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Part I
Background
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Outline of Part I – Background
• Hydro One Distribution System

– Facts and Figures
• EXAKT Modeling/Decision Agent

– Process and Value
• EXAKT Data Preparation Tool for Hydro One

– OMDEC and BI-Cycle

Click for next
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Setup

Hauler Truck Conveyor Syncrude
Click for next
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The Distribution Setting
• 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

• Voltage “stepped-down” at Transformer Stations (TS) 
and Distribution Stations (DS)
– Distribution: step-down transformers on poles, underground, 

or on the ground before entering customer premises
Click for next
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The Distribution Setting

Distribution System
Click for next
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The Distribution Setting

Transformer 
Station (Tx)

Distribution 
Stations (Dx)

Click for next
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The Distribution Setting
• 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)

Click for next
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The Distribution Setting
Distribution Circuits

5 Feeders

3 wires  
1 feeder

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

Open 
Wire Bus

Triplex

Private Primary

Click for next
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The Distribution Setting



© Hydro One Networks

The Distribution Setting
Approx. 3000 Feeders 

serving 1.2 million customers 
across Ontario

Click for next
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The Distribution Setting
Multiple Geographies
– Trees, rocks, water and swamp, open fields

Click for next
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The Distribution Setting
Multiple Weather 

Patterns

Click for next
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Distribution Data Collection
• 53 Operating Centres in Hydro One’s distribution system 

throughout the province of Ontario 

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

• Data are collected or purchased for each Operating 
Centre or provincial area. Generally, there are 3 groups 
of data: 
– Outage, Environmental, and Asset data

• Data is analyzed to determine locations of concern

Click for next



© Hydro One Networks

OEB Outage Cause Codes

Click for next
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EXAKT Modeling/Decision Agent
• 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

• Two primary source database tables used by 
EXAKT
– Events Table
– Inspections Table

Click for next
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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.)

Click for next
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EXAKT Modeling/Decision Agent 
Data Types

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

• Interruption 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

Click for next
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EXAKT Modeling/Decision Agent

• Includes:
– Weibull Module, Proportional Hazards Model 

(PHM), Sensitive of Optimal Policy

Click for next
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EXAKT Modeling/Decision Agent

• 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

Click for next
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EXAKT Refining the process

t0

Conditional
Density
Function

Improving
RULE

Working age

Increasing
confidenceRULE: Remaining 

Useful Life 
Estimate

Continuous improvement 
in the RULE occurs over 
time as more experience 
is gathered. Not only is 
the RULE adjusted, but 

the spread narrows

Click for next
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Conditional Density in EXAKT

© Hydro One Networks

Sample output 
from Exakt

Continuously 
moving to better 
confidence

Click for nextClick for next
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EXAKT Preparation Tool
• Currently, data received by Hydro One is 

not formatted or structured to easily 
perform statistical analysis for asset 
management using EXAKT

• 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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Crevice

Closing the Crevice

© Hydro One Networks

Asset 
Performance 

Database

Weather Data 
& Asset 

Performance  
Data

EXAKT
Modeling and 

Decision

Inspection Table
Event Table

Modeling and 
Analysis

Result

Better
Interruption 
Prediction 

& 
Maintenance 

Strategy

EXAKT 
Preparation 

Tool

Processing & 
Converting   

Data
Prepare Feed 

for EXAKT

Click for next
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Closing the Crevice

Click for next
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Part II
Data Processing & 
Preparation Tool
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Outline of Part II – 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 table
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ETL SQLs

“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.
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Raw Interruption Data

Interruption data 
records when, where 
and what happened 
during an interruption, 
for the events table
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Raw Weather Data

Weather data records the hourly readings of 9 weather 
elements (for the inspections table):
• Sea level pressure
• Temperature
• Wind speed
• Wind direction
• Rain
• Freezing rain
• Freezing drizzle
• Thunderstorm
• Snow
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Raw Lightning Data

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



© Hydro One Networks© Hydro One Networks

Now What????

We have the data

We have the tool

What does in do for us?



© Hydro One Networks© Hydro One Networks

Features for Data Processing & Analysis
Summary of 
Data of interest

Graphs for 
investigating and 
analyzing data

Display of events 
and inspections 
tables generated

Filters to tailor 
data as desired

Summary of the 
data set tailored
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Summary for One Geographic Area

The 14,991 weather records 
represent 9 distinct weather 
elements. And each weather element 
is recorded hourly, 24 hours per day.
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Drill Down into data Details

Other data details can 
also be drilled down 
from the links in the 
data summary
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Data Navigation

An Equipment tree 
enables easy and 
fast navigation of 
equipment based 
on Hydro One 
terminology
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Data Segregation

Different filters to 
conveniently tailor 
data as desired
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Preparation Tool – Relationships
• Possible weather conditions that will affect 

electricity distribution interruption
– Pressure
– Temperature
– Wind speed
– Wind direction
– Rain
– Freezing rain
– Freezing drizzle
– Thunderstorm
– Snow

• Relations are showed in BI-Cycle Charts
© Hydro One Networks
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The Results

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

Provides quick results
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Interruptions Distribution
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Interruptions VS Daily Air Pressure & Lightning
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Interruptions VS Daily Temperature & Lightning
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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

Asset together 
with its associated 
weather data



© Hydro One Networks© Hydro One Networks

Asset with Its Interruptions

Asset together 
with its associated 
interruptions
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Interruption with Repair Notes

Interruption 
together with its 
repair notes
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The Crevice is Closed!

Click for next
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Event Data Is Ready
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Inspection Data is Ready
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Part III
CBM Modeling in 

EXAKT
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Weather and Lightning Variables
ELEMENT ELEMENT_DESCRIPTION Max Min Av

g
Max
Jump

Max
Drop

Hours 
Of Max

73 Sea Level Pressure 
(kilopascals) √ √ √ √ √

76 Wind Speed (km/h) √ √ √ √
78 Dry Bulb Temperature (deg C) √ √ √ √ √
85 ThunderStorm √ √ √ √
86 Rain √ √ √ √ √
89 Freezing Rain √ √ √ √ √
90 Freezing Drizzle √ √ √ √ √
91 Snow √ √ √ √ √
156 Wind Direction

Wind Direction Hours
Calm √
N √
E √
S √
W √
NE √
NW √
SE √
SW √

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.
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Summary of Data for EXAKT Modeling
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EXAKT Model
Number of lifecycles Preventive renewals Units presently operating

Age influence parameter Variable is Significant – yes /no Measure of scatter Other statistical tests 
for assessing model 
applicability

Test for “statistical significance” the 
found relationship between 
interruption probability and 
MaxWind Speed Drop. 
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Remaining Useful Life Estimate
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Prediction of Interruption

Probability of 
interruption in:
• 7 days (yellow points)
• 14 days (blue 
triangles)



© Hydro One Networks

Area Summary under 3 modes 
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Part IV
Conclusions
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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

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

• Data can be in many structures and formats
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Conclusions
• More data over time improves the opportunity for 

analysis and decision making
• 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 
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Conclusions

• BI-Cycle together with OMDEC know-how 
and Hydro One business expertise provide 
the necessary data processing methods to 
feed EXAKT

• EXAKT provides the mathematical algorithms
to
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Conclusions

and CLOSE the CREVICE! 

move from a foggy  to a clear view

Click for next
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Closing the Crevice
• With this process implemented, we are moving 

forward in our analysis and decision making
• There’s no worry even when

deer get tangled in the wires
Click for next
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