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1 Executive Summary

1.1 Objective of AMP

Niagara Peninsula Energy Inc.’s (NPEI) Asset Management Plan provides a high level
overview of the corporation as well as a summary of the corporate objectives, strategies,
and practices that go into developing a business plan.

The resultant business plan is summarized in this document for the period 2011-2015
with more details, such as major projects and programs, included for 2011, by dividing
expenditures in the major investment buckets under capital, O&M, Billing and Collecting
and General and Administrative categories.

The Asset Management Plan could and should be used as a means of sharing information
about NPEl and the rational for investments it makes with customers, shareholders,

regulators and the general public.

1.2 AMP Components

The Asset Management Plan includes a number of sections. The following is a brief
description of the contents for each section:

About NPEI — Section 2

This section provides a description of NPEI's company’s overview, geographic location
and demand and energy consumption (both historical and forecasted).

Corporate Information — Section 3

This section provides high level corporate information that governs decision making
processes and includes vision, mission statement, and corporate values.

System Description and Reliability Performance — Section 4

This section gives a description of the NPEl's distribution system and provides
information on all supply points, SCADA, major asset categories and reliability
performance, including historical values for SAIFI, SAIDI and CAIDI.

Major External Challenges — Section 5

This section lists external challenges that, in order to be addressed properly, require
NPEI to make significant investments, mostly capital in nature. These external
challenges include Smart Grid development, DG connections, new loads, both
residential and commercial, and municipal infrastructure improvement projects, such as
a road widening.
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Internal Initiatives — Section 6

This section describes major internal initiatives aimed at improving the performance of
NPEl’s distribution system. These initiatives include a number of programs, such as
replacement of high voltage switching kiosks and submersible transformers, inspection
and replacement of poles and pad mounted equipment, and vegetation management.

Business Practices —Section 7

This section describes NPEI's business practices and approach specifically regarding
replacement and maintenance of existing distribution assets.

Asset Condition Assessment — Section 8

This section presents results and recommendations from the Asset Condition
Assessment study for the distribution assets performed by an external consultant
(Kinectrics Inc).

2011 Business Plan — Section 9

This section presents 2011 Business Plan divided into 6 major buckets: Sustainment
Capital, Development Capital, Other Capital, Operations & Maintenance, Billing and
Collecting and General and Administration. Major programs and projects are also
identified within each investment bucket.

2012-2015 Business Plan — Section 10

This section presents the 2012-2015 Business Plans for each of the years in the range
using the same buckets as for 2011 Business Plan but without identifying major projects
and programs.
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2 About NPEI

2.1 Company Overview

Niagara Peninsula Energy Inc. (NPEI) was established in 2008 as a result of the
amalgamation of Niagara Falls Hydro Incorporated and Peninsula West Utilities Limited.
NPEI is a medium sized utility in the Province of Ontario and is responsible for providing
all regulated electricity distribution services to over 50,000 residential and business
customers in the City of Niagara Falls, the Town of Lincoln, the Township of West Lincoln
and the Town of Pelham. Niagara Peninsula Energy has a service area of 827 sq. km.

The table below shows NPEl's Provincial ranking in 3 major categories: number of
customers, Net Book Value of Assets and geographic territory.

Area (sq. km.) Number of Customers NBV (SM)
NPEI 827 > 50,000 101
Ontario Rank 6 14 9

2.2 Geographic Map
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NPEI’s neighboring utilities are Fortis, Welland Hydro, Niagara-on-the Lake Hydro, Hydro
One, Horizon Utilities, Haldimand County Hydro and Grimsby Power.

2.3 Customer Base

Niagara Peninsula Energy Inc. (NPEI) services approximately 45,616 residential and 5,311
commercial customers. Customers in urban portions of the service territory are as

follows:

Area Size Customers
Niagara Falls Urban 60.8 sqg. km. 31,850
Beamsville 10.3 sq. km. 4,153
Vineland 5.9 sq. km. 1,714
Fonthill 1.8 sg. km. 1,161

The majority of NPEI’s service territory is rural. NPEIl has 748.2 sq. km. of rural territory
servicing approximately 12,049 customers.
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2.4 Demand and Energy

2.4.1 Energy Usage

The following table summarizes NPEI’s energy usage in 2009 and 2010 to present. The
remaining columns for 2012 to 2015 are the projected demand forecast for NPEI:

Energy (gWh)
2009 2010 2011 2012

January

February

September
October
November

December

Legend:

Actual Usage Data

Forecasted Using the Weather Normalization Model

Forecasted Based on Assumptions

Energy Usage Forecast Assumptions:

In the years 2012 through 2015, a moderate energy growth of 0.5% is expected year to
year. In 2013, NPEI anticipates that energy usage will drop by 0.25% based on the
expected completion of the Ontario Power Generation tunnel project in Niagara Falls.
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2.4.2 Demand

The following table summarizes NPEI’'s demand between 2009 and 2015. From 2009 to
August 2010, the demand values were obtained from metered data. The remainder of the
table contains the projected demand values based on the assumptions stated below:

Demand (MW)

2009 2010 2011 2012 2013 ‘ 2014

January

February

September
October

November

December

Legend:

Actual Demand Data

Forecasted Based on Assumptions

Demand Forecast Assumptions:

In the years 2011 through 2015, the forecasted demand is based on the energy usage
forecast and average load factor per month from 2009 and 2010. In 2013, NPEI
anticipates that demand will drop by 3 MW based on the expected completion of the
Ontario Power Generation tunnel project in Niagara Falls. The tunnel project’s demand on
NPEI’s system averages 3 MW per month.
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2.4.3 Load Factor
The following table summarizes NPEI’s calculated load factor between 2009 and 2015:

Demand (MW)
Month 2009 2010 2011 2012 2013 ‘ 2014 2015
January

February

September
October

November

December

Legend:

- Calculated Load Factor
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3 Corporate Information

3.1 Vision Statement

Niagara Peninsula Energy is committed to delivering environmentally responsible and
sustainable energy for the future of our communities.

3.2 Mission Statement

Niagara Peninsula Energy delivers safe, efficient and reliable electricity through
dedicated employees in an environmentally sustainable and technologically focused
manner. We provide excellence in customer service and respond to the needs of our
communities.

3.3 Corporate Values

Niagara Peninsula Energy and its staff will maintain conduct with commitment to the
values of:

e Integrity- we are ethical and our actions are truthful and trustworthy

e Fairness- we treat everyone equally and free of bias

e Responsibility- we provide services with safety first for our customers and
employees

e Respect- we listen to each other and see value that each member of the team
brings and respect the needs of our stakeholders

e Transparency- we are open and accountable for our actions and decisions

4 System Description and Reliability Performance

4.1 System Description

NPEI’s distribution system consists of 1059 km of overhead primary feeders and 482 km
of underground primary cable. The distribution system operates at one of the following
four primary voltages:

o 27.6kV
e 13.8kV
e 8.32kV
e 4.16kV
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NPEl's distribution system receives power from the Hydro One operated transmission
system through one of the following supply points:

substationName (00 PR ormersowner C/Town
Pelham DS 27.6 kV 4.16 kV 1 NPEI Fonthill
Station DS 27.6 kV 4.16 kV 1 NPEI Fonthill
Beamsville TS 115 kv 27.6 kv 2 Hydro One Lincoln
Campden DS 27.6 kV 8.32 kV 1 NPEI Lincoln
Greenlane DS 27.6 kV 8.32 kV 2 NPEI Lincoln
Jordan DS 27.6 kV 8.32 kv 1 NPEI Lincoln
Vineland DS 115 kV 27.6 kV 2 Hydro One Lincoln
Kalar TS 115 kV 13.8 kV 2 NPEI Niagara Falls
Murray TS 115 kV 13.8 kV 4 Hydro One | Niagara Falls
NF Station 3 13.8 kV 4.16 kv 1 NPEI Niagara Falls
NF Station 6 13.8 kV 4.16 kv 1 NPEI Niagara Falls
NF Station 7 13.8 kV 4.16 kv 1 NPEI Niagara Falls
NF Station 8 13.8 kV 4.16 kv 2 NPEI Niagara Falls
NF Station 10 13.8 kV 4.16 kv 1 NPEI Niagara Falls
NF Station 14 13.8 kV 4.16 kV 1 NPEI Niagara Falls
NF Station 17 13.8 kV 4.16 kV 1 NPEI Niagara Falls
NF Station 18 13.8 kV 4.16 kV 1 NPEI Niagara Falls
NF Station 22 13.8 kV 4.16 kv 1 NPEI Niagara Falls
NF Station 23 13.8 kV 4.16 kv 1 NPEI Niagara Falls
Stanley TS 13.8 kV 4.16 kV 2 Hydro One Niagara Falls
Bismark DS 27.6 kV 8.32 kv 1 Hydro One | West Lincoln
Niagara West TS 230 kV 27.6 kV 2 NWTC West Lincoln
Smithville DS 27.6 kV 8.32 kv 1 NPEI West Lincoln

NPEI monitors its distribution system through a supervisory control system at its main
office located in Niagara Falls. The system is used to monitor and control all TS supply
breakers feeding NPEI’s distribution system. The Supervisory Control and Data Acquisition
System (“SCADA”) is monitored twenty-four hours a day, seven days a week.
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4.2 Main Asset Categories

The table below shows the number of assets in each of NPEI's major asset

categories:
Station Power Transformers 21
Large Pad Mounted Transformers (> 750 kVA) 56
Standard Pad Mounted Transformers (< 750 kVA) 2408
Pole Top Transformers 6835
Poles 22247
Pad Mounted Switchgear 89

4.3 System Performance

The following chart summarizes NPEI’s System Average Interruption Duration Index
(SAIDI) by month for 2008 through 2010:

NPEI SAIDI: 2008 - 2010

1.4000
1.2000 ~

1.0000 -

O 2008

m 2009
0.6000 - 02010

0.8000 A
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0.2000
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The following chart summarizes NPEI's System Average Interruption Frequency Index
(SAIFI) by month for 2008 through 2010:

NPEI SAIFI: 2008 -2010
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The following chart summarizes NPEI’s Customer Average Interruption Duration Index
(CAIDI) by month for 2008 through 2010:

NPEI CAIDI: 2008 - 2010
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NPEI has compiled outage data used to derive SAIDI, SAIFI, and CAIDI since the merger.
This data as well as historical values from the former two utilities indicate higher than
desired values for SAIDI, specifically in the western portion of NPEl's service territory.
Following the merger, NPEI has implemented initiatives that specifically target improving
this index such as the installation of feeder sectionalizing and advanced reclosing devices.
In 2010 NPEl's distribution system performed with an improved SAIDI compared to
previous years.

5 Major External Challenges

5.1

5.2

53

Smart Grid

NPEI is in the early stages of developing a formal smart grid strategy. NPEI leverages a
mature geographic information system (GIS) to manage asset data. NPEI'S high level
strategy is to build on the current GIS functionality in support of smart grid operations.

NPEI is currently implementing a work force management / outage management
(WFMS/OMS) system that leverages GIS data. This system is used to manage the
distribution of work to NPEI crews as well as to manage the distribution system
operationally. NPEI has a long term strategy to integrate smart meters and smart devices
with the OMS as the foundation of its smart grid.

Smart Grid technologies are factored into new equipment purchases where feasible from

a technical and cost perspective.

DG Connections

NPEI currently has 30 microFIT connections on its system and is averaging 5 new
connections per month as of December 2010. NPEIl also has 1.25MW of generation
connected under the FIT program as well as applications for an additional 10MW.

Municipal Commitments — Load Growth

NPEI has experienced a moderate and consistent level of load growth in the residential
customer class. Approximately 500 new residential customer connections have been
performed per year since the incorporation of NPEL.

Commercial development in NPEI’s service area has been consistent since incorporation.
Approximately 1.5 MVA of new commercial load has been connected to NPEI's system per

year.

Currently, NPEI does not supply any significant industrial sector load.
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5.4

NPEI anticipates that the level of growth in both the residential and commercial customer
classes will remain consistent in the coming years. A capital expenditure allowance has
been established to permit the connection of new customer loads based upon historical
levels.

Municipal Commitments — Infrastructure

NPEl's capital expenditures have been influenced significantly by external factors in
recent years. Federal and provincial stimulus funding for infrastructure improvements has
resulted in a substantial increase in municipally driven construction activities. Due to
obligations under the Municipal Act to accommodate road reconstruction projects, NPEI
has substantially increased capital expenditures related to these activities.

We anticipate that a return to pre-stimulus infrastructure spending levels will reduce the
capital requirement for these types of projects. Going forward, NPEI has allocated capital
funding for such projects based on pre-stimulus historical requirements. As such projects
are externally driven; NPEI may experience elevated levels of investments in this area.

6 Major Internal Initiatives

6.1

Information Technology Initiatives

NPEI manages data related to its assets in a corporate geographic information system
(GIS). The GIS is Intergraph’s G/Technology system designed and customized for electric
utilities based in Ontario. All of the distribution assets that are managed by NPEI are
modeled within the GIS. NPEI has invested heavily in GIS data as it provides a foundation
for managing the lifecycle of assets. NPEl has integrated the GIS to its corporate
customer information system (CIS), financial systems, analysis software, and its outage
management system.

Inspection data collected by NPEI is linked to specific asset features within GIS. The GIS is
used to analyze inspection results and prioritize the required corrective maintenance or
replacement activities. Any maintenance activity and associated data is also tracked in the
GIS.

NPEI routinely uses Distribution Engineering Simulation Software (DESS) to analyze the
distribution system. NPEI has integrated DESS with the GIS to ensure that the model used
for engineering analysis is kept current with minimal effort. DESS supports decisions made
by NPEl's engineering and operations staff related to the design and operation of the
distribution system.
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6.2

6.3

6.4

NPEI is currently implementing an outage management system (OMS). The GIS provides
the data utilized by the OMS and as such, the two systems have been integrated. The
OMS automates several stages of outage management for operations staff at the utility.
The system tracks and manages calls, predicts probable points of failure, and provides a
mechanism to dispatch outage related work orders to field crews electronically. Beyond
outage type work flows, the system also provides work force management capability. The
system is utilized to mange work assignment to operations field staff electronically.

Kiosk/Submersible Replacement Program

NPEl's distribution system contains approximately 200 legacy switching cubicle
installations referred to as kiosks. A kiosk is a masonry structure with a metal or concrete
lid that contains primary voltage switching apparatus. These installations do not conform
to current distribution standards and are at end of life. The installations are inspected on
a 5 year cycle to confirm condition. The inspection results are assessed annually to
prioritize units that require replacement with new equipment. In a typical year, NPEI
replaces 15 to 20 kiosks.

NPEI also has submersible distribution transformer installations on its system which are at
end of life. These installations do not meet current standards and are subject to
premature failure. A program is in place to replace these installations with pad mounted
transformation. At the end of 2010, NPEI had 18 submersible installations remaining on
its distribution system. NPEI typically replaces approximately 20 of these installations a
year which will lead to the elimination of submersible transformers from the system by
the end of 2011.

Pole Replacement Program

NPEl has been inspecting and testing poles on its distribution system since 2004.
Approximately 5000 poles are tested per year. Wood poles are tested using a sound and
bore method. Steel and concrete poles are visually inspected. All overhead distribution
apparatus installed on poles are visually inspected at the time of the pole test.

The resulting data from the annual pole testing program is analyzed in order to prioritize
the required pole replacements. NPEI replaces between 150 and 250 poles annually under
the pole replacement program.

Switchgear Replacement Program

NPEI has 89 primary voltage switchgear installations on its distribution system.
Approximately 20 units are inspected annually. The inspection consists of a visual
condition assessment, infrared scan, and ultrasonic scan.
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The resulting data from the annual switchgear inspection program is analyzed in order to
prioritize the required switchgear replacements. NPEI replaces approximately 4 units per
year under the switchgear replacement program.

6.5 Vegetation Management

Following the merger in 2008, NPEI adjusted its tree trimming program for the overall
service area. The western portion of the service area (Lincoln, West Lincoln and Fonthill)
is split into 4 trimming areas (1 per year) based on experience in growth rate. The eastern
portion of the service area (Niagara Falls) is split into 5 trimming areas (1 per year).

6.6 Other Reliability Initiatives

NPEI strives to improve reliability on its distribution system through the design and
incorporation of features such as:

e Wildlife Bushing Guards

e Insulated Drop Leads

e |nsulated Switch Brackets/Bases

e Over Insulated Components

e Increased Designed Clearances

e Encapsulated Switching and Terminal Components
e Covered Line Wire

e Advanced Reclosers and Controls

The application of these components minimizes the occurrence of foreign interference
with the distribution system that negatively impacts the reliability of service to our
customers.
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7 Business Practices

7.1 Proactive vs. Reactive Replacements

Based on replacement practices, assets can be divided into 2 distinct categories:
assets that are replaced “reactively” only when they fail, and assets that are
replaced “pro-actively” based on their condition before they fail.

Failure of assets that are replaced “proactively” usually does not result in
significant cost and/or risk to corporate objectives and values. Conversely, failure
of assets that are replaced “reactively” usually results in significant incremental
cost over and above planned replacement cost and, furthermore, poses high risk

to objectives and values.

NPEI “proactively” replaces distribution facilities as part of the Internal Initiatives

described in the Section 6.

7.2 Maintenance Practices

NPEI follows the requirements outlined in the distribution system code. The following
table summarizes maintenance practices on major equipment within NPEI’s asset base:

Equipment Cycle What is Done
TS/DS Inspection Monthly Visual Inspection
Station Transformers Annually Oil Analysis, Dissolved Gas Analysis,
Visual Inspection
Large Padmounted Transformers Annually Oil Analysis, Dissolved Gas Analysis,
Visual Inspection
Small Padmounted Transformers 5 Year Cycle Infrared Scan, Ultrasonic Scan,
Visual Inspection
Poles 5 Year Cycle Sound and Bore (Structural Integrity
Assessment), Treatment Application,
Component Inspection
Switchgear 5 Year Cycle Infrared Scan, Ultrasonic Scan,
Visual Inspection
Manholes/Civil Structures 5 Year Cycle Visual Inspection, Cleaning
Switching Kiosks 5 Year Cycle Condition Review, Prioritized
Elimination of Legacy Equipment
Vegetation Management 5 Year Cycle 5 Year Cutback
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7.3  Work Integration

NPEI adjusts its maintenance practices and sustainment capital programs due to
their inherent interdependencies and to account for internal initiatives. An
adjustment is made in situations where commercial and operational benefits can
be achieved. Examples of this include:

e Reducing capital replacement cost projections to account for distribution
plant that will be replaced as a part of an externally driven project, such as
a municipal road widening

e |Initiation of a rebuild project rather than per pole replacement approach
due to the quantity of identified deficiencies in a test area

e Extension in maintenance activities to provide increased life expectancy in
distribution assets where a known end of service date exists
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8 Asset Condition Assessment

NPEI retained the services of Kinectrics Inc. to carry out an Asset Condition
Assessment of NPEl's key distribution assets. The resulting Distrubtion Asset
Condition Assessment report is included in Appendix A of this document.
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9 2011 Business Plan

9.1 Sustaining Capital with Major Project Types

Item Project Type Sustainment Capital

1 Replacement of distribution facilities due to $2,005,619
deteriorated condition

2 Line extensions/relocations due to municipal road work $388,370
requirements

3 Replacement of poles identified with limited structural $1,226,524
integrity

4 Required overhead line rebuild of deteriorated facilities $776,740
identified in the pole condition survey

5 Replacement of kiosks and submersible transformers $480,835

6 Minor Betterments $488,926

$5,367,014

Less Capital Contributions $-100,000
Total $5,267,014

9.2 Development Capital with Major Project Types

Iltem Project Type Development Capital
1 Expansion of the primary distribution system to $1,295,495
accommodate load growth and reliability requirements
2 Subdivisions and new residential services $631,059
3 Demand based system requirements for new $1,156,938
commercial service connections and expansions
Projects under materiality $194,185
$3,227,677
Less Capital Contributions $-750,000
Total $2,527,677
9.3 Other Capital
Item Type Other Capital
1 Metering $185,185
2 Vehicles $462,963
3 Other Capital $659,954
Total $1,308,102
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9.4 O0O&M with Major Categories

Item Type Other Capital

1 Stations $190,778

2 Overhead Lines $1,921,782

3 Underground $651,140

4 Other $3,378,406
Total $6,142,106

9.5 Billing and Collecting with Major Categories

Item Type Other Capital

1 Billing $3,302,566

2 Collecting $893,163

3 Community Relations $81,464

Total $4,277,193

9.6 General and Administration

Iltem Type Other Capital

1 G&A $3,876,136
NPEI Asset Management Plan 2011 - 2015
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10 2012-2015 Business Plan

10.1 Sustaining Capital

2012 $5,223,331
2013 $5,320,205
2014 $5,368,186
2015 $5,464,149

10.2 Development Capital

2012 $2,766,249
2013 $2,908,623
2014 $2,981,100
2015 $3,101,559

10.3 Other Capital

2012 $1,324,074
2013 $1,273,148
2014 $1,273,148
2015 $1,273,148
10.4 O&M
2012 $6,278,477
2013 $6,418,728
2014 $6,562,315
2015 $6,709,323
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10.5 Billing and Collecting

2012 $4,365,422
2013 $4,463,294
2014 $4,563,847
2015 $4,667,161

10.6 General and Administration

2012 $3,963,342
2013 $4,052,768
2014 $4,144,473
2015 54,238,521
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Appendix A — NPEI Distribution Asset Condition Assessment Report

The remaining pages of this document contain the Distribution Asset Condition
Assessment Report produced by Kinectrics Incorporated.
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EXECUTIVE SUMMARY

Niagara Peninsula Energy Inc (NPEI) retained Kinectrics Inc. (Kinectrics) to carry out an Asset Condition
Assessment (ACA) of NPEI's key distribution assets. The assets were divided into several Asset Groups.
For each of these Asset Groups, the ACA included the following tasks:

e Derive Health Indexes

e Conduct Field Surveys

e Provide Capital Replacement Plan

e Recommend condition data gap closure strategy

This report summarizes the methodology, demonstrates specific approaches used in this project, and
presents the resultant findings and recommendations.

Information Availability and Health Index Methodology

The general methodology for Asset Condition Assessment is described, while each Asset Group is
presented in detail in its own section. Where appropriate, the formulations were modified based on the
expert opinion of NPEI staff, for example air-insulated pad mounted switchgear located near major
roads were automatically assigned poor condition and, thus, flagged for replacement. Field observations
generally supported the Health Index distribution derived using Kinectrics’ methodology. Some
differences could be attributed to the fact that the field survey observations weigh all the condition
parameters equally while the Health Index formulation used a weighted sum of condition parameters
scores.

Health Index Results Summary

For six of the seven Asset Groups there was sufficient asset information to calculate Health Indexes.
Table ES - 1 shows, for each of the seven Asset Group, the total number of assets, sample size, and
Health Index distribution. Detailed results for each Asset Group are shown in Section C RESULTS AND
FINDINGS.

Table ES - 1 Health Index Results Summary

ASSET SAMPLE SIZE HEALTH INDEX DISTRIBUTION

Description Populatlon m

Very Poor | Poor | Fair | Good | Very Good

1 Power Transformers 100% 0% 17% | 26% | 22% 35%

2 Large Pad Mounted 56 51 91% 0% 2% | 6% | 27% 65%
Transformers

3 Standard Pad Mounted 2,408 716 | 30% 5% 1% | 1% | 4% 89%
Transformers

Pole Top Transformers 6,835 6,711 98% 1% 4% [ 11% | 17% 67%

Poles 22,247 5,985 27% 0% 5% 6% 28% 61%

Pad Mounted Switchgear 89 38 43% 8% 34% | 3% | 18% 37%

KINECTRICS INC
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Capital Replacement Plan

The Capital Replacement Plan (CRP) includes two aspects: the number of units that are planned to be
replaced and the corresponding replacement cost. For asset categories 2 through 6 capital requirements
for the whole population were extrapolated from the sample and the comments regarding
appropriateness of such an assumption were included in Section C for each of these asset categories.

The number of units to be replaced was estimated based on asset condition and the corresponding
probability of failure. Table ES - 2 summarizes the assumed replacement cost, replacement plan
approach, and resultant capital replacement plan in the first year as well as the capital replacement plan
approach. Assets which are ‘run to failure’ are replaced reactively, compared to those assets which are
replaced proactively.

Table ES - 2 Capital Replacement Plan Summary

Assumed Units to Planned Capital CRP
Asset Replacement | Replacein Replacement Cost in Aporoach
Cost First Year First Year PP
Power Transformers $300,000 1 $300,000 Proactive
L Pad M
arge Pad Mounted $45,000 0 30 Proactive
Transformers
Pad M
Standard Pad Mounted $15,000 31 $465,000 Proactive
Transformers
Pole Top Transformers $5,000 38 $190,000 Reactive
Poles $5,000 160 $800,000 Reactive
Pad Mounted Switchgear $75,000 5 $375,000 Proactive

The scheduling of capital expenditure for assets which are replaced proactively has been levelized so
replacement is done over a period of time after the optimal replacement year. Those assets which are
replaced reactively also have a levelized schedule so replacement is done over a period of time before
the optimal replacement year. This methodology is to ensure that run to failure assets are replaced
before they fail.

Figure ES — 1 presents the Overall Levelized Capital Replacement Plan. This is the total replacement
projections for all the assets over the next five (5) years in 2011 dollars (cost does not take inflation
rates into account).
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Cost (2011 5)

Replacement Year

Figure ES - 1 Five Year Capital Replacement Plan

Conclusions and Recommendations

1. There was generally sufficient condition data available for Power Transformers, Large Pad-
mounted Transformers, Poles (inspected after 2008) and Switchgear.

2. For Pole-mounted transformers, only age and operating practices were available (i.e., number of
customers serviced by each transformer). Gathering and recording detailed inspection data
should be considered.

3. For Standard Pad Mounted Switchgear, age was provided for 87% of the population however
sufficient data was provided for only 28% of the population. It is recommended that NPEI collect
data for a greater population of Pad Mounted Switchgear.

4. For Poles that have not been inspected, age is only available for half of the population. Sufficient
age and inspection data should be collected for the rest of the population.

5. Sufficient data was not available for Underground Cables. It is recommended that inspection

and maintenance information be collected for these assets to enable future asset condition
assessment.

KINECTRICS INC Vi K-418046-RC-001-R3
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6. Comparison of poles with adequate condition data vs poles with only age known shows that the
former have a better overall condition than the latter. This is due to the fact that over the last
several years substantial capital investments were made to achieve that. It is therefore
recommended that capital investments be made to bring be made to bring the rest of the pole
population to the same Health Index distribution as the subset with adequate condition data.

KINECTRICS INC vii K-418046-RC-001-R3



Niagara Peninsula Energy Inc TABLE OF CONTENTS

Distribution Asset Condition Assessment

TABLE OF CONTENTS
EXECUTIVE SUMIMARY ..ottt st ee e e e ttee e e et te e e s et e e e saaa e e e e asaa s eeasaaeeenssansaerssanseensnnn iv
TABLE OF CONTENTS. ... ettt ettt e e e e ettt e e e e e e e e e ettt e e eeeeseeaasanaaaseeeesesesssnnnnnaseeeessssnnnnnn viii
LY O o 17 = ] I U X
Y IO o o [ 8 1| = S Xii
A INTRODUCGTION . cceui ettt e et e e et ee e e e et e e e e ataeseeatanaeeasnnnsesssnnnsesssnnseessnnnsesssnnnseees 1
B ASSET CONDITION ASSESSMENT METHODOLOGY .....oeiiiiiieeieiieeeeeiee ettt e e eeeate e e eeaae e e e eanas 5
C RESULTS AND FINDINGS. .. .ceotiieeiiiie ettt eeeeee e eete e e eeate e e e eataaeesestaeesesnneesesnneeesennnneessnnnnns 13
A o 1Y =T G N = 1 0 1) 0] ¢ 4 1 1L R RRRRRRRRRRRRN 15
1.1  Degradation MECRANISIM .....uiiiuiiiiieett ettt ettt et e sae e st esat e e sabeesabeesabeesaseesabeesaneesaseennneesas 15
1.1.1  Failure Mechanism Of Station TIrANSOIMEIS .........ccc.ueecueerieeriieeieesiee ettt ste et ste et ste e s et esite et e saneesseeeanes 16
1.2 Health INdeX FOrMUIATION.....ccciii ettt et e e e s tte e e e st e e e e eataeesabaaeesabaeaeesseeesnnsseeessreaann 17
1.3 Condition and SUb-Condition ParameEters.........ccccuiieiiiieeeiiieeceiiee e eetee e e st e e e esare e e seareeeesbaeeeesseeesesssaeessseeens 17
3 R 01 0 11 o 1RSSR 18
1.3.2  Oil DisSOIVE GAS ANGIYSIS (DGA)....eoeeeeeeeeeeeeeeeeeee et e et e e et eette et e s tte e sesssteesssassaeassaesseesssasseassssessesasesassanases 18
1.3.3  AGE ettt v ettt et s et r st e st e s s s es s e e 19
IR =T | o T [ Vo L= T U | LSRR 20
1.5  Field INSPECLION RESUILS .....eiiiiiiiiecciiee ettt ettt e st e e et e e e ette e e stbeeeesabaeeeenaseeesasaseesnsseaeenssaeesassaneessseeans 22
I O o 11 - | I A U=T o] ETol=Y o 0 Y=Y oY ol o = o USSP 22
1.6.1  Optimal Capital REPIACEMENT PIAN ...........ooeeeeeeeeeiiieeiiee ettt ettt e et e et e s st e e e sste e s ste e s satsaesnasaaesasbasssnsaaasnssees 22
1.6.2  Levelized Capital RePIACEMENT PIAN ...........ccocveeeeieiiiesiiie et eeiee ettt este sttt e s sttt e et e e s este e s satsaesnssaeesssbeassnsasesnssees 23
i A D T & C -1 o J 1 o 1 U o <P UUSPRRN 24
2 Large Pad Mounted TranSfOormMErS......ccuiiiiiee it e e e e e e rrrreee e e e e s e e naaaeeeeaaeas 25
2 R D 1= (- Yo F-Ta (o o N\, F=Tol o =T a1 o o SRR 25
2.2 Health INdeX FOrMUIGTION.....ciii i e e e et e e e e e e st b e e e e e e e e snnstaaseeeeeesessrsnneeas 26
2.3 Condition and SUb-Condition ParameEters........iiieiciiiiieie et e e e e srtrar e e e e e e s eabrer e e e e e e seaaeraeees 26
D B 01 N0 1) o |15 AT PP SPUPPPPNE 27
2.3.2 Ol DiSSOIVEd GAS ANGIYSIS (DGA)......oecveeeeeeeeeeeeteeeeeeeeeeetteete ettt e s isaeasteesteessasaseassseesssasasesassseassesssasassssssenssanaseans 27
D B R Vs [OOSR UPPPP S PPPPPPPPPTIIRE
2.4 Health Index Results
2.5 Field INSPECLION RESUIES ....uviiiiiiiiieiieieee e e e e e e s et a e e e e e se s atbaaeeeeeeesnnstaareeeeeeseasrraneeas 31
I 0T oY1 =1 W 2 (=T o] 1ol =T g T<T o o o - o FA USRS 31
2.6.1  Optimal Capital REPIACEMENT PIAN .........cc.vveeeeiieeeiieeeee et e et e e et e e te e e ettt e e sasteesastaesaatsaessssessssseassnsssassans 31
2.6.2 Levelized Capital REPIACEMENT PIAN .............ooeeveieeeiiieeiie ettt ste ettt e e ettt e e st e e s este e s attaeessteessaseassssssasnans 32
R A 1 - N CF T o J @ T T U T TSR 33
3 Standard Pad-Mounted TransSfOrMErS. ...ttt e e e 34
S D 1= (- Yo o Ta (o o Y, F=Tol o =T a1 o o TR 35
3.2 Health INdeX FOrMUIGLION.....ciii i e e e et e e e e e s e st b ae e e e e e e e asbaaaeeeaeesennsssanneas 36
3.3  Condition and SUub-Condition ParameEters..........eciiceiiciiiiiei et e et e e e e e sebrre e e e e e e sebrar e e e e e e senasstaeneas 36

KINECTRICS INC viii K-418046-RC-001-R3



Niagara Peninsula Energy Inc TABLE OF CONTENTS

Distribution Asset Condition Assessment

3.3.1 Enclosure
3.3.2 Grounding

3.3.3 Age
3.4 HeEAIth INAEX RESUIES ..uuviiiieiiiiieeieesiie ettt ettt st e st e e st eesaae e sa b e e sateesabeesbeeesabeesabeesbbeebeeenaseenseeas 38
3.5  Field INSPECLION RESUIS ..cccueiiie ettt e e e st e e et e e e e ata e e e s taeeeensteeesnsaeeesnsseeeensseeesnnees 39
3.6 Capital REPIacemMENT PIan........oiiiieiiiieieeieeet ettt ettt sttt e st e e bt e sabe e sbe e e saae e be e e naneennee s 40
3.6.1  OptiMQAl REPIACEMENT PIAN.......cccoueeeeiieeiee ettt ettt e st e st e e ettt e e teessteassatsaeeasteesasteassasnaaanans 40
3.6.2  Levelized Capital REPIACEMENT PIAN .............oooueeeeeiiieeeee ettt ettt et e s e s st e e e s bte e e sateaesseeaenans 40
A D -1 = -] o J 01T 1Y U <SSR 41
4 Pole-Mounted TranSfOrMEers .......oocuuiie e e e e e e e naeee s 42
R B 1Yo = Yo - 1 o o AV, F=Tod o F= o 1Y o o USRSt

4.2 Health Index Formulation
4.3 Condition and Sub-Condition Parameters

/G I S O] o T=1 g0 11 Yo [l od o Tot 1 [0l =X 3PP UOPPPPPPN

G o - OO PPPUOPPTPRPN
4.4 HEAIN INEX RESUILS ..eiiutiiiiii ettt ettt ettt st ettt e st e bt e st e s bae s beeebeesabaesnbeesabaesnseesabaesnseesnses
4.5  Field INSPECLION RESUILS ....iiieiiiieeeiiee e et e e este e e e ette e e et e e et e e e e etteeestbeeaesttaeesessaaeessseaeastaeeeassssesnsseeesassenananes
N R - Y 11 = I 4= o] Yol =T o o 1T o ol o - 1 DO USSRt

4.6.1  OPtimMal REPIACEMENT PION..........ooeeieieiieeeeeeeeee ettt ettt s e et e st e st e ste e s e sseesaneeseananeanns

4.6.2  Levelized Capital REPIACEMENT PION ..........ccc.eoveeeeiiieieeieeeese ettt ettt ettt ettt e sineeseesneenieenaneenns
4.7 Data GAP ClOSUIE ..ceiuieiiiieeteeeiteette et et ettt e ettt et e sttt s bt e sabe e e bt e sabe e e beesabeeeaeesabeeeabeesabeeeabeesabeesabeesabeeeneesases

5 POIES e

5.1 Degradation MECHANISI c...ciiiiiiiie ettt e sa e e s aae e st e e saae e sateesbeeesateenbaeenbeeenbaeenaaeentaeen
5.2 Health INdeX FOrMUIGLION....c..uiiiiiiiiteiiee sttt s e s e e e s be e sae e e sateesbeeesateesaaeesseeensseessneenseeen
5.3 Condition and Sub-Condition Parameters

531  AQE e
5.4 HeEalth INAEX RESUIES .....eiiiiiiiiieeteecite ettt sttt st et e sab e sat e e sabe e bt e e sateesaeeessbeesbeeesneesnnneas
5.5  Field INSPECLION RESUIES ..ccicueiiiieieie ettt s e e et e e s e e e e e s aba e e e snteeesaeeeeesnsaeesenneeeesnnnees

5.6 Capital Replacement Plan
5.6.1 Optimal Capital Replacement Plan

5.6.2  Levelized Capital REPIACEMENT PION ..........cccueeeeeeieeieeee ettt este st stteeteeseeestea s e estaesaseessteeseesssesaseesseenseasaseanns
I A D -1 - -] o 1o 1Y U <SR
6 Pad MoUNTEA SWITCRZEAN.......vveiiii e ee s e e e e e e et reeeeeeees
6.1 Degradation Mechanism
6.2 FOormulation.....cccceccvevivciieeeiiee e
6.3 Condition and Sub-Condition Parameters
6.4 HEAIth INAEX RESUILS ... .. it e e e e e e e e e e s e bt a e e e e e e se s astaaeeeaeeesnnstaaaeeeeeesanssssrnnes
6.5  Field INSPECLION RESUILS .....uviiiiiiicciiiieee e e e e e s et e e e e e s e s attbaeeeaeee s sstatreeeeeesennsesanneas
6.6 Capital Replacement Plan........ccccccovvieeeeieicnnnnns
6.6.1 Optimal Capital Replacement Plan ....
6.6.2 Levelized Capital Replacement Plan.................
6.7 Data Gap ClOSUre.......cccuveeeeceieeeeeeeee e e sieee s
D CONCLUSIONS AND RECOMMENDATIONS ...ttt e e et e eeetee e e e et e e e eaaneaaees 63
E FIELD INSPECTION FORMS ...ttt et e e et e e e ettt e e e e e tae e e e staeeeeetaneeanennaaens 67

KINECTRICS INC ix K-418046-RC-001-R3



Niagara Peninsula Energy Inc LIST OF TABLES

Distribution Asset Condition Assessment

LIST OF TABLES
Table 1-1 Condition Weights and Maximum CPS ..........cooiiiiiiiiiiieeeiie et esree e e e e s sbee e e 17
Table 1-2 Insulation (m=1) Weights and MaxXimum CPF..........ccccceeviiiiiieeciee e cieeertreesveeerne e saee e e 17
Table 1-3 Ol QUANIY TOSE ...ttt e st e e e s b e e e sa b e e e s ssbeeessssreeesssnbeeessnnrenas 18
Table 1-4 Oil Quality OVErall FACTOMING ...cciiuiiiiiiiiiie ettt e e e s e e s s b ee e e sareeas 18
Table 1-5 TransformMer DGA ..ottt sttt et et e s bt e st e st st eab e e b e e beesbeesmeesaeeenneas 18
Table 1-6 Oil DGA OVErall FACLOMING ......uvieiiiieeeciiie ettt ee e e etee e e bae e e s eare e e e etbeeeesntaeeeenbaeeeennsenas 19
Table 1-7 Sealing & Connection (m=2) Weights and Maximum CPF ..........ccccccoeiiiieeciiiiee e 19
Table 1-8 Service Record (m=3) Weights and Maximum CPF............ccovviiiiiiieeiciieee et 19
LI o1 T R B N =Y ] o] 1 [T V=L SRR 19
Table 1-10 Substation Health Index Score and Criticality........cccccueieeiciiee e e 21
I o1 T R F Y = - [ o J 1 o 1Y 1] PR 24
Table 2-1 Condition Weights and Maximum CPS ..........cooiiiiiiiiiiieeeriees et erree e sree e s ree e e sabee e s s 26
Table 2-2 Insulation (m=1) Weights and MaxXimum CPF...........cccceeiieiiiieeciee et cteeeireesveeerre e svee e evae e 26
Table 2-3 Ol QUANIY TOSE....uiiiiieiiie et e e e s b e e s st b e e e e s bbeeeessbaeeessbeeeesnssenas 27
Table 2-4 Oil Quality OVErall FACTOMING ...cccicuiiiieiiiiie ettt e e e s e e e s e e s s nbee e e sareeas 27
Table 2-5 Transformer DGA ........oo oottt st se e st e e bt e reesreesreesaeeeanees 27
Table 2-6 Oil DGA OVErall FACOMNG .....uvviiiiieeieiiiee ettt ertee et e e e sree e e sae e e s srb e e e e sabeeeessbaeesennbeeessnasenas 28
Table 2-7 Sealing & Connection (m=2) Weights and Maximum CPF ..........ccccccoeiiiieeeiiiiee et 28
Table 2-8 Service Record (m=3) Weights and Maximum CPF..........cccccueiiiiiiieeeciiiee et e 28
TabIE 2-9 TranSTOrMEI AZE ..oooeeeieee ettt e e et e e et e e e e et e e e e e bt e e e s e abaeeeesteeeeasteeesanbenasanrenas 28
Table 2-10 Pad Mounted Transformer Health INdeX SCOIe .......ccuiiiiiiiiiieiienieeceeeee et 30
Table 3-1 Condition Weights and Maximum CPS ..........oooiiiiiii ettt e e tee e e are e e s e ear e e e e eareeas 36
Table 3-2 Physical Condition (m=1) Weights and Maximum CPF...........cccccciieeieiiiie et 36
Table 3-3 Connection & insulation (m=2) Weights and Maximum CPF............ccccoouveiiiiieeeeciiee e 37
Table 3-4 Testing (m=3) Weights and Maximum CPF...........cccieiiiiiiieiiiee ettt eree s e e 37
Table 3-5 ENCIOSUINE RAtING SCOME....ciiiciiiieiiiee ettt ettt e e e e rree e e st e e e s stb e e e e e abeeeessbaeesennbeeeeennseeas 37
Table 3-6 Grounding RAtING SCOME ...cccuuiiiiiiiieecciie ettt e et e e e aee e e snb e e e e e abeeeeenbaeesenbeeesennsenas 37
Table 3-7 Service Record (m=3) Weights and Maximum CPF..........ccccccoveiiiieiiieeiiie et esiee e 37
TabIe 3-8 AZE RALING SCOME ...viiiiiiiee ettt e e et e e et e e e st e e e e s asbeeeesssbeeesannbaeesanbeeeeannsenas 38

KINECTRICS INC X K-418046-RC-001-R3



Niagara Peninsula Energy Inc LIST OF TABLES

Distribution Asset Condition Assessment

Table 4-1 Condition Weights and Maximum CPS ..........oooiiiiiiiiieec et e e srre e e e e eavee e e 44
Table 4-2 Operating Practices (m=1) Weights and Maximum CPF ...........ccccoveeiiiiiieeciiiee e e 44
Table 4-3 CUSLOMEr SCOME RATING....ccccciiii ettt e e e e et e e s et e e e e e abe e e s eabaeesennbeeeeennrenas 44
Table 4-4 Service Record (m=2) Weights and Maximum CPF..........ccccovveiiiiiiee it 45
Table 4-5 AZE SCOIE RATING ..uveiiieiiiie ittt ettt e e e e et e e e e s te e e e e aateeesannbaeeeensbeeeeastaeesasseeeeannsenas 45
Table 5-1 Condition Weights and Maximum CPS ..........uiiiiiiiiiiiiiieeeriee et ssree e sree e s siree e s nree e s sareeas 50
Table 5-2 Pole Physical (m=2) Weights and Maximum CPF...........cccceeiiieeiiieerieecee e eee e 51
Table 5-3 Pole Accessory (m=3) Weights and Maximum CPF..........ccccccvieeiiieriiecie e 51
Table 5-4 Overall (m=4) Weights and Maximum CPF ...........ccceviieiiie ettt stee e tre et eeree e see e e rae e 51
LI o1 TSR TN ado ] L=l Y - TP SRS 51
Table 6-1 Condition Weights and Maximum CPS ..........coooiiiiiiiiiiecccieee et eree e estee e ree e e sabee e s 58
Table 6-2 Physical Condition (m=1) Weights and Maximum CPF ...........ccccoeeiiieiiiieerieecee e e 58
Table 6-3 Switch/Fuse Condition (m=2) Weights and Maximum CPF ...........ccccceevieeiiieecreeectieeceee e 58
Table 6-4 Insulation (m=3) Weights and Maximum CPF............ccoiiiiiiiiiieciiee et 58
Table 6-5 Service Record (m=4) Weights and Maximum CPF..........ccccouviiiiiiieeiciieee et ecvee e e 58
Table 6-6 Tests (m=5) Weights and Maximum CPF ..........ccccuiiiiiiiiieecieee e eree e e iree e e eabae e e 59

KINECTRICS INC Xi K-418046-RC-001-R3



Niagara Peninsula Energy Inc LIST OF FIGURES

Distribution Asset Condition Assessment

LIST OF FIGURES
Figure 1-1 Health Index Distribution by UNits ....c..eeiieiiiiiiiiiiieccciec et 20
Figure 1-2 Health Index Distribution by Percentage.......cccoccuuiiiiiiiiieiiiee et 21
Figure 1-3 Field INSPECLION RESUILS ..oiuviiiiiiiieieciee ettt ettt e e st e e e s e e s s abe e e s snnee e s enareeas 22
Figure 1-4 Optimal ReplacemeEnt PIan .......cuuiiiiiiiie ettt e s s s ree e s sabe e e s s nareeas 23
Figure 1-5 Levelized ReEPlacemMeENnt Plan ....o.uiii ittt ettt e e st e e s s s e e s snbe e e s sareeas 24
Figure 2-1 Health Index Distribution by UNits ........eiieiiiiiieiiiee et e e e 29
Figure 2-2 Health Index Distribution by Percentage.......ccccccuueieeiiiiie et e e 29
Figure 2-3 Optimal ReplacemMENT PIAN ......c.uuiiii ettt ettt e e et e e e et e e e e e e e e enta e e s eareeas 32
Figure 2-4 Levelized REPlacemMeENnt Plan .........eeiiciiiei ettt e e e ate e e e e e e e e e nte e e e eaneeas 32
Figure 3-1 Health Index Distribution bY Unit.........coiiiiiiiiiiiiee et e e e e 38
Figure 3-2 Health Index Distribution by PErcentage.......ccccccueieeiciiiie ettt e e e e e e 39
Figure 3-3 Field INSPECLION RESUILS ..oicueviiiiieiiee ettt ettt et e s e st e e e s e e e s b e e e s sbaee e enreeas 39
Figure 3-4 Optimal ReplacemeEnt PIaN ......o.uiii ittt s s aree e s nbe e e e e areeas 40
Figure 3-5 Levelized ReEPlacemMeENnt Plan ...c...uiiii ittt e e e s s s e e s nbe e e s sareeas 41
Figure 4-1 Health Index Distribution by Unit......ccueiiiiiiiiiiiiiececieccsee e 45
Figure 4-2 Health Index Distribution by Percentage.......cccoccveiiiiiiiiiiiiiee ettt 46
Figure 4-3 Field INSPECLION RESUILS ..oc.uviiiiieiiie ittt ettt e et e e e s etee e e s abe e e s s abee e e sanbaeeeenarenas 46
Figure 4-4 Optimal ReplacemeEnt PIaN ........uviiiiiiie ettt e ee e et e e s avee e s snba e e e e areeas 47
Figure 4-5 Levelized REPlacemMeENnt Plan .........ueieiiiieieeie ettt ettt ettt e et e e et e e et e e e e ente e e e eareeas 48
Figure 5-1 Health Index Distribution BY UNit..........oeieiiiiiiiiiiee et e e e 52
Figure 5-2 Health Index Distribution by Percentage.......cccccueieeiiiiiieeeiieee ettt ettt e e e e e e e 52
Figure 5-3 Comparison of Sample Age Data to a Larger Sample of the Population Age Data.................... 53
Figure 5-4 Field INSPECTION RESUILS .......viiiieiiee ettt ettt e e st e e tte e e e e ate e e e e abe e e e e abeeesennbaeeeennsenas 53
Figure 5-5 Optimal ReplacemMENT PIaN ......c...uiiii ettt e e et e et e e e et e e e e e nte e e e enreeas 54
Figure 5-6 Levelized REplacemMent Plan .........ueiiiiiiiieiee ettt e s e s s ave e e e e nbe e e e e areeas 55
Figure 6-1 Health Index Distribution by Unit.......ceeeieiiiiiiiiiec et e e 59
Figure 6-2 Health Index Distribution by Percentage.......cccccuueieiiiiieiiiiiee ettt e e 60
Figure 6-3 Field INSPECLION RESUILS ..cc.uviiiiciiie ettt ettt e e et e e e et e e s s b e e e e sannaeeeeareeas 60
Figure 6-4 Optimal ReplacemMeEnt PIAN .....couuiiiiiiiie ettt e et e e et e s s s are e e e s nba e e e eeareeas 61
Figure 6-5 Levelized REplacemMent Plan .........ueiiciiie ittt e et e e s aba e e e e nta e e s eareeas 62

KINECTRICS INC Xii K-418046-RC-001-R3



Niagara Peninsula Energy Inc LIST OF FIGURES

Distribution Asset Condition Assessment

THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK

KINECTRICS INC xiii K-418046-RC-001-R3



Niagara Peninsula Energy Inc A INTRODUCTION

Distribution Asset Condition Assessment

A INTRODUCTION

KINECTRICS INC 1 K-418046-RC-001-R3



Niagara Peninsula Energy Inc A INTRODUCTION

Distribution Asset Condition Assessment

THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK

KINECTRICS INC 2 K-418046-RC-001-R3



Niagara Peninsula Energy Inc A INTRODUCTION

Distribution Asset Condition Assessment

To: Niagara Peninsula Energy
7447 Pin Oak Drive
Niagara Falls, ON L2E 6S5

INTRODUCTION

Niagara Peninsula Energy Inc (NPEI) supplies electricity to homes and businesses and is regulated by the
Ontario Energy Board.

Kinectrics Inc. (Kinectrics) is an independent consulting engineering company with the advantage of 90
years of expertise gained as part of one of North America’s largest integrated electric power companies.
Kinectrics has a depth of experience in the area of transmission and distribution systems and
components and has become a prime source of Asset Management and Asset Condition services to
some of the largest power utilities in North America.

NPEI retained the services of Kinectrics to carry out condition assessment of its electrical distribution
system assets.

A considerable portion of this work was devoted to the development of Health Indices based on the
information provided by NPEI, a brief visual field survey conducted by Kinectrics and the expert opinion
of NPEI staff.

This report presents the findings of the NPEI's distribution assets condition assessment and includes the
development of Health Indices for the specified Asset Groups.

Objective

Kinectrics performed an Asset Condition Assessment of NPEl's electrical distribution system. The
following distribution system assets, referred to as Asset Groups throughout this report, were covered
under the scope of work for this project:

Power Transformers

Large Pad-Mounted Transformers
Standard Pad-Mounted Transformers
Pole-Top Transformers

Poles

Pad Mounted Switchgear

U WN -

As part of the asset condition assessment, a visual inspection of the power system physical assets was
conducted by Kinectrics. The objective of the inspections was to confirm the average condition of the
equipment as indicated by the condition data bases provided to Kinectrics.

KINECTRICS INC 3 K-418046-RC-001-R3



Niagara Peninsula Energy Inc A INTRODUCTION

Distribution Asset Condition Assessment
Scope of the Work
The project includes the following:

Provide Recommended Health Index formulations used to derive Health Indices

Calculate and provide Health Index distribution for each of the aforementioned asset categories
Provide Capital Replacement Plan

Identify condition data gaps and provide recommendations for their prioritized closure

A WN PR

These areas and the factors of assessments covered under this project, are based on Kinectrics
experience and familiarity with the industry requirements, and provides rational for the capital
replacement expenditures being sought by NPEI. As such, the results will help NPEI in its service rate
application submission to the OEB and will provide a basis for a medium to long-term capital plan for its
distribution assets. It is worth noting, however, that replacement requirement due to poor asset
condition is not the only basis for developing a capital plan: other factors, such as obsolescence, design
flaws, exposure to severe environmental conditions, system requirements, etc. should also be taken into
account when developing such plan.

Visual field inspection was conducted at several locations and included:

e 3 |ocations of three-phase pad mounted transformers
e 2 |ocations of overhead switches

e 5]ocations of wood poles

e 2 locations of pole mounted transformers,

e 1 location of pad mounted switchgear

e 2 |ocations of distribution station transformers.

All of the locations were inspected directly by Kinectrics staff that traveled to the sites accompanied by a
NPEI employee. The sample locations were scattered at 11 geographic areas within the service territory
of NPEL.

Deliverables
The deliverables in this report include the following information:

Short description of the asset groups being considered in the study
Discussion of asset degradation and end-of-life issues

Health Index results for the Asset Groups

Description of methodology for assessment of asset replacements
e (Capital replacement plan

e Data Gap Closure

e Field inspection results
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Distribution Asset Condition Assessment
Health Indexing

Health Indexing quantifies equipment condition based on numerous condition criteria that are related
to the long-term degradation factors that cumulatively lead to an asset’s end of life. The Health Index
(HI) is an indicator of the asset’s overall health and is typically given in terms of percentage, with 100%
representing an asset in brand new condition. Health Indexing differs from maintenance testing, whose
objective is finding defects and deficiencies that need correction or remediation in order to keep an
asset operating prior to reaching its end of life.

Condition Parameters are the asset characteristics that are used to derive the Health Index. In
formulating a Health Index, condition parameters are ranked and evaluated, through the assignment of
corresponding weights, based on their contribution to asset degradation. The condition parameter
score is an evaluation of an asset with respect to a condition parameter.

A condition parameter may also be comprised of several sub-condition parameters. For example, a
parameter called “insulation” for power transformers may be a composite of Oil Quality and Oil DGA.

The Health Index, which is a function of the condition parameter scores and weightings, is therefore
given by:

vm
> a,(CPS, xWCP,)

HI = me‘l
> & (CPS,, 1k XWCP,)
m=1
where
vn
> 3,(CPF, xWCPF,)
CPS = vﬂ”:l
2B, (CPF, ., xXWCPF,)
n=1
CPS Condition Parameter Score
WCP Weight of Condition Parameter
Om Data availability coefficient for condition parameter
(=1 when data available, =0 when data unavailable)
CPF Sub-Condition Parameter Score
WCPF Weight of Sub-Condition Parameter
Bn Data availability coefficient for sub-condition parameter

(=1 when data available, =0 when data unavailable)

While weightings are assigned based on the priority level of condition parameters, scores represent the
evaluation of an asset against condition criteria. A condition criterion is the scale that is used to
determine an asset’s score for a particular parameter.

Consider, for example, a system where the Health Index is described under one of the following five

categories: very poor, poor, fair, good, and very good. A scoring system of 0 through 4 corresponds to
the “very poor” through “very good” categorization. Consider a parameter “age” for which this scoring
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system is applied. The condition criteria will define the age that constitutes scores of 0 through 4 (i.e. a
pole mounted transformer that is 50 years old will receive a score of 0; whereas one that is 2 years old
will receive the maximum score of 4). Note that in this study, the condition criteria scoring system
consist of values from zero (0) through four (4), with 0 being the worst and 4 being the best score.

De-rating factors are also used to adjust a calculated Health Index to reflect certain conditions. These
may be factors that may or may not be related to asset condition, but contribute to the asset’s risk of
failure. For example, an air-insulated Pad Mounted Switchgear by a major roadway is prone to
problems. Dominant parameters may be used as de-rating factors. These are asset properties that are
considered to be of such importance that its status has a dominant impact on the value of the Health
Index. De-rating factors are used to reduce the Health Index of an asset by a certain percentage. If a
calculated Health Index is, say, 90%, a de-rating factor of 80% will reduce the effective Health Index to
90% x 80% = 72%.

Relating Health Index to Effective Age

Once the Health Index of an asset is determined, its effective age can be evaluated by establishing a
relationship between its Health Index and its probability of failure. Effective age is different from
chronological age in that it is based on the asset’s condition and the stress stresses applied to the asset.

Probability of Failure

Where failure rate data is not available, a frequency of failure that grows exponentially with age
provides the best model. The failure rate equation is in the form of:

f=eflt—®
where
f = failure rate of an asset (frequency or the number of expected failures
per year) at time t
t =time
a, B = constant parameters that control the rise of the curve

The corresponding probability of failure is given as:

Pr=1- e Ue"s

where
Py = probability of failure
f = failure rate of an asset
a, B = constant parameters that control the rise of the curve

Different assets groups experience different failure rates and therefore different probabilities of failure.
As such, the shapes of the failure and probability curves are different. The parameters a and B are used
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control the location and steepness of the exponential rise of these curves. For each asset group, the
values of these constant parameters were selected to reflect typical useful lives for these assets.

Quantitative Relationship Between Health Index and Probability of Failure

Failure of an asset occurs when the stress that an asset experiences exceeds is strength. Assuming that
stress is not constant and the stress probability is normally distributed, the probability of stress
exceeding asset strength leads to the probability of failure.

Consider the Health Index to be a representation of condition. Two Health Index points and the
probabilities of failure at those Health Index points can be used to find the probabilities of failure at
other Health Index values. This is illustrated in the figure below. The vertical line represents condition
(Health Index) and the area under the curve to the right of the line represents the probability of failure.
A Health Index of 100% represents an asset that is in brand new condition and a Health Index of 30% at
its end of life. Moving the vertical line left from 100% to 30%, the probabilities of failure at other Health
Indices can be found.

Condition / Strength

30% ! 70% 100%

— HI at 35% = HI at T0% — HIat 100%:

Effective Age and Remaining Life

The effective age associated with a particular Health Index is found by first plotting the Probability of
Failure vs. Health Index curve. This is the area under the probability density curve between the 100%
and 30% Health Index points. This curve is shown on the left hand graph of the figure below. The
associated probability of failure is then found on Probability of Failure vs. Age graph (right hand graph).
The effective age is read from the horizontal axis of the right hand graph.
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Porbability of Failure vs. Health Index Probability of Failure vs. Age

Probability of Failure
8

E R E

Probability of Failure

30 35 40 45 50 55 60 65 70 75 80 ] 10 20 30 40 50 60 70 80

Health Index (%) Effective Age

Relationship between Health Index and Effective Age

The remaining life can be estimated as the difference between the asset’s maximum life expectancy and
its effective age. For example, a pole mounted transformer that has an effective age of 35 years will
have a remaining life of 45-35 = 10 years.

Capital Replacement Plan
Simple Replacement

Asset groups that have little consequence of failure or that are run to failure are reactively replaced. The
number of predicted failures multiplied by the replacement cost per unit at the year of failure
determined the yearly investments for the asset group.

Risk Analysis

For assets that are have a high consequence of failure (i.e. power transformers), risk analysis
determined the economic optimal time of intervention. Planned replacement cost, cost of failure, and
risk cost were considered.

The utility’s costs of failure for an asset can include the replacement cost of the asset, any collateral
damage to adjacent equipment, environmental clean-up costs, overtime labour premiums, and the lost
revenue. Some utilities also include the cost of interruptions to customers. For this analysis, the cost of
failure was estimated as a multiple of its planned replacement cost. For non-critical power
transformers, the cost of failure was defined as 1.5 times the planned replacement cost, whereas for
critical power transformers, the cost of failure multiple was 2.

The risk cost is defined as the failure cost times the probability of failure, probability of failure is
dependent on an asset’s effective age.

The optimal time of intervention (refurbishment or replacement) was found as the point where the risk
cost begins to exceeds the replacement cost. The number of units that were flagged for replacement in
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a given year times replacement cost for the given year determined the investment required for that
year.

1600000

1400000

1200000

1000000

800000 / — Replacement
/ Cost

600000 Risk Cost

400000 / ® Optimal Time of

/ Intervention

Cost$

200000

o |
a 20 40 60 80

Time [years]

Data Gap Closure

Prioritized strategy for data gap closure is included for each asset category using 3 priority levels, from
the highest (3 stars) to the lowest (a single star). It is recommended to start collecting condition data for
the highest priority condition parameters as this will improve credibility of the Health Index results the
most. This is the case for both assets with some condition data available and assets with no condition
data available.
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1 Power Transformers

The application of substation station transformers generally involves the step down of a higher
to lower voltage. Power transformers vary in capacity and ratings over a broad range.

Station transformers employ many different design configurations, but they are typically made
up of the following main components:

e Primary, secondary and, possibly, tertiary windings
e lLaminated iron core

e Internal insulating media

e Main tank

e Bushings

e Cooling system, including radiators, fans and pumps (Optional)
e Off load tap changer (Optional)

e Onload tap changer (Optional)

e Instrument transformers

e Control mechanism cabinets

e Instruments and gauges

1.1 Degradation Mechanism

For a majority of transformers, End-of-Life (EOL) is expected to be caused by the failure of the
insulation system and more specifically the failure of pressboard and paper insulation. While the
insulating oil can be treated or changed, it is not practical to change the paper and pressboard
insulation. The condition and degradation of the insulating oil, however, plays a significant role
in aging and deterioration of the transformer, as it directly influences the speed of degradation
of the paper insulation. The degradation of oil and paper in transformers is essentially an
oxidation process. The three important factors that impact the rate of oxidation of oil and paper
insulation are the presence of oxygen, high temperature, and moisture.

Oil analysis is such a powerful diagnostic and condition assessment technique that combining it
with background information, related to the specification, operating history, loading conditions
and system related issues, provides a very effective means of assessing the condition of
transformers and identifying units with a probable high risk of failure. It is the ideal means on
which to base an ongoing management strategy for aging transformers, identifying units that
warrant consideration for continued use, consideration of remedial measures to extend life or
identification of transformers that should be considered for replacement within a defined time
frame.

Other condition assessment techniques for substation transformers include the use of online
monitors, capable of monitoring specific parameters, e.g. dissolved gas monitors, continuous
moisture measurement or temperature monitoring, winding continuity checks, DC insulation
resistance measurements and no-load loss measurements. Dielectric measurements that
attempt to give an indication of the condition of the insulation system include dielectric loss,
dielectric spectroscopy, polarization index, and recovery voltage measurements. Doble testing is
a procedure that falls within this general group. Other techniques that are commonly applied to
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transformers include infrared surveys, partial discharge detection and location using ultrasonic
and/or electromagnetic detection and frequency response analysis.

The health indicator parameters for substation transformers usually include:

Condition of the bushings

Condition of transformer tank

Condition of gaskets and oil leaks

Condition of transformer foundations

e Qil test results

o Transformer age and winding temperature profiles
e Maximum loading profile

1.1.1  Failure Mechanism of Station Transformers

1.1.1.1 Thermal Aging:

Thermal aging involves the progress of chemical and physical changes because of chemical
degradation reactions, polymerization, depolymerization, and diffusions.

1.1.1.2 Electrical Aging:
Electrical aging, as it relates to AC, impulse, or switching involves the effects of the following:
e partial discharges
e treeing
e electrolysis
e increased temperatures produced by high dielectric losses
e space charges

1.1.1.3 Mechanical Aging

Mechanical aging involves the following:
e fatigue failure of insulation components caused by a large number of low-level stress
cycles
o thermo mechanical effects caused by thermal expansion and or contraction
e rupture of insulation by high levels of mechanical stress such as may be caused by
external forces or operation condition of the equipment
e Insulation creep or flow under electrical, thermal, or mechanical stresses
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1.2 Health Index Formulation

Recommended Health Index Formulations:

> a,(CPS, xWCP,)
m=1

HI = x DF

Z‘,am(c:Psmmax xWCP)
=1

where
ZBn (CPF, x WCPF,)

CPS=_" x 4
z“ﬁn(CPanax x WCPF,)
n=1

CPS --- Condition Parameter Score
WCP  --- Weight of Condition Parameter
DF --- De-rating Factor

CPF --- Sub-Condition Parameter Factor
W(CPF --- Weight of Condition Parameter Factor

1 - Power Transformers

o, --- Data availability coefficient for condition parameter (=1 when data available, =0 when

data unavailable)

B, --- Data availability coefficient for condition factor (=1 when data available, =0 when data

unavailable)

1.3 Condition and Sub-Condition Parameters

Table 1-1 Condition Weights and Maximum CPS

m Condition parameter WCP,, CPS, . max
1 Insulation 4 4
2 Sealing & Connection 1 4
3 Service record 3 4
Table 1-2 Insulation (m=1) Weights and Maximum CPF
n Sub-Condition Parameter WCPF,, CPF, max
1 Oil Quality 4 4
2 Oil DGA 5 4
KINECTRICS INC 17 K-418046-RC-001-R3
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1.3.1 0il Quality
Table 1-3 Oil Quality Test

Ccl);::;::n CPF Description

A 4 Overall factor is less than 1.2

B 3 Overall factor between 1.2 and 1.5

C 2 Overall factor is between 1.5 and 2.0

D 1 Overall factor is between 2.0 and 3.0

E 0 Overall factor is greater than 3.0

Where the Overall factor is the weighted average of the following gas scores:

Table 1-4 Oil Quality Overall Factoring

Scores
1 2 3 4 Weight
Dielectric Str. kV
D877 >40 >30 >20 Less than 20 3
230kv <U >32 25-32 20-25 Less than 20 5
. IFT* 69 kV <U< 230 >30 23-30 | 18-23 | Lessthan 18
ynes/cm
U < 69 kv >25 20-25 15-20 | Lessthan 15
Color Less than 1.5 1.5-2 2-2.5 >25 2
230kv <U Less than 0.03 | 0.03-0.07 06017_ >0.1
. 0.1-
Acid Number* 69 kV <U< 230 Less than 0.04 0.04-0.1 0.15 >0.15
0.1- 1*
U < 69 kv Less than 0.05 | 0.05-0.1 02 >0.2

* Select the row applicable to the equipment rating

Overall Factor =

> Score, xWeight,

> Weight
1.3.2  0il Dissolved Gas Analysis (DGA)
Table 1-5 Transformer DGA
Condition
D ..
Rating* CPF escription

A 4 DGA overall factor is less than 1.2

B 3 DGA overall factor between 1.2 and 1.5

C 2 DGA overall factor is between 1.5 and 2.0

D 1 DGA overall factor is between 2.0 and 3.0

E 0 DGA overall factor is greater than 3.0
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*In the case of a score other than A, check the variation rate of DGA parameters. If the maximum
variation rate (among all the parameters) is greater than 30% for the latest 3 samplings or 20% for the
latest 5 samplings, overall Health Index is multiplied by 0.9 for score B, 0.85 for score C, 0.75 for score D

and 0.5 for score E.

Where the DGA overall factor is the weighted average of the following gas scores:

Table 1-6 Oil DGA Overall Factoring

Scores

1 2 3 4 5 6 Weight
H2 <=100 <=200 <=300 <=500 <=700 >700 2
CH4(Methane) <=120 <=150 <=200 <=400 <=600 >600 3
C2H6(Ethane) <=65 <=100 <=150 <=250 <=500 >500 3
C2H4(Ethylene) <=50 <=80 <=150 <=250 <=500 >500 3
C2H2(Acetylene) <=3 <=7 <=35 <=50 <=80 >80 5
co <=350 <=700 <=900 | <=1100 | <=1300 | >1300 1
Cco2 <=2500 | <=3000 | <=4000 | <=4500 | <=5000 | >5000 1

> Score; xWeight,
> Weight

Overall Factor =

Table 1-7 Sealing & Connection (m=2) Weights and Maximum CPF

n Sub-Condition Parameter WCPF,, CPF, max
1 Tank Oil Leak 1 4
2 Conservator Oil Level 1 4

Table 1-8 Service Record (m=3) Weights and Maximum CPF

n Sub-Condition Parameter WCPF,, CPF, max
1 Age 1 4
1.3.3 Age
Table 1-9 Transformer Age
Condition Rating CPF Description
A 4 0-19
B 3 20-29
C 2 30-44
D 1 45-54
E 0 >=55
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1.4 Health Index Results

The total population of assets for this category is 23. The Sample Size or total number of assets
within the population that have data is 23, which means there was data for each asset.

The year purchased was assumed to the transformers age. There was full data for QOil dissolved
gas analysis (DGA). It is recommended that data be collected on moisture ppm, power factor

(for winding doble score), as well as collecting data on grounding and IR thermography.

The Health Indexing Result by Unit and Percentage are presented below:

Substation Transformers - Sample Size 23
9
8
8
7
6
6
5
5
Number of Units . 4
3
2
1
0

0

Very Poor Poor Fair Good Very Good

(< 30%) (30-50%)  (50-70%) (70 - 85%) (> 85%)

Figure 1-1 Health Index Distribution by Units
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40%

35%

30%

25%

Substation Transformers - Sample Size 23

35%

26%

22%

Percentage 20% 17%

15%

10%

5%

0%
0%
Very Poor Poor Fair Good Very Good
(< 30%) (30 - 50%) (50 - 70%) (70 - 85%) (> 85%)
Figure 1-2 Health Index Distribution by Percentage
The exact rating for each Transformer is presented below:
Table 1-10 Substation Health Index Score and Criticality
HI
Transformer No Substation Name Score HI Rating Critical

SD71844-3 SMITHVILLE DS - NF1844 38% POOR YES
SD1856-T2 GREEN LANE D.S. - NF 1856 43% POOR YES
SD71844-1 SMITHVILLE DS - NF1844 50% POOR YES
SD71844-2 SMITHVILLE DS - NF1844 50% POOR YES
SD1856-T1 GREEN LANE D.S. - NF 1856 56% FAIR YES
800089 VIRGINIA A-144 59% FAIR NO
800095 MARGARET A-127 61% FAIR YES
800073 ARMOURY A-113 61% FAIR NO
800084 ALLENDALE A-175 69% FAIR NO
SD1850 CAMPDEN D.S. - NF 1850 69% FAIR YES
SD001 STATION ST. D.S. 74% GOOD NO
800100 O'NEIL A-148 81% GOOD NO
800082 ALLENDALE A-175 81% GOOD NO
800295 LEWIS A-119 78% GOOD NO
800077 ONTARIO A-115 78% GOOD NO

KINECTRICS INC
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800389 DRUMMOND A-122 86% VERY GOOD NO
800052 PARK A-33 86% VERY GOOD NO
800054 VIRGINIA A-144 88% VERY GOOD NO
251572 KALAR TS 93% VERY GOOD NO
800388 PEW A-135 93% VERY GOOD NO
800053 SWAYZE A-145 100% VERY GOOD NO
2515T1 KALARTS 100% VERY GOOD NO
SD1836 JORDAND.S. - NF 1836 100% VERY GOOD YES

1.5 Field Inspection Results

Four Power Transformers were inspected. The data can be found in Section E FIELD INSPECTION
FORMS and the summary is shown in Figure 1-3 below. There were no major concerns with the
units inspected.

Power Transformer

Number of Units
N

Poor Fair Good

Figure 1-3 Field Inspection Results
1.6 Capital Replacement Plan

For this asset category, the probability of failure curve was assumed such that at the age of 25
years the probability of failure is 10% and at age of 45 years the probability of failure is 90%.

1.6.1 Optimal Capital Replacement Plan

Figure 1-4 shows the number of Transformer units that will need to be replaced over the next 20
years for the whole population extrapolated from the results for the sample with adequate
condition data. Given the full sample size (100%) the recommendations are for the entire
population.
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Optimal Replacement Plan

Number of Units to Replace

o [N
2016
2029 .

- NN <t N N 00 o O N N < 1N O N 0 o
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Year

Figure 1-4 Optimal Replacement Plan

1.6.2 Levelized Capital Replacement Plan

For this asset category, the optimal replacement plan suggests replacing 2 units in the next year.
While this is optimal based on NPElI's Power Transformers HI scores, it may not be ideal
financially.

Power Transformers are replaced proactively. The Levelized replacement plan allows for
Transformers that would optimally be replaced in one year to be replaced over a period of time

in the future.

Figure 1-5 shows a Levelized capital replacement plan, where transformer replacements can
occur over a longer period of time.
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Levelized Replacement Plan

Number of Units to Replace

2011

2012

2013
2014
2015
2017
2018
2019
2020

Year

M Levelized Replacement Plan

2022

2023

2024

2025

2029 —

2026
2027
2028
2030

1.7 Data Gap Closure

Figure 1-5 Levelized Replacement Plan

The following table summarizes the data gap for power transformers in this project.

Table 1-11 Data Gap Closure

Sub-system Condition Parameter Data Collection Priority
Insulation Winding Doble Y %
Cooling Temperature D¢
Sealing & connection Grounding Y
IR thermography 3 % %
Service record Loading S Y

IR thermography is a useful approach in detecting hot spots due to a loose connection or
leakage. In this project, it also can address the temperature issue in cooling system as well as
the transformer loading status, when the data on those 2 parameters are unavailable.

In the sub-system of insulation, another parameter “oil quality” indirectly addresses the winding
insulation deterioration, as it detects on some contents that are the consequence of insulation

deterioration (moisture, oxygen due to cellulose degradation).
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2 Large Pad Mounted Transformers

Pad Mounted transformers typically employ sealed tank construction and are liquid filled, with
mineral insulating oil being the predominant liquid. For the purposes of this report, the pad-
mounted transformer has been componentized into the transformer itself and the enclosure.
Large Pad Mounted Transformers are Pad Mounted Transformers greater than 700 kVA.

2.1 Degradation Mechanism

It has been demonstrated that the life of the transformer’s internal insulation is related to
temperature-rise and duration. Therefore, transformer life is affected by electrical loading
profiles and length of service life. Other factors such as mechanical damage, exposure to
corrosive salts, and voltage and current surges also have a strong effect. Therefore, a
combination of condition, age and load based criteria is commonly used to determine the useful
remaining life of distribution transformers.

The impacts of loading profiles, load growth, and ambient temperature on asset condition, loss-
of-life, and life expectancy can be assessed using methods outlined in ANSI\IEEE Loading Guides.
This also provides an initial baseline for the size of transformer that should be selected for a
given number and type of customers to obtain optimal life.

Visual inspections provide considerable information on transformer asset condition. Leaks,
cracked bushings, and rusting of tanks can all be established by visual inspections. Transformer
oil testing can be employed for distribution transformers to assess the condition of solid and
liquid insulation.

Distribution transformers sometimes need to be replaced because of customer load growth. A
decision is then required whether to keep the transformer as spare or to scrap it. Many utilities
make this decision through a cost benefit analysis, by taking into consideration anticipated
remaining life of transformer, cost of equivalent sized new transformer, labor cost for
transformer replacement and rated losses of the older transformer in comparison to the newer
designs.

The following factors are considered in developing the Health Index for distribution
transformers:

e Tank corrosion, condition of paint

e Extent of oil leaks

e Condition of bushings

e Condition of padlocks, warning signs etc

e Transformer operating age and winding temperature profile
e Loading profile

The consequences of distribution transformer failure are relatively minor. This is why most
utilities run their residential-service distribution transformers to failure. However, larger
distribution transformers supplying commercial or industrial customers, where reduction in
reliability impacts could be high, may be replaced as they reach near the end of life (EOL) before
actual failure. The average transformer life is expected to be approximately 40 years.
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2.2 Health Index Formulation

Recommended Health Index Formulations:

>, (CPS, xWCP,)
HI ="t x DF
Zam (CPS m. max XWCPm)
m=1

where
ZBn (CPF, x WCPF,)
CPS

= 0=t x4
ZBn (CPanax x WCPFn)
)

CPS --- Condition Parameter Score
WCP  --- Weight of Condition Parameter
DF --- De-rating Factor

CPF --- Sub-Condition Parameter Factor
WCPF --- Weight of Condition Parameter Factor

0., --- Data availability coefficient for condition parameter (=1 when data available, =0 when
data unavailable)

B, --- Data availability coefficient for condition factor (=1 when data available, =0 when data
unavailable)

2.3 Condition and Sub-Condition Parameters

Table 2-1 Condition Weights and Maximum CPS

M Condition parameter WCP,, CPS,1.max
1 Insulation 4 4
2 Sealing & Connection 1 4
3 Service Record 3 4
Table 2-2 Insulation (m=1) Weights and Maximum CPF
N Sub-Condition Parameter WCPF,, CPF, max
1 Oil Quality 4 4
2 Oil DGA 5 4
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2.3.1 Oil Quality
Table 2-3 Oil Quality Test

Ccl);::;::n CPF Description

A 4 Overall factor is less than 1.2

B 3 Overall factor between 1.2 and 1.5

C 2 Overall factor is between 1.5 and 2.0

D 1 Overall factor is between 2.0 and 3.0

E 0 Overall factor is greater than 3.0

Where the Overall factor is the weighted average of the following gas scores:

Table 2-4 Oil Quality Overall Factoring

Scores
1 2 3 4 Weight
Dielectric Str. kV
D877 >40 >30 >20 Less than 20 3
230kv <U >32 25-32 20-25 Less than 20 5
. IFT* 69 kV <U< 230 >30 23-30 | 18-23 | Lessthan 18
ynes/cm
U < 69 kv >25 20-25 15-20 | Lessthan 15
Color Less than 1.5 1.5-2 2-2.5 >25 2
230kv <U Less than 0.03 | 0.03-0.07 06017_ >0.1
. 0.1-
Acid Number* 69 kV <U< 230 Less than 0.04 0.04-0.1 0.15 >0.15
0.1- 1*
U < 69 kv Less than 0.05 | 0.05-0.1 02 >0.2

* Select the row applicable to the equipment rating

Overall Factor =

> Score, xWeight,

> Weight
2.3.2  Oil Dissolved Gas Analysis (DGA)
Table 2-5 Transformer DGA
Condition
D ..
Rating* CPF escription

A 4 DGA overall factor is less than 1.2

B 3 DGA overall factor between 1.2 and 1.5

C 2 DGA overall factor is between 1.5 and 2.0

D 1 DGA overall factor is between 2.0 and 3.0

E 0 DGA overall factor is greater than 3.0
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*In the case of a score other than A, check the variation rate of DGA parameters. If the maximum
variation rate (among all the parameters) is greater than 30% for the latest 3 samplings or 20% for the

latest 5 samplings, overall Health Index is multiplied by 0.9 for score B, 0.85 for score C, 0.75 for score D
and 0.5 for score E.

Where the DGA overall factor is the weighted average of the following gas scores:

Table 2-6 Oil DGA Overall Factoring

Scores

1 2 3 4 5 6 Weight
H2 <=100 <=200 <=300 <=500 <=700 >700 2
CH4(Methane) <=120 <=150 <=200 <=400 <=600 >600 3
C2H6(Ethane) <=65 <=100 <=150 <=250 <=500 >500 3
C2H4(Ethylene) <=50 <=80 <=150 <=250 <=500 >500 3
C2H2(Acetylene) <=3 <=7 <=35 <=50 <=80 >80 5
co <=350 <=700 <=900 | <=1100 | <=1300 | >1300 1
Cco2 <=2500 | <=3000 | <=4000 | <=4500 | <=5000 | >5000 1

> Score; xWeight,
> Weight

Overall Factor =

Table 2-7 Sealing & Connection (m=2) Weights and Maximum CPF

N Sub-Condition Parameter WCPF, CPF.max
1 Tank Oil Leak 1 4
2 Conservator Oil Level 1 4

Table 2-8 Service Record (m=3) Weights and Maximum CPF
N Sub-Condition Parameter WCPF, CPF.max
1 Age 1 4

2.3.3 Age
The age used was based on the manufacture date on the name plate of the transformer.

Table 2-9 Transformer Age

Condition Rating CPF Description
A 4 0-19
B 3 20-29
C 2 30-44
D 1 45-54
E 0 >=55
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2.4 Health Index Results

The total population of assets for this category is 56. The Sample Size or total number of assets
within the population that have data is 51.

The Health Indexing Result by Unit and Percentage are presented below:

Pad Mounted Transformers > 1000
35 - 33
' kVA - Sample Size 51

30
25

Number of 20

Units 15 14
10
5 3
1
0 0 I -
Very Poor... Poor... Fair... Good... Very Good...

Figure 2-1 Health Index Distribution by Units

Pad Mounted Transformers > 1000
kVA - Sample Size 51
70% 659
60%
50%
b 40%
ercentage 30% 27%
20% I
10% . 6%
0% 2%
0% [
Very Poor Poor Fair Good  Very Good
(<30%) (30-50%) (50-70%) (70-85%) (>85%)

Figure 2-2 Health Index Distribution by Percentage

The exact rating for each Transformer is presented below:
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Table 2-10 Pad Mounted Transformer Health Index Score

Transformer Substation Name HI HI Rating
No Score
800135 50% POOR
SMITHVILLE 85 60% FAIR
800105 63% FAIR
732 FROST ROAD 69% FAIR
2529 75% GOOD
800515 DOUBLE TREE 75% GOOD
800109 78% GOOD
NO NAMEPLATE 80% GOOD
800554 81% GOOD
800129 STATION 52 81% GOOD
800128 STATION 52 81% GOOD
800197 81% GOOD
800148 HEDGSON 81% GOOD
800127 DAYS INN FALLVIEW 81% GOOD
800210 MANSIONS OF FOREST GLEN 81% GOOD
800116 BUCKLEY TOWER 81% GOOD
800126 84% GOOD
77045 INDUSTRIAL PARK 86% VERY GOOD
800526 DAYS INN VICTORIA AVE 86% VERY GOOD
494 HILLSIDE DRIVE (5050) 86% VERY GOOD
3040 SOUTH SERVICE RD 88% VERY GOOD
800413 SUPER 8 90% VERY GOOD
9201 BARTLETT ROAD (4306) 91% VERY GOOD
3176 4927 ONTARIO ST. 91% VERY GOOD
1652 SECOND AVE 93% VERY GOOD
800568 93% VERY GOOD
800546 NF COMM CENTRE 93% VERY GOOD
800587 93% VERY GOOD
800430 SWAGELOK 100% VERY GOOD
800465 100% VERY GOOD
301 4655 BARTLETT 100% VERY GOOD
546 4927 ONTARIO ST. 100% VERY GOOD
800550 NIAGARA REGION 100% VERY GOOD
800601 100% VERY GOOD
599 ONTARIO ST (SOBEYS) 100% VERY GOOD
800589 100% VERY GOOD
73201 PEARSON STREET 100% VERY GOOD
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81 FROST ROAD 100% VERY GOOD
8099 4758 CHRISTIE ST. 100% VERY GOOD
629 TWENTY THIRD ST 100% VERY GOOD
800414 TGI FRIDAYS 100% VERY GOOD
202 JORDAN ROAD 100% VERY GOOD
800532 100% VERY GOOD
800585 100% VERY GOOD
800443 NPE BUILDING 100% VERY GOOD
83005 REGIONAL ROAD 20 EAST 100% VERY GOOD
800586 100% VERY GOOD
800490 GOLDEN HORSESHOE 100% VERY GOOD
800584 100% VERY GOOD
800588 100% VERY GOOD
99121 NORTH SERVICE RD NO DATA
800147 EVENTIDE HOME NO DATA
229 DURHAM ROAD NO DATA

2.5 Field Inspection Results

Field inspections were only done on Standard Pad Mounted Transformers.

2.6 Capital Replacement Plan

For this asset category, the probability of failure curve was assumed such that at the age of 25
years the probability of failure is 10% and at age of 45 years the probability of failure is 90%.

2.6.1 Optimal Capital Replacement Plan

Figure 2-3 shows the number of Transformer units that will need to be replaced over the next 20
years for the whole population extrapolated from the results for the sample with adequate
condition data. Given a significant sample size (93%) there is a high degree of confidence that
the recommendations for the sample and the whole population are the same.
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Figure 2-3 Optimal Replacement Plan

2.6.2 Levelized Capital Replacement Plan
For this asset category, the optimal replacement plan suggests replacing no units in the next 5
years. There are no peaks in replacement years.

Large Pad Transformers are replaced proactively. The Levelized replacement plan allows for
Transformers that would optimally be replaced in one year to be replaced over a period of time.

Figure 2-4 shows a Levelized capital replacement plan, where transformer replacements can
occur over a longer period of time, it is the same as the optimal replacement plan.

Levelized Replacement Plan
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Figure 2-4 Levelized Replacement Plan
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2.7 Data Gap Closure

The following table summarizes the data gap for large pad mounted transformers in this project.

Sub-system Condition Data Collection Priority
Sealing & connection Grounding s
IR thermography s v %
Service record Loading 3 %
Age * %

IR thermography is a useful approach in detecting hot spots due to a loose connection or
leakage. In this project, it also can address the transformer loading status, when the data on
such parameter are unavailable.
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3 Standard Pad-Mounted Transformers

Pad Mounted transformers typically employ sealed tank construction and are liquid filled, with
mineral insulating oil being the predominant liquid. For the purposes of this report, the pad-
mounted transformer has been componentized into the transformer itself and the enclosure.
Standard Pad Mounted Transformers are smaller than 750 kVA.

3.1 Degradation Mechanism

It has been demonstrated that the life of the transformer’s internal insulation is related to
temperature-rise and duration. Therefore, transformer life is affected by electrical loading
profiles and length of service life. Other factors such as mechanical damage, exposure to
corrosive salts, and voltage and current surges also have a strong effect. Therefore, a
combination of condition, age and load based criteria is commonly used to determine the useful
remaining life of distribution transformers.

The impacts of loading profiles, load growth, and ambient temperature on asset condition, loss-
of-life, and life expectancy can be assessed using methods outlined in ANSI\IEEE Loading Guides.
This also provides an initial baseline for the size of transformer that should be selected for a
given number and type of customers to obtain optimal life.

Visual inspections provide considerable information on transformer asset condition. Leaks,
cracked bushings, and rusting of tanks can all be established by visual inspections. Transformer
oil testing can be employed for distribution transformers to assess the condition of solid and
liquid insulation.

Distribution transformers sometimes need to be replaced because of customer load growth. A
decision is then required whether to keep the transformer as spare or to scrap it. Many utilities
make this decision through a cost benefit analysis, by taking into consideration anticipated
remaining life of transformer, cost of equivalent sized new transformer, labor cost for
transformer replacement and rated losses of the older transformer in comparison to the newer
designs.

The following factors are considered in developing the Health Index for distribution
transformers:

e Tank corrosion, condition of paint

e Extent of oil leaks

e Condition of bushings

e Condition of padlocks, warning signs etc

e Transformer operating age and winding temperature profile
e Loading profile

The consequences of distribution transformer failure are relatively minor. This is why most
utilities run their residential-service distribution transformers to failure. However, larger
distribution transformers supplying commercial or industrial customers, where reduction in
reliability impacts could be high, may be replaced as they reach near the end of life (EOL) before
actual failure. The average transformer life is expected to be approximately 40 years.
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3.2 Health Index Formulation

Recommended Health Index Formulations:
> a,(CPS, xWCP,)
Hl = 0
zam (Cpsmmax ><W(:F)m)
m=1

where

> B, (CPF, x WCPF,)

CPS=2 x4
ZBn (CPF, x X WCPF,)
n=1

CPS --- Condition Parameter Score
WCP  --- Weight of Condition Parameter

CPF --- Sub-Condition Parameter Factor
W(CPF --- Weight of Condition Parameter Factor

0., --- Data availability coefficient for condition parameter (=1 when data available, =0 when
data unavailable)

B, --- Data availability coefficient for condition factor (=1 when data available, =0 when data
unavailable)

3.3 Condition and Sub-Condition Parameters

Standard Pad Mounted Transformers that are base type Collar are de-rated to 30% of the
calculated Health Index Value.

Table 3-1 Condition Weights and Maximum CPS

m Condition Parameter WCP,, CPS,.max
1 Physical condition 3 4
2 Connection & insulation 5 4
3 Service record 5 4
4 Testing 10 4

Table 3-2 Physical Condition (m=1) Weights and Maximum CPF
n Sub-Condition WCPF, CPF....
Parameter

1 Access (ok/not ok) 1 4
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Table 3-3 Connection & insulation (m=2) Weights and Maximum CPF

n Sub-Condition Parameter WCPF,, CPF, 1ax
1 | Oil contamination (ok/not ok) 2 4
2 | Grounding 1 4
3 | Insulator (ok/not ok) 4 4
4 | Enclosure 1 4

Table 3-4 Testing (m=3) Weights and Maximum CPF

Sub-Condition
n Parameter WCPF, CPFnmax
1 | IR Scan (Pass/Fail) 1 4
2 | Ultra Sound (Pass/Fail) 1 4

3.3.1 Enclosure
Table 3-5 Enclosure Rating Score

ENCLOSURE
Condition Rating CPF Condition Description
A 4 Good
B 3 Graffiti
C 2 Needs Repainting
D 0 Rusting
E 0 Rusting and Graffiti
F 0 Rusting and Needs Repairs
G 0 Rusting and Needs Repainting

3.3.2 Grounding
Table 3-6 Grounding Rating Score
GROUNDING
Condition Rating CPF Condition Description
A 6

4

3

2

1
Other

= IE=1FNFFES

m|m|>| > >

Table 3-7 Service Record (m=3) Weights and Maximum CPF

Sub-Condition
N Parameter WCPF, CPFnmax
1 Inspection result 2 4
2 Age 1 4
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3.3.3 Age
Table 3-8 Age Rating Score
Age
Condition Rating Description CPF
A 0 4
B 24 3
C 30 2
E 40 0

3.4 Health Index Results

The total population of assets for this category is 2408. The Sample Size or total number of
assets within the population that have data other than age is 716.

The Health Indexing Result by Unit and Percentage are presented below for both the population
of 716 (age and other data):

Pad Mounted Transformers - Sample
0 Size 716 634

600

500

400
Number of Units
300

200

100

37 28
o L NN —_—

Very Poor... Poor... Fair... Good... Very Good...

Figure 3-1 Health Index Distribution by Unit
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Pad Mounted Transformers - Sample Size 716

100%
90%
80%
70%
60%

89%

Percentage 50%
40%
30%
20%
10% 5% 4%

1% 1%
0% [ [

Very Poor Poor Fair Good Very Good
(<30%) (30 - 50%) (50 - 70%) (70 - 85%) (> 85%)

Figure 3-2 Health Index Distribution by Percentage

3.5 Field Inspection Results

Five Standard Pad Mounted Transformers were inspected. The data can be found in Section E
FIELD INSPECTION FORMS and the summary is shown in Figure 3-3 below. Most of the units
were in good to fair condition. The unit in poor condition was rated this way because of Pad
Condition, Main Cabinet Condition and Overall Condition.

Pad Mounted Transformer

Number of Units
N

Poor Fair Good

Figure 3-3 Field Inspection Results
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The field inspection data indicates a different pattern than the sample case. This may be
because only 30% of NPEI's were included in the Health Index sample (716 units) that may not
represent NPEI’s total population’s Health Index.

3.6 Capital Replacement Plan

For this asset category, the probability of failure curve was assumed such that at the age of 25
years the probability of failure is 10% and at age of 45 years the probability of failure is 90%.

3.6.1 Optimal Replacement Plan

Figure 3-4 the number of Transformer units that will need to be replaced over the next 20 years.
The result was extrapolated from the 28% sample with more than just condition data available
to the whole population. Since Health Index distribution based on age alone that was available
for the whole population is similar to the sample’s Health Index distribution, it appears that the
sample was representative of the whole population.

Optimal Replacement Plan
140
120
100
4]
=
2 80
[T
o
3
E6O
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2
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Year

Figure 3-4 Optimal Replacement Plan

3.6.2 Levelized Capital Replacement Plan

For this asset category, the optimal replacement plan suggests replacing 124 units in the next
year. While this is optimal based on NPEI's Pad Mounted Transformers Hl scores, it may not be
ideal financially.
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Standard Pad Transformers are typically replaced reactively (end of life.) However NPEI is
replacing those transformers with collar type bases proactively. The Levelized replacement plan
allows for Transformers that would optimally be replaced in one year to be replaced over a
period of 5 years.

Figure 3-5 shows a Levelized capital replacement plan, where transformer replacements can
occur over a longer period of time.

Levelized Replacement Plan

35

30

25

20

15

Number of Units

10

I N MO < 1N O N 0 OO O 4 N N < N O N 0 O O

— — — - - - - i i o o o o N N [ N N N o

O O O O O O O O O O O O O 0O o o o o o o

(o] (o] (o] o (gl (o] (V] N (o] (o] (o] (o] o (o] (V] (V] N (o] (o] (o]
Year

Figure 3-5 Levelized Replacement Plan

3.7 Data Gap Closure

The same information that has been collected for the sample needs to be collected for the
remaining population.

KINECTRICS INC 41 K-418046-RC-001-R3



Niagara Peninsula Energy Inc 3 - Standard Pad-Mounted Transformers
Distribution Asset Condition Assessment

THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK

KINECTRICS INC 42 K-418046-RC-001-R3



Niagara Peninsula Energy Inc 4 - Pole-Mounted Transformers
Distribution Asset Condition Assessment

4 Pole-Mounted Transformers

Distribution pole top transformers change sub-transmission or primary distribution voltages to
120/240 V or other common voltages for use in residential and commercial applications.

4.1 Degradation Mechanism

It has been demonstrated that the life of the transformer’s internal insulation is related to
temperature-rise and duration. Therefore, transformer life is affected by electrical loading
profiles and length of service life. Other factors such as mechanical damage, exposure to
corrosive salts, and voltage and current surges also have a strong effect. Therefore, a
combination of condition, age and load based criteria is commonly used to determine the useful
remaining life of distribution transformers.

The impacts of loading profiles, load growth, and ambient temperature on asset condition, loss-
of-life, and life expectancy can be assessed using methods outlined in ANSI\IEEE Loading Guides.
This also provides an initial baseline for the size of transformer that should be selected for a
given number and type of customers to obtain optimal life.

Visual inspections provide considerable information on transformer asset condition. Leaks,
cracked bushings, and rusting of tanks can all be established by visual inspections. Transformer
oil testing can be employed for distribution transformers to assess the condition of solid and
liquid insulation.

Distribution transformers sometimes need to be replaced because of customer load growth. A
decision is then required whether to keep the transformer as spare or to scrap it. Many utilities
make this decision through a cost benefit analysis, by taking into consideration anticipated
remaining life of transformer, cost of equivalent sized new transformer, labor cost for
transformer replacement and rated losses of the older transformer in comparison to the newer
designs.

The following factors are considered in developing the Health Index for distribution
transformers:

e Tank corrosion, condition of paint

e Extent of oil leaks

e Condition of bushings

e Transformer operating age and winding temperature profile
e Loading profile

The consequences of distribution transformer failure are relatively minor. This is why most
utilities run their residential-service distribution transformers to failure. However, larger
distribution transformers supplying commercial or industrial customers, where reduction in
reliability impacts could be high, may be replaced as they reach near the end of life (EOL) before
actual failure. The average transformer life is expected to be approximately 40 years.
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4.2 Health Index Formulation

Recommended Health Index Formulations:

> a,(CPS, xWCP,)
m=1

HI =
Zam (CPSmmax ><\NCF)m)
m=1

where
ZBn (CPF, x WCPF.)

CPS

CPS --- Condition Parameter Score
WCP  --- Weight of Condition Parameter

CPF --- Sub-Condition Parameter Factor
W(CPF --- Weight of Condition Parameter Factor

=0t x4
ZBH (CPF, ox X WCPF,)
=)

o, --- Data availability coefficient for condition parameter (=1 when data available, =0 when

data unavailable)

B, --- Data availability coefficient for condition factor (=1 when data available, =0 when data

unavailable)

4.3 Condition and Sub-Condition Parameters

Table 4-1 Condition Weights and Maximum CPS

m Condition Parameter WCP,, CPS,.max
1 Operating Practices 2 4
2 Service record 1 4

Table 4-2 Operating Practices (m=1) Weights and Maximum CPF

n Sub-Condition Parameter WCPF,, CPF, max
1 Operating Practices 1 4
4.3.1 Operating Practices
Table 4-3 Customer Score Rating
CUSTOMERS
Condition Rating Description CPF

A 0 4
B 10 3
C 20 2
E 40 0
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Table 4-4 Service Record (m=2) Weights and Maximum CPF

N Sub-Condition WCPF, CPFpmax
Parameter
1 | Age 1

4.3.2 Age

Table 4-5 Age Score Rating
Age

Condition Rating | Description | CPF

A 0 4
B 24 3
C 30 2
E 40 0

4.4 Health Index Results

The total population of assets for this category is 6835. The Sample Size or total number of
assets within the population that have data is 6711.

The year purchased was assumed to the transformers age. The other condition parameter was
the number of customers serviced by the transformer.

The Health Indexing Result by Unit and Percentage are presented below:

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

Pole Mounted Transformers
4475
1159
759
e
Very Poor Poor Fair Good Very Good
(< 30%) (30 - 50%) (50 - 70%) (70 - 85%) (> 85%)
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Pole Mounted Transformers

80%

70% 67%
60%

50%

40%

30%

()
A9,
F R ——— .
0% ||
Very Poor Poor Fair Good Very Good
(< 30%) (30 - 50%) (50 - 70%) (70 - 85%) (> 85%)

Figure 4-2 Health Index Distribution by Percentage

4.5 Field Inspection Results

Two Pole Mounted Transformers were inspected. The data can be found in Section E FIELD
INSPECTION FORMS and are summarized in Figure 4-3 below. The units were in good and fair

condition.

Number of Units

Pole Mounted Transformer

H BN

Poor Fair Good

Figure 4-3 Field Inspection Results

4.6 Capital Replacement Plan

For this asset category, the probability of failure curve was assumed such that at the age of 30
years the probability of failure is 10% and at age of 60 years the probability of failure is 90%.
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4.6.1 Optimal Replacement Plan

Figure 4-4 shows the number of Transformer units that will need to be replaced over the next 20
years for the whole population extrapolated from the results for the sample with adequate
condition data. Given a significant sample size (98%) there is a high degree of confidence that
the recommendations for the sample and the whole population are the same.

Optimized Replacement Plan
300
250
]
‘e 200
o
5
+ 150
[}
]
glOO
2
50
Ojl IIIIIIIIIIIIIIIIIII-_|
5N O D XD OO N D O QO N DA™ S 0N DO
MY HF I NI NNV AL AL AL QYLD
AT AT AT AT AT AT ADT AT ART AR ART AR ADT AR ADT AR AR AR AT AD
Year

Figure 4-4 Optimal Replacement Plan

4.6.2 Levelized Capital Replacement Plan

For this asset category, the optimal replacement plan suggests replacing 247 units in 2024.
While this is optimal based on NPEI's Pole Mounted Transformers Hl scores, it may not be ideal
financially.

Pole Mounted Transformers are typically replaced reactively (end of life.) Since the HI scores
indicate the majority of failures happening over the next 25 years, NPEI can take a Levelized
approach by replacing assets before they are estimated to fail. The Levelized replacement plan
allows for Transformers that would optimally be replaced in 2024 year to be replaced over a
period of 5 years (2020-2024).

Figure 4-5 shows a Levelized capital replacement plan, where transformer replacements can
occur over a longer period of time.
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Levelized Replacement Plan
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Figure 4-5 Levelized Replacement Plan

4.7 Data Gap Closure

The following table summarizes the data gap for pole mounted transformers in this project.

Sub-system Condition Parameter Data Collection Priority
Physical condition Corrosion s Y%
Connection & insulation Oil leak S Y
Service record Loading 3 % %

As a pole mounted transformer is a run-to-failure asset, its service record has much impact on
its life cycle. While corrosion and oil leak provide visual inspection on the external signs of
degradation, its loading history can be used to estimate its actual aging process.
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5 Poles

The asset referred to in this category is the fully dressed pole ranging in size from 30 to 75 feet.
This includes the pole, cross arm, bracket, insulator, and anchor & guys. The most important
component with respect to useful life is the pole itself.

5.1 Degradation Mechanism

As wood is a natural material the degradation processes are somewhat different to those which
affect other physical assets on the electricity distribution systems. The critical processes are
biological involving naturally occurring fungi that attack and degrade wood, resulting in decay.
The nature and severity of the degradation depends both on the type of wood and the
environment. Some fungi attack the external surfaces of the pole and some the internal
heartwood. Therefore, the mode of degradation can be split into either external rot or internal
rot.

As a structural item the sole concern when assessing the condition for a wood pole is the
reduction in mechanical strength due to degradation or damage. A particular problem when
assessing wood poles is the potentially large variation in their original mechanical properties.
Depending on the species the mechanical strength of a new wood pole can vary greatly.
Typically the first standard deviation has a width of +15% for poles nominally in the same class.
However in some test programs the minimum measured strength has been as low as 50% of the
average.

Assessment techniques start with simple visual inspection of poles. This is often accompanied by
basic physical tests, such as prodding tests and hammer tests to detect evidence of internal
decay. Over the past 20 years, electricity companies have sought more objective and accurate
means of determining condition and estimating remaining life. This has led to the development
of a wide range of condition assessment and diagnostic tools and techniques for wood poles.
These include techniques that are designed to apply the traditional probing or hammer tests in a
more controlled, repeatable and objective manner. Devices are available that measure the
resistance of a pin fired into the pole to determine the severity of external rot and instrumented
hammers that record and analyze the vibration caused by a hammer blow to identify patterns
that indicate the presence of decay. Direct assessment of condition by using a decay resistance
drill or an auger to extract a sample through the pole, are also widely used. Indirect techniques,
ultrasonic, X-rays, electrical resistance measurement have also been widely used.

There are many factors considered by utilities when establishing condition of wood poles. These
include types of wood, historic rates of decay and average lifetimes, environment, perceived
effectiveness of available techniques and cost. However, perhaps the most significant is the
policy of routine line inspections. A foot patrol of overhead lines undertaken on a regular cycle
is extremely effective in addressing the safety and security obligations.

The life expectancy of wood poles ranges from 40 to 80 years, with 60 years being the mean.
Consequences of an in-service pole failure are quite serious, as they could lead to a serious
accident involving the public. Depending on the number of circuits supported, a pole failure
may also lead to a power interruption for a significant number of customers.
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5.2 Health Index Formulation

Recommended Health Index Formulations:

>, (CPS, xWCP,)
m=1

HI = x DF

Z of (CPS m. max ><WCIDm )
m=1

where

> B, (CPF, x WCPF,)

CPS=& x4
ZBn(CPFn.max x WCPF,)
=1

CPS --- Condition Parameter Score
WCP  --- Weight of Condition Parameter
DF --- De-rating Factor

CPF --- Sub-Condition Parameter Factor
W(CPF --- Weight of Condition Parameter Factor

5 - Poles

0., --- Data availability coefficient for condition parameter (=1 when data available, =0 when

data unavailable)

B, --- Data availability coefficient for condition factor (=1 when data available, =0 when data

unavailable)

5.3 Condition and Sub-Condition Parameters

Those Poles that are Red Cedar Butt Treated have been de-rated to 80% of their calculated

Health Index Value.

Table 5-1 Condition Weights and Maximum CPS

m Condition parameter WCP,, CPSh.max
1 Pole physical 3 4
2 Pole accessories 1 4
3 Overall 4 4

KINECTRICS INC 50

K-418046-RC-001-R3



Niagara Peninsula Energy Inc
Distribution Asset Condition Assessment

Table 5-2 Pole Physical (m=2) Weights and Maximum CPF

5 - Poles

n Sub-condition parameter WCPF, CPF..max
1 Animal Damage 2 4
2 Lean 1 4
3 Rot / Soft 2 4
4 Crack 2 4
5 Hole / Void 2 4
6 Hollow 2 4
7 Chunk 2 4
8 Damp / Wet 2 4
9 Bend / Hit / Damage 2 4
10 Poor Top 2 4

Table 5-3 Pole Accessory (m=3) Weights and Maximum CPF

N Sub-condition parameter CPF lookup table WCPF, | CPF, max
2 Guy Wire OK =4; All others=0 3 4
3 Defective Ground OK=4; Exposed/connection issue/rod above 5 4
grade= 2; Damaged =0
4 Crossarm OK=4; Crooked/Loose = 2; Damaged = 0 1 4
5 Riser (Cable Guard) OK=4; Exposed/Loose = 2; Damaged =0 1 4
Table 5-4 Overall (m=4) Weights and Maximum CPF

N Sub-condition parameter WCPF, CPF, max

1 Overall 3 4

3 Age 2 4
53.1 Age

Table 5-5 Pole Age

Condition Rating CPF Condition Description
A 4 0
B 3 10
C 2 25
D 1 40
E 0 >50

5.4 Health Index Results

The total population of assets for this category is 22,247. The Sample Size or total number of
assets within the population that have data is 5985. However those pole recently inspected
were of newer vintage. Age was provided for 13,135 units (encompassing the 4943 units of the
5985 sample) so a comparison of the age range of the sample, as compared to the 13,135

population was done.

The Health Indexing Result by Unit and Percentage and the age range comparison of the sample
to a broader sample of the pole population are presented below:
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Poles - Sample Size 5985

5 - Poles
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Figure 5-1 Health Index Distribution by Unit
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Comparison of Sample to Population
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Figure 5-3 Comparison of Sample Age Data to a Larger Sample of the Population Age Data

5.5 Field Inspection Results

Four Poles were inspected. The data can be found in Section E FIELD INSPECTION FORMS and
are summarized in Figure 5-4 below. The units were in good and fair condition.

Pole

4
@ 3
=
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v 2
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€
=]
23

0

Poor Fair Good

Figure 5-4 Field Inspection Results
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5.6 Capital Replacement Plan

For this asset category, the probability of failure curve was assumed such that at the age of 40
years the probability of failure is 10% and at age of 60 years the probability of failure is 90%.

5.6.1 Optimal Capital Replacement Plan

Figure 5-5 shows the number of Poles that will need to be replaced over the next 20 years
extrapolated for the whole population from the sample (27% of the population) with adequate
condition data. However, it could be seen from Figure 5-3 that the overall condition of the poles
in the sample is better than that for the population with only age available due to the
investments made in testing and replacing poles found to be in poor condition. Therefore, to
achieve similar Health Index distribution for the whole population more capital expenditures
than what is shown would be required.

A separate analysis which is beyond the scope of this project would be required to estimate the
incremental capital amount needed to improve overall condition of the whole pole population
to the level of the poles in the sample with adequate condition data.

Optimal Replacement Plan
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Figure 5-5 Optimal Replacement Plan

5.6.2  Levelized Capital Replacement Plan

For this asset category, the optimal replacement plan suggests replacing 30 units next year.
While this is optimal based on NPEI’s Pole Hl scores, it may not be ideal financially.
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Poles are typically replaced reactively (end of life.) Since the HI scores indicate the majority of
failures happening in spikes over the next 30 years, NPEIl can take a Levelized approach by
replacing assets before they are estimated to fail.

Figure 5-6 shows a Levelized capital replacement plan, where replacements pole can occur over
a longer period of time.

Levelized Replacement Plan
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Number of Units

60

40
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Figure 5-6 Levelized Replacement Plan

5.7 Data Gap Closure
The only data gap for poles in this project is the measured pole strength. It represents the actual

physical size changes due to pole degradation. It is useful in scheduling reinforcement or
replacement.
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6 Pad Mounted Switchgear

This asset class consists of pad mounted switchgear. The primary function of switches is to
allow for isolation of line sections or equipment for maintenance, safety or other operating
requirements.

6.1 Degradation Mechanism

The main degradation processes associated with line switches include:

e Corrosion of steel hardware or operating rod

e Mechanical deterioration of linkages

e  Switch blades falling out of alignment, which may result in excessive arcing during
operation

e  Loose connections

e  Insulator damage

. Non-functioning padlocks

° Missing ground connections

The rate and severity of these degradation processes depends on a number of inter-related
factors including the operating duties and environment in which the equipment is installed. In
most cases, corrosion or rust represents a critical degradation process. The rate of deterioration
depends heavily on environmental conditions where the equipment operates.

Corrosion typically occurs around the mechanical linkages of these switches. Corrosion can
cause seizing. While a lesser mode of degradation, air pollution also can affect support
insulators. Typically, this occurs in heavy industrial areas or where road salt is used.
6.2 Formulation
Recommended Health Index Formulations:

> a,(CPS, xWCP,)

HI =2
zam (CPS m. max XWCPm)
=1

where

> B, (CPF, x WCPF,)

CPS=2 x4
ZBn (CPF, x X WCPF,)
=1

CPS --- Condition Parameter Score
WCP  --- Weight of Condition Parameter

CPF --- Sub-Condition Parameter Factor

KINECTRICS INC 57 K-418046-RC-001-R3



6 - Pad Mounted Switchgear

Niagara Peninsula Energy Inc
Distribution Asset Condition Assessment

W(CPF --- Weight of Condition Parameter Factor

0., --- Data availability coefficient for condition parameter (=1 when data available, =0 when

data unavailable)
B, --- Data availability coefficient for condition factor (=1 when data available, =0 when data

unavailable)

6.3 Condition and Sub-Condition Parameters

Switchgear that is Air Insulated and near a major roadway is de-rated to 30% of the calculated

Health Index Value.

Table 6-1 Condition Weights and Maximum CPS

m Condition Parameter WCP,, CPS,.max
1 Physical Condition 3 4
2 Switch Condition 5 4
3 Insulation 7 4
4 Service record 5 4
5 Testing 10 4
Table 6-2 Physical Condition (m=1) Weights and Maximum CPF
n Sub-Condition Parameter WCPF, CPF,.max
1 Enclosure 3 4
2 Access (ok/not ok) 1 4
3 Base (ok/not ok) 2 4
Table 6-3 Switch/Fuse Condition (m=2) Weights and Maximum CPF
n Sub-Condition Parameter WCPF, CPF,.max
1 Grounding 1 4
Table 6-4 Insulation (m=3) Weights and Maximum CPF
n Sub-Condition Parameter WCPF, CPF,, max
1 Insulator (ok/not ok) 1 4

Table 6-5 Service Record (m=4) Weights and Maximum CPF

Sub-Condition Parameter

WCPF,

CPFn.max

Inspection result (Pass/Fail)

1

4
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Table 6-6 Tests (m=5) Weights and Maximum CPF

n Sub-Condition Parameter WCPF,, CPF, max
IR Scan (Pass/Fail) 1 4
2 Ultrasonic (Pass/Fail) 1 4

6.4 Health Index Results

The total population of assets for this category is 89. The Sample Size or total number of assets

within the population that have data is 38.

The Health Indexing Result by Unit and Percentage are presented below:

Switchgear - Sample Size 38

16
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Number of Units 8 7

2 1
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Figure 6-1 Health Index Distribution by Unit
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Switchgear - Sample Size 38
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Figure 6-2 Health Index Distribution by Percentage

6.5 Field Inspection Results

On Pad Mounted Switchgear was inspected. The data can be found in Section E FIELD
INSPECTION FORMS and are summarized in Figure 6-3 below.

Pad Mounted Switchgear

Number of Units
N

Poor Fair Good

Figure 6-3 Field Inspection Results
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6.6 Capital Replacement Plan

For this asset category, the probability of failure curve was assumed such that at the age of 20
years the probability of failure is 10% and at age of 45 years the probability of failure is 90%.

6.6.1 Optimal Capital Replacement Plan

Figure 6-4 shows the number of Pad Mounted Switchgear units that will need to be replaced
over the next 20 years extrapolated from the sample with adequate condition data (43%). There
is no basis to confirm or deny whether this assumption is reasonable, so it is recommended to
accelerate a process of collecting condition data for the reminder of the population.

Optimal Replacement Plan
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Figure 6-4 Optimal Replacement Plan

6.6.2 Levelized Capital Replacement Plan

For this asset category, the optimal replacement plan suggests replacing 14 units next year.
While this is optimal based on NPEI's Pad Mounted Switchgear HI scores, it may not be ideal
financially.

Standard Pad Transformers are typically replaced reactively (end of life.) However NPEI is
replacing those transformers that are air insulated and near a major roadway proactively. The
Levelized replacement plan allows for Switchgear that would optimally be replaced in one year
to be replaced over a period of 5 years.

Figure 6-5 shows a Levelized capital replacement plan, where switchgear replacements can
occur over a longer period of time.
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Levelized Replacement Plan

Number of Units
w

Figure 6-5 Levelized Replacement Plan

6.7 Data Gap Closure

The following table summarizes the data gap for pad mounted switchgear in this project.

Sub-system Condition Parameter Data Collection Priority
Physical condition Debris/dirty D¢
Switch/fuse condition Switch condition 3 % %
Arc chute ¥ %
Insulation Barriers s %
Service record Age Y

Switch main contact and its arc suppression parts are the main device inside pad mounted
switchgear.
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Conclusions and Recommendations

1. There was generally sufficient condition data available for Power Transformers, Large Pad-
mounted Transformers, Poles (inspected after 2008) and Switchgear.

2. For Pole-mounted transformers, only age is available and operating practices (i.e., customers).
Gathering and recording detailed inspection data should be considered.

3. For Standard Pad Mounted transformers, age was provided for 87% of the population however
sufficient data was provided for only 28% of the population. It is recommended that NPEI collect
data for a greater population of Pad Mounted Transformers.

4. For Poles that have not been inspected, age is only available for half of the population. Sufficient
age and inspection data should be collected for the rest of the population.

5. Sufficient data was not available for Underground Cables. It is recommended that inspection
and maintenance information be collected for these assets to enable future asset condition
assessment.

6. A separate study is required to determine appropriate increase in the pole replacement

program over the levels extrapolated from the sample with adequate condition data to achieve
the desired overall Health Index distribution (similar to that of the sample).

KINECTRICS INC 65 K-418046-RC-001-R3



Niagara Peninsula Energy Inc D CONCLUSIONS AND RECOMMENDATIONS

Distribution Asset Condition Assessment

THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK

KINECTRICS INC 66 K-418046-RC-001-R3



Niagara Peninsula Energy Inc E FIELD INSPECTION FORMS

Distribution Asset Condition Assessment

E FIELD INSPECTION FORMS

KINECTRICS INC 67 K-418046-RC-001-R3



Niagara Peninsula Energy Inc E FIELD INSPECTION FORMS

Distribution Asset Condition Assessment

THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK

KINECTRICS INC 68 K-418046-RC-001-R3



Niagara Peninsula Energy Inc E FIELD INSPECTION FORMS

Distribution Asset Condition Assessment

L Power Transfermer
1.1 Tnspeciions

1.1 Bushing Condifion
1,2 0l Lepks
1.3 Mzin Tnk/Cshizets Condibon
1.4 Redators snd Cosservalor Candilion
1.5 Gusiosts énd Sesls Candifion
L6 Pumps ind Fens Canditen i
1.7 Primary Connectors!Candnctors Coaditbon
LR Gecandery ConnestimeConteal Condiifos
1.0 Foundetion/Suppert SecliGromding Ceaditlon

1.10 Fire PFrotection/Bpill Costaiamnent

1,15 CusketsSenlsTresoe Relief Comdiion
1,16 LTC Coorérol and Mecisniss Cabinet Comilitbon
L17 Contral end Mesianisn Cesinet Companssis
118 Crearall Tep Cherger Condition

I Breakers

2,] Bughing Condificn
1.2 Tank Conditien

L3 (il Lewim

24 Contrals zad Mechenism
13 Orverall Breaker Condition

3 Matal Clad Switch Glear Assembliss

3.1 Btructars Tntegrity {paisd, cormosion, watsr J=ake)
1.2 Genersl Condition (evidence of maintenmce)
1.3 Onverall Srodichgear Aspembly CoodStion

4 Building:

’ .1 Condition of structure (roof, wails)
4.2 Conditior of dooss and locks
4.3 Cooditien of Lightsing
A Orverall Beilding Condifion

" Dia posese nsed :
Mvsswpstiamend || berviews || Phetestsken ) B -

{wnm-ynmmnm:rmmﬂmhﬂdfﬁthﬂ} [

[ B Famm-14 Trerafromor Blvdare A ol

KINECTRICS INC 69 K-418046-RC-001-R3



Niagara Peninsula Energy Inc
Distribution Asset Condition Assessment

Vires

E FIELD INSPECTION FORMS

110 Ty Tenmsfornsae

1.1 Dmpisedinns

1.1 Bushing Cemedition
1.2 0Al Lesla
1.3 #ale Thal'Cohinets Conditicn
1.4 Fradiaines and Crnasrvaior Cionditica
1.5 Gasketa and Beale Condiibsa
1.5 Pump# sed Fane Condilion
1.7 Peimery CoshestoraTandciors Ceaditlon
1.E Sesmndery Commentices!Caniral Sandilies
1.0 Foandetioew'Sippar! Stealreunding Candiizn
1.10 Fire Protectinn'Snill Contiinment
1,12 Orvemnll Power Trmsfomer Condition

Tapehnegers (i npplienkie)

1,15 Tank Cendition

L.14 Toxk Ledks

1.15 GuaketaealaPressome Relied Conditian

1,16 LTC Comirol 22 Mecheninm Cabinet Condition
1.1% Conrired and Mechaaism Cohinet Compozents
1.1 Crezgull Tap Chenger Condition

1 Brealoesa

1.1 Broshing Cromiditlen

2.2 Termlt Canlition

23 il Laake

24 Controle and hiechantam
25 Oiwernll Bresaker Condilicn

% Mirtal Clad Switch Gear Assembling

4 Budllinps W

KINECTRICS INC

Dimiin someoes nsed

1.1 Btmctme Istegry {paint, corrodion, wbst ks
1.2 General Cowdition (evidemce of maisbenimes)
33 Cwerall Switchgegr Assemisly Conditica

4.1 Condiim of {roo, walla)
4.2 Coadifion of dooms and bocke

43 Coadifion of Lighining

4.4 Crvmmall Brailding Condifion

70

Circle ONLY sac
t]

o [ :
:!n b
=] [=
= [
][5
EE

Txgod

EEE!"E-

K-418046-RC-001-R3



Niagara Peninsula Energy Inc E FIELD INSPECTION FORMS

Distribution Asset Condition Assessment

Assef Condition Snrvey
Transiozmer Statione

L1 Inspection:
1.1 Bushing Comdiling
12 ] Leezlis:
1.2 Wism TealiCehingt Cosdlion
[.4 Rrdiainrs and Crmservaicr Condition
1.5 Qeskets and Sezls Comditice
1.6 Pumps mnd Fems CmndStinn
L7 Primary Connectors!Comductors Conditios
L:E Seeomdary Connact metComirnl CondShon
1.% FomncatisnSuppon Slesbrounding Conditicn

1,160 Fire Frotection/Spdll Corismmes
1.1 Dwerll Frwer Traseformer Comdition
Tapchangers (il applicsble) )
1,13 T Comeition ABCE NU  |m
1.14 Took Leaks ABCD HU |m
L15 Grasfoes'SealuPressure Relief Conditlon ABCD WU |w
1.16 L'TC Coutrol and iechanien Crbdnes Cosditiom ABCD W |us
1.17 Coptral sl Mechanies Cabinet Compmeats ARBRCD HU i
L6 Crverall Tap Cistnper Condition ABCD HU |
I Breloers Voltaps
Age
2.1 Bushing Condition
2.2 Tanl: Condition B C D M
2.3 06l Leaiks ABCD NU  |m
3.4 Controls end Mechesdsm ABOD NUO o
%% Crverall Bragier Condiien ABCD NU  |a

3 Metal Clad Switek Cear Ascembller

1.1 Straecars Integrity (print, comosion, wter Jaaks) T ABCD NU |w

1.2 General Cemiinem (eddenss of meleissomes) ABCD HT |
1.3 D] Bddchgenr Apeemliiy Condithea ABOCD WU |
4 Buildings ' Age :
4.1 Comditicn of stustmre (roof, walls) ABCD HTU L
4.2 Comditicon of doors e Joos ABCD WU |w
4.3 Cos@tion of Lighteleg ABCD W |w
4.4 Ovesadl Bullding Conditboz ABCD WT |
Iissa pources need

Misipectionmonnd || bewviews || Moisbkeipe)  REG

(it any pormEntE or bonpems an the back of this fary

KINECTRICS INC 71 K-418046-RC-001-R3



Niagara Peninsula Energy Inc E FIELD INSPECTION FORMS

Distribution Asset Condition Assessment

Assel Conditien Survey Bubsurien
Tromsformer Stations : Cp P
AgE
Ly
Lecalisn
LA Power Trpnefiomer
I Iespections
1.} Bushing Comditicn
1.9 0l Lewks
1.3 Min TmkiCbinets Comditicn

14 Pefiators svd Consmralor Condison

1.5 Gaskets i Seals Crmditics

1,6 Pumps md Tome Coeditica

1.7 Primpry Cosnemiora/Conductors Condidon

1.8 Sesondery CosmeticeaConirn] Conditiom

1.9 FoundrtionSeppar SeelGramdizg Conditicn
1.11! Fire ProfsctionSpll Containmeszd
1.12 Owverall Fowwsr Transfomser Comditicn

Tapehassers (il appleakis] ﬁ- W .

1.15 Tank Conditan

114 Tink Lesifs

115 Gkt SealePressars Relbed Condifica

L1 LTC Contral a5 Mechesiam Cabdnes Comdition
L17 Comire] mnd Meshaniem Cabinet Componssts

LI1E Crverall Tap Chenjer 1
2 Brenhers ;‘&
| E'Lu'h'i.ngEnm:iﬁmEl J
32 Taak Conditian
23 O Laakes

24 Cowirels and hechendism
L.5 Owerall Breaker Condition

3 Mptal Clad Switsh Gonr Assemblles

3.1 Binsciure Inlegry (peiy, comosinn, watsr izake)
1.2 Geoem] Condition (svidens of malnberancs)
13 Civernll Switchgear A membly Condtion

4 Buildings
4.1 Comdilon of atrasturs (rood, wells)
4.2 Condiion of doors 22d Jocks
4.3 Condion of Lighinlng
4.4 Crvorall Building Comdition

Doara pevgress uemd

Izgpentor Kemoe md Diate -
{m‘tu-.;rﬁnmmu-:rmm uu.lln-'buckl:rl"lhlt:im:-}

KINECTRICS INC 72 K-418046-RC-001-R3



E FIELD INSPECTION FORMS

Niagara Peninsula Energy Inc
Distribution Asset Condition Assessment

Asset Condition Smrvey
Lnderground Distribution

L Pad Meugted Swiichgear
Clirede OMNLY ome
1.1 Matn Cohinet Condithon ABCD NU e
1.2 Pad Comdition ABCD WU e
1.5 Tssalaters Conedition , ABCD MU oy
14 Conter) Condition . : ABCD WU 1
1.5 Operatiisg Mechanism Condition ABCD NUO 1
1.6 Blegrion] Comnectione Ceaditon ' ABCD HU . |wm
1.7 Signs of Oreer Hanting? CABCD WIT s
1.7 Crverafl Condiion ABCD WO 135
Cables and Termination:
lj&hlrjﬂu!:diﬁm”- ABCD NU . |m
LY Terminstion Conditicm ABOD M1 hm
1.1 Meatral Condition ABOD HUD E]
1,11 Crearal] Cable Condition ) ARCDHD NU m
2 Pad Mouted Transformsr NN TAEL T
2.1 Malr Cobinet Condition
1.3 P Comdition
2.3 Ofl Leaks
2.4 Opecating, Tempersatare
2% Orveral] Trensfonmer Condition
Calsles and Termdnaticns
z..sc.ume_r:bpﬁﬁm“ ABCD NU |w
lET:mnmm-llﬁ?ud:hm ’ ABCD HNU e
LT Newtal Cemdition ABCD NU e
umwﬂﬂl&ﬂhm_ ABCD WU 17
Diats sineroes need

Inspscior Mame and Date ) .
(write any comments or soncems on the back of

KINECTRICS INC 73 K-418046-RC-001-R3



Niagara Peninsula Energy Inc
Distribution Asset Condition Assessment

E FIELD INSPECTION FORMS

L0 Ponll Baammivi! Swilchypear

1.1 hein Cobine! Condizion

.2 Fad Condition

13 Imsulaiore Condiiio

1.4 Comaer Cosdifion

1.5 Opersting Mechasism Condition
LG Eleztrical Comissions Condition
1.7 Buyms of Crver Hasing?

1.7 Crvegull Condtion

_ Cabfer and Terminatiane
1.E Cable Condilies
1.% Termisnties Crnditian
1.3 Weniral Condiniagp
1.11 Qrverall Cable Condition

2 Fod Meveted Transformer

2.1 Msin Cobines E‘mﬁnmér "yﬂf w

2.2 Pad Conditem

0.3 O] Lealen

2.4 CUperating Tenmperatms

2.5 Uvezall Trensfomer Condition

Cableg and Terminatians
2.0 Cahle Condilion
2.8 Ternmetion Condition

2,7 Feunra Condifian
Z.8 Overll Coble Condltion

Diats pavmoes pead

Inepecior Mare azd Dipos

f“mﬂ}’muurmmm I:Im-lmut e i ﬁ:u:m]n

KINECTRICS INC

74

Cirelke ONLY une

ABCD HU e
AEBCD ®WII ki
ARCD mU E1
ARCD M9 he
ABCOCD WU "
ABRCD WU M
ARCD MWW s
ABCD HD [ 134

ABCD NU "|=.¢
ABOD HT |n2|
ABCD NU |
ABRCD NTU  jm

k";-'.:.-.l-.-'..'.-mr. '|r':'.-:' Lye iy
Fowate 3

ABCD HU 135
ABCD WU 1%
ABED MU
ABCD HU

H

K-418046-RC-001-R3



E FIELD INSPECTION FORMS

Niagara Peninsula Energy Inc
Distribution Asset Condition Assessment

Assel Condition Survey
Undergromnd Distribution

L Fad Wizl Swhelhisar
Cirele CTNLY no

1.1 Mam Cabinet Candbibos ABRCD HUO 1

1.2 Pod Condition - ABCD HIJ 18
1.3 Ingoleors Comdition ABCD BHU n
L4 Cominet Conditian ABCD WU K
L5 Opernbip Mechmismn Cordiisomn ) ABCD KU |
1.6 Fectrical Coarmections Condition : ABCD N1 s
1.7 Bignk of Over Elenting? ABCD NuW |
L7 Orverall Condidom . ABCD N1 |

_ Cables and Tortdzaticns

1B Cabiz Candition ABCD U . |n

1.9 Termination Ceaditen ABCD WU ha

1.I' Memzal Cemdiom ABCD HNU Tt

111 Overall Cebile Cumitition | ABCD NU |=
1 Pad Mounied Traseformer Lesson [0 -.lr A A o] o

.I'l gﬁ“
2.1 Maia Cetbinet Condition bl T N ‘F Feo vu )
22 Pad Condition ) =L

2.3 (Kl Leals=
Z4 Opexting Temperators
2.5 Overall Teanefarme Condition

Cabber and Termization:
2.5 I::nb]r:ﬂc?ﬂlﬂﬂﬂ _ ABCD NU |
2.6 Tesmination Condiion ABLD WU =
2.7 Weatra] Ceadition ABCD WU e
2R Cwverdl] Cebie Conditiog ABCD WU 1=
Diats priinnes naed ' #

Mmoo [ tsseews [ ] Pesnisife) B0

KINECTRICS INC 75 K-418046-RC-001-R3



Niagara Peninsula Energy Inc E FIELD INSPECTION FORMS

Distribution Asset Condition Assessment

Asset Condition Survey Subeation
S — N
Age )
Wilege
Location

1.0 Remotsly Oporated Pole Monntcd Lond Breal Switch

Chrele OMNLY ane

1.1 hsulator Condition ABCD HU b
1.3 Mechanizal Bupperl Conditioe | . ABCD HTU e
1.3 Bipma of Over Heating? ABCD WU |
1.4 Costact Condition ABCD HU a
1.5 Operating Mechamism Conditicn ABCD NU  (m
1.6 Mater Operator and Comtral Condition ABCD NU T
1.7 Creerall Comdbicm ABCD WU 15

2 Mannally Cmersted Pole Moontsd Load Break Switch
1.} Ensulatar Condifion ABCD NU- |m
1.2 Mechanical Suppart Cosdilion ABCD NU b
1.3 Sigma of Ower HeatingT ABCD WU b
1.4 Creetaet Condition ABCD WU g
1.5 Operuiing Mechaniam Condition ABCD M T
1.6 Overall Condtipa ’ ABCD NU |m

3 Pole Locason
1.1 Holes end Cracis 7 LBCD WU oo
1.2 Rot? CD NU |m
1.3 Cross nrm Condition ABCD (R (=
1.4 Owersll Bols Condtion T {AE CD NU |m

L=

3 Pale Mounted Transformer Lasester ok MRS
1.1 Tk Integrity ' ABCD NU |=
1.2 Ofl Leak ABCD WU -]
1.3 Bushing Conditian _ ABCD KU |[=
{4 Bl=rition]l Connecticns ABCD WU s
1.7 Signs of Crverheeting? ABCD WU 1
L& Owerall Trensformes Condifion

+
Tadta poroes aied

KINECTRICS INC 76 K-418046-RC-001-R3



E FIELD INSPECTION FORMS

Niagara Peninsula Energy Inc
Distribution Asset Condition Assessment

Asset Condition S
LUnderground Distribution

L Fad Mowntsd Switclpear

1.1 Mam Cahinet Condition

1.3 PFad Candiien

1.3 hsilntors Condition I ARBROD MO 181
L4 Copdnet Conditien ABCD WL n
1.5 Opemiing Mechnnizm Cendtien ABCD WU il
1.6 Electricnl Commsstians Comdition : ABCD M1 [u
1.7 Signs of Crver Hesting? ABCD WU |m
LT Owewal] Condgtion ABCD NU |u

Cables and Terminations
S [phuvovs
LB Calie Condilion ( ‘%H. T ABICD WU 1)
1.5 Tereinaticn Conditiaz ;MML ) D NU |

ali C
1.1 Nl Canditica IRHH, oML Afco NU =
AfBC

1.11 Overell Cable Condition D NU |n
2 Pad Mounied Tramsformer Loeadess | s o, TR,
2.1 Maim Crbinst Condifon ABCD NU ua
2.2 Prd Conditbon _ , ABCD NU |
2.3 O Lok ABCD NU |m
L4 Operating Temperabore | ABCD NU [|u=
2.5 Overall Trensformer Conditien | _ABCD NU |
Cailes and Terminations
2.5 Cable Condition - ABCD NU |us
E.ET:'nmmlml.:-u:rnﬁnnn - ABCD MU s
1.7 Neutm] Condition ABCD NU |w

218 Owerall Cable Condition ABCD NU |

Diats soumoess nesd

el

{WIEE ANy CoMmEnts of conoems on dhe back ﬂ]j:a is -.'J.- 7

KINECTRICS INC 77 K-418046-RC-001-R3



Niagara Peninsula Energy Inc

E FIELD INSPECTION FORMS

Distribution Asset Condition Assessment

Asset Condition Snrvey
yverhead Distribrii

1.0 Remotely Operaisd Pale Mounted Load Break Switch

1.1 Tnsulabor Candidbon

1.2 hdechanical Suppest Condition

1.3 Bineof Ot Hestimg?

1.4 Contact Comiditiom

1.5 Orpereting Mechanizm Condition

L& hModne Cremater and Control Ceadition
1.7 Dryerall Comdiion

2 Mammalky Cperated Mole Moonted Load Breal Switeh

1.1 Insuistor Ceaditicn

1.2 Miecharical Bupport Condifion
1.3 Bigns of Dwer Heasting?

14 Contaoi Condition

1.5 Operering Mechanizm Condition
1.4 Crversll Comdon

3 Pole

1.1 Holee pnd Cracks ¥

12 Rat 7T

1.3 Cross arm Condition
1.& Ovverall Pals Condtian

3 Paole Mownted Traneformer Liecaton

1.1 Tami Intepzity

1.2 04l Leak

1.3 Bneshing Condition

1.4 Elseimicnl Commesticns

1.3 Bigms of Crerhesting?

L& Crveernll Trameformer Condition

Dats pouroes nesd

KINECTRICS INC

Mislepestonreersd [ | Taterviewy [

HNama

{write any comments or concerne oo the hack of this form)

78

Cirole DMLY ome

ABCD WU |

HBCD WU e

ABCD WU HH

LHBCOD HU iz

ABCD NT 1

ABCD NI jiw

ABCD WU 15

i
ABCD NU |m
ABCD NU |m
ABCD NU' |=
ABCD NU |

K-418046-RC-001-R3



Niagara Peninsula Energy Inc

Distribution Asset Condition Assessment

E FIELD INSPECTION FORMS

Astet Conditinn Survey
WW

1.4 Brmaszly Operate] Pisle iunpied Lot Brealt Switeh umu;]g_r_:g;;:: )
| AR
1.1 Inpokaioy Candition . l ARCE
1-_2 wdprhnie] Fuppett Comimtd
1.3 Bigns of Creer Heatlng?
14 Contaet -Dr.-nﬂmm N
|5 Cyperatiag Mechimasm Copditen

& B
i I
1.6 mgmﬂjmwmdl:ﬁ:mu:ulﬂuﬂmm — ECD RO y
1.7 Cregrall Condtion

it Lo Brmalk Swiech
2 Wanually {“rP.a::ﬂ.ud Tals Mo

1.1 Insulaior Conditiea .
1.2 Mechmaloal ﬂuppl:lT.| e
13 Siges of Over Heating]
1,4 Cominet Congition .
5 Cipasating Meschanisr B
1.6 Overall Confion

% Paole

1.] H,ulunuﬂ mﬂ?
1.2 Rot?
1.3 Croes wid ;

3 Pals Memted Tranelormes

1.‘12El-uﬁlj-'ﬂﬂ.‘}l""1ﬁ':‘;m=
1.4 Flectrich) Conoes .

1.5 Bigns of Ovesheting?
16 ﬂmﬂTﬂEﬁﬁmwﬂun

Doate sonroes ged

-
B
1

Tngpecins Nz gnd Dhate —
e ___m#mhmmnﬂmﬂnm'h_ Elfﬂ.'l“i':'m.]

KINECTRICS INC 79

K-418046-RC-001-R3



E FIELD INSPECTION FORMS

Niagara Peninsula Energy Inc
Distribution Asset Condition Assessment

Aszcel Condition Survey
Unde: } Distributi

L Pad Momnied Swilchgeor

Cirele ONLY one
1.1 Minin Calsizet Condition EB oD MU 1
1.3 Ped Comdifion A [ b I 1
1.3 Inenlaines Coaditian EB chD mu m
14 Contast Comdilion ECD WU 1
1.5 Cpernting Mechenismn Contion ECD WL a4
1.4 Elsorical Connectioms Comdition : BCD NU . |m
1.7 Signs of Orver Heating? ABCD N
1.7 Crvegall Comdtiom B CD N
Cablee and Terminntinns
1.8 Cnh.lbihndm ABCD HNU |
1.4 Termination Conditdon ARBCD W1
1.1 Meairal Comditian ABCD NUO 1
L11 Owerall Cable Comdition [ ABCD NU |m
2 Pad Monnted Teangiormer Leeatian
2.1 Main Cabine! Condicion | ABCD NU |=
2.2P‘f‘.‘|'3|.mﬂm:m ABCD N |
ZJQI.I.H.-IE ARCD WU 128
14 Cpereting Temperaturs ABRCD WO |m
2.5 Overall Trangformes Condtion ABCD NU |m
Cables and Terminations
2.5 Cable Conditiom - ABCD NU |m
2,6 Tennination Condition ABOCD MU 138
27 WNentral Condition ABCD MU 13
2R Cryerel] Cable Cosdition ABCD N1 |im

.ﬂ'hﬁ:l}l Brarvay Forme14 Usdergroend ClatrdbuSion WA Fom s .

KINECTRICS INC 80 K-418046-RC-001-R3



Niagara Peninsula Energy Inc E FIELD INSPECTION FORMS

Distribution Asset Condition Assessment

Asset Condition Survey
Underground Distribution

L0 Padl Mounied Swhichgeas

1.1 Main Cahinet Condition

1.2 Pad Coaditden

1.3 Insulndors Condition

1.4 Comiset Condition

1.5 Opemating Mechamiem Condition. |
1.6 Electrical Coomections Condition

1.7 Signs of Crver Heoating?
1.7 Owerall Condlina

Cables and Terminations
1.5 Cablz= Condition ' AR WU e
1.8 Terménation Cordition ABGID NU
1.1 Meuiral Coadition - ABC NU |
1.11 Cverall Coble Congdition _ABCID WU m
2 Pad Mounted Transformer Losstion
2.1 Malr Cabined Condition
2.2 Pad Condition
2.3 0il Lenks
1.4 Operating Temperatore
2.5 Owemall Transfommer Condition
Cables and Terminations
2.5 Cable Condition ABCD NU |m
2.6 Temdnstien Condition ABCD NU  |m=
2.7 Newiral Condition ABCD BT (|w
2.8 Crreall Cable Condition ABCD NU |m=
Dhatn soirces used _
Miseingective recaed || Towviews ||
' WName
Ingpecior Wamse and Diate )
[write apy comments or concerns oo the hack of fis form)
BAE0G Hurvoy Form-1H Urshargresund Disirizufion Vi Fome.sis

KINECTRICS INC 81 K-418046-RC-001-R3



Niagara Peninsula Energy Inc
Distribution Asset Condition Assessment

Agset Condition Survey
Underground Distribution

E FIELD INSPECTION FORMS

1.0 Pad Mounted Swiishpear

1.1 Mam Chbines Conditian

1.2 Pad Condition

1.3 Iswlsiors Condition

LA Coroct Condition

L3 Opemating Mechanism Conditios
1.6 Electzicn] Connections Cordifion
1.7 Signe of Cves Heating?

1.7 Owearall Coadtion

Cables und Termadnations

1.5 Cable Condifion
1.2 Termination Conilition
LI Mewtal Condition

1.11 Owerall Cable Condition

2 Pad Mouni= Tramsfoemer

L1 Maix Cabinel Conditlon

2.2 Pad Condition

&3 Ol Leals

14 Opereting Temperature

4.3 Orverall Trapsformer Condition

Cables and Terminatione

2.5 Cable Condilion
2.6 Terminaticn Condis
2.7 Meuatral Comdition
2.8 Owerall Cohle Ceediton

Diata sourees vasd

Clrele ONLY one

ABCD HU i
ABCD N in
ABCD WU o]
ABCD WU 13
ABCD WU m
ABCD HT . [m
-ABCD O MWNIT his
ABCD WU %

ABCD MU .=
ABCD WU 1
ABCD WU 1"
ABCD N m

A B CD WU k]
ABCD NU b
ABCD HU b=
ABCD M1 e
ABCD WU |m

Ll

Sunmy Foes-14

KINECTRICS INC

82

Unaergrause Dstritedlon W1 Foomads

K-418046-RC-001-R3



E FIELD INSPECTION FORMS

Niagara Peninsula Energy Inc
Distribution Asset Condition Assessment

mﬂlﬁ.ﬂnﬁumx
Undsreround Distribution

Lo Pad Monniee Swiclimesr

. Cirde JMLY gme
1.1 biuin Cehimet Copdiibon _.-F|' cn W1 1ok
1.7 Poud Conditlon LoD omW L1 =

1.3 aenlmors Condiiion
14 Cemtogl Condilcs
1.5 Operoting Meshoriem Chrdion
L6 Blecmionl Commestions Condition
1.7 Sipne of Caer Heating

1.7 Cerall Condrion

Cabies and Terminations

1.5 Cable Coandition ABCD MU 128
1.5 Tennmaiion Condition ABLCD WD 1)
1.1 Weuiral Cemdition . ABOCD KU =
111 Cverall Cebile Condiiion ABCD MU 1
= Paal Moumied Tl-l.l:uﬁlrm-:r i.ecvmn |'-' T TRy _5*&1'_?*""'.«-'-.'-"-{‘:
2.| Main Cabinet Condition o ABCD NU Im
:‘.2 P!-dl:'.mmnn . ) ABCD HU =
iz Cui_.cl:q]:a ABCD WD =
&4 Cperating Temperatars ABCD N lm
2.5 {rernl] Treonefoones Condition ABRCD WU 1
Callee and Ternuimations

E_thl:h!l?cl.ndiﬂu.n“ : ABCD HU |
E.E Termineticn Emﬂmun ABLOD WU o
2.7 Wasatma] Condition N ABTCD N |w
1.8 Cregral] Cable Condition ABCD WU e

Dietn pources upad ) &

J T
FPhatz:s izen {no.) AR
Du:

KINECTRICS INC 83 K-418046-RC-001-R3



Niagara Peninsula Energy Inc E FIELD INSPECTION FORMS

Distribution Asset Condition Assessment

Asset Condition Survey Suhsiren

Owerhead Distribution Op Do
A
Widinge

bl B ol o

1.0 eemoiely Opeented Pole Moonted Load Tireal Switch

Circle ONLY one
1.1 Insulmor Conditicn ABCD WU [
1.2 Mechanical Buppart Conditicn ABCD WU |us
1.3 Bigns of Dver Heatng? ) ABCD WU Y
1.4 Contoct Condition ABCD WU 3
1.5 Dpesting Mechasniam Condition ABCD WU 12
L6 Mobtor Opesasor end Conteal Condition ' ABCD WU |m
1.7 Oral] Comdtion . ABCD MNU i
2 Mampally Operated Pole Monnted Load Brealk Swilch
1.1 Insulstor Condition (AECD NU |
1.2 Mecheniza) Suppart Cosdition HEXD HNU [|m
1.3 Bigngof Ower Heafing? ~E oD ™
1.4 Coptact Condiion ABCD W 4]
1.5 Dperating Mechasizrn Condition . A D WU T
1.4 Overall Candtion , AMBHCD HNU e
X Faole ’ Lomatien
1.1 Holes end Cracks 7 AEBCD WU m
1.2 Rt 7 ABCD WU B
1.% Crosa arm Condition ABCD WU |m
1.4 Crverell Pole Condtion - 4 ABCD WU |
o3 Fale Mounted Trinelormer Lesatien
1.1 Tank Ineprity
1.2 Oil Leal

1.3 Bushing Condition

1.4 Electrica! Ceanections

1.5 Sips of Owverbeating?

1.6 Orverall Tranefopmer Condition

KINECTRICS INC 84 K-418046-RC-001-R3



	NPEI_AMP_2011_02_10_r1.pdf
	Executive Summary
	Objective of AMP
	AMP Components

	About NPEI
	Company Overview
	Geographic Map
	Customer Base
	Demand and Energy
	Energy Usage
	Demand
	Load Factor


	Corporate Information
	Vision Statement
	Mission Statement
	Corporate Values

	System Description and Reliability Performance
	System Description
	Main Asset Categories
	System Performance

	Major External Challenges
	 Smart Grid
	DG Connections
	Municipal Commitments – Load Growth
	Municipal Commitments – Infrastructure

	Major Internal Initiatives
	Information Technology Initiatives
	Kiosk/Submersible Replacement Program
	Pole Replacement Program
	Switchgear Replacement Program
	Vegetation Management
	Other Reliability Initiatives

	Business Practices
	Proactive vs. Reactive Replacements
	Maintenance Practices
	Work Integration

	Asset Condition Assessment
	2011 Business Plan
	Sustaining Capital with Major Project Types
	Development Capital with Major Project Types
	Other Capital
	O&M with Major Categories
	Billing and Collecting with Major Categories
	General and Administration

	2012-2015 Business Plan
	Sustaining Capital
	Development Capital
	Other Capital
	O&M
	Billing and Collecting
	General and Administration

	Appendix A – NPEI Distribution Asset Condition Assessment Re


