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The Problem: OVHD Performance

total number of customer interruptions

SAIFI=
total number of customers served

sum of all customer interruption durations
SAIDI = D

total number of customers served

sum of all customer interruption durations _ SAIDI

CAIDI = et
total number of customer interruptions SATFI

total number of customer interruptions less than the defined time

MAIFI =
: total number of customers served

CMI a Foundational Element
9 IEEE
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Typical CMI Variations
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Methods to
Mitigate Failures

4 IEEE

Reliability Program Impacts

25,
20,000,00000 South Division
CM Impact Analysis
15,000,000.00
Total All
$48.50
Programs
10,000,000.00
i MH HH” Hm”ﬂl\l\”uuuwmwuwwww AR
1 11 20 A 4 51 61 7L 8 91 101 111 121 131 141 151 161 171 181 191 201 211 221 231 241 51

$IEEE

Exacter, Inc., 7700 Rivers Edge Drive, MS 102, Columbus, OH 43235
PH: 614/880-9320 « FX: 614/880-9382 « www.exacterinc.com
John Lauletta, CEO ¢ jlauletta@exacterinc.com



http://www.exacterinc.com
mailto:jlauletta@exacterinc.com

Exacter, Inc.

Slide 7

Slide 8

Enabling the Smart Grid

Organizational
Objectives

4 IEEE

Support Multiple Business Objectives

Technology &

Process
Enablement

« Empirical Data
« Leading Health Indicators
«Insight to Maximize Results

storm
Forensi®®
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SAIFI/SAIDI Reduction

Substation Feeders
‘ 1st Level Protection

4" Level Protection
Devices

$IEEE

Worst Performing Circuits

7 / \
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« Support for FEMA Assistance

* Preparedness

« Post storm recovery

« Post restoration hardening

« Mitigation assessment

$IEEE
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The 31% Problem

All Studies Agree: INSTIUTE
31% of Outages

Are Due to
Failing Equipment

DTE Energy"

We energies. ‘ :‘—‘ P %
£~ National Rural Electric P
% Cooperative Association

" AT e Cpmie K
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Causes of Power Outage

Equipment Fail

31% rees

2%

Miscellan
19% 3
& IEEE
Unavoidable | Avoidable
Equi t Fail
QUIPm;r;/O al .Tarze;os
Miscilé ATg;ZIS
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Predictive Impact

Equipment Fail
31%

4 IEEE
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Conditions-Based Maintenance

Predictive Maintenance Reactive Maintenance
Equipment Strategy Response Strategy

OMS, SCADA, Automation

Outage Response
Storms, Animals, Accidents, Trees

&

Identificationé

_
.Jrocess

Targeted Goals
[ Equipment Failures Over Time

—
Identification AFTER

O
U
T
A
G
E

-—
Reactive Process by Design
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Impact of Vegetation Mgmt: SAIFI
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Impact of Vegetation Mgmt: SAIDI

[System Average Intetruption Duration Index -SAID|
Hoving 12 Honth Average
RS 3 RN AR E HEHERNR
| ke IEEEESESES

Minutes.
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Overall System Availability
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Plan for CMI Improvement

25,1 35.0%
_ 30.0%
20,000,000.00 South Division
CM Impact Analysis 5.0
Ten, 600 mile Projects
15,000,000.00 -
20.0%
10,000,000.00 - 73% of Total CMI — 1,904 miles (32%) oo
Current Programs 100%
8%
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Failure Statistics
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Regions Represented
by the Participants

Region 0: Spans States or Unknown

Region 1: Northeast Midwest: 26
Participants Northeast: 12

Region 2: Mid-Atlantic Northwest: 12

> Participants

Region 3: Southeast
Southwest: 10
Participants

Region 4: Midwest

Region 5: Region [Color
Black

Orange

Yellow fdAtantic
Region 6: South Green outheast
Light Biue
2k Blue
urple outh

Red lorthwest
Region 7: Northwes 2005 TotaT
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SAIDI IEEE, across the continent...

SAIDI_IEEE

Minutes

5 3Utility

7 B B B
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SAIFI IEEE, across the continent...

SAIFI_EEE
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CAIDI IEEE, across the continent...

CADIJEEE.
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Trends for Utilities providing data: through 2009

180 7 14
170 il ol 13
119 -
160 121 12
153 118
P =
150 \y/'\ISZ 11§
g
140 15
0 g
2 lé S »
S 130 09 2
= s
= 120 08 5
120 =
113
110 i 07 g
100 06
% 05
80 04
2003 2004 2005 2006 2007 2008 2009 2010
——CAIDI IEEE —®—SAID| [EEE SAIFI IEEE
)

Exacter, Inc., 7700 Rivers Edge Drive, MS 102, Columbus, OH 43235

PH: 614/880-9320 « FX: 614/880-9382 « www.exacterinc.com

John Lauletta, CEO ¢ jlauletta@exacterinc.com



http://www.exacterinc.com
mailto:jlauletta@exacterinc.com

Exacter, Inc.

il

Enabling the Smart Grid

Slide 27
2005 to 2009 IEEE SAIDI Benchmarking Quartiles
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Everything!

<IEEE

Slide 30

Symptoms of Hidden Dangers

Porcelain Cracks

<IEEE
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Hidden Damage — No Protection

Example of No Visual Damage

Surface & Not

Damage | Activated

Represents about 5026 of PD-Active, Lab Confirmed Failed, Findings ‘QIEEE
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Insignificant Components
Create Damage

Loose/Degraded
Brackets and Clamps
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Low Cost Parts Failures
Lead to Expensive Pole Fires
Damaged Dead-Ends
<9 IEEE
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Surge-Damaged Grounds
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Weak Porcelain Produces PD
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Insulator Fails Mechanical Test
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Cutouts Often Show No
Exterior Damage

4 IEEE
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This Utility has Other Problems
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RF Emission
Sources

1 Anything in the electric field

1 Arcing causes BIL reduction

1 Weakened patrts flashover

1 Nuisance Fuse or Recloser operations
1 SAIFI, MAIFI, and CMI increase

4 IEEE
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Polymer Insulators

Brittle Failure of Non Ceramic HV
Insulators’

Opportunity
For
GAPPD

Poting Meterial
| (Epeny)
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Culprit in Unknown Operations

Why Pin Insulators
Pose Such a Problem

Loose Ties
Worn Saddles

Cracked or
Cracked R, Polluted
And Etched —_— < Skirts
Interface

Dry Band
Arcing

Pin Receiver/Porcelain
Interface

<IEEE

Poor Workmanship
Damages Conductor

<IEEE
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Broke When Operated
b
9 IEEE
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Capacitor Located Before
Explosion
9 IEEE
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An Arc Emission Capture
and Use Methodology

<IEEE
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Challenges Using RF Emissions

Slide 48

Process to Evaluate

1 Survey 4 to 5 Times
— Real-time analysis of emissions

— Correlation to Failure Signatures and
Weather influences

— Geo-Spatial corrected references
1 Statistical evaluation of geo-spatial data
1 Conclusions on emission location

<IEEE
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System Architecture

EXACTER®

Overall System Architecture

Patented Technalo Trade Secret Data Analysis Customer Deliverahles
3
saL o
Server L
Database
+ Used in Any Vehicle m
* Physically Surseys the bistibufon Nebnu ik -+ Equipment Faiure Signaturs Library >
- Gompletely Autom ated Operafion + Prioity Ranking of Failure Locations =
- No Dperaor Interackan Required - Portal Requires o User Software., Just Browser
- Fallure Signature Dissriminaton - Indiustey Stafsties on all Suneyed Terrtories
- 6P Location of Emiccion Souree

4 IEEE
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Project Management

Total Feeders : 2 Total Feeder km: 66.3 Total Survey km: 198.9
Survey Start Date: 11 Feb 2010 Survey Estimated Completion: 16 Feb 2010
Estimated Field Engineering Start: 16 Feb 2010

Routes Total km km Driven Percent Complete

4 255 765 100% SEE SURVEY
(Burora T and Aurora By ROUTES

6 40.7 1221 100%

Churora T and Aurora Ry SEE SURVEY
SCHEDULE
Project Status

18 Feb 2010 :
Project Complete

< IEEE
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Survey Design

Google
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Google
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Real-time Data

Google

4 & IEEE
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Statistical Analysis Yields
Accurate Results

Google
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Characteristics of ARC
Emissions

1 Evaluation between 1 MHz and 1 GHz

1 Coupling and reflections eliminated
through multiple surveys

1 Correlation to known Failure Signatures

1 Data corrected for environmental
influences

4 IEEE
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Typical Specimen Test Setup

Acoustic
RVD ﬂ detector
. . @ t
240 Hipotronics g untorted |Amenna\
AC Dielectric * )]
VAC Test Set § @ ‘ \ ‘
iy

H L{{L _fe\;‘ ! ‘ﬁg‘EXACTER

RVD resistive voltage divider

CVR
WVm
Am

current viewing resistor
voltmeter (DMM)
ammeter (DMM)

To oscilloscope

To spectrum
analyzer

< IEEE
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Research Facilities

Slide 58

Faraday Cage Research Station
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Fog and Salt Spray Chamber

g |
Kois B

<IEEE
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Evaluating
Emissions

Collect field samples
Energize at field conditions
Match with RF Image and Field Sensor

Evaluate in various environmental
conditions

Create Failure Signature or correlate to
known signature

<IEEE
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Leakage and Breakdown Voltage

=

Dy

Surge arrester log# 30 — scope waveforms at 15kV; top
trace: applied voltage; middletrace: voltage across CVR;
bottom trace: spectrum analyzer input. Horizontal scale:

upper: 5 ms/div; lower: 50 ng/div

NSNS TN

Dead-end bell insulator log # 31 — scope waveforms at 12.5 kV; top
trace: applied voltage; middle trace: voltage across CVR; bottom

trace: spectrum analyzer input. Horizontal scale: uj : 5 my/div;
lower: 100 nsldiv g'EEE
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Frequency Spectrum Analysis

Frequency Spectrum # 580 - 798 points
Surge Arrester# 30

Frequency Spectrum # 447 -- 404 points
Dead-end Bell # 31

< IEEE
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Field Experience and
Case Studies

4 IEEE

Slide 64

Case Study #3

Problem — A Northeast IOU has
a recurring 69kV line outage
problem that 2 years of IR
scanning cannot locate.

Solution — An Exacter
demonstration survey located
69kV post insulator that when B
replaced, corrects the problem.
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Damaged Lightning Arresters
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Failed Lightning Arrester
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Tree Limb Emission
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Loose/Degraded
Neutrals and Clamps
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Splices and Ties

¢ IEEE

Examples of Smart Grid
Interference Findings

Faulty Lightning Arrestor
Bowling Green, OH

Noisy Telephone Pedestal
Faulty Ground — Atlanta, GA @lEEE
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