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Closing the Crevice

Achieving A Process For Asset
Performance & Maintenance
Analyses
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Outline

e Part| - Background

® Part Il — Data Processing & Preparation
Tool

e Part Il — CBM Modeling in EXAKT

® Part IV — Conclusions
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Part |

Background
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Outline of Part | — Background

* Hydro One Distribution System

— Facts and Figures

e EXAKT Modeling/Decision Agent

— Process and Value

e EXAKT Data Preparation Tool for Hydro One
— OMDEC and BI-Cycle

Click for next
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Click for next
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The Distribution Setting

e Electricity Flow:
— produced in generating stations (GS) around the province

— delivered to end-use customers on wires through the high
voltage “grid” transmission system and lower voltage
"radial" distribution system.

— Distribution system includes 1000 distribution and
regulating stations
e Voltage “stepped-down” at Transformer Stations (TS)
and Distribution Stations (DS)

— Distribution: step-down transtormers on poles, underground,
or on the ground before entering customer premises
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The Distribution Setting

,ﬁfT

Distribution Lines
am vﬁ'!

Heme Wiring  Pole-Meounted Distribution
120/ 240 Yols Transformer Lines Below
44,000 Valrs

Distribution Station

Distribution System

Click for next
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The Distribution Setting

Distribution
. Stations (Dx

Transformer
Station (Tx|
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The Distribution Setting

e Feeder - electrical circuit used to distribute electricity from

the DS.

— Typically 2-3 feeders (F1, F2, etc.) from each DS. Identified by
station and feeder name (i.e. FEEDER DS F1)

TS1 n oS ¥ T52 B
M1 J' l M1

D51 D54

R

1
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The Distribution Setting

Distribution Circuits p N .
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Click for next
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The Distribution Setting

Distribution Switches

— Numerous switches on each feeder. Switch will open when there is a
problem on the electrical feeder (circuit)

Click for next
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The Distribution Setting

Distribution Customer Transformers
£
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_ Triplex
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The Distribution Setting
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The Distribution Setting

serving 1.2 million customers
across Ontario

© Hydro One Networks
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he Distribution Setting

Multiple Geographies

— Trees, rocks, water and swamp, open fields

© Hydro '(')né Networs
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The Distribution Setting

Multiple Weather

Click for next

Patterns
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Distribution Data Collection

e 53 Operating Centres in Hydro One’s distribution system
throughout the province of Ontario

e Multiple Stations within each operating centre, and each
station has typically 2-3 feeders

e Data are collected or purchased for each Operating
Centre or provincial area. Generally, there are 3 groups
of data:

— Outage, Environmental, and Asset data

e Data is analyzed to determine locations of concern

7,
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OEB Outage Cause Codes

Click for next

Table 15.2
Cause of Service Interruption

Code

Cause

Unknown/Other
Cuztomer interruptions with no apparent cause that confributed to the outage

Scheduled Qutage
Cuzstomer interruptions due to the dizconnection at a selected time for the
purpose of conastruction or preventive maintenance

Loss of Supply
Customer intermugtions due to problems in the bulk electricity supply aystem

Tree Contacts
Cuztomer interruptions caused by faults resulting from tree contact with
energized circuits

Lightning
Customer intermuptions due to ighining striking the distribufion system,
rezulting in an insulation breakdown and/or flazh-overs

Defective Equipment

Customer intermuptions resulting from egquipment failures due to detericration
from age, incorrect maintenancs, or imminent failures detected by
maintenance

Adverse Weather

Customer interruptions resulting from rain, ice storms, show, winds, extreme
temperatures, freezing rain, frost, or other extreme weather conditions
(exclusive of Code 3 and Code 4 events)

Adverse Environment

Customer interruptions due to equipment being subject to abnormal
environments, such as salt spray, indusirial contamination, humidity,
corrasion, vibration, firg, or flowing (previously Code 9)

Human Element
Cuztomer intermuptions due to the inferface of distributor staff with the
gystem (previgugly Code 7)

Foreign Interference

Cuzstomer interruptions beyond the control of the distributor, such as
animalg, vehicles, dig-inz, vandaliam, sabotage, and foreign objects
(previously Code 8)

© Hydro One Networks
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EXAKT Modeling/Decision Agent

e Condition Based Management (CBM) software

* Measurement and analysis of the performance of

Distribution Assets
— Uses data to make timely maintenance decisions

— Many companies use data from testing to find the significant
“internal” variables

— For Hydro One, the significant “external” variables are also
contributors to the interruptions

e Two primary source database tables used by

EXAKT
— Events Table hydro@
one

— Inspections Table
© Hydro One Networks
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Events & Inspections Table

 Events Table — provides information on an
item’s “lifetime”
— records date (time), cause, and device of

interruption; each interruption categorized as
either failure or suspension

* Inspections Table — contains weather data

— (Wind Speed, Wind Direction, Air Pressure,
Temperature, Lightning Strikes etc.)

r g
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EXAKT Modeling/Decision Agent
Data Types

e EXAKT uses interruption and environmental data
directly in the statistical modeling process

* |nterruption Data

— Provides “lifetime” data on equipment operating in the
distribution system

— Information that is used to model equipment’s risk of
failing in the future

* Environmental Data
— Including wind, air pressure, temperature, lightning

strikes 7
hyd rod
one
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EXAKT Modeling/Decision Agent

¢ Includes:

— Weibull Module, Proportional Hazards Model
(PHM), Sensitive of Optimal Policy

r g
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EXAKT Modeling/Decision Agent

e EXAKT provides a method for:

— Measuring risk with these models to help
optimize decisions on mitigating and avoiding
interruptions in the future

— continually refining the process to improve the
accuracy of the model and the decisions that
are made

r g
hydro&
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EXAKT Refining the process

A

" Improvin o Continuous improvement
Cond_monal-— RUpLE T ' in the RULE occurs over
DenS|_ty time as more experience
Function Is gathered. Not only is

the RULE adjusted, but

II//. . : '

/ 7/ Increasing ' \
. <+

confidence

the spread narrows

RULE: Remaining
Useful Life
Estimate

v

Working age
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Conditional Density in EXAKT

File Edit Modeling ModelDBase View Window Help
D@ MO0 & =B [Ba &8 TN
Last Histories ) (= =

! Conditional Density Function

Sample output .
from Exakt ~ E =

2 |

1

1

Inspection Interval: :
; ; 1.5+ i

250.000000 FCise | | Fepon :
1

1

T LM Insper 14 !
—@ Queries !
B s e g I e 0.54 i

1

1

1

n
Continuous| o e T
8000 10000 12000 14000 16000 18000 20000

Working Age = 9629.00 [h]

m OVI n g tO b ette r Probability Intervals

RUL=2793.493002, StdDev=1785.727239

- jual Tails Intervals Mean-Centered Intervals (Mean = Working Age 4
confidence ot o
[11158.54, 13213.59] 12422 49 + 0.50*1785.73 [11529.63, 13315.36)
60% [11004.86, 13610.22] 12422 49 £ 0.75*1785.73 [11083.20, 13761.79]
0% [10841.03, 14117.846] 12422 .45 £ 1.00*1785.73 [10636.77, 14208.22] 6/
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EXAKT Preparation Tool

e Currently, data received by Hydro One is
not formatted or structured to easily
perform statistical analysis for asset
management using EXAKT

e EXAKT Preparation Tool for Hydro One
— Supported by OMDEC and BI-Cycle

— Facilitates data formation for compatibility with
EXAKT software

Click for next
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Closing the Crevice

Click for next
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Closing the Crevice

Asset EXAKT EXAKT Result
Performance Preparation Modeling and
Database Tool Decision
Better
Weather Data Processing & Inspection Table Interruption
& Asset Converting Event Table Prediction
Performance Data &
Data int
PrfepoEr)?Al\:ETed Modeling and M%I,rn etnonce
‘ of ‘ Analysis rategy ‘

: 7,
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Closing the Crevice

Click for next
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Part |I

Data Processing &
Preparation Tool

hyd rgg-é
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Outline of Part Il — Data Processing

The preparation of the data is needed to:

—Extract, Transform & Load the data

—tailor data - through various filters

—investigate data — looking for
anomalies

—Generate the Events table
|

—Generation the Inspections tab
P hydrgg,-g
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ETL SQLs

#-@% STANDARD - Standard

=1 &% CA_221111_03 - Hydro One

Dimensions

E Main
=51 BF1001_1 - Events

\ﬁ' Filters
b Measures

| Dates
Update SQL

#-{E=] BF1003_1 - lnspections

- fi=] BF1003_2 - Weather
¥ f=] BF1003_3 - Lightning

#1551 BF2001_1 - intemuptions

= Decision

[j SCRIPT_START
B BO1001_1 - Feeders
= BD1001_1_L01

+-E BD1002_1 - Equipment
= BF1003_2 - Weather
- BF1003_3 - Lightring

- BF3007_1
=B BF1001_1 - Evants

&[] SWITCH

- SCRIPT_END
T appings
1 N }OiNs
[+ red Procedures
Ld 5

e @ Dﬁ

=[] BF2001_1 - kntemuptions

= BF1003_1 - lnspections

Visual View | Prepere Create Inset Update Settings Data
CREATE OR REPLACE VIEW BICAPP.CA_ 221111 03_V_BD1001_1
AS SELECT
upper (to_char (t."FEEDER ID")) ID BD1001_1,
t."FEEDER"  BD1001_
ENTI ID
BEM

“Extract, Transform, Load” or ETL. Is
a data warehousing term which
Includes "Facts" and “Dimensions”. A
set of ETL scripts has been developed
that will be permanently convert raw
Hydro One data to a format for
modeling and predictions.

upper (t. "OPERATION CENTRE_MAME"

© Hydro One Networks
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Raw Interruption Data

OPS_CENTE STATION_MAME FEEDER_MAME| SWITCH THANSFDHHEH|EEA_EAU5E|EEA_DE5EHIFTIEIN INTERUPTION_DATETIME (STRCTUR_NO

34 b ajor Starm 17242000 12:40:00 P
G2 Equip. Failure 1242000 4:30:00 P
(=] Lozz of BES 14242000 5:00:00 P
B2 E quip. failure 12342000 171:30:00 Ak
B2 Equip. failure 1/342000 22400 P
. G2 Equip. Failure 1/4/2000 5 24:00 Ak
I n te rru ptl O n d ata B2 Equip. failure 1442000 5:25:00 P
B2 E quip. Failure 141042000 5:30:00 P
B2 E quip. Failure 141142000 2:30:00 P
records When y Where B2 Equip. Failure 141242000 12:15%:00 Ph
b2 Tree talling[weather] 11642000 8:30:00 PM
B3 Other-farced 141842000 12-30:00 Phd
an d Wh at h ap p e n e d E3 Other-forced 11942000 2:10:00 Ak
B3 Other-forced 141942000 2:00:00 P
2 2 1 51 Tree faling 1/21/2000 7.45:00 PM
d u rl n g a.n I n te rru ptl O n y s Other-foreign inker. 1/21/2000 3:55:00 P
h2 Tree faling)weather] 1/22/2000 7:30:00 P
B2 E quip. Failure 17242000 2:24:00 PH
fo r th e eve n tS tab I e ) Cuszt. equipment 1/24/2000 4:18:00 P
B2 E quip. failure 1/25/2000 9:00:00 Ak
B2 Equip. failure 1/26/2000 2:00:00 Ak
hydies
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Raw Weather Data

OPS_CENTER |YEAFI |HI]NTH |DAY|ELEHENT |ELEHENT_DE5EHIPTII]N| T00 | T01 | T02 | T03 | To4 | T05 | T06 | T07
1539 11 78 Dry Bulb Temperature [deg C] | 198 204|141 13 391 EER 391 193
1539 1 156 wind Direction NE NE  |NNE MM Hw NN MW NN
1599 1 73/ Gea Level Pressure (kiopascals 10133 1013 10733 |1014.4 1M47 10155 10168 10785
1599 1 76 [wind 5 peed (k] 7 5|6 11 3 15 15 %
Liaht Snow [0

Weather data records the hourly readings of 9 weather —Z°
elements (for the inspections table): P
e Sea level pressure
e Temperature

* Wind speed 2
e Wind direction ¥
e Rain |
e Freezing rain '
e Freezing drizzle

e Thunderstorm

e SNoOw

7
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Raw Lightning Data

S_DATE1

| 0PS_AREA |

5/22/1339 5:00:00 Frd
E/2/1339 E:00:00 PM
£/2/1339 E:00:00 P
£/2/1339 E:00:00 PM
E/2/1339 E:00:00 P
6/2/1333 3:00:00 PM
£/2/1339 6:00:00 P
£/2/1339 6:00:00 P
£/2/1339 6:00:00 FM
E/2/1339 E:00:00 PM
E/6/1339 2:00:00 PM
E/7/1339 4:00:00 PM
E/7/1339 4:00:00 P
6/7/1333 4:00:00 PM
B/7/1339 4:00:00 P
B/7/1339 4:00:00 P
B/7/1339 3:00:00 FM
E/7/1339 4:00:00 PM
E/7/1339 3:00:00 PM
£/20/1339 2:00:00 Pr4
£/20/1339 2:00:00 Pr4
6/20/1333 3:00:00 Pk
£/20/1339 3:00:00 Frd

Lightning data records the
time and location of each
strike for the inspection
table

Z
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Raw Data

All from different programs and
sources.

- Hydro Ones Outage Management
and Asset Systems

- Environment Canada

- Ministry of Natural Resources

7
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Now What222?2

We have the data
We have the tool

What does in do for us?

7,
hydro'&
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Features for Data Processing & Analysis

Graphs for

Investigating and Display of events
analyzing data and inspections
tables generated

Summary of
Data of interest

Summary | Standard Analysis Database Content

=

@ Filter Settings
Connection Oracle
Time Window Jan 2006 - Dec 2008
Feeder
= Filter : Customer Count is less than or equal
== Feeder Interruptions to 200
& Equipment
7 Time Summary
,_-:N.".u'eather < Weather 5,116 “=Feeder 45
R Lightning % Lightning 6,868 =% Equipment 10,769
€ Intemuptions € Interruptions 3,925
Coov to Work Area.. Summary of the
. . data set tailored
Filters to tailor oA

: hydro
data as des'red © Hydro One Networks Y one




Summary for One Geographic Area

Filter Settings

Connection Oracle

Time Window Jan 1999 - Dec 2008

Feeders

Summary

«»Weather 14,991 “=Feeders g2
% Lightning 7.990 <2 Equipment 9,747

Ln
=
[y
L=}

@Interruptiuns

The 14,991 weather records
represent 9 distinct weather
elements. And each weather element
IS recorded hourly, 24 hours per day.

Z
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Drill Down into data

Detai

B

Filter Settings

Connection Oracle
Time Window Jan 1999 - Dec 2008
Feeders
Summary
< sWeather 14,991 “=Feeders g2
% Lightning 7,990 =% Equipment 9,747
anterruptiuns 5,066
/ Equipment
Row| Ex.|Operat’ ‘quip. Id |Equip. type | Trans. low Voltage|  Type description  |Circuit
7
2 OVERHEADTRANSFORMEF| 46184
\ OVERHEADTRANSFORMEF| 45134
. OVERHEADTRANSFORMEF| 45134
Other da‘la Aeta”S can 120/240 Vokts OVERHEADTRANSFORMEF| 45184
. OVERHEADTRANSFORMEF| 46184
aISO be dr|"ed down OVERHEADTRANSFORMEF| 46184
_ OVERHEADTRANSFORMEF| 46184
from the INks In the OVERHEADTRANSFORMEF| 26184
UNDERGROUNDTRANSFOI 46184
d ata summa ry OVERHEADTRANSFORMEF| 45134
OVERHEADTRANSFORMEF| 45134
\ / OVERHEADTRANSFORMEF| 45184
S OVERHEADTRANSFORMEF| 46184
15 OVERHEADTRANSFORMEF| 46184
16 OVERHEADTRANSFORMEF| 46184

© Hydro One Networks

hyd o

one



Data Navigation

=

An Equipment tree
e enables easy and
fast navigation of
T equipment based
on Hydro One
terminology
© Hydro One Networks hyd ro(,-f
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Data Segregation

@ Equipmert (29 722 =1 [ Time (Jan 1999 - Dec 2008)
=8 ViR eI
] = []-Jan 1559
Feeders (212) <f» Type description L Feb 1999
- @£, Equipment (29,782) | > | ) Mar 1958
- B O <+ Equip. type per1ssy
: ay
() Other 7] Circu 5 On 199
- >
CFL) Time: (Jan 1999 - Dec 2008): & Operaing Ceter 7 7 D1
+ a
oy Weather (45,341) [ Sep 1999
. =y Weather (45,541) [} Oct 15955
g ||-It|3|'|'|.|pt||]|-lﬂ {1?'52 =1 [t5] Weather Element [} Mowv 1999
|-| 151 — Snaw [} Dec 1995
[} 156 — Wind Direction [0-2000
l} [} 8% — Freezing Rain [-2001
[} 8% — ThunderStom 2002
[} 73 — Sea Level Pressure (kilopascals) [J-2003
[} 78 — Wind Speed {lkm./h) []-2004
[ 90 — Freezing Drizzle 2005
\ [} 86 — Rain []-2006
. . [} 78 — Dry Bulb Temperature (deg C) [-2007
Different filters to & Ober 0 2008

<> WORKING_AGE

conveniently tailor
data as desired

N 4 &

hydr
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Preparation Tool — Relationships

e Possible weather conditions that will affect
electricity distribution interruption

— Pressure

— Temperature

— Wind speed

— Wind direction
— Rain

Freezing rain
Freezing drizzle
Thunderstorm
Snow

e Relations are showed in BI-Cycle Charts

Z
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The Results

We have the data
We have the tool
What does in do for us?

Provides quick results

7,
hydro'&
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Interruptions Distribution
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Strikes

I Interruptions

Strikes

200 —— Wax Jump Pressure
0 —— Max Drop Pressure
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Strikes
—— Max Jump Temperature

—— Wax Drop Temperature

[ Interruptions

[Strikes
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Interruptions VS Daily Wind Speed & Lightning
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Interruptions VS Daily Rain & Lightning
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Interruptions VS Daily Snow & Lightning
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Assets linked to Weather data

Feeder » |Feeder
ﬂ‘—;] I:uw Ex. |Ops l:antu| Station Feeder|Feeder Id :::] E:nl.‘er .
Feader
:3 F1 E Feeger Id =
4 F2 ]
; T
; w1 ] \
] | Asset together
il with its associated
E weather data
16 /.

Weather | Intermuplions
View = | [ Export (e Print | || Options -

- Weather a
= |[Row|Ex. |fes Lonter]  Wheather Station  [Element| Date | Element Descr. |Average |Max |Min|Max drop|Max jump|Hrs of Max|His of Calm|M: |
] 1 al: 78/ 9/30/2008  Dry Bulb Temperature [deqg E]: 31[15.7| 16 -1.3 32 1

|2 3l 78/101/2006 |Dry Bulb Temperature [deg C) 11.2| 14| 3.2 1.5 1.7 1

.3 al: 78107272006 ‘Dry Bulb Temperature [deg E]: 'II.EI. 15.7| 66 '1'8. 1.?_ 1

4 3l 78/10/3/2006 Dy Bulb Temperature (deg C) 133|173 8 2.1 1.8 1

.5 1l 78 10/4,/20068 IDr_l,l Bulb Temperature [deg E]' 12.E. 164 B3 '4'?. 1'?. 1

.E 3|| T8 10/5/ 2006 _Dr_l,l Bulb Temperature (deg I:“.]I 5.4‘ 103 25 -1.2‘ 1.5_ 1

7 s 78/10/6/2006 |Diy Bub Temperature (degC) 7.7 136] 24 31 27 1

hyd o
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Asset with lts Interruptions

Interruptions

o
Asset together

with its associated

- Feeder
= [Row|Ex. |Ops Center | Station |Feeder |Feeder Id
1 L]
2 4
3 | F1 ' '
Al W i
5 i F3 |
B | .H
.? - 4
CH| F1
5 4
o | F1
[11 ] |F2
1z | F3
13
[ )
15 | |
16
Weather Intemuptions

[ View - | [§ Export dsk Print | [-]] Options -

=

4

-

Feeder
Ops Center
Station
Feeder F2
Feeder Id

-

|Row|Ex. [Interupt. No1[Interrupt. No2|0ps Center|  Station  |Feeder|Feeder /#]  Stuctwre Mo | Date | Dutage cause |[CEA description| OE
L4 1 ' F2 T 1| 11/26/2006 | Planned/scheduled Maintenance Schedy
|2 | F2 [10/23/2006 | Tree Fallen | Tree faling |Tree G
3 i|F2 (7472006 |idife Otherforced Foreigr

© Hydro One Networks
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Interruption with Repair Notes

of 1L
Test QA

FEF‘J\IFI_DES[:: REPLACEVSWITCH

Interruption

REPAIR_REMARK: REPLACED 100 AMP FUSE

repair notes

together with its

|Row |Ex. Interrupt. No1 |Interiupt. Mo2|Ops Center| Station |Feeder|Feeder Id]| StuctureNo | Date | O
Bl SRt — & — Te//2006 [Plaee
E Fi 87122006 | Widiih
110 F1 7N8/2006 |Wildih
v | . EECEE B TR
12 Fi 2N4/2008 |Equip.
113 F1 74172006 |Wildil
4 F1 |7/30/2006 |\Wildii
15 [F1 871472006 |Widih
116 F1 (2117/2006 |Tree F
[17 [F1 47/2006  |Equp.
18 F1 |5/30/2006 |Equip.
13 Fl |9/8/2006|Equi.
20 Fi [12/16/2006 widi
21 F 702302006 | Widih
|22 F1 (6/6/2006 | Plann
|23 [F1 6/6/2006 | Plann
24 /rr ! *'w\a;znus |Equp.

Fa

Interruptions
Interrupt. No:
Interrupt. No:
Ops Center
Station
Feeder F1

“=Foeder Id

=2 Structure No

Date 8/3/2006

Outage cause Equip./ Matea
CEA descriptic Equip. failure
OEB Group  Defective Eq

Voltage

Switch
Transformer
Customer Col 2

Number of Cu 1,165,724

Switch Enviro #
CEA Cause 62

T Cada =y

m
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The Crevice is Closed!

Click for next

hyd rgg-é
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Event Data Is Ready

© Hydro One Networks

Events
|Huw|Ex Feeder| Date 1|Age| Ident |Event Cause|Event OEB

» 1 46209 :1/2/2000 ¢ 366|ARMO3370|EGZ ES
2 46209 [1/2/2000 | 366|ARMO3370 | BEZ BS
3 46198 [1/2/2000 | 366/ ARMOO0YS B34 BE
4 46198 [1/2/2000 | 366/ ARMOO07S | E34 EG
5 46212 [1/3/2000 | 367 ARM0O9954 | BEZ2 BS
B 46225 (1/3/2000 | 367 ARMO4574 BE2 BS
7 46212 (17372000 | 367 ARMO9334 EE2 ES
a 46225 [1/3/2000 | 367 ARMO4574 EE2 ES
g 46225 (1/4/2000 | 368|ARMOR431 BEZ2 BS
10 46329 [1/4/2000 | 363|ARM0O9268 EE2 ER
11 46225 (1/4/2000 | 368|ARMOR431 | EE2 ES
12 46329 (1/4/2000 | 368|ARMO9268 | BEZ2 BS
13 46204 (1A0/2000| 374 ARMORY32 | EE2 ES
14 46204 (1A0/2000| 374 ARMOGYIZ BE2 BS
15 46200 (1/11/2000| 375 ARMO3386 BE2 BS
16 46200 (1/11/2000| 375 ARMO3386 EE2 ES
17 46204 [1/1242000] 376/ ARMO4107 |EE2 ES
13 46204 [1/1242000] 376/ ARMO4107 |BEZ BS
19 46198 [1/1642000| 380/ ARMOT222 | ER2 E3
20 46198 [1/16/2000| 380 ARMOT222 | BE2 B3
21 46209 (1/18/2000| 382 ARMO2415 | EE3 ES
22 46209 (1/118/2000| 2382 ARMO2415 | BE2 BS
23 46192 (1/15/2000| 333 ARMOB180 | EES ES
24 46192 (1/159/2000| 333 ARMOBTS0 | BES BS
2h 46200 (1/19/2000| 333/ ARMO4741 | BES BS
26 46200 (1/1942000| 333/ ARMO4741 | EE3 ER
27 46197 (142142000 385 ARMTE EEE ES
28 46197 [1/21/2000 385 ARMNTE BEE Ba
29 46197 [1/22/2000 386 ARMNTE EG2 E3
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Inspection Data is Ready

Measurements

S5ea Level Pressure [kilopascals]

Operating Center

0Ps 12

| ARND4873

Date
42008

2560

10131 1.0201 1.0042

Min |Max Jump|Max Drop
2.1

116

17.0

40

m

2 ARND4E73 (141742006 | 2573 1.018.4(1,023.1)1,009.4| 1.0 A8 187 330) 40
3 0PS 12 ARMND437314/7/2006 | 2653 1.004.6)1,008.0(1,000.3 20 12 119/ 2300 00
4 | |orsiz ARNDIS73[1414/2006 [2570] 999410093 o927 25 13 262 440) 7.0
5 OPS 12 ARND4ST3|4/24/2006 | 2670 1.008.1(1.010.3) 10065 06 04 124] 220) 7.0
6 OPS 12 ARND43738/24/2006 | 2792] 1.0171)1.0182[1.0162 09 05 64/ 190/ 0.0
7 OPS 12 ARND437312/23/2006 | 2913 1.008.8)1.014.8(1,003.3 0.3 16 136 320) 00
! OPS 12 ARND4S73|9/24/2006 | 2823] 998710066 o924 20 17 242/ 500 60
s [[I|orsiz ARMND4373| 34342006 | 2628) 1.006.71.0155 9940 0.4 31 51| 320) 00
10 0PS 12 ARND4373[11/7/2006 | 2867| 1.0188[1.0227[1.0153 03 A1 93 17.0] 40
1] OPS 12 ARND437312/30/2006 | 2920)  1.0321/1.038.2(1.0288 07 1.4 95150/ 4.0
12 | |opsi2 ARND4373/11/26/2006 | 2886  1.0231)1.025.1(1.021.1 1.1 05 78/ 130] 40
13 OPS 12 ARND4S7310/20/2006 | 2243 1.005.0(1.007.8/1.002.4 0.8 1.3 154|240/ 00
[14 OPS 12 ARMND45731115/2006 | 2575  1.014.61.016.6(1.011.4 0.6 04| ER 120/ 0.0
15 OPS 12 ARND4373(11/2/2006 | 2862] 1.015.0/1.016.4[1.0138 08 05 11.0/ 200 40
15 OPS 12 ARND437312/16/2006| 2906  1.015.8/1.020.5(1,005.7 20 04 133 220) 00
17 |[|orsiz ARMND4373 1211442006 | 2904  1.,009.31.011.7[1.004.7 0.3 15 107 17.0) 40
18 0PS 12 ARMND4373( 94042006 | 2809 1.026.7(1.029.7[1.0223 1.0 0z 114/ 17.0] 60
19 OPS 12 ARMND437319/5/2006 | 2804] 1.016.71.019.0[1.0123 05 1.0 63 90| 40
20 | ||orsaz ARND4373/9/3/2006 | 2802) 1.018.0/1.023.0(1.0143 03 04 165 260) 40
i OPS 12 ARND4373|540/2006 | 2686) 1.013.0/1.0147[1.011.0 0.3 08 17.1| 260 60
|22 0PS 12 ARMND4373| 741142006 | 2748) 1.0166(1.018.0[1.0148 0.6 0z 7.3 150/ 4.0
3 OPS 12 ARMD4573|8/6/2006 | 2774 1.0201)1.023.2[1.0138 07 a2 105 200 40
4 OPS 12 ARMND4373|2/23/2006 | 2610| 1.008.7)1.010.7[1.004.5 0.3 08 g8 220| 0.0
% |[|orsiz ARND4373| 2/4/2006 | 2591 1.0088]1.0145] 9955 11 35 183 430 00
25 0PS 12 ARND4373(143/2006 | 2559 1.0205)1.021.6(1.0198 0.7 1.0 152 260) 7.0
7 0PS 12 ARND4373[1/25/2006 | 2581 1.002.8/1.014.0[ 9955 15 02 17.9) 320) 40
28 || |orsiz ARMO04373|1/24/2006 | 2580 1.004.4(1.012.4) 9965 N 21 128 220) 60

e

© Hydro One Networks

Measurements
==0peratin ARNPRIOR
Ident ARNO4873
Date 1/4/2006
Age 2560
Sea Level Pressure (kilopascals)
Average 1,013.1
Max 1,020.1
Min 1,004.2
Max Jumyg 0.0
Max Drog -2.1
Wind Speed (km/h)
Average 11.0
Max 17.0
Min 4.0
Max Jumg 7.0
Max Drog -0.0
Dry Bulb Temperature (deg C)
Average -6.9
Max 9.6
Mir -9.4
Max Jumy 18.9
Max Drop -19.0
Thunderstorm
Max
Min
Max Jumy
Hours of
Rain
Average
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Part |l

CBM Modeling in
EXAKT
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Weather and Lightning Variables

ELEMENT | ELEMENT_DESCRIPTION | Max | Min Max | Max | Hours | | Wind Direction | Hours
g Jump | Drop | Of Max | [ Calm \
73 Sea Level Pressure N N
(kilopascals) v v v v v E N
76 Wind Speed (km/h) \ \ \ \ S J
78 Dry Bulb Temperature (deg C) \ \ \ \ \ W N
85 ThunderStorm N N \ N NE N
86 Rain VI NN v NW N
89 Freezing Rain \ \ \ \ \ SE \
90 Freezing Drizzle \ \ \ \ \ SW N
91 Snow \ \ \ \ \
156 Wind Direction
Lightning Number of Strikes
Lightning Strike \

Raw hourly weather and lightning data are
summarized into daily (or weekly, or monthly)
data consisting of 48 variables listed in these 3
tables, to reduce the huge amount of weather

and lightning data for processing and modeling.

© Hydro One Networks

hydr

og

one



Summary of Data for EXAKT Modeling

Basic Data Analysis

Number of Idents: 1059
Number of Histories: 1424
Number of beginnings (B): 1424
Number of failures (EF): 265
MNumber of suspensions (ES): 91
Number of temporary suspensions (*ES): 1068
Number of inspections (IN). 23439
Number of histories without inspections (IN) 37

Basic Statistical Analysis

Average Std. Dev.

Inspection Interval 6.81 0.92
Inspections per History 16.46 11.00
History (Overall) 112.86 76.53
History (Failed) 75.69 69.67
History (Suspended) 69.65 59.08
History (Temp. Suspended) 125.76 75.09
History (Failed+Suspended) 74.15 67.18

(-) Mot applied

© Hydro One Networks
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Number of lifecycles

AR

Preventive renewals

EXAXT Model

/

Units presently operating

Sample Size

Summary of Eventdand Censored Values

1415

265

91

1068

Censored (Def) Censored (T£mp)

Age influence parameter

Variable is Significant — yes /no

Sign. Standard

Estimate ) Error

of Estimated Parz»

Wald

ers (based on M

Measure of scatter

% Censored

81.3

DF p - Value

Exp of
Estimate

Other statistical tests
for assessing model

applicability

95 % CI

Lower

Upper

2709 1032 - - - 6877 4731
Shape 0.781 Y | 0.04545 232 0 - 0.6919 0.8701
MaxWinSpeDrop | 0.06944 | ¥ 0.02 12.05 0.0005179 | 1.072 0.03023 0.1056

(-) Mot applied

(*) Based on 5% significance level. Shape = 1 tested, Gamma (Cov) = 0 tested

Summary of Goodness of Fit Test

Test for “statistical significance” the

found relationship between
interruption probability and
MaxWind Speed Drop.

PHM Fits Data

Kolmogorov
- Smirnav

0.0402135

0.0201051

Rejected (%)

(*) based on 5% significance level

© Hydro One Networks




Remaining Usetul Lite Estimate

Conditional Density Function
16
1.4
a 1.2
o
= ;
a8 14
F- 0.8
wn
g =
a 0.6

0 200 400 600 800 1000 1200 1400
Working Age = 92.00 [day]

RUL=180.065828, StdDev=77202.972879

Equal Tails Intervals Mean-Centered Intervals (Mean = Working Age + RUL)
Probability Mean = k*5tdDev Probability
e [335.21, »1253.05] 27207 £ 0.50°77202.97 [5:2.00, 38673.55] =«1.00
Gl [273.71, »1253.05] 27207 £ 0.75°77202.97 [52.00, 38174.30] =«1.00
70% [222.28, »1293.09] 27207 + 1.00477202.97 [52.00, 77475.04] «1.00
&0% [174.33, =12093.09] 27207 £1.50%77202.97 [52.00, 116075.53] =1.00
0% [131.37, »1203.09] 27207 + 1.75477202.57 [82.00, 135377.27] =1.00
955, [111.48, =1203.09] 272.07 + 2. 0047720297 [82.00, 154678.01] <1.00
9% [95.89, =1283.06] 272.07 + 2507720297 [82.00, 193279.50] <1.00

© Hydro One Networks



Prediction of Interruption

Recommendation:

Expect to Replace in [day]:
Probability of Failure in (7) [day]:
Probability of Failure in (14) [day]:
Report Date:

Current Status:

Failure Risk

45 o Failure in 7.00 [day] & Failure in 14.00 [day]
) 44
&
@ 3.5+
E F i
T 3
(T
S 25 & = =
E 2- = &
]
o 'Y &
K] 1.5+
2
o 1+

0.5 T T T T T

0 10 20 30 40 50

Working Age = 46 [day]
£ = 0.069437*"MaxWinSpeDrop

60

Don'tintervene.
1116.53
0.0103549
0.020311
09/06/09

In operation

Probability of
Interruption in:

« 7 days (yellow points)
» 14 days (blue

triangles)
< hydro(,f
S one



Area Summary under 3 modes

criteria Ops4 OpsS Opsé Ops 7 Ops 8 Ops 8 Ops10 Ops11 Ops12
2000 Sample Size 335 658 488 583 423 652 bA7 390 712
Failed (EF) 87 251 143 152 115 289 109 93 229
Censored (ES) 61 99 36 112 50 76 121 59 116
. Temp Censored (ES) |187 308 309 319 258 3T N7 238 367
All failure  ghape f (Estimate) |0.7717 0.8343  0.9547 1.012 0.8217 0.9291 0.9196 1111 0.8672
modes Scale p {Estimate) |4356.17 2041.84 3314.2 3026.46 416817 1668.34 4782.06 3316.8 | 2662.71
combined Mean Life (Estimate) |5069.78 2247 94 3383.8 3012.05 4624 57 1726.22 4974 .05 319043 2861.77
Goodness of Fit Test
p-value 0.0021 0.0003 0.5306 08729 0.0099 0.1255 0.3059 0.2805 0.008
Scale and Mean Life
(Shape fixed to 1) 3137.74 3154.5 3063.67 327517 4245 57 373556 233951
5500 Sample Size 222 489 370 383 280 496 410 280 531
Failed (EF) 14 110 49 19 11 143 21 16 102
Censored (ES) 21 i1 12 45 11 36 72 26 62
Failure Temp Censored (ES) |187 308 309 319 258 T N7 238 367
mode Shape ( (Estimate) |1.143 0.9927 1.295 |1.569 1013 1117 1541 2.214 1.061
5 Scale p {Estimate) |13963.9 41257 5937.2 |8618.31 328353 290814 8525.51 4800.37 4830.84
Tree Mean Life (Estimate) |13315.1 4138.63 5487.8 |T741.57 32655.2 2791.97 7689.5 425143 472024
fallen” Goodness of Fit Test
p-value 0.6257 0.9316 0.0937 0.0984 0.9645 0.1592 0.0986 0.0215 0.5265
Scale and Mean Life
(Shape fixed to 1) 19500.6 4086.63 9205.8 245113 34242 4 3236 220374 21716.4 [5252°F
5500 Sample Size 236 436 381 440 334 412 442 304 497
Failed (EF) 28 57 60 76 65 59 53 40 68
Failute Censored (ES) 21 [ 12 45 11 36 72 26 62
Temp Censored (ES) |187 308 309 319 258 T N7 238 367
mode Shape B (Estimate) |0.7172  0.9646 0.8994 1.067 0.8242 1.375 0.9931 1.267 1.08
"Equipment Scale p (Estimate) |21791.5 844584 9157.9 5542.05 8000.63 4800.78 8648.3 5824 44 6873.05
| Material Mean Life (Estimate) [26967.2 858143 9639.1 |5404.41 8679.55 43688.53 8674.51 5408.7 6672.58
failire™ Goodness of Fit Test
p-value 0.0294 0.7657 0.3646 05575 0.0679 0.0242 0.9565 0.1551 0.5104
Scale and Mean Life
(Shape fixed to 1) 974714 788743 7518.2 6127.71 5794.79 184287 8731.94 8686.59 787923

© Hydro One Networks
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Part IV

Conclusions

hyd 1o
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Conclusions

* There are many opportunities to move our
businesses forward when we look for them!

— Analysis can be done with internal or external variables

e Analysis may be carried out on small machines in
a plant or on equipment covering an area the size
of the province of Ontario

e Data can be in many structures and formats

hyd 1o
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Conclusions

* More data over time improves the opportunity for
analysis and decision making

e Closing the “crevice” is much more than creating a

few tables

— It has lead to additional opportunities for exploration
and mining of the data

* The process is easy to use and manages hundreds
of thousands of records and data

hyd 1o
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Conclusions

e B|-Cycle together with OMDEC know-how

and Hydro One business expertise provide
the necessary data processing methods to

feed EXAKT

e EXAKT provides the mathematical algorithms
fo

hyd 1o
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Conclusions

move from a foggy to a clear view

and CLOSE the CREVICE!

Click for next hyd ro(,j
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Closing the Crevice

e With this process implemented, we are moving
forward in our analysis and decision making

e There’s no worry even when

deer get tangled in the wires hydro&

Click for next © Hydro One Networks one




Thank You

Norm.Hann@HydroOne.com

Special Thanks to

* Hydro One: hydrgsig
— Bo Ji, David Chan, Dipin Puri
e OMDEC: e —

— Murray Wiseman, Daming Lin

® Bl'CYCle: ﬁzycle

— Joan Dorrepaal
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