclusion a 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.

6) 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
7) Ten percent customer base and 1 customer for 24 hours.
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More than 15 000 customers out (out of a total customer base of 450 000).
As defined by our PUC as named storms, tornados, ice storms, etc.

Events where 10% of your customers (meters) have experienced an interruption due to the
event.

IEEE Std 1366™-1998; 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.

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.

Ten percent of customers out of service and restoration time exceeding 24 hours.

Named storms, i.e. hurricane, 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.

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

NOTE— The major storm outage minutes in 1999 were minimal for Compauy 3 and did not impact the
reliability measures.

0.8 hours x customers served for a month, if the customer hours lost for any one day in that

17)

18)

19)

20)

21)

22)
23)

24)
25)
26)

27)

month exceed this valte if can be removed from oir 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 storm. 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 customers
not restored within 24 hours.

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 Ul storm 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.

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.

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

(1) A Watch or Warning bas 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.

A major storm is defined as the interruption to 110 000 customers or more which is about 5
percent of our total customers. The 110 000 was arrived at by going out six standard deviations
from the mean of all daily cases of trouble.

Any outage lasting longer than 48 hours is capped at 48 hours.

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, 11B, and 13B
below.

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

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.

>10% of customers out of service for >24 hours.

24
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28)

29)

30)

31)

32)

33)

34)

35)

15 000 or more customers out of service.
Ten percent of customers in an area (region) interrupted.

(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.

A storm 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

A major storm is defined as an interruption 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.

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

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

CAIDI for the storm period must be 2.5 times normal. Outside crews required to restore

36)
37)

38)
39)

40)

41)

42)

43)

44)

45)

damage. Restoration of damage must require 24 hours or more.
Named Storms (i.e. hurricane).

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.

15 000 or more customers outages.

(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.

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

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 Level III event ~ Company 4 has 3 levels of
event classifications There were no Level I events in 1999.

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.

Named storms, tornadoes, ice, events with >10% of customers out.

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.

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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Major events definition development

B.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 uniform list of types of major events, and
because the measure of impact criterion (i.e., percent of customers affected) required 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
follows:

— Definition must be understandable 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 normalized 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 SAIFI 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.g. “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 assumed 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 of the event may be split between two days, neither of which would exceed
the T;zp 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 limit the amount of data
which must be archived.

B.1.1 Remarks

To generate the example data, values of a and b were taken from an actual utility data set, and then daily
SAIDI/day values were artificially generated using a log normal distribution with these values of  and B.
The daily SAIDI values were then adjusted to illustrate all aspects of the calculation, e.g. a day in Table 2
was assigned a SAIDI 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 2.5 method of identifying MEDs in
distribution reliability data. The 2.58 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 () method description

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

a)  Assemble the five most recent years of historical values of SAIDI/day. If less than five years of data
is available, use as much as is available.

b) Discard any day in the data set that has a SAIDI/Day of zero.
¢) Find the natural logarithm of each value in the data set.

d) Compute the average (@, or Alpha) and standard deviation ( or Beta) of the natural logarithms
computed in step 3.

e) Compute the threshold Tyzp = exp (Alpha + 2.5 * Beta).
f)  Any day in the next year with SAIDI > T zp 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 SAIDI to identify major event days

Four commonly used reliability indices are:

—  System Average Interruption Duration Index (SAIDI)
-—  System Average Interruption Frequency Index (SAIFI)
—  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 a2 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 confrast, the reliability indices above are routinely and accurately computed from historical
reliability data. However, the ability of an index to reflect customer cost of 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 SATFI or MATFL Because CAIDI 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. SAIDI in minutes/day 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 of unreliability. In fact, SAIDI is just CMI divided by the number of
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 SAIDI accounts for the

variation in customer count, while use of CMI does not. Therefore SATDT 15 preferred.

B.4 Probability distribution of distribution system reliability

B.4.1 Probability density functions and probability of exceeding a threshold value

MEDs will be days with larger SATIDI values. This suggests the use of a threshold value for daily SAIDL
The threshold value is called Tjzp. Days with SAIDI greater than T,y are major event days. As the
threshold increases, there will be fewer days with SAIDI 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 SAIDl/day.

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. SAIDl/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 SAIDI/day 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.1).

p(SAIDI>T) = | pdfi SAIDI)dSAIDI (B.1)
T

Graphically, the probability is the area under the probability density function above the threshold, as shown
in Figure B.1.
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Figure B.1-The area under the probability density function pdf (SAIDI)
above threshold (T) is the probability p that a given day will have a
SAIDI 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( SAIDI > TMED) (B.2)

For example, if 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 of 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.

05

0.

p(r)

Figure B.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 (O or Sigma). The average value is at the center of the 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 (B.3) provides
mathematical terms.

TMED = u+no (B.3)

If the threshold is n standard deviations greater than the mean, and the probability of exceeding the
threshold, p(SAIDI > Tymp), is a function only of », 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.1 gives the probability of exceeding the threshold for different number of
standard deviations k.

Table B.1—Probability of exceeding a threshold for the Gaussiandistribution

k )
1 0.15866
2 0.02275
3 0.00135
6 9.9x 10710

B.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 exceeding 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 SAIDI had a
Gaussian probability distribution, it would be relatively easy to agree on a Three Sigma definition for the
major event day threshold, Tjzzp. Unfortunately, SAIDI 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 —ce to oe. 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
compared to the mean, it 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) (b)
(2) Less than standard deviation.
(b) Greater than standard deviation.

Figure B.3—Log-normal distributions

1201

Days

-15

In(SAIDY/day)

This indicates three years of daily SAIDI 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 o, or Alpha, and the standard deviation of the logarithms of the data is called §, or Beta,
then o and B 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 o and B. Equations (B.4) and (B.5) show these concepts
mathematically.
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and
Tyep = explatkB) (B.5)

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

Table B.2—Probability of exceeding T;p
as a function of multiples of BETA

k p MEDs/yr
1 0.15866 57.9
2 0.02275 8.3
2.4 0.00822 3.0
2.5 0.00621 23
3 0.00135 0.5
6 99x107Y | 3.6E-07

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 mumber 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 for k= 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 2.58 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 (x and J) 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.

32 Copyright © 2004 IEEE. All rights reserved.



Pursuant to PSC's October 26, 2007 Order in Case No. 2006-00494
ltem No. 1, Attachment B
Page 42 of 44EEE
IEEE GUIDE FOR ELECTRIC POWER DISTRIBUTION RELIABILITY INDICES Std 1366-2003

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. Using too much historical data would suppress the effects of these changes.

The addition of another year of data should have a low probability of changing the MED classification of
previous years. A result from order statistics gives the probability that the kth largest value in m samples will
be exceeded f times in n future samples [B10]. It is given in Equation (B.5).

p (B0

Ppm, k,n = mm; (B.5)

n+k—

Forexamiple;if M =3 yearsof data thenrm=-1095-samples-1f f=3-MEDs/year-then-the-largest non-MED-is
the k = 1095 -9 = 1086th ordered sample. The probability of f= 3 days in the next year of n = 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 of /.

f=
_ 02 7 =
> / [=10
1’; 01 4 /’
0.05 T T -
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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(informative)

Internal data subset

C.1 Calculation of reliability indices for subsets of data for internal company
use

Reliability performance can be assessed for different purposes. It may be advantageous to calculate
reliability indices without planned interruptions in order to review performance 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). Utilities 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 all 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

ided-nc. Pror M
proviaca-as-Speciiic needs-dictate-
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Annex D

(informative)
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KPSC Case No. 2006-00494 Annual Report
Calendar Year 2007

Order Dated October 26, 2007

Item No. 2

Page 1 of 1

Kentucky Power Company

REQUEST
For each index, provide an analysis of the contributing causes for the reporting year 2007:

(a) list the ten most significant outage cause categories, and
(b) the value each category contributed to the final index value.

RESPONSE

The Top Ten Outage Causes for each of the 3 major reliability indices (SAIFI, SAIDI and
CAIDI) are listed on the attached pages. The value each category contributed to the final index
value was a straight-forward calculation for SAIFI and SAIDI since there is only one variable
involved in each of these indices. However, since CAIDI is derived from two variables,
Customers Interrupted (CI) and Customer Minutes Interrupted (CMI), it was not immediately
obvious how to rank the various outage causes for CAIDI. Merely listing the highest calculated
CAIDI values for each individual cause produced a list that included isolated cause categories
with few outages and few customers interrupted. Therefore, we chose to calculate the "percent
contribution" for CAIDI outage causes by averaging the percentage of Customers Interrupted
and the percentage of Customer Minutes Interrupted for each outage category. We then ranked
these percent contributions to reflect the CAIDI values of the most significant outage categories.

WITNESS: Everett G Phillips




Kentucky Power Company
2007 Top Ten Outage Causes - SAIFI

Pursuant to PSC's October 26, 2007 Order in Case No. 2006-00494

(Excluding IEEE-defined Major Events)

Iltem No. 2, Attachment A
Page 1 of 3

Percent

# Cause Description SAIFI Contribution
1 EQUIPMENT FAILURE 0.492 21.64%
2 VEGETATION OUTSIDE R/W 0.488 21.45%
3 VEGETATION INSIDE RIW 0.264 11.61%
4 SCHEDULED 0.233 10.24%
5 TRANSMISSION 0.138 6.07%
6 STATION - DISTRIBUTION 0.110 4.82%
7 UNKNOWN (NON-WEATHER) 0.090 3.97%
8 VEHICLE ACCIDENT 0.074 3.26%
9 TREE REMOVAL (NON AEP) 0.065 2.84%
10 |LIGHTNING 0.063 2.75%

Total for Top Ten Outage Causes 2.017 88.65%

Total for All Outage Causes 2.276 100.00%




Pursuant to PSC's October 26, 2007 Order in Case No. 2006-00494
ltem No. 2, Attachment A

Page 2 of 3
Kentucky Power Company
2007 Top Ten Outage Causes - CAIDI
(Excluding IEEE-defined Major Events)
Percent
# Cause Description CAIDI Contribution *
1 VEGETATION OUTSIDE R/W 214.9 26.42%
2 EQUIPMENT FAILURE 131.6 20.51%
3 VEGETATION INSIDE R/W 166.7 12.40%
4 SCHEDULED 89.1 8.23%
5 TRANSMISSION 144.0 6.01%
6 STATION - DISTRIBUTION 106.8 416%
7 UNKNOWN (NON-WEATHER) 92.8 3.24%
8 VEHICLE ACCIDENT 127.5 3.04%
9 LIGHTNING 173.1 3.00%
10 |TREE REMOVAL (NON-AEP) 107.4 2.45%
Total for Top Ten Outage Causes 149.6 89.47%
Total for All Outage Causes 146.9 100.00%

Calculated by averaging the percentage of Customers Interrupted and the percentage
of Customer Minutes Interrupted for each Outage Category




Kentucky Power Company
2007 Top Ten Outage Causes - SAIDI

Pursuant to PSC's October 26, 2007 Order in Case No. 2006-00494

(Excluding IEEE-defined Major Events)

ltem No. 2, Attachment A
Page 3 of 3

Percent

# Cause Description SAIDI Contribution
1 VEGETATION OUTSIDE R/W 104.9 31.39%
2 EQUIPMENT FAILURE 64.8 19.39%
3 VEGETATION INSIDE R/W 44 .1 13.19%
4 SCHEDULED 20.8 6.21%
5 TRANSMISSION 19.9 5.95%
6 STATION - DISTRIBUTION 11.7 3.50%
7 LIGHTNING 10.8 3.24%
8 VEHICLE ACCIDENT 9.5 2.83%
9 UNKNOWN (NON WEATHER) 8.4 2.51%
10 |TREE REMOVAL (NON AEP) 6.9 2.07%

Total for Top Ten Outage Causes 301.7 90.29%

Total for All Outage Causes 334.2 100.00%







KPSC Case No. 2006-00494 Annual Report
Calendar Year 2007

Order Dated October 26, 2007

Item No. 3

Page 1 of 1

Kentucky Power Company

REQUEST

Provide a list of the ten worst performing circuits for the reporting year 2007 for each index
value. For each of the circuits provide the following:

(a) identification of the circuit,

(b) the index value calculated for the circuit,

(c) major outage category contributing to circuit’s performance,
(d) an analysis of the cause of poorer performance, and

(e) corrective actions taken or planned to improve performance.
RESPONSE

The Worst Performing Circuits for 2007 are described and explained in Attachment A. An
analysis of the cause of poorer performance and corrective action plan is provided for each of
Kentucky Power's service areas: Ashland District (Attachment B), Hazard District (Attachment
C), and Pikeville District (Attachment D).

WITNESS: Everett G Phillips
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Pursuant to PSC's October 26, 2007 Order in Case No. 2006-00494
ltem No. 3, Attachment B
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Kentucky Power Company
2007 WORST PERFORMING CIRCUITS

Analysis of Causes/Corrective Actions

Ashland District

Hoods Creek Station — Rural 12kV Circuit (3001102 — CAIDI # 2)

Ashland District experienced an IEEE-defined Major Event caused by high winds

and-ightning-on-August-16,-2007—Even though only the one day qualified as a

Major Event, effects of the storm continued up through August 19, 2007 causing
additional outages. There were four outages that were included in the Major
Event for this circuit. However, three additional outages occurred on August 17,
2007 that accounted for 57.5% of CMI for this circuit and were not included in the
Major Event. One of the three outages had a large CMI as it affected 91
customers due to Tree Inside ROW. Restoration efforts were hampered due
limited resources caused by the Major Event on the prior day. Tree Inside ROW
was addressed before customers were restored.

On April 15, 2007, heavy rains during a spring storm caused flooding in the area.
Crews were unable to get to poles due to the high water. This outage lasted over
25 hours. An additional line was constructed that will allow us to feed a portion of
the customers from another direction in the event that this was to happen again.
Forestry addressed some “hotspot” issues following recent windstorms in early
2008. This circuit is also scheduled to be ground sprayed with a basal application
in 2008.

Bellefonte Station — Flatwoods 12kV Circuit (3000302 — CAIDI #5)

This circuit experienced 4 outages during the entire year. On June 27, 2007 a
Tree Inside ROW caused an outage that lasted approximately 17 hours. This
accounted for 68.7% of CMI for this circuit. Step restoration was performed in
order to restore all but 10 customers. Location was inaccessible and four tree
crews cleared R/W. Data shows that Cannonsburg area had 37 cases of trouble
for this date which may have also lengthened the outage.

No further action is required at this time.
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Howard Collins Station ~ 29'" Street 12kV Circuit (3001202 — CAIDI #6)

Ashland District experienced an IEEE-defined Major Event caused by high winds
and lightning on August 16, 2007. Even though only the one day qualified as a
Major Event, effects of the storm continued up through August 19, 2007 causing
additional outages. There were seven outages that were included in the Major
Event for this circuit. However, two additional outages (Tree Inside ROW)
occurred on August 19, 2007 that accounted for 69.3% of CMI for this circuit and
was not included in the Major Event. Restoration efforts were hampered due
limited resources caused by the Major Event on the prior day. Tree Inside ROW
was addressed before customers were restored. If these two outages were
removed from the data CAIDI would have dropped from 322.9 minutes to 121.2
minutes.

No further action required.

Hayward Station — Lawton 12kV Circuit (3000802 — CAIDI #7)

At Pole #38830271C24005, recloser cleared two outages (Tree Inside ROW and
Tree Outside ROW) that accounted for 57.5% of CMI. If these two outages were
taken out of the data the CAIDI would have dropped from 305.4 minutes to 209.0
minutes.

Forestry will inspect this lateral to see if any further work can be completed in

advance to minimize future outages. Also, engineering will look into additional
sectionalizing on tap.

Tenth Street Station — Front Street 12kV Circuit (3002106 — CAIDI #9)

On February 7, 2007 an outage occurred when a transmission static wire fell into
this distribution circuit. This accounted for 83% of the CMI for this circuit. Fault
was isolated and 104 of the 109 customers were restored. The remaining 5
customers experienced approximately 16.5 hour outage. This outage was
lengthened as an insulator failed and burnt a transmission crossarm. Only five
total outages occurred on this circuit in 2007 and the other four outages were all
less than 250 minutes in duration.

No further action planned.
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Princess Station — Route 180 34.5kV Circuit (3117602 — CAIDI #10)

Circuit experienced four lightning outages and one weather — unknown outage.
Two of the four lightning outages occurred on June 13, 2007 and both lasted
longer than 10 hours. Ashland area had a storms roll through the area and
experienced 37 outages on June 13, 2007. Had one outage due to equipment
failure that lasted for nearly 19 hours. Two customers were affected, one
residential and one service to a barn. Once service was restored to residence,
customer agreed to allow the service to the barn to be repaired the following day.

Engineering will investigate the possibility of adding lightning mitigation,
especially in the station zone. Plan to investigate the use of current limiting fuses
on transformers on this circuit.

Coalton Station — Trace Creek 12kV Circuit (3003703 — SAIDI #4)

Approximately 85% of the CMI for this circuit was due to Tree Out of ROW and
Equipment Failure outages. Approximately 95% of the CMI for Tree Out of ROW
was due to the outage on April 1, 2007. Tree fell on three phase breaking top of
pole and a crossarm on an adjacent pole. The broken pole and crossarm were
inaccessible and the crew requested that a bulldozer cut a road back to the
location. Approximately 90% of the CMI for Equipment Failure was due to the
outage on January 26, 2007. A cutout on a transformer failed and burnt pole.
We experienced cold load pick-up problems trying to restore customers.

A full circuit trim is planned for this circuit and will start in early spring. Expect
this to be completed in 2 years. Also, a walking inspection/repair has begun
utilizing a 4 man crew. Expect the inspection/repairs to be completed during
2008.
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Kentucky Power Company
2007 WORST PERFORMING CIRCUITS

Analysis of Causes/Corrective Actions

Hazard District

Haddix Station — Quicksand 34.5kV Circuit (3310501 — SAIFI #9, SAIDI#10)

This_circuit has_been at or near the top_of our worst performing circuit list for

several years and as such has been the focus of targeted reliability
improvements. Because of the size of this circuit (259 line miles) and the
number of customers served (over 2200) any outage on the feeder breaker or
first zone reclosers will result in a high number of customer minutes of
interruption (CMI). There have been intensive r/w reclearing, spraying and
widening efforts over the past several years including considerable use of an
aerial saw. There has also been an effort to repair or replace defective
equipment on this circuit. In 2007, 47 poles were replaced with 5 being replaced
so far in 2008. In 2006, 170 line cutouts were replaced, followed with 148
cutouts being replaced in 2007. Also in 2007, all six main three phase line
reclosers were replaced with electronic types for better circuit coordination and to
provide event recording.

Although tree related causes resulted in 20% of the total CMI for 2007, only 3%
was due to trees from within the r/fw. This reflects the improved r/w conditions on
this circuit. There will be additional r'w widening at selected locations in the
feeder breaker zone in 2008. One feeder breaker outage due to a pole fire
accounted for 33% of total CMI in 2007. This was caused by a cutout failure.
The cutout replacement program is an attempt to prevent/reduce this type of
outage.

Including the feeder zone pole fire, equipment failures of all types resulted in
52% of the total CMI on this circuit. A detailed pole-by-pole inspection is
underway to identify any additional defective equipment. The inspection is
approximately 33% complete and repairs are planned to be completed in 2008.
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Jackson Station — South Jackson 12kV Circuit (3308001 — SAIF| #5)

This circuit was experiencing an increasing number of primary conductor failures
in 2005 and 2006. The main backbone of this circuit was 1960's era 15kV spacer
cable and the polymer covering was deteriorating. The internal aluminum
conductor was being eroded away at openings in the polymer covering
particularly at porcelain spacers and pin insulators. A capital improvement
project was prepared to replace all the 15kV spacer cable with cross arm
mounted bare aluminum and aluminum alloy conductor. This work was
completed in the fall of 2007.

There were five complete circuit outages that accounted for 77% of all of the CMI
in 2007. These also contributed 5.0 to the overall SAIF| of 6.7 for this circuit for
2007. Two of the circuit outages resulted from new conductor pulling operations
associated with the spacer cable replacement project. One was due to a direct
lightning strike to the circuit near Jackson Station during a severe lightning storm.
One was due to a station voltage regulator failure (subsequently replaced). One

was-due-to-a-subtransmission-line-outage-caused-by-a-tree-falling-from-outsidle——-—————
the 69KV line r/w on the southern feed of Jackson Station. A subsequent relay

failure on the northern feed of Jackson Station resulted in a total loss of

subtransmission feed to Jackson Station. Subtransmission service was restored

manually and the relay problem was promptly corrected.

Three of the circuit outages (the regulator failure, the lightning strike and the
subtransmission outage) are the type of event that are unlikely to occur again.
With the completion of the circuit reconductoring, it is expected that the reliability
of this circuit will be improved in 2008.

Jeff Station - Viper 12kV Circuit (3309001 — SAIDI #6)

This circuit experienced three complete feeder outages that accounted for 74%
of the CMI in 2007. One particularly long feeder outage (627 minutes) was
caused by a large tree that fell from outside the r/w that broke three poles in the
breaker zone. This one outage alone accounted for 57% of the CMI. Two other
feeder outages that accounted for 17% of the CMI were caused by a contractor
felling trees onto the conductor in the breaker zone. This contractor was clearing
riw for a major highway relocation project that followed the path of the circuit. A
large portion of this circuit was relocated in 2006 to accommodate the highway
project. One scheduled outage accounted for another 17% of the CMI. This
scheduled outage (254 minutes) was required to replace a bad pole that was in
an inaccessible location.

The riw in the breaker zone was widened in 2007 to reduce the threat from trees
from outside the r/w. This work was completed along a steep hillside above the
feeder. Additional r/w clearing was completed along the route of the highway
relocation. With this r/w work accomplished and the highway clearing work
completed, it is expected that the reliability for this circuit will be improved in

ZUUo.
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Leslie Station - Hyden 34.5kV Circuit (3303901 — SAIFI #6, SAIDI #9)

This circuit is another of our worst performers that is a large circuit with 124 line
miles serving 1360 customers. There has been significant r/w reclearing work on
this circuit over the past few years. Although tree related causes contributed to
40% of the total CMI in 2007, only 4% of the total CMI was due to trees in the
r'w. That leaves 36% of the total CMI due to trees from outside the r/w.
Equipment failures contributed to 28% of the total CMI in 2007 with 20%
attributed to only two separate events. One was due to an insulator failure in the
breaker protection zone and the other was due to a splice failure on a large three
phase tap. This is one of the circuits designated by local management to be
targeted to reduce outages caused by equipment failures. A detailed pole-by-
pole inspection is underway to identify any additional defective equipment. The
inspection is approximately 90% complete and repairs are planned to be

completed-in-2008:

In 2007 a large capital improvement project, established the new Stinnett Station
- Wendover 34.5kV Circuit. Approximately 14 miles of primary line with 368
customers were transferred to this new circuit from the Hyden Circuit.

Leslie Station - Wooton 34.5kV Circuit (3303902 — SAIF! #10)

This is a large circuit with 133 line miles serving 1859 customers. This circuit has
historically been one of our worst performers. Of the total CMI in 2007, 23% was
due to trees in the r/w and 21% was due to trees outside the r/w for a total of
44%. This circuit was targeted for a total circuit r/w reclear in 2007. The aerial
saw was used to widen existing r/'w and to cut difficult to access overhanging
limbs. There were several outages caused by the aerial saw activities which
added up to 19% of the total CMI in 2007. Considering the three causes (irees
in, trees out and the aerial saw), vegetation management/tree causes resulted in
63% of the total CMI.

The riw reclearing work is on going in 2008 and selected sections of the circuit
will be targeted for widening of the r/w. As the r/w maintenance work is
completed, we expect the reliability of this circuit to improve.
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Vicco Station - Redfox 34.5kV Circuit (3309301 — SAIFI #8, SAIDI #3)

During 2007, this circuit had total customer minutes of interruption (CMI) of
745,927. Two events accounted for 55% of these minutes. One outage on
7/11/2007 was caused by a combination of events. A tree fell onto an unfused
tap off of the main three phase line beyond the first line recloser. The main
feeder breaker failed which caused the station to trip out. Restoration was
attempted from the other feeder breaker and it also locked out. The main line
recloser was also suspected to have failed. After the tap was isolated, the main
feeder breaker repaired and the recloser was bypassed, the feeder was restored
to service. The recloser was replaced. This one event was responsible for 39%
of the circuit CMI. Another event caused by a broken pole during a storm was
responsible for 16% of the circuit CMI. This was in a difficult location across Carr
Fork Lake.

There-is-alarge-project-scheduled-for-this-circuit-in-2008-that-isrequired-to seve————————
increased load for a coal company. Approximately, 19kFT of the main feeder will

be upgraded from 1/0AA conductor to 4/0AA conductor, including replacement of

cross arms and insulators. There will be some right of way reclearing associated

with this work. This project will improve the reliability of the circuit. There were

six insulator failures on this circuit that contributed to 14% of the total CMI.
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Kentucky Power Company
2007 WORST PERFORMING CIRCUITS

Analysis of Causes/Corrective Actions

Pikeville District

Dewey Station — Inez 34.5kV Circuit (3411401 — SAIF1 #1, SAIDI #2)

Approximately 24% of the customer minutes of interruption were due to 2
outages due to failed station equipment. One outage was due to a failed
lightning arrestor and the other due to a failed power transformer requiring a
mobile installation. Over the past 3 years we have worked to multiphase some
long single phase taps at the far end of the circuit in order to better balance
loading on the transformer and circuit. By switching more customers to
additional phases, fewer customers are outaged when there is a single phase
fault. In 2007 we continued cutout replacement on this circuit. We have done a
detailed inspection of the station zone. The right of way has been re-cleared in
the station zone and inspection aimed at danger trees in the station zone is
planned for 2008. The distribution loop around Inez itself is scheduled for
reclearing in 2008 along with 70 acres of ground spray. Most significant is the
planned distribution automation project scheduled to go in service this spring that
will use Lovely-Lovely circuit as an alternate feed when Dewey-Inez is out.

Johns Creek Station — Meta 34.5kV Circuit (3411801 — SAIFI #3, SAIDI #5)

One station outage due to lightning accounts for 32% of the total customer
minutes of interruption. Another 10% of the total minutes are due to equipment
failure inside the station. Repairs were made in the station during each of these
outages. This circuit has been targeted for the past 2 years for cutout
replacement. Right of way has been checked and hotspot reclearing has been
done in the 3™ zone during 2007. Additional sectionalizing was done in 2007 to
install reclosers to create another zone near the end of the circuit reducing
exposure by breaking a larger protective zone into 2 equal parts.
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Coleman Station — Peter Creek 34.5kV Circuit (3408303 — SAIFI #2)

Trees in and out of right-of-way make up 60% of the outage minutes for this
circuit. In 2007 we focused on aerial saw reclearing in inaccessible locations.
The station and 2™ zones will be recleared in 2008. Cutout failures added
another 19% of outage minutes. This circuit has been targeted for the past 2
years in our cutout replacement program. A current project to serve a new gas
compressor customer will split the existing circuit into 2 halves with a new circuit
breaker added. A major part of one branch of the circuit will be converted from
12 kV to 34.5 kV and additional sectionalizing will be added resulting in reduced
exposure to customers on these circuits. Some load balancing is also scheduled
on one tap.

Lovely Station — Wolf Creek 34.5kV Circuit (3202202 — SAIFI #4, SAIDI #8)

A majority of outage minutes are due to trees in or outside of the right of way
(62%)—The-aerial-saw-was-used-here-in-2007—Five-miles-of this-eircuitare—— ————
scheduled for reclearing in 2008 along with 50 acres of ground spray. Another

14% of outage minutes were due to one incident where a cut control cable on a

3-phase recloser just outside the station kept the recloser from operating

properly. The cable was replaced and it is not known if this was the resuit of

vandalism or an accident.

Burdine Station ~ Levisa 12kV Circuit (3409502 — SAIDI #7)

Trees in or outside of right of way make up 82% of the customer outage minutes
for this circuit. Crews have worked in the station zone and the second zone in
2007. The whole circuit is scheduled for reclearing in 2008. We have
multiphased and added additional sectionalizing in recent years in an area where
we were experiencing increased tree outages. A group of deteriorated poles
were changed in the station zone in 2007.

Garrett Station — Garrett 12kV Circuit (3413401 — SAIFI #7)

Right of way reclearing was done in several locations on this circuit in 2007.
Trees continued to contribute 42% of the total customer outage minutes on this
circuit. It is scheduled for a complete reclear in 2008. Additional switches to
allow better sectionalizing during trouble were added during 2007. Equipment
failure makes up 35% of the total outage minutes. Failure of a three phase
sectionalizer caused 2 outages in one day before it was determined to be faulted.
These outages represent 15% of the total minutes. The sectionalizer was
removed from service and later replaced. A rotten pole fell causing a loop to
burn open on one phase resulting in another 7.4% of the total time.
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Topmost Station — Dema 12kV Circuit (3407101 — CAIDI #4)

One outage due to a pole washout during flood conditions made up 66.5% of the
customer outage minutes for this circuit. This is a new circuit created within the
past 2 years due to 2 large customer loads requiring station and circuit
improvements. The original circuit serving this area was split into two circuits
with station reclosers on each, reducing the total exposure to customers in both
areas. No additional line work is planned here. Right of way work by ground
spraying is planned for 15 acres of this circuit in 2008.

Spring Fork Station — One Phase 12kV Circuit (3404002 — SAIDI #1, CAIDI #3)

Trees out of right of way and lightning were major causes for this circuit in 2007.
This area will be patrolled in 2008 to look for danger trees, hotspots, and
defective hardware. This circuit has a small number of customers and is very
remote—lt-takes-acrew-or-serviceratleast-one-hour-of-travel-to-getto-itwhen
there is an outage. If a crew is required to make repairs (as was the case on the
tree outages - due to broken poles) then additional outage time occurs as the
crew is dispatched and travels to the site.

Hurley Station — Race Fork 12kV Circuit (2970603 — CAIDI #1

Ninety-six Kentucky customers are fed from this Appalachian Power Company
station and circuit located in Virginia. Almost 100% of the customer outage
minutes were due to a scheduled transmission line outage last year. The
Kentucky part of this circuit will be patrolled for danger trees, hotspots, and
defective hardware in 2008.

Beefhide Station — Beefhide 34.5kV Circuit (3451201 — CAIDI #8)

One cutout failure contributed over half the outage minutes for this circuit. The
time to patrol and find the problem was longer than usual due to the location and
terrain involved. This circuit runs along a ridge top and strip mining operation
and is not readily accessible. Due to the low number of customers served here
the duration for this one outage has skewed the data. One outage cause by a
tree out of right-of-way contributed 40% of the outage minutes. Last year there
were 32 acres of ground spray done on this circuit. This circuit will be patrolled
to check for danger trees and hardware problems in 2008.
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Kentucky Power Company

REQUEST

A copy of Kentucky Power Company’s Distribution Vegetation Management Plan (VMP) was
filed with the Commission on December 21, 2007. Please describe how well KPCo implemented
its vegetation management plan, and what changes to the Plan will be implemented in the

coming-vear.

TR Y e

RESPONSE

Since the 2008 Vegetation Management Plan (VMP) was filed with the Commission in
December of 2007, the plan is presently being implemented on schedule without modifications.
Through February, KPC has spent $1,463,556 in O&M (19.3% of budget) and $392,401 in
Capital (14.6% of budget) on the VMP and has completed maintenance on 135 miles of
distribution line. Only 5.2% of the total VMP cost has gone to reactive maintenance.

The VMP is intended to be flexible and can be altered to adjust to changing environmental
conditions and developing vegetation-related reliability issues as needed throughout the year.
Actual adjustments to the 2008 plan over the course of the year will be detailed in the report filed
in 2009.

WITNESS: Everett G Phillips
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