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RATE BASE

1.0 INTRODUCTION

This Exhibit provides Hydro Ottawa Limited's (“Hydro Ottawa”) distribution rate base
forecast for 2011 and a discussion of the variances between 2008 Ontario Energy Board
(the “Board”) Approved, 2008 Actual, 2009 Actual , 2010 Budget and 2011 Budget rate
bases. In accordance with the Board’s Update to Chapter 2 of the Filing Requirements
for Transmission and Distribution Applications, May 27, 2009, the rate base used to
determine the revenue requirement for the Test Year includes a forecast of net fixed
assets, calculated on a mid-year average basis, plus a working capital requirement. Net
fixed assets are gross assets in service minus accumulated amortization and contributed

capital. Table 1 shows the calculation of the 2011 rate base.

Table 1 — 2011 Rate Base?

2011
Adjustment Rate Base
$000 $000

2010 closing net asset balance $526,168
2010 Construction Work in Progress (“CIP") $19,632
2011 capital expenditures (net of contributed capital) 78,721
2011 CIP (28,417)
2011 deletions 0
2011 capital additions (net of contributed capital) 69,936
2011 Amortization (47,450)
Net Additions 22,486
2011 closing net asset balance 548,655
2011 average net asset balance 537,412
Working Capital 94,168

Total 2011 Rate Base $631,580

1. For audited financial statements, meters that have been replaced by Smart Meters have
been removed from fixed assets. For regulatory purposes, they are still included.
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2.0 2008 ACTUAL RATE BASE VERSUS 2008 APPROVED

Table 2 below compares the 2008 actual rate base to the 2008 approved rate base.
Hydro Ottawa’s actual 2008 rate base was $11.5M higher than approved primarily as a
result of the 2007 actual Construction Work in Progress (“CIP") being higher than
estimated and actual 2008 capital expenditures being higher than approved, as
described in Exhibit B4-2-1. The actual 2008 Working Capital Requirement was higher
than approved, due to the use of the calculated Working Capital Allowance of 14.1%

compared to the settled rate of 12.5%.

Table 3 below compares the actual 2008 rate base to the 2009 rate base. The 2009 rate
base is $22.9M higher than the 2008 actual rate base, despite capital additions being

low as a result of the expense of the Ellwood substation still being in CIP.

Table 4 below shows the budgeted rate base for 2010 compared to the 2009 actual rate
base. In 2010 the capitalization of the Ellwood substation has been budgeted which
significantly increases the capital additions. At the end of 2009, a number of assets
were removed from Hydro Ottawa’s rate base as they were considered to be non
distribution assets. One is the property at 90 Maple Grove. As described in the
Facilities Strategy, Exhibit B1-2-5, Hydro Ottawa plans to sell 90 Maple Grove in 2011.
The second is the solar panel installations on Hydro Ottawa facilities at Merivale Road
and Bank Street. Hydro Ottawa has received microFIT contracts for these installations
and as the revenue will not be used to offset distribution revenue, the assets had to be

removed from rate base.

Table 5 below shows the 2010 Budget rate base compared to the 2011 Budget rate

base.

2011 Electricity Distribution Rate Application
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Approved Actual
Adjustment Rate Base Adjustment Rate Base

2008 Rate Base $000 $000 $000 $000
2007 closing net asset balance $463,116 $461,888
2007 CIP $13,548 $24,141
2008 capital expenditures (net of contributed capital) 56,681 63,133
2008 CIP (15,435) (19,114)
2008 deletions 0 (16)
2008 capital additions (net of contributed capital) 54,794 68,144
2008 Amortization (40,822) (41,576)
Net Additions 13,972 26,568
2008 closing net asset balance 477,087 488,457
2008 average net asset balance 470,102 475,173
Working Capital Requirement 75,704 82,144

Total 2008 Rate Base $545,806 $557,317

2011 Electricity Distribution Rate Application
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2008 Actual 2009 Actual
Adjustment Rate Base Adjustment Rate Base
$000 $000 $000 $000

Previous year closing net asset balance $461,887 $488,456
Previous year CIP $24,141 $19,114
capital expenditures (net of contributed capital) 63,133 60,681
CIP (19,114) (27,287)
deletions (16) (116)
capital additions (net of contributed capital) 68,144 52,392
Amortization (41,576) (43,898)
Net Additions 26,568 8,494
Closing net asset balance 488,456 496,950
Average net asset balance 475,173 492,704
Working Capital Allowance 82,144 87,557

Total Rate Base $557,317 $580,261

! The 2008 Actual and 2009 Actual rate bases shown include stranded meters, which have been removed for financial statements.
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Table 4 — Bridge Year (2010) Rate Base*
2009 Actual 2010 Budget
Adjustment Rate Base Adjustment Rate Base
$000 $000 $000 $000

Previous year closing net asset balance $488,456 $496,950
Previous year Construction in Progress (“CIP") $19,114 $27,287
Current year capital expenditures (net of contributed capital) 60,681 70,190
Current year CIP (27,287) (19,632)
Current year net deletions (116) 0
Capital additions (net of contributed capital) 52,392 77,845
Amortization (43,898) (46,476)

Net Additions 8,494 31,369

Net Removal From Rate Base (Atria and Solar Panels) (2,151)

Closing net asset balance 496,950 526,168

Average net asset balance 492,704 511,560

Working Capital 87,557 95,399

Total Rate Base $580,261 $606,959

! The 2009 Actual and 2010 Actual rate bases shown include stranded meters, which have been removed for financial statements.

2011 Electricity Distribution Rate Application
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Table 5 — Test Year (2011) Rate Base®
2010 Budget 2011 Budget
Adjustment Rate Base Adjustment Rate Base
$000 $000 $000 $000

Previous year closing net asset balance $496,950 $526,168
Previous year Construction in Progress (“CIP") $27,287 $19,632
Current year capital expenditures (net of contributed capital) 70,190 78,721
Current year CIP (19,632) (28,417)
Current year deletions 0 0
Capital additions (net of contributed capital) 77,845 69,936
Amortization (46,476) (47,450)

Net Additions 31,369 22,486

Net Removal From Rate Base (Atria and Solar Panels) (2,151)

Closing net asset balance 526,168 548,655

Average net asset balance 511,560 537,412

Working Capital 95,399 94,168

Total Rate Base $606,959 $631,580

! The 2010 and 2011 Budget rate bases shown include stranded meters, which have been removed for financial statements.

2011 Electricity Distribution Rate Application
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CAPITAL PLANNING PROCESS

1.0 CAPITAL BUDGET STRUCTURE

Hydro Ottawa Limited’s (“Hydro Ottawa”) capital budget is organized into four programs:
Distribution Sustainment, Distribution Demand, General Plant and Green Energy Act. A
capital program is the term used for the grouping of expenditures for planning purposes.
A budget program is a subset of a capital program. Each capital program may have a

number of budget programs within it.

1.1 Distribution Sustainment

Sustainment expenditures are done to enhance, strengthen or support the distribution
system so it will continue to function as intended, within acceptable reliability tolerances.
Activities include installation, reinforcement, betterment, extension, relocation, or
replacement of distribution plant and are mainly driven by recurring or imminent system
failures, capacity constraints, or general growth. These activities are driven by an
internal Asset Management Strategy and not by external parties. Sustainment
expenditures are grouped into larger programs for ease of planning and tracking. Table
1 is a summary of sustainment activities by both capital program and budget program.

Each capital program may have a number of budget programs associated with it.

Distribution sustainment capital planning for 2011 was performed using the methodology
and results outlined in the 2010 Asset Management Plan Report (2010 AMP”) as
described in and attached to Exhibit B1-2-2.

In its distribution capital expenditures, Hydro Ottawa refers to distribution assets and
stations assets. Both of these assets are considered distribution plant for regulatory
purposes, Hydro Ottawa uses the terminology internally to differentiate between what is

within and outside of substation properties.

2011 Electricity Distribution Rate Application
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Table 1 — Distribution Capital, Sustainment

Capital Program Budget Program

Stations Asset Stations Transformer Replacement

Stations Battery Replacement

Stations Switchgear Replacement

Stations Relay Replacement

Station Conductor Replacement

Stations Plant Failure Capital

Stations Capacity Stations New Capacity
Stations Enhancement Station Enhancements
Distribution Asset Cable Replacement Program

Pole Replacement

Insulator Replacement Program

Elbow and Insert Replacement

Splice Replacement Program

Distribution Transformer Replacement

Vault Rehabilitation or Removal

Civil Rehabilitation Program

Switchgear New and Rehabilitated

Overhead Equipment New and Rehabilitated

Plant Failure Capital

Distribution Enhancement Vault Space Capital Leasing

Line Extensions

System Voltage Conversion

System Reliability

Distribution Minor Enhancements

Distribution Automation? Distribution Automation

Stations Automation® Substation Automation

System Operations Automation' | SCADA Upgrades
RTU - Additions

! Combined into a single Capital Program in 2011; “Automation”.

2011 Electricity Distribution Rate Application
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1.2 Distribution Demand

Demand capital expenditures are incurred to satisfy requests from external parties for
connection to, or relocation of, Hydro Ottawa’s distribution system plant, or to repair
equipment damaged by external parties. These activities result in a repair, relocation,
change or expansion of the Hydro Ottawa distribution system. External parties may be a
regulator, a road authority, a developer or an individual customer. Hydro Ottawa is
required to provide timely service for these activities. Many of the demand activities
include a financial contribution by the external party. Demand expenditures are grouped

into larger programs for ease of planning and tracking. Table 2 is a summary of demand

activities.
Table 2 — Distribution Capital, Demand
Capital Program Budget Program
Commercial New Commercial Development
Damage To Plant Damage to Plant
Infill & Upgrade Infill Service
Metering Metering — Reverification
Wholesale Meter (IESO meter upgrades)
Smart Meters
Remote Disconnected Smart Meter
Suite Metering
Plant Relocation Plant Relocation and Upgrade
Residential Residential Subdivisions
Stations Demand Projects |Embedded Generation Projects
System Expansion System Expansion Demand
Long Term Load Transfers

2011 Electricity Distribution Rate Application
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1.3 General Plant

General plant capital expenditures are done to ensure staff have available the tools and
facilities required to perform their jobs safely and efficiently. Tool replacements are
needed to carry out the distribution maintenance and capital program efficiently and
effectively. Strategically, the Geographic Information System (“GIS”) provides
intelligence for planning, managing and recording assets. Operationally, the Outage
Management System (“OMS”) and Supervisory Control and Data Acquisition (“SCADA”)
provide information and response for system operation/control. Functionally, the
Information Technology (“IT”) Strategy (Exhibit B1-2-4), the Facilities Strategy (Exhibit
B1-2-5), the Customer Information System (“CIS”) Transition Project (Exhibit B1-2-7) and
the Fleet Strategy (Exhibit B1-2-6), support the overall operation of the company. These
are all inputs to the General Plant Capital Plan. Table 3 is a summary of general plant

activities.

Table 3 — General Plant Capital
Budget Program

Buildings - Facilities
CIS Enhancements
Electronic Collection Field Activities
Environmental Sustainability Strategy
Fleet Replacement
Furniture & Equipment
GIS/OMS/CIS/IVR Integration
GRM System Enhancements
Info Services & Tech
ERP / JDE Project
New PC & Peripheral
Outbound Calling Auto-Dialer
PC/Peripheral Replacement
Tools Replacement
Website Enhancements

2011 Electricity Distribution Rate Application
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14 Green Energy Act

Green Energy Act expenditures are done as a result of the Green Energy and Green
Economy Act, 2009 (“GEA”"). Hydro Ottawa has prepared a Basic GEA Plan that
includes capital and operating expenditures for the period 2011 through 2015. In
preparing the plan, Hydro Ottawa has identified investments that will be necessary to
facilitate the connection of renewable generation to the distribution system and has
prioritized them based on where the highest likelihood of connection requests exists.
Refer to Exhibit B1-2-3 for details of Hydro Ottawa’s Basic GEA Plan.

15 Expenditures by Uniform System of Accounts

The programs/projects over the past five historic years, the bridge year (2010) and the
test year (2011) can be related to the Uniform System of Accounts, as shown in Exhibit
B4-6-1.

2.0 PLANNING PROCESS

Distribution system capital planning is a critical activity as the distribution capital budget
represents a large portion of the overall capital budget. The capital plans, as well as the
maintenance activities, are investments in the distribution system performance for the
safety of the public and workers, ability to connect new customers and accommodate
load growth. The overall capital budget sets the requirements for such peripheral
demands such as equipment procurement, staff levels, and fleet requirements. The
capital plan each year is an input to the labour requirements, and the capital and
maintenance budgets combined ensure the distribution system is able to continue

performing reliably.

Distribution capital planning and budgeting is done by the engineering (Asset Planning)

department. Equipment demographics, failure statistics and condition testing, as well as

2011 Electricity Distribution Rate Application
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system loading, reliability performance and predicted load growth are used in distribution
capital planning. The distribution capital planning process and results are outlined in the
2010 Asset Management Plan (Exhibit B1-2-2).

Hydro Ottawa has implemented management systems in other areas of the organization,
such as metering (1IS09001:2008), environmental (ISO14001:2004), health and safety
(OHSAS 18001:2007) and in the design-construction processes required by Ontario
Regulation 22/04.

2.1 Sustainment Planning

2.1.1 Supply and Capacity Planning

Supply and capacity planning supports the Sustainment portion of the distribution capital

budget.

The purpose of Supply and Capacity Planning is to ensure that Hydro Ottawa will be
capable of supplying both existing and future customer load. Using projections of load
demand for proposed major residential and commercial/industrial projects, as well as
growth estimates, a forecast is developed for peak summer and winter electricity
demand, over a 10-year planning horizon. The forecasts are prepared for several
different electricity supply areas as defined by geographic area, and the distribution

network configuration.

An assessment is made of the current supply capability of each substation and
distribution feeder that delivers power into the defined supply areas. The available
capacity generally considers a deterministic single contingency outage event, such that
in the event of the failure of the largest station transformer, or a feeder, in a particular
area, the winter or summer peak loads can be supplied without taxing the system
beyond its established ratings. Any planned retirement of plant is also considered in

these assessments.

2011 Electricity Distribution Rate Application
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By comparing the available supply capacity, and the forecast load for each area, over a
ten year horizon, the dates at which existing supply may be incapable of meeting the
supply criteria can readily be determined. For the areas in which the available supply is
projected to be inadequate in the near term, typically one to three years, an expansion
plan is developed to address the issue. This consists of evaluating available options to
expand the supply capability in a particular area. Initial evaluation of the technical
characteristics, land availability, environmental characteristics, and the capital and

operating costs is performed for each of the possible alternatives.

2.1.2 Distribution Asset and Station Asset Planning

Asset planning supports the Sustainment portion of the distribution capital budget.

Asset Planning involves review, by asset class, of the recommendations of the Asset
Management Plan and the creation of a more detailed plan and budget. For example, if
Hydro Ottawa has decided to replace poles each year per the 2010 AMP, the
sustainment planning activity around pole replacement is to evaluate the number of
poles to be replaced based on the plan and other operational requirements, and to then
identify the specific poles to be replaced. Operational, budgetary and practical

implications need to be weighed against the recommendations of the 2010 AMP.

Asset replacement also includes Plant Failure Capital, the unplanned replacement of
failed assets. These failures must be attended to during the same outage response visit
and could include failed insulators, transformers or any other distribution or stations
asset. The cost for this program is based on historical levels. Hydro Ottawa’s
distribution infrastructure demographics is of an ageing distribution system. Tracking
plant failures is one tool to provide feedback into the asset management process
regarding its success. Although elimination of all plant failures would be cost prohibitive
and irresponsible, the amount of failures and the impacts of the failures can be managed

to within acceptable limits.

2011 Electricity Distribution Rate Application
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2.1.3  Enhancement Planning

Sustainment planning also includes enhancement planning, modification to an existing
system that is made for purposes of improving operating characteristics such as
reliability or power quality, or for relieving system capacity constraints resulting from
general load growth. Enhancement planning involves evaluation of operational concerns
identified by staff and system performance issues identified by monitoring performance
measures to determine optimal solutions. Enhancement expenditures include both

Distribution Enhancements and Stations Enhancements.

2.1.3 Automation Planning

Sustainment planning also includes automation planning. Currently, automation at
Hydro Ottawa includes the installation of equipment for the remote interrogation and
operation of field devices. Automation projects are identified by evaluation of additional
real time information required to operate and maintain the distribution system and time
required to perform planned and unplanned switching, to impact the greatest number of

customers.

2.2 Demand Planning

Demand planning supports the Demand portion of the distribution capital budget.
Demand capital expenditures address external requests for connection to, or relocation
of, Hydro Ottawa’s distribution system plant, and the repair of equipment damaged by
external parties. Hydro Ottawa has an obligation to perform demand activities, once

applicable technical and financial requirements are met. The following sections explain

Hydro Ottawa’s demand capital budget categories.

2011 Electricity Distribution Rate Application
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Demand project costs are fully or partially recoverable. Customers must provide Hydro
Ottawa sufficient time to appropriately plan, design, and schedule, which could be as

long as one to two years for major infrastructure projects.

Demand planning involves forecasting demand activity based on historic trending and a
number of external factors, such as developer requests, economic conditions and City of
Ottawa (the “City”) works projects. Demand planning contains a fair level of uncertainty
as it involves estimating future activity of external parties without financial commitments
or a concrete plan for future years. Hydro Ottawa actively monitors pending demand
projects through such activities as participation in the City Utility Coordinating Committee
and Engineering Liaison Sub-Committee, participation in the City project specific
Technical Advisory Committees, review of development circulations such as Site Plans
and Zoning Amendments from the City, as well as communication and cooperation with

developers and consultants.

2.2.1 Plant Relocation and Upgrades

Hydro Ottawa installs the majority of its distribution infrastructure along road right of
ways that are owned and managed by the City. The City road works program largely
drives plant relocation. There typically is some capital contribution as per the Public

Service Works on Highways Act.
The Plant Relocation program does not include work for others; that is, where the
construction of privately owned facilities necessitates the relocation of Hydro Ottawa

plant. This work is done at the request of owners/developers at their expense.

The projects can be located throughout Hydro Ottawa’s service area depending on the

City roadwork plan, and impact both overhead and underground distribution plant.

Plant relocation is primarily dependent on the local economy and on various levels of

government funding. The City establishes a road works program for each year. The

2011 Electricity Distribution Rate Application
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road works plan may not be finalized until the year in which the works will occur. Hydro

Ottawa’s ability to accurately forecast is based on City plans.

Hydro Ottawa does stay abreast of possible pending works through participation in the
City Utility Coordinating Committee and through review of City Circulations such as

Zoning Amendments and Community Design Plans.

Plant relocation projects also arise due to requests from private developers. These
projects are typically 100 percent contributed by the requester, and include projects such
as moving a pole to accommodate driveway location for infill development, replacing
poles with taller poles to provide new construction with required clearances from
overhead medium voltage conductors, and relocating underground structures to

coordinate construction of new, third party, utility plant.

2.2.2 Residential Subdivisions

Residential subdivision expenditures are to service new residential developments as
requested by owners/developers that Hydro Ottawa is obligated to connect. These
expenditures do not include secondary “in-fill” type services. Residential subdivision
expenditures do not include apartment buildings, which have larger amperage services
requiring commercial servicing. Residential subdivision capital expenditures are partially
funded by developers through contributions in aid of construction, as determined by the
requirements of the Distribution System Code. Only the net between the capital

expenditures and the contributions is included in Hydro Ottawa’s rate base.
Residential development is primarily dependent on the local economy. The majority of

the residential work is in the west, south and east suburbs in the City. Growth in the

suburban areas since 2000 has been steady.

2011 Electricity Distribution Rate Application
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The majority of new residential subdivisions service costs typically occur prior to home
construction, so there is not a direct correlation between annual capital expenditures and

services energized or customer number increases.

2.2.3 Commercial Development

Commercial developments are new or upgraded primary services. These services are at

the request of owners/developers that Hydro Ottawa is obligated to connect.
The majority of the commercial work is in the west, south and east suburbs of the City.
Growth in the suburban areas since 2000 has been steady. Commercial development is

primarily dependent on the local economy.

2.2.4 System Expansion

System expansion represents an addition to a distribution system in response to a
request for additional customer connections that otherwise could not be made; for

example, by increasing the length of the distribution system.
Commercial or residential development, in areas with no current infrastructure requires
expansion for Hydro Ottawa to provide service. Activity follows growth and government

infrastructure investment patterns.

These projects are relatively unpredictable in timing as they are dependent on needs or

requests of external parties.

2.2.5 Embedded Generation

Stations Embedded Generation projects are customer driven projects. Hydro Ottawa

undertakes these projects to ensure substations can accept the customer embedded

2011 Electricity Distribution Rate Application
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generation connections while ensuring reliability of the existing distribution system is

maintained.

These projects are typically 100 percent contributed capital, as the work would only have
been done to accommodate the additional generation. This category is not related to
expenditures covered by the Green Energy Act. Contributions for renewable generation

projects would follow the requirements of the Distribution System Code.

2.2.6 _Infill Services

Infill Services are new customer services which were not part of a pre-planned
subdivision, or a service that is installed five years or more after the pre-planned

subdivision has had the Hydro Ottawa primary distribution circuit to the area energized.

An upgraded service is a change to the Hydro Ottawa portion of an existing customer
service; for example, an increase in service size from 100A to 200A. Infill and upgrade
services occur in both residential and commercial customer classes, in rural and urban

areas.

This is a demand-based activity. All costs in the category are customer dependant and

estimates are based on historical levels.

2.2.7 Damage to Plant

The program covers assets damaged by others (such as poles hit during car accidents
or cable failures due to dig-ins), where there is loss of functional use, and the asset must
be replaced. An attempt to recover costs is made whenever possible; however, in many
cases, the persons at fault are unknown, and cost recovery is not possible. The

estimated cost of this program is based on historical levels.

2011 Electricity Distribution Rate Application
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Damage to plant is, for the most part, beyond the control of the utility. Hydro Ottawa
does take action to reduce the volume of damage to plant incidents, and to lessen the
impact of the damage in cases where it is most likely to occur. Examples of the steps

taken include:

¢ Responding to City and utility circulations to identify where Hydro Ottawa plant
conflicts with construction activities,

¢ Providing underground locates through One-Call (Refer to Exhibit D1-4-3),

e Providing contractor supervision during excavation,

e Pole line designs locate pole-top equipment back from intersections where
possible, and

¢ Installation of protective bollards around pad mounted equipment in select

locations.

When damage to plant is identified, it is addressed in a timely manner to ensure public

and worker safety.

2.2.8  Wholesale Metering

Primary wholesale metering installations at supply points, presently owned by Hydro
One Networks Inc., must be replaced with new Independent Electricity System Operator
approved meters, as per the Market Rules. The cost of these upgrades is the

responsibility of the market participant, who is also required to take over ownership.

2.2.9 Meters

Meters on customer services impacted by the Smart Meter program are managed by the
Smart Meter program (Exhibit 12-1-1).

Hydro Ottawa follows the requirements established by Measurement Canada for meter

sampling and reverification. Hydro Ottawa has received temporary dispensation from

2011 Electricity Distribution Rate Application
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Measurement Canada regarding the seal period for some of these new Smart Meter

assets.

2.2.10 Contributed Capital

Customer contribution towards the funding of demand projects is determined by the
nature of the project and the Board requirements as set out in the Distribution System
Code.

Relocated distribution plant located along public road right of ways is subject to external
contributions per the Ontario Public Service Works on Highways Act (“PSWHA”), but
typically only to the extent of 50 percent of the labour and labour saving devices costs.
Requests to relocate infrastructure by parties other than the road authority do not fall

under the PSWHA and are one hundred percent funded by the requester.

Customer contribution towards construction of expansion projects is evaluated per an
economic evaluation to determine if the future revenue from the customer(s) will pay for
the capital cost and on-going maintenance costs of the expansion project. Expansion
projects subject to this evaluation are overhead and underground line extensions, and

commercial and residential subdivisions.

If a customer is required to pay a capital contribution they may elect to use “Alternate
Bid” construction. Hydro Ottawa has had few developers choose the Alternate Bid

option in recent years.

Budgeting contributed capital is done by examining past years actual contributions as a
percentage of total expenditures. Appendix B of the Distribution System Code was
revised as of October 2009 such that when LDCs rebase they will no longer include
upstream or enhancement costs as part of the economic evaluation formula for load
customers. The budgeted contributions for 2011 and forward include the impact of

implementing this change.
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General Plant planning items include the tools and facilities employees require to

perform their jobs safely and effectively. Significant components of the General Plant

capital budget for 2010 are described in the following sections.

Exhibit B1-2-4: IT Strategy

o Exhibit B1-2-5: Facilities Strategy

e Exhibit D1-4-4: Customer Service Strategy Plan

o Exhibit B1-2-6: Fleet Strategy

e Exhibit B1-2-7: CIS Transition Project

o Exhibit B1-2-8: Environmental Sustainability Strategy
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DISTRIBUTION ASSET MANAGEMENT PLAN

1.0 INTRODUCTION

Hydro Ottawa Limited’s (“Hydro Ottawa”) distribution system assets range in age from
new to over 50 years old. The management of these assets is critical to providing safe,

reliable and efficient electricity distribution services to customers.

In 2005, Hydro Ottawa completed the formal documentation around its Asset
Management Plan (2005 AMP”). The 2005 AMP models were created using a mixture
of actual data and assumed data on each asset class. Due to the inclusion of the
assumed data, the models were created conservatively; that is, to provide lower risk
recommendations that result in higher levels of activity. For this reason, the 2005 AMP
recommendations are recommended guidelines, not exact requirements. The 2005
AMP is available for reference on Hydro Ottawa’s website

(http://www.hydroottawa.com/corporate/index.cfm?lang=e&template _id=423).

In 2009 and 2010 Hydro Ottawa undertook to revise its documented asset management
philosophy and recommendations. The result of the revision process is the Hydro
Ottawa 2010 Asset Management Plan (“2010 AMP”).

The scope the 2010 AMP is limited to the management of the physical assets associated
with the distribution system. The scope of the 2010 AMP is focused on managing the

distribution assets in a way that is consistent with;

e Supporting organizational strategic plan,
e Supporting organizational risk management,
e Regulatory requirements, and

o Defined performance requirements.
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The objectives of the 2010 AMP are to demonstrate that the assets deliver the required
functions at the desired level of performance and that this level of performance is
sustainable for the foreseeable future and within the targeted levels of risk. The 2010
AMP is a key component of the planning and prioritization process. Addressed in the
plan are the financial, technical, and socio-political elements needed for making sound,

innovative or best practice asset management decisions.

The 2010 AMP reviews the past five year’'s performance and looks ahead for ten years
from January 1, 2011. The focus is on recommendations for expenditures and activities
within the first three to five years. Based on long term trends and, depending on
consumer demand growth, it is likely projects will change in the latter half of the ten year

period of the plan.

A fundamental requirement of effective development and management of a distribution
system is effective system planning. The 2010 AMP is the documented output of Hydro
Ottawa’s distribution system planning and provides short and long range planning
direction for distribution system development, reliability improvements, asset inspection,

maintenance and replacement programs as well as increases to overall system capacity.

The Hydro Ottawa 2010 Asset Management Report is attached as Attachment O.

2.0 ASSET CONDITION STUDIES

The Update to Chapter 2 of the Filing Requirements for Transmission and Distribution
Applications, May 27, 2009 requires that the applicant state whether or not it has
undertaken any asset condition studies. Hydro Ottawa has not engaged third parties to
perform documented asset condition studies. Hydro Ottawa does evaluate the condition
of assets through various inspection and testing programs outlined in the 2010 AMP,

and outlined in the following sections.
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2.1 Poles

Pole condition assessment is available from two surveys, the 1996 survey of the former
Ottawa Hydro service area, and the geographic information system survey of the
remainder of the system completed in 2003. Pole condition is routinely assessed by
operational personnel performing work on a pole such as switching or asset replacement
(transformers, insulators, lightning arrestors, etc.), although not documented unless an

issue is identified.

2.2 Distribution Transformers

In 2005 a distribution transformer survey was performed in preparation for the pending
polychlorinated biphenyl legislation and development of the geographic information
system. Through this survey every transformer was visited up-close and items requiring

immediate or short term attention were recorded and addressed as appropriate.

2.3 Underground Chambers

Hydro Ottawa maintains a regular inspection program of its underground chambers
administered by both Hydro Ottawa staff and external contractors. Inspection of
underground civil structures involves a condition assessment and rating from 0 to 5 for
the roof, collar, walls and floor.

2.4 Underground Switchgear

Condition assessment of underground switchgear is performed on a regular basis

through a variety of strategies. Thermo-graphic analysis and cleaning with CO; is

performed on air insulated pad mounted switchgear.
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2.5 Station Transformers

Hydro Ottawa substations are inspected regularly. Hydro Ottawa has laboratory tests of
all station transformer oil performed once per year. Substation transformer oil condition
was used as an input into the 2010 AMP. Additionally, in order to continually monitor
transformers that have shown signs of deterioration, the budget for installation of online
oil monitoring systems on 17 transformers have been included in capital expenditures for
2011.

2.6 Station Switchgear

Station Switchgear is evaluated during maintenance inspections by Hydro Ottawa
employees and provided a health index. Breakers and relays are removed from service
and tested on a three to five year cycle.

2.7 All Assets

Outage statistics are monitored to identify emerging trends, and failure correlation is
used to evaluate major assets. For example, the use of FEMI (“Feeders Experiencing

Multiple Interruptions”) is a new measure being adopted by Hydro Ottawa to assist in

analyzing specific areas with reliability problems.
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Section A. Executive Summary

Hydro Ottawa Limited’s Asset Management Plan (“the plan”) details how we plan to manage maintain
and reinforce our electricity distribution system over the next decade.

The plan reviews the past 5 year’s performance and looks ahead for 10 years from January 2011. Based
on long term trends and depending on consumer demand growth, it is likely that new projects and some
planned projects will change in the latter half of the 10 year period of the plan.

The scope of the plan is limited to the management of the physical assets associated with the distribu-
tion system. The objectives of our plan are to report on the performance of the distribution system and
to identify risk and challenges in the distribution system that would adversely affect our ability to deliver
on Hydro Ottawa’s strategic objectives; Financial Strength, Customer Value, Organizational Effective-
ness, and Corporate Citizenship.

Financial Strength

The delivery of the sustainment capital program, to be on or below budget or approved forecast, is iden-
tified as a performance measure within our strategic objectives. Our ability to meet this objective is
heavily tied to the quality of the plan.

Despite spending variances between some budget programs, largely due to year end carryover of multi-
year projects and an increase in system capacity spending, the performance to date has been good. The
2009 sustainment program was delivered within 5% of the approved budget and our cumulative spend-
ing in capital sustainment since 2005 is within 4.5% of the original plan (2005).

Moving forward, managing ageing infrastructure and system capacity issues will continue to present
challenges. Our equipment failure projections indicate that a need to increase asset replacement
spending levels, for poles, distribution transformers and station transformers. In addition, system ca-
pacity spending will remain in-line with the spending levels that occurred in the last 5 years.

With the introduction of the Green Energy Act (GEA) We have indentified the needfor an

it is anticipated that new initiatives will be intro- § . . . .
_ increase in sustainment capital
duced to promote smart grid development and ena-

ble renewable embedded generation in the distribu- spending of $5M by 2013 and an

tion system. Hydro Ottawa is pursuing some initia- [ additional S6.5M by 2020. The fore-

tives to support the GEA which have been identified casted capital sustainment require-

ment in 2020 is $59.7M.

in a separate document (“Hydro Ottawa Limited Ba-

sic GEA Plan”). In the short term these initiatives will
require an increase in sustainment capital spending.
As the smart grid and GEA initiatives mature it is anticipated that capital spending will increase however
this will be accompanied by gains in operational efficiencies.

Overall we have identified the need for an increase in sustainment capital spending of $5M by 2013 and
an additional $6.5M by 2020. The forecasted capital sustainment requirement in 2020 is $59.7M.
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Customer Value

System reliability is a performance measure of Customer Value. Our objective is to maintain the 3 year
average system reliability, while implementing programs resulting in significant progress in areas with
known reliability problems.

The 3-year averages for the two key measures of The three Ieading causes affecting
reliability, System Average Interruption Frequency

Index (SAIFI) and System Average Interruption Dura-
tion Index (SAIDI) have both been relatively con- loss of supply, defective equipment
stant.  The three leading causes affecting outage || and foreign interference

frequency and duration are loss of supply, defective

equipment and foreign interference.

outage frequency and duration are

Outages caused by loss of supply continue to be addressed with Hydro One Networks Inc (HONI) and the
Ontario Power Authority (OPA) through regular joint review. Continued investment in system capacity
will result in operational flexibility to support improvements in reliability performance.

Outages associated with defective equipment will continue to be addressed through improvements in
asset condition assessment, failure correlation and refinements to our asset management models. This
will improve our ability to optimize spending forecasts for asset replacement programs.

Recently in 2009, animal contacts lead the increase in outages due to foreign interference. Though
there are mitigation measures available, a single year increase is an anomaly so continued monitoring is
recommended.

Continued efforts will focus on identifying and adopting new reliability performance measures and lead-
ing indicators that enable us to make improvements from a proactive approach rather than reactive. An
example of this is the “Feeders Experiencing Multiple Sustained Interruptions” (FEMI). This is a customer
centric measure as it provides an indication as to regions which have seen high localized issues.

Hydro Ottawa has performed well over the last five years however we will continue to face multiple
challenges for the next decade. Those challenges

include the management of an ageing infrastructure,
ensuring the system has sufficient capacity to meet | OVEr the last five years however we

Hydro Ottawa has performed well

projected load growth as well as new demands in- § will continue to face multiple chal-
itiated by the Green Energy Act. lenges for the next decade.
We will continue to optimize capital sustainment

investments through rigorous asset management processes based on sound engineering, asset evalua-
tion programs and compliance with regulation. We are confident that the plan laid out for the next dec-
ade aligns with our corporate objectives and will deliver the expected level of performances.
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Section B. Background I

Period Covered \

The Asset Management Plan covers a period of ten years |
from the fiscal year beginning on 1 January 2011 until the |
year ending 31 December 2020. The main focus of analysis is |

the first three to five years. Beyond this general forecasts are
made which are reviewed annually.

This plan will be reviewed annually with the next plan due for release March 2011.

Purpose of the Plan

The intention of the Asset Management Plan (AMP) is to document the asset management practices
used by Hydro Ottawa Limited (HOL) as part of an optimized lifecycle strategy for our electricity assets.
The objectives of the AMP are to demonstrate that the assets deliver the required functions at the de-
sired level of performance and that this level of performance is sustainable for the foreseeable future
and stays within the targeted levels of risk.

Our plan is a key component of our planning process. Addressed in the plan are the financial, technical,
and management elements needed for making sound innovative or best practice asset management
decisions.

The plan looks ahead for 10 years from 1 January 2010. Our main focus is on the first three to five years
— for this period most of our planned projects have been identified. Beyond this period, analysis is more
indicative. Based on long term trends and, depending on consumer demand growth, it is likely that new
projects and some planned projects will

change in the latter half of the 10 year

period of the plan.

Our plan is also a technical management
tool that provides extensive detail to be
used on a day-to-day basis by HOL em-

A e

ployees to demonstrate responsible ste-

wardship of HOL network assets. g

Our plan focuses on optimizing the life-

cycle costs for each network asset group
(including creation, operation, mainten-
ance, renewal and disposal) to meet agreed service levels and future demand. Each year we aim to im-
prove our plan to take advantage of new information and changing technology. These innovations help
us to maintain our ranking as one of the most reliable and efficient electricity networks in the Province
of Ontario.
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Hydro Ottawa Limited’s distribution system assets range in age from new to over 50 years old. The man-
agement of these assets is critical to providing safe, reliable and efficient electricity distribution services
to its customers.

A fundamental requirement of effective development and management of a distribution system is effec-
tive system planning. The plan is the documented output of HOL distribution system planning and pro-
vides short and long range planning direction for distribution system development, reliability improve-
ments, asset inspection, maintenance and replacement programs plus increases to overall system capac-
ity.
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Section C. Performance

The following sections summarize the performance measures with respect to system reliability, system
capacity and our performance with respect to the deployment of the sustainment capital programs.
Plus an overview has been provided on the risk analysis and an outlook related to capital requirements
associated with the ongoing management of the distribution system. Full details on any of these topics
can be found within the document.
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Key Measure: Reliability

Despite annual variations in the System Average
Interruption Frequency Index (SAIFI) and System
Average Interruption Duration Index (SAIDI) the 3-
year averages have remained relatively constant at
acceptable levels over the past 3-years.

The three leading causes affecting outage fre-
quency and duration continue to be Loss of Supply,
Defective Equipment and Foreign Interference.
More than 50% of the system interruption frequen-
cies were caused by these three elements.

Loss of supply can be attributed to three significant
outages, one of them affecting the Fallowfield DS.
With the recent purchase of this facility Hydro Ot-
tawa Limited now has the ability to control the im-
pact of these types of outages. The other key con-
tributor was a loss of supply, double contingency
outage at the Hydro One Hawthorne 230kV to 44kV
station. Continued work with Hydro One is re-
quired to minimize these issues.

Defective equipment outages were driven by insu-
lator failures particularly in the south east portion
of the distribution system. To rectify these recur-
ring outages capital funding allocated for system
reliability was prioritized to replace many of these
insulators in 2009. Continued focus is required to
support asset replacement programs so that the
impacts of equipment failures on system reliability
can be managed.

FEMI (Feeders Experiencing Multiple Interruptions)
is a new measure being adopted by HOL to assist in
analyzing specific areas with reliability problems.
Presently HOL is reporting on feeders that experi-
ence 10 or more interruptions in a calendar year.
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Key Measure: System Capacity

Hydro Ottawa Limited continues to be a
summer peaking system. The 2009 system
peak (summer) was comparative to 2008 as
the summer periods were climatically simi-
lar. The trend continues to show the effects
of summers such as that of 2005 that con-
tained several long, drawn out, hot and hu-
mid heat waves.

Our capacity utilization ratio (the ratio of
peak loading to total transformation capac-
ity) is at 70% while our load factor (ratio of
average load to maximum load) is at 64%.

System annual energy was increasing at a
slow pace. With the effects of increased
penetration of demand side management
initiatives and distributed generation, over-
all energy use is expected to decline; how-
ever, growth will continue in certain geo-
graphic pockets of the city.

Distributed generation contributes to ap-
proximately 1.4% of our peak demand and
supplies approximately 1.8% of the system
annual energy delivery. A slight upward
trend was observed in the amount of dis-
tributed generation connections to the dis-
tribution system. With the deployment of
the Ontario Power Authority (OPA) Feed In
Tariff (FIT) program this trend is expected to

increase considerably.
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Key Measure: Sustainment Capital

Despite annual year to year fluctuations
the cumulative sustainment capital spend-
ing is on target.

Regarding asset replacement the focus
over the past five-years has been oriented
towards poles, cables, distribution trans-
formers and substation switchgear.

HOL has replaced 1700 poles between
2005 and 2009 inclusive.

To date approximately 700 pole mounted
transformers and 150 pad mounted trans-
formers have been replaced, driven largely
by the Federal PCB regulation SOR 2008-
273.

A total length of 62 km of underground
cable has been replaced as part of the ca-
ble replacement program.

Station switchgear replacements have
been completed at three stations with ad-
ditional projects ongoing.

In addition to ageing asset replacement
construction was completed on a new sub-
station (Cyrville) in the east end of the ser-
vice territory, the Fallowfield and Rich-
mond South stations were acquired from
Hydro One Networks Inc. and work began
on two new substations, Elwood and Terry
Fox MTS.

Sustainment Capital Spending

Sustainment Capital Annual Spending ($'000) 2005-2010

2010
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Key distribution line extensions included a new 28KkV circuit along Earl Armstrong in the south end of the

service territory and new circuits out of the Cyrville substation.
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System Demographics

Table 1. System Demographics

2005 2006 2007 2008 2009

Service Area (km?) 1,104 1,104 1,104 1,104 1,104

Total Metered Customers 278,746 282,393 287,006 291,639 296,007
IOESIURMEEErEd Spuo‘;r‘:i‘s’ 44,932 46,355 49,722 50,071 54,428
Total Number of Substations
Used by HOL 92 91 92
HOL Owned/Co-owned -- -- 82 81 84
Used & not owned/co-owned 10 10 8
e e 5,242 5,451 5,740 5,353 5,386
O/H Circuit 3,318 3,450 2,898 2,729 2,709
U/G Circuit
1,924 2,001 2,841 2,624 2,677
Total Number of Poles 44,600 46,761 51,582 49,201 48,699
UL L TTra"5f°Tm_e“ 38,553 38,676 40,106 40,096 40,691
RSSO 22 22 21 21 25
Sub-Transmission
Distribution 154 154 147 141 141
38,377 38,500 39,938 39,934 40,525
WL ML LG i Ch;g:; 3,300 3,300 3,100 3,156 3,006
System Peak-Summer (MW) 1,465 1,495 1,425 1,355 1,364
System Peak-Winter (MW) 1,361 1,249 1,324 1,268 1,268
Total Energy Delivered (Pur-
e 7,927 7,724 7,865 7,867 7,785
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System Investment

Table 2. System Investment Measures
2005 2006 2007 2008
Capital Sustainment
($MM) 25.2 30.1 34.8 34.2 37.6
Capital Sustainment for
New System Capacity 0.03 2.81 6.23 9.35 13.6
(SMMm)
Capital Sustainment for
PISHHBUHON ASSELRE 12.8 18.7 13.6 9.9 12.0
placement (Millions)
Capital Sustainment for
Station Asset Replace-
ment (SMM) 0.81 2.39 6.79 7.75 5.91
Maintenance Spending
($MM) 18.2 17.4 15.7 16.9
SAIDI (Including LOS) 1.090 1.511 1.397 0.980 1.503
SAIFI(Including LOS) 0.991 1.189 1.211 1.020 1.150
Total Investment per peak
MW
Capital ($7000) 17.3 24.2 30.5 27.2 27.6
O&M ($000) 5.17 10.8 11.4 11.0 12.4
Total Investment per
MWh delivered
il 3.14 4.68 5.53 4.69 4.83
DAL 0.94 2.08 2.07 1.90 2.17
Total Investment per Cus-
tomer
Capital ($’) 89.30 128.13 151.63 126.29 127.02
o&M ($') 26.62 56.95 56.79 51.05 57.09
Total Investment per km
of line
Capital ($’000) 4.75 6.64 7.58 6.88 6.98
O&M ($'000) 1.42 2.95 2.84 2.78 3.14
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Key Measure: System Capacity

Table 3. System Capacity Measures
2005 2006 2007 2008 2009
Peak Load (MW) 1465 1495 1425 1355 1364
Total Energy Supplied 7,892 7,619 7,610 7,641 7,627
(Sold GWh)
Capacity Utilization 78% 79% 75% 72% 70%
Load Factor 62% 58% 61% 64% 64%
Total Distributed Gen- 16 23 28 28 29
eration Connected (MW)
Distributed Generation 19 18.7 18.3 19.8 19.5
Supplying Peak (MW)
% Distributed Genera- 1.29% 1.25% 1.28% 1.46% 1.43%
tion Supplying Peak
Distributed Generation 118 138 117 141 141
Energy Production
(MWhr)
% Distributed Genera- 1.49% 1.81% 1.53% 1.85% 1.85%

tion Energy Production

Definitions
Peak Load (MW) is defined as the peak electrical demand of the system (in MW).

Total Energy Supplied (GWh) is the cumulative electrical energy supplied by the distribution system to
the load as measured at the supply point each year.

Capacity Utilization (Peak MW/ Total Station Transformer MVA) is defined as the peak electrical de-
mand of the system (in MW) divided by the total combined transformation capacity (in MW). The total
combined transformation capacity is the sum of all transformer capacities at transmission and sub-
transmission delivery points.

Load Factor (Avg. MW/Peak MW) is defined as the average electrical demand of the system (in MW)
divided by the annual system peak demand (in MW).
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Total Distributed Generation Connected (MW) is defined as the coincidental peak electrical supply (in
MW) from distributed generation within Hydro Ottawa Limited’s service territory.

% Distributed Generation Supplying Peak is defined as the ratio between the coincidental peak electri-
cal supply (in MW) from distributed generation within Hydro Ottawa Limited’s service territory and the
peak electrical demand of the system (in MW).

Distributed Generation Energy Production (MWh) is defined as the cumulative electrical energy sup-
plied (in MWhr) from distributed generation within Hydro Ottawa Limited’s service territory.

Figure 1. Actual and Weather Corrected Summer Peak Demand
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Figure 2.  Actual and Weather Corrected Winter Peak Demand
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Figure 3.  Annual Energy Delivered
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System Reliability Performance Measures
Definitions

Interruption — A sustained loss of voltage/electrical supply on all phase to the customers supply point.
Not withstanding, if the customer’s system is not able to accept electricity from Hydro Ottawa’s system
this is not considered an outage. This does not include Partial Power (loss on some of the phases supply-
ing a customer), or sags/deformations, these are power quality events.

Loss of Supply- Is a primary cause classification which is utilized in the outage reporting and recoding.
This term indicates a situation in which the system was ready to accept energy from the energy, and the
providers are not supplying. The term “Loss of Supply” therefore indicates a situation where Hydro Ot-
tawa’s system is without power for a reason that is beyond the control of Hydro Ottawa.

System Average Interruption Frequency Index (SAIFI) - This index is designed to give information about
the average frequency of sustained interruptions per customer over a predefined area. In words, the
definition is:

Total number of customer interruptions
Total number of customersserved

SAIFI =

This index is reported both including and excluding Loss of Supply (LoS). SAIFI including LoS provides
information as to the total interruptions which are seen by the ‘average’ customer. SAIFI excluding LoS
indicates the ‘average’ customer interruptions which are the result of causes under the direct control of
Hydro Ottawa.

System Average Interruption Duration Index (SAIDI) - Designed to provide information about the aver-
age time the customers are interrupted. In words, the definition is:

Total hours of customer interruptions
Total number of customers served

SAIDI =

This index is reported both including and excluding Loss of Supply (LoS). As with SAIFI the SAIDI includ-
ing LoS provides information as to the total duration of interruption with are seen by the ‘average’ cus-
tomer where SAIDI excluding LoS provides an indication as to the duration which the ‘average customer
is interrupted as the result of causes under the control of Hydro Ottawa.

Customer Average Interruption Duration Index (CAIDI) - CAIDI represents the average time required to
restore power to the average customer per sustained outage. In words, the definition is:

Total hours of customer interruption
Total number of customer interruptions

CAIDI =

Feeders Experiencing Multiple Sustained Interruptions (FEMIn) - This index represents the number of
feeders experiencing outages greater than or equal to value n, current reporting is done for n=10. It is a
customer centric measure as it provides an indication as to regions which have seen high localized is-
sues.
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Performance Targets

System reliability is maintained in accordance with accepted industry standards. Acceptable in this con-
text shall be taken to mean performance equal to or better than the performance indices stated in the

tables below.
Table 4. System Reliability Performance Targets (3 Year Average)
030 2006 2007 2008
Target
System Average Interruption
Frequency Index (SAIFI) in- TBD 0.94 1.13 1.13 1.13
cluding Loss of Supply
System Average Interruption
Frequency Index (SAIFI) ex- <1.0 0.71 0.73 0.71 0.72
cluding Loss of Supply
System Average Interruption
Duration Inc!ex (SAIDI) includ- T8D 112 133 1.29 1.29
ing Loss of Supply
System Average Interruption
Duration Ind.ex (SAIDI) exclud- <1.0 0.94 1.01 0.98 0.98
ing Loss of Supply
Customer Average Interrup-
tion Duration Index (CAIDI) TBD 1.19 1.19 1.14 1.15

Feeders Experiencing Multiple
Sustained unplanned Inter-

ruptions excluding Loss of TBD 33 32 27 29
Supply (FEMly)

*The area of focus is “Customer Value”
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Historical System Reliability Performance Measures

Figure 4. Historical System SAIFI
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Figure 6.  Historical System SAIFI and SAIDI
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Figure 7.  Historical System FEMI
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Figure 8. Hydro Ottawa’s 10 Least Reliable Feeders
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Reliability Analysis

Cause of Service Interruption

0 Unknown/Other Customer inter-
ruptions with no apparent cause that
contributed to the outage

1 Scheduled Outage Customer
interruptions due to the disconnec-
tion at a selected time for the pur-
pose of construction or preventive
maintenance

2 Loss of Supply Customer inter-
ruptions due to problems in the bulk
electricity supply system

3 Tree Contacts Customer interrup-
tions caused by faults resulting from
tree contact with energized circuits

4 Lightning Customer interruptions
due to lightning striking the distribu-
tion system, resulting in an insula-
tion breakdown and/or flash-overs

5 Defective Equipment Customer
interruptions resulting from equip-
ment failures due to deterioration
from age, incorrect maintenance, or
imminent failures detected by main-
tenance

6 Adverse Weather Customer in-
terruptions resulting from rain, ice
storms, snow, winds, extreme tem-
peratures, freezing rain, frost, or
other extreme weather conditions
(exclusive of Code 3 and Code 4
events)

7 Adverse Environment Customer
interruptions due to equipment be-
ing subject to abnormal environ-
ments, such as salt spray, industrial
contamination, humidity, corrosion,
vibration, fire, or flowing (previously
Code 9)

8 Human Element Customer inter-
ruptions due to the interface of dis-
tributor staff with the system (previ-
ously Code 7)

9 Foreign Interference Customer
interruptions beyond the control of
the distributor, such as animals,
vehicles, dig-ins, vandalism, sabo-
tage, and foreign objects (previously
Code 8)

© Hydro Ottawa Internal Use Only

System reliability has two primary components, frequency and duration. Fre-
qguency relates most directly to the causal aspect of system interruption
whereas duration relates most directly to operation of the system. System
Average Interruption Frequency Index (SAIFI) can be regarded as the “cause”
and System Average Interruption Duration Index (SAIDI) regarded as the “ef-
fect”. Additional correlation on system interruptions based on the 10 Pri-
mary Causes outlined in the Electricity Reporting and Record Keeping Re-
quirements provide further statistical data that can be used as indicators of
system issues where remediation should be undertaken to improve perform-
ance. Reliability scores are evaluated for trending and patterns as seasonal
and annual variations are not always indicative of system deficiencies.

Despite annual variations in the SAIFI and SAIDI, the 3-year averages have
remained relatively constant at acceptable levels since 2007.

System average interruption frequency and duration indexes have been bro-
ken out by primary cause as shown in the figures below. These indicate that
the two leading causes for outage frequency continue to be Loss of Supply
and Defective Equipment.

SAIFI Qutages based on Primary Causes

u Adverse Environment
w Lightning

& Tree Contacts

u Adverse Weather

# Scheduled Outage

B Human Element

o UnknownfOther
 Foreign Interference
m Defective Equipment

u Loss of Supply

2006 2007 2008 2009
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SAIDI Outages based on Primary Causes

Collectively, Loss of
Supply, Defective
Equipment and For-

eign Interference
account for more
0,

than 50% of the u Adverse Environment
2009 SAIFl score. « Lightning
Similarly for inter- W:{ree Contacts

. d . . u Adverse Weather
ruption durations it @ scheduled Outags
can be seen that ® Human Element
roughly 50% of the W Unknown/Othar

® Foreign Interference

2009 SAIDI score was I
due to 3 Primary ® Loss of Supply
Causes: Loss of Sup-
ply, Defective : :

Equipment and For-
eign Interference. 2006 2007 2008 2009

Loss of Supply

The largest contributor to both frequency, and duration of customer interruptions in 2009 was Loss of
Supply (LoS). Most striking is the increase in SAIDI contribution over 2008 levels without a proportionate
increase in SAIFI. Three outage events in 2009, have contributed almost 80% of the LOS SAIDI, and 40%
of the SAIFI. These were outages at Hawthorne TS, Fallowfield TS, and Merivale TS.

e Hawthorne TS — April 20, 2009 — Interruption of service to 53,505 customers in the Gloucester
region due to a Hydro One forced transformer outage while the other station transformer was
out for maintenance.

e Fallowfield TS - June 24, 2009 - Interruption of 28,857 customers due to the failure of a Hydro
One station contactor.

e Merivale TS — April 9, 2009 — Hydro One S7M interruption resulted in service outage for 21,712
Hydro Ottawa customers.

Defective Equipment

Defective equipment caused interruptions were the second largest contributor to system interruption
frequency and duration in 2009.

While significant reductions in interruptions due to U/G Cable and Pole Attachments have been at-
tained, these have been outpaced by increasing reliability issues in other equipment classes.
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Pole Attachments — The majority of pole

attachment outages are the result of porce- . .
SAIFI Due to Defective Equipment

lain insulator failures. While reduction in
customer interruptions have been achieved
this remains a significant contributor to
interruption frequency and duration

U/G Cable — While reduced contributions

to reliability measures can be seen in this = Scation Equipment
o /G XFRIM
category, XLPE cable continues to appre- = Other
® O/H Conductor
ciably contribute to annual customer inter- O switchgear
. . . ® Poles & Pole Attachements
ruptions. In 2009, the main contributors to 8 UG Cable & Accessaries

this category where single faults on trunk
lines, affecting a large number of custom-
ers on circuits supplied by Albion TS and
Limebank MS station, as well as, several o o e
smaller interruptions due to cable faults on

Beaconhill MS and Bilberry TS circuits.

SAIDI Due to Defective Equipment
O/H Switchgear — Increasing customer in-

terruptions due to overhead switchgear
was seen in 2009. This was primarily con-
tributed to the failure of in-line switches,
resulting in interruptions to a large number
of customers. In addition, increasing failure

= Station Egquipment

of distribution reclosers has been seen in = U/GXFRM

u Other
recent years. = OfH Conductor

= OfH switchgear

® Poles & Pole Attachaments
U/G Transformers — While the number of UG Cable & Accessories

underground transformer failures has not
increased significantly, their contribution to
SAIDI and SAIFI has. This has resulted from
an increase in the number of outages af-
fecting whole circuits rather than just those that are served by the failed transformer.

Station Equipment — Increase in the contribution of station equipment failures is due to the catastrophic
failure of the Beaconbhill station in March 2009.

Foreign Interference

There was a significant increase in Foreign Interference interruption due to animal and bird contacts in
2009. This increase is attributed to a handful of contacts in high impact locations, resulting in interrup-
tion to a large number of customers.
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Figure 9. Foreign Interference Customer Interruptions by cause
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Reliability Improvement Initiatives

In support of the HOL Customer Value and improving customer experience, Hydro Ottawa continually
implements projects to improve reliability in areas with known problems. The following works have
been or are planned to address the identified reliability issues.

Loss of Supply — Hydro Ottawa continues to work with Hydro One Networks to improve the reliability of
supply to Hydro Ottawa’s system. In 2009 Hydro Ottawa took ownership of the Fallowfield TS substa-
tion; work to increase station capacity and reduce the reliability impact of station faults is being initiated
in 2010. Also, the addition of remotely operable and automated distribution elements is planned for
2011 and beyond. These devices will improve the operability of this system and are expected to reduce
future outage duration in this region.

Defective Equipment

O/H Switchgear — The increasing failure rates seen in overhead recloser population will be addressed
through augmented maintenance and inspection of these devices, budgeted for 2010 onward. Planned
replacement of inline switches known to be prone to failure was initiated in the east in 2010; ongoing
replacements are planned in 2011 and beyond.
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U/G Transformer — As issues are identified, protection coordination is reviewed and adjustment made to
ensure appropriate operation and limit the number of customers impacted by distribution faults.

Station Equipment — In response to the Beaconhill Substation failure work has been undertaken to mod-
erate the potential for similar events occurring elsewhere in the Hydro Ottawa system. Current work
targets two of the primary contributing factors in the Beaconhill incident, namely transformer neutral
location and primary substation fuse protection.

Foreign Interference

As the increase seen in the 2009 was the result of a handful of high-impact events which due to their
nature are difficult to prevent. Currently, no direct action has been taken. Interruptions of this nature
will continue to be monitored and if deemed to be an ongoing problem, appropriate measures will be
implemented.

Power Quality, Voltage and Waveform Performance Measures

Hydro Ottawa will endeavour to operate the voltage in the distribution system in accordance to CSA
CAN3-C235-83 in steady state. Customers may on occasion experience voltage variations outside these
limits.

Poor voltage regulation, outside +6%, is usually indicated by low voltage complaints from customers.
The target is to put corrective measures in place as soon as possible. Increasing use of electronic devices
is resulting in a progressive deterioration of waveform quality and it is likely that further measures will
need to be introduced and enforced in this area over the next decade.

The System Average RMS Variation Frequency Index (SARFI) is a measure of the average number of volt-
age sags on the system. The SARFlso represents the number of voltage sags less than or equal to 90% of
the nominal voltage are endured. The SARFlmcis a measure of the number of sags which fall below the
ITIC curve over 365 days. The ITIC curve (0) represents the voltage variations which single phase modern
devices can tolerate.

Table 5. Power Quality Performance Measures
Target 2009 Result
SARFlg0 TBD 11.7

SARFImc TBD 6.6

SARFIceema TBD 9.2

© Hydro Ottawa Internal Use Only 35 2010-05-28




Asset Management Plan
For Period 2011-2020

Figure 10. 2009 Power Quality Events ITIC Curve
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Sustainment Capital Program Performance Measures
Definitions

Schedule Performance Index (SPI): 1 = 100% complete = earned all the value of the project per latest
Variance

Cost Performance Index (CPI): 1 = How did the project perform for this SPI, considering the Budget +
Variance / Actuals end of year

Table 6. 2009 Capital Sustainment Program Performance Measures
Schedule

Program Name Program BU Target Index COSEInEex

(CPI1)

(SPI)

Cable Replacement EOL 92001856 1 0.94 0.89
Civil Rehabilitation Program 92001363 1 0.90 0.89
Dist. Minor Enhancements 92003370 1 0.86 0.69
Dist. Transformer Replacement 92000026 1 0.92 0.90
Distribution Automation 92000047 1 0.98 1.06
Distribution Plant Misc.-SUS 92000300 1 1.00 0.97
Elbow and Insert Replacement 92000023 1
Facility Programs -Stations 92001011 1 1.00 1.05
Insulator Replacement Program 92000022 1 0.92 1.02
Line Extensions 92001886 1 0.97 1.04
Major Line Extensions 92002604 1
O/H Equipment New and Rehab 92001860 1 1.00 1.02
PILC Risers & Pothead Replace 92000020 1 1.00 0.00
Planned Pole Replacement 92000021 1 0.91 0.83
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Plant Failure Capital 92002191 1 1.00 0.98

SCADA Upgrades 92000045 1 1.00 1.00

Stations -New Cyrville 92001835 1 1.00 0.97

Stations Battery Replacement 92002615 1 1.00 0.93

Stations Minor Enhancements 92003373 1

Stations Plant Failure Capital 92003580 1 1.00

Stations Switchgear Replacement 92003371 1 0.98 0.98

Switchgear New and Rehab 92001859 1 1.00 1.17

System Voltage Conversion 92002622 1 0.81 0.72

*Area of Focus: Financial Strength & Organizational Effectiveness
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Section D. Outlook

Asset Management

Continued focus will be required in managing the ageing infrastructure issues associated with the distri-
bution system. Key areas of focus will continue to be the management of poles, underground cable,
distribution transformers, substation transformers and substation switchgear.

The historical plant failure expenditures remain constant. While short term spending will require to be
maintained at similar levels asset life-cycle management and planning strives to reduce the required
capital investment in this category through planned project investments. Plant failure represents
roughly 10% of Hydro Ottawa’s overall sustainment capital spending for distribution asset replacements.

With respect to Hydro Ottawa’s wood poles, based on
the current asset demographics and failure projection

Beyond 2015 it is expected that

a replacement rate of 400-600 poles per year is rec- pole replacement rates will need to

ommended to maintain the current failure rates over [ be increased to 1,000 to 2,000 poles
the next five years. Beyond 2015 it is expected that per year

replacement rates will need to be increased to 1,000

to 2,000 poles. If proactive management of this asset class is not maintained it is projected that the la-
bour resource requirements to maintain Hydro Ottawa’s wood pole assets will exceed a sustainable
level.

With respect to underground cables, Hydro Ottawa currently manages a 3,100 km system of cables with
operating at voltages of 44 kV and lower. The system consists of approximately 72.5% residential distri-
bution cables and the rest being trunk cable. Strategies will continue to evaluate the optimum replace-
ment levels of residential and trunk cable.

Distribution transformer replacement is largely driven by Federal PCB regulation SOR 2008-273. Under
this regulation all equipment with PCB concentrations greater than 50 PPM must be removed from ser-
vice prior to the end of 2025 (and for some equipment 2014). Distribution transformers contribute to
40% of Plant Failure spending; therefore additional focus will be on defining inspection programs and
failure modes.

have been focused on switchgear due to the age and
. . . formers are greater than 40 years
condition of outdoor equipment. Moving forward, as
this equipment is replaced; the focus will shift to sta- old.
tion transformer replacement. Presently 50% of sub-

station transformers are greater than 40 years old. Replacement levels are in the range of 3-5 per year.
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System Capacity

Hydro Ottawa routinely assesses the capability and reliability of the distribution network and supply
transformers in an effort to maintain adequate and reliable supply to customers. Where gaps are found,
appropriate plans for additions and modifications consistent with all regulatory requirements and with
due consideration for safety, environment, financial and supply system reliability/security are devel-
oped.

In this regard, the supply needs in the City of Ottawa

have been assessed to determine if additions and/or SyStem Planmng has ldent'fled the

modifications are required to maintain an adequate f need for four new station facilities
and reliable/secure TS capacity. The assessment has § fo supply the Ottawa area

identified four new station capacity projects Ellwood,

Fallowfield, Terry Fox, and the rebuilding of the Beacon Hill station which was lost due to a fire.

System capacity planning continues to focus on several key areas that are at high loading levels. These
areas include the downtown core, the 44kV sub-transmission system in the central/west portion of the
service territory and the high growth area in the south end of the City of Ottawa.

Continued focus and spending is required to support the capital sustainment programs so that substa-
tion capacity can be increased and distribution circuits can be built to supply these areas of heavy load-
ing and high load growth.

Sustainment Capital Financial Requirements

The sustainment capital financial requirements for 2011 to 2020 are illustrated in the figure below.
There will be a net increase of capital spending on pole replacements and station transformer replace-
ments in the next decade. Notably, the pole replacement capital requirement will increase after 2015.
The distribution transformer replacement program will recede after 2013 when the replacements due to
PCB are completed.

A significant amount of capital will be assigned to station capacity and line extensions. The rest of the
programs will remain at their current level of spending for the most part.
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Figure 11. Forecasted Sustainment Capital Requirements 2011-2020
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Section E. Asset Management Policy, Strategy and Process
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Asset Management Policy

Hydro Ottawa Limited does not presently have a formal corporate Asset Management Policy.

Asset Management Strategy

Within the overall context of asset management lie five (5) key elements, physical assets, human assets,
financial assets and intangible assets. The scope of HOLs asset man- 1
agement strategy is limited to the manage- sl I'
ment plans related only to physical assets
associated with the distribution system. As
such the scope of the asset management
strategy is focused on managing the distribu-

tion assets in a way that is;

Consistent with supporting organizational strategic plan

Consistent with supporting organizational risk management
Consistent with meeting all regulatory requirements

o 0 T W

Consistent with defined performance requirements

Organizational Strategic Plan

Hydro Ottawa Holding Inc. Enterprise Strategic Plan outlines four (4) key areas of focus with defined per-
formance goals for Hydro Ottawa Limited. These performance goals are;

Key Area of Focus - Financial Strength

Hydro Ottawa Limited Performance Goals:

* Deliver predictable and reliable financial results
— Meet targeted ROE and Net Income
— Meet or exceed productivity improvement factors

— Exercise prudent cost management to ensure OM&A results are delivered on or below
approved budget

— Deliver capital programs on or below budget or approved forecast
— Demonstrate progress in new business opportunities and revenue growth

— Explore service offerings that provide a new revenue stream
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The asset management strategy aligns with financial strength by defining the specific capital and
O&M activities to enable the physical assets to operate in a predictive and reliable manner through-
out the life of the asset. HOLs asset management practices support economic efficiency as they:

e Provide a basis to monitor asset performance and utilization
e Enable asset managers to plan and prioritize maintenance, renewal and growth expenditure
e Quantify risk, and minimize high impact failures
e Extend the life of assets and optimize the trade-off between maintenance and replacement
e Conduct an economic cost benefit analysis on all major projects

Key Area of Focus - Customer Value

Hydro Ottawa Limited Performance Goals:
e Increase customer satisfaction

— Maintain three year average system reliability, while implementing programs resulting
in significant progress in areas with known reliability problems

— Maintain distribution rates among the most competitive in the province
— Help customers manage their electricity consumption and costs
— Enhance the quality of customer interactions

The asset management strategy aligns with this by focusing capi-

tal and O&M activities to improve system reliability improve-
ments in areas with known reliability problems which in turn re-
sults in increased customer satisfaction. We aim to support Hy- |
dro Ottawa Limited’s responsiveness, resolution and treatment,
relative to the scope of the project and needs, of the customer and
the general public. We aim to improve power quality and reduce
the number, frequency and duration of outages.

Key Area of Focus - Organizational Effectiveness

Hydro Ottawa Limited Performance Goals:

*  Build organizational capacity and embed a culture of conti-
nuous improvement

— Improve productivity to deliver programs as cost effectively as possible

— Maintain leading health and safety record
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— Enhance employee engagement, capacity and capability

The asset management strategy aligns with this by targeting specific capital and O&M activities to elimi-
nate known health and safety risks.

Key Area of Focus - Corporate Citizenship

Hydro Ottawa Limited Performance Goal:

*  Reduce our environmental footprint

The asset management strategy aligns through programs to manage environmental issues. We aim to
consider impacts of changes in existing conditions on the environment, broader community (social re-
sponsibility), corporate reputation and public. We are committed to achieve compliance with all rele-
vant legislation; regulations and codes of practice that relate to how we manage our electricity distribu-
tion network. Our major identified duties are:

e To be compliant with all applicable environmental regulations.
e To avoid discharge of any contaminants into the environment.

e To avoid, remedy or mitigate any adverse effect on the environment.

Support to Risk Management

Risk needs to be controlled and mitigated to achieve the desired out-
= Hl come. In this section we concentrate on the physical aspects of risk

|

"\ associated with managing the distribution system assets. The objec-
tive is to avoid catastrophe, reduce uncertainty and improve pre-

dictability.

In the context of physical asset management for the distribution
system assets, risk is defined as the consequence of the asset fail-
ure.

In the context of HOLs overall program planning risk evaluations
are completed for each project. The risk evaluation is in the con-
text of the consequences of not proceeding with the capital in-

vestment. The consequences are evaluated on technical, socio-
political and financial, each weighted equally. Investment prioritization is
then completed in accordance with the investment risk score, those with the highest risk take high pri-
ority.
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Compliance to Regulatory Requirements

As an objective HOL strives to achieve compliance with all relevant legislation, regulations and codes as
they pertain to the physical assets of the distribution system

Asset Management Process

The asset management process is an iterative process that generally consists of the following steps: As-
sets Evaluation, Program and Project Development and the Program and Project Risk & Benefit Evalua-
tion. The results of those evaluations are used to produce a list of projects by sustainment capital pro-
grams. The main focus is toward the next three to five years and a long term outlook is also produced
using the available information.

The assets evaluation focuses on each class of asset. The evaluation requires multiple sources of data
such as asset demographic, asset condition, reliability information, environmental impact and failure
data. The data is computed and miscellaneous tools are used to produce a priority list of projects by
asset classes. The scoring process for each class of asset can be found within the specific sections of this
document. This list of projects is correlated with the planning projects and between related asset
classes to create an optimized usage of resources.

The program and project development consists of the consolidation of a preliminary list of projects by
program to evaluate the distribution of capital overall. At this point a few iterations of this step and the
previous step engage the iterative process until a final list of projects is achieved.

This overall list of projects is finally evaluated against the corporate objectives and Technical, Financial
and Socio-Political risks. The risk matrices are produces for the overall risks, the technical risks and the
Socio-Political risks. Those risk matrices are useful to map how critical each programs and projects are
against each other.

The objectives of this exercise are to select the projects that will best support and deliver the required
functions at the desired level of performance and that is sustainable for the foreseeable future and stays
within the targeted levels of risk. The following figure illustrates the general asset management process
used by Hydro Ottawa Ltd.
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Schematic of Asset Management Planning Process

Figure 12.
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Section F. Distribution Asset Lifecycle Management
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Wood Poles

The Hydro Ottawa overhead distribution system is supported both electrically and mechanically by a
system of supporting poles, and fixtures. The reliability and safety of the overhead distribution is contin-
gent on the performance of these poles and fixtures.

Hydro Ottawa owns and/or operates plant on ap-
proximately 62,000 wood poles. In addition Hydro

|

| Ottawa owns approximately 500 alternative mate-
s T rial poles including composite, concrete and metal
'!; poles. The current planned replacement program

\‘11 is focused on the wood poles on which Hydro

\ Ottawa operates due to the age and quantity of
these assets. Pole replacement projects are me-
dium to low complexity projects with an aver-
age cost of approximately $15,000 to $20,000

per pole.

Based on the current asset demographics and
. failure projection a replacement rate of 400-
600 poles per year is recommended to maintain the current failure rates over the next five years. Be-
yond 2015 it is expected that replacement rates will need to be increased to 1,000 to 2,000 poles. If
proactive management of this asset class is not maintained it is projected that the labour resource re-
quirements to maintain Hydro Ottawa’s wood pole assets will exceed a sustainable level.

For any Asset Management process, demographic information on the assets is fundamental. This is in-
formation such as quantities, location, types and age. Hydro Ottawa’s Geographical Information System
(GIS), contains a registry of all distribution pole assets. The available information on distribution poles
includes location, number of circuits, voltage levels, and equipment on the pole. This information may
be used to evaluate the number of customers served, redundancy, and safety and environment risks,
and in turn the consequence of pole failure. While consistent information of wood pole age is not avail-
able, the asset condition assessment from two surveys that were undertaken by Hydro Ottawa are
available for the pole asset class, and can be used to evaluate a general ‘effective age’ of the distribution
pole. These two surveys are the:

0 1996 survey of the former Ottawa Hydro service.
0 GIS survey from 2003 of the remainder of the system.

The wood pole asset base consists of both Hydro Ottawa owned poles as well as poles that are owned
by third party on which Hydro Ottawa is a tenant. As both types of poles support Hydro Ottawa circuits
and are fundamental in their safety and reliability they have been included together in this analysis.
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Wood Pole Demographics

Hydro Ottawa owns 48,323 wood poles and 500 non-wood poles and operate on an additional 14,226
wood poles which are owned by third parties. Demographics for these assets have been extrapolated
from the asset information stored in the GIS system. The 1996 and 2003 pole inspection surveys rated
the asset condition on a 1 to 5 scale 5 indicating that a pole has reached End-of-Life. The survey results
that are available were collected by old Ottawa in 1996 results of which for poles remaining in service is
given in Figure 14, additional information on pole assets was collected through visual inspection of poles
as part of the 2003 GIS survey this information is given in Figure 15. Wood pole ‘effective age’ has been
estimated based on the condition estimate using the criteria developed as part of the 2005 AMP see
Figure 13. Where actual age was unknown and the pole condition was a 1 the pole was assumed to have
an ‘effective age’ of 10 years. This condition based effective age is based on an average life assumed to
be 40 years, as will be shown in the correlation to failure section below this assumption may be overly
pessimistic.

Figure 13. Wood Pole Condition class to Effective Age

e Age e Age e Age
Actual * Age 27.5 Yrs * Age 50 Yrs
1 20 Yrs 3 42.5Yrs

The effective age has then been incremented based on the calendar years which have passed since the

maintenance date, resulting in the effective age demographics given in Figure 16. Based on the given
demographics it can be seen that the bulk of the poles on which Hydro Ottawa operates are currently in
their mid-life, 30-39 years.
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Figure 14.

Figure 15.

Wood Pole Condition Summary Results 1996 Survey
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Figure 16. Proportion of Wood Poles by Age Group
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The simple process of visual inspection has proven effective in assessing the overall condition of poles.
However, it results in poles being replaced before needed. To address this, utilities now perform testing
of “suspect” poles to identify poles at their end-of-life and to estimate remaining useful life. The tests
applied to determine remaining strength include non-invasive techniques based on ultra-sonics and in-
vasive measures of decay using a Matson Borer (an auger) or a Siebert drill.

Previously Hydro Ottawa has utilized visual inspection methodology although invasive measures (2005-
05-05 Hydro Ottawa Matson Borer field tests) have indicated that poles rated as Condition 4 by visual
inspection tested for internal decay at ground level as follows: 45% tested as Condition 3, 35% tested as
Condition 4, and 20% tested as Condition 5. Figure 17 shows the criteria used to establish pole condi-
tion rating. As with visual inspection there is a potential for false detection of end-of-life pole, or failure
to detect poles which have deteriorated significantly below the ground. Moving forward Hydro Ottawa
plans to deploy a combined program of visual inspection and non-invasive measurement. To this end
Hydro Ottawa has purchased a set of Resistograph drills which allow for the detection and measurement
of internal decay and remaining shell thickness with minimal damage to the pole. Visual inspection will
be conducted on all poles in a section of overhead line, and approximately 10% of the poles in each pole
line will be tested using the Resistograph drill, the results of which will be extrapolated to all poles
within the section. As currently poles used in most new construction are oversized, the residual strength
will be evaluated in relation to the required design strength to estimate the life remaining.
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As renewed inspection of the poles will be carried out over several years, the program will target initially
the poles rated to be in the worst condition in past surveys, to refine the short and medium term re-
placement planning.

Figure 17. Hydro Ottawa's Wood Pole Condition Class Criteria

1
eless Than 20 Years old AND No Deterioration
2
eLess than 20 years old AND Minimum Deterioration
3
¢20-35 Years old OR Slight Deterioration
4
*35-50 Years old OR Moderate Deterioration
5
eOlder than 50 years old OR Severe Deterioration

Wood Pole Failure Correlation

Correlation of pole failure to condition is difficult as poles can be at end-of-life, yet, not result in a fail-
ure. Required design strengths are based on the expected maximum climatic forces which the installa-
tion must endure. Even when a pole has reached end of life and/or that it has degraded to 60% or less
of the required design strength, the actual failure of the pole is contingent on it being stressed by exter-
nal forces approaching or equal to these maximal design conditions. In result, once a pole reaches end-
of-life, it may remain standing and in service for many years before external forces result in a failure.

In response to this condition the failure correlation has been developed assuming that 25% of all the
end-of-life (failed standing) poles result in identification and replacement under the unplanned pro-
grams, or a plant failure circumstances. Through hazard fitting with the historical ‘failure’ data listed in
Table 7, it has been determined that the best fit distribution to represent Hydro Ottawa’s Pole assets is a
normal distribution with a mean of 76 years and a standard deviation of 14 years. This resulting failure
probability is shown in Figure 18.

Table 7. Historical Wood Pole Failures

Year Unplanned and Sustained Outages
Plant Failure Pole as Result of Pole
Unknown 5
Unknown 7

49 2

21 4
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Unplanned and Sustained Outages
Plant Failure Pole as Result of Pole

2008
2009

Figure 18. Wood Pole Hazard Rate
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Wood Pole Failure Consequence

The first step in assessing the consequence cost of failure is to summarize the expected effects of fail-
ure. In general, these will include some or all of the following:

e Customer outage effects. This will include "event" effects due to the outage (SAIFI), "duration"
effects (SAIDI), and effects on critical customers.

e Health and safety consequences.

e Environmental consequences.

Customer Service reliability

In the event that a pole failure introduces the potential for customer interruptions. The impact of the
interruption has two primary components:

Impact on the system SAIFI — that is the number of customers which are interrupted

Impact on the system SAIDI — that is the product of the number of customers interrupted, and the dura-
tion of the event (cust- hrs)
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Scoring of these impacts is based on the scoring scales developed by Hydro Ottawa as part of the initial
optimizer implementation. This is a non-linear scale from -3 to 3 where reduction of the system SAIFI by
1.0 % has a score of 3 (avoidance of interruption to ~2,900 customers).

Using the data available in the GIS for the number of customers being supplied by the circuits supported
by the pole can be assessed. Based on this value the reliability impact can be assessed using the scale
Identified in the table below.

While there will be SAIDI impact in the case that a pole failure causes an interruption, insufficient infor-
mation is available to readily estimate the difference in outage duration for the poles in the system.

Environmental Consequence

The second source of consequence cost due to a failure is the environmental impact due to potential
release of oil. The table below shows the scoring scale for potential environmental damage. The score
is based entirely on whether there is a transformer on the pole, which, if the pole fails, may result in an
uncontrolled release of oil.

Safety Effects

No safety effects are expected due to a wood pole failure. Although it is conceivable that a fallen pole
could injure someone, this is considered so remote a possibility that it is not considered in the analysis.
Specific cases where this is a concern should be addressed individually.

Weighing and Normalizing Consequence

Consequence cost terms are weighted to reflect their relative contributions to the total consequence,
including their respective probabilities of occurring in event of failure. The relative reliability and envi-
ronmental scores are added then the overall scoring is normalized onto a scale from 1-5.

Table 8. Pole Failure Consequence scoring

Consequence

Reliability Environmental
Score

< 145 Customers supplied by
circuits on the pole

>145 Customers supplied by
circuits on the pole

>1450 Customers supplied by
circuits on the pole

>2900 Customer Served by cir-

cuits on the pole

No transformer on pole

Transformer on pole
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Assessment of Wood Pole Asset Class

Projections

Projections of future failures based on technical and financial asset life provide a base line for the re-
quired replacements to maintain system performance, and economic efficiency at Hydro Ottawa. Re-
placement of assets prior to full depreciation results in loss of economic efficiency, as such the financial
life of the asset provides a maximum desired replacement rate. As the asset installation date is not
available for wood pole asset base, the ‘effective age’ has been used to approximate the actual asset
age. The next figure outlines the financial and technical lifespan replacements:

- Due All — Represents the quantity of poles in each year which have moved to surpass their deprecia-
tion.

- Levelized all — represents the average annual replacement required to maintain the asset base, with
replacement at the end of their economic life.

- Projected Failures — Replace at Failure, represents the projected future failures given a replacement
only at failure.

Projected failure rates are based on the failure correlation discussed in Figure 18. All such projections
are predicated on inspection programs which will identify all failed poles. The definition of failure in this
situation is keeping with the requirements laid out in CSA 22.3 No.1 — When the strength of a structure
has deteriorated to 60% of the required capacity, the structure shall be reinforced or replaced. The re-
place at fail policy is projected that all such poles will be identified and replaced in an Un-
planned/Emergency setting annually. The planned replacement policy projections are based on the as-
sumption of a 50% program efficiency, that is 50% of the poles annually that are projected to fail are
able to be replaced in a planned fashion. If the annual planned replacements exceed this value the re-
maining planned replacements are assumed to be the oldest poles in the system.

Based on the economic life of a distribution pole of 40 years (using an effective age to approximate ac-
tual age) over 17,000 poles are currently fully depreciated. Levelized replacement at the financial end of
life would result in replacement of approximately 1,551 poles per year. This level of replacement is cur-
rently not achievable with available financial and labour resources. Based on a replace at failure ap-
proach the average minimum replacement requirement is expected to be in the range of 230 poles an-
nually from 2011-2020.

Based on current failure to effective age correlations, to maintain failure/unplanned replacement rates
in the current range through the next five years, an average replacement rate of 400-600 poles per year
needs to be maintained, see Figure 19, with recognition that the replacement rate will need to be in-
creased in 2015 and beyond.

Current recommended replacement rates have been limited to 400-600 poles per year due to uncer-
tainty in the current failure correlation models and potential of life extension technologies. In the com-
ing years through pole inspection and application of in-situ pole treatment is expected to reduce the
replacement requirements beyond 2015.
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Figure 19. Wood Pole Recommended Replacement Rate
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Financial impact

Projected costs of the replacement programs have been developed based on budgeting estimates of
$15,000 for a planned pole replacement and $20,000 for unplanned. The higher cost of unplanned pole
replacements is due to the loss of efficiencies due to the one-off nature of these replacements. Projec-
tions indicate over the next decade the lower cost option would be to maintain a replace at fail pro-
gram. Similarly the cumulative program cost for proactive pole replacements will be higher, over the
next 25 years.

Projected resource requirements have been based on the historical per-unit labour hours:

- 71 Labour Hours for a planned pole replacement

- 115 Labour hours for an unplanned pole replacement

- 115 Labour Hours plus an additional 12 hours for plant failure replacement based on an assumed 4
hours required for a 3 person crew to secure the failed pole. Based on historic levels plant failure
poles are assumed to make up 4% of the unplanned replacements.

The projected potential construction pole replacement labour base is 160,000 labour hours in 2011. The
future labour base has been projected using an assumed 0.5% annual increase. The projected labour
requirements for a 500 pole per year replacement policy, vs. replace at failure policy are given in Figure
22. The primary benefit of planned replacement program can be seen to be the reduction in unplanned
work labour hours which will be required. Looking beyond the next decade if planned replacements are
not maintained approximately 65% of the available labour hours will be required to maintain the replace
at fail policy.
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Despite the higher current cost of the proactive replacement policy, if Hydro Ottawa fails to maintain
sufficient replacements, the required unplanned replacement burden will eventually exceed the avail-
able labour resources. Furthermore, if replacement levels are reduced or postponed significantly the
required planned replacement levels to bring the asset class into a manageable position in future years
is expected to be significant.

Figure 20. Annual Pole Replacement Cost
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Figure 21. Cumulative Pole Replacement Program Cost
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Figure 22. Wood Pole Replacement Program Labour Resource Projections
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Asset Rating

Prioritization of pole replacements has been done in two stages:

1. Poles have been individually scored using a normalized Hazard rating based on the failure corre-
lation, and a consequence score. The failure probability is very low from 0-40 years and begins
to increase rapidly beyond 40 years. As a result a large number of poles have a Condition score
of 1 or lower.

2. All the poles in the distribution system have been grouped geographically into a grid with cells
measuring 1km by 1.5km each of these cells representing a discrete replacement project. These
projects have then been prioritized based on the percentage of poles in that region meeting or
exceeding a risk threshold of 9 (risk is the product of condition and consequence).

The grid plots are prioritized on the basis of the risk threshold. To maximize the efficiency of the pole
replacement programs any pole which exceeds a Condition rating of 2 (corresponding to an effective
age of approximately 52 years) or greater has been identified for replacement. Prior to the execution of
these projects inspections will be undertaken to ensure all poles at or near end-of-life are replaced, such
as to minimize the need to return to carry out one-off- pole replacements in the area for the next 20
years.
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Metal, Concrete and Composite Poles

Metal, Concrete and Composite Pole Demographics

There are a small number of non-wood Hydro Ottawa owned poles in the distribution system. The GIS
system contains a registry of currently available data on these assets. Metal pole installations owned by
Hydro Ottawa are limited to acting as supporting structures for light standards and secondary services.

Table 9. Hydro Ottawa Non-Wood Poles Owned Poles
Material Number of Poles
CONCRETE 288
METAL 130
COMPOSITE 82

Figure 23. Pole Type Demographics

Other, 1%
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Metal, Concrete and Composite Health Index

Starting in 2005 Hydro Ottawa began to trial Fibreglass composite distribution poles in several areas
around the city. In the time since these poles were first installed there has only been one issue identi-
fied. The root cause was identified to be over tightening of hardware bolts on installation.
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Composite poles are more resilient to age deterioration, but less resilient to mechanical damage and are
also more expensive then wood poles. Based on manufacturer accelerated life testing the expected
mean life of these poles is approximately 80 years. Given the considerable expected life remaining in
the limited (82 poles) Hydro Ottawa composite pole, this asset group will be neglected from analysis.

Currently the non-wood asset class is sufficiently limited and in reasonable condition as such it has not
been considered for planned replacement. Moving forward, inspection of Hydro Ottawa’s concrete,
composite and metal poles in the course of wood pole inspection will be used to identify replacement
requirements. At this time methods and procedures for evaluating the remaining life of these non-wood
poles need to be developed.
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Pole Fixtures (Insulators, Arresters)

Insulators and Arresters serve an important function in the support and operation of Hydro Ottawa’s
distribution system. While typically run to failure and/or replaced in concert with the replacement of the
pole (or other equipment) to which they are affixed, they do from time to time require proactive re-
placement in response to known design or manufacture defects.

Significant historical issues have been encountered due to the failure of several styles of porcelain insu-
lators. As these styles of insulators pose both health and safety and reliability issues, proactive replace-
ment has and continues to be deployed. Typical cost for insulator replacement ranges from $500 to
$1,000 per pole. Currently there is limited centralized data on Hydro Ottawa Owned insulators, making
identification of ongoing planned replacement impossible.

The failure of certain types of insulators has resulted in a safety issue when working in proximity to
them. To date we have proactively replaced nine percent of these assets. Due to the implementation of
a work procedure that eliminates the hazard the remaining assets will be replaced as they reach end-of-
life.

Pole Fixtures Demographics

To date there are currently no centralized records for Hydro Ottawa’s Insulator or arrester assets.

Insulators

Two basic dielectrics are used in the construction of distribution class insulators; - ceramics and poly-
mers. Porcelain is made of two basic elements (silicon and oxygen) with atoms of silicon and oxygen
held together through electrostatic bonds. As a result of the strong electrostatic bonds between silicon
and oxygen, porcelain is chemically stable, with a high melting point, high mechanical strength and resis-
tance to chemical attacks. However, porcelain has a higher surface free energy which gives it the prop-
erty of stickiness. As a result, contaminates and water droplets are more likely to stick to the surface,
resulting in poor insulator performance under high pollution conditions. Porcelain insulators are glazed
to seal the porous surfaces and protect against the ingress of water. Glazing also provides a smooth fin-
ish to resist surface contaminants. Connecting hardware is attached to the insulators with porcelain
cement.

Polymers used in insulators are made up of hydrocarbon chains — atoms of carbon and hydrogen
bonded through covalent bonds. The relatively weak bonding between carbon and hydrogen atoms
makes polymers vulnerable to decomposition by heat and surface damage due to ultraviolet light. The
most serious defect is that carbon is a good electrical conductor. Surface attacks, especially by dis-
charges at high temperatures, can produce conducting tracks that may flash over and destroy the insula-
tor. The outstanding advantage of polymer insulators results from their low surface free energy that
allows them to resist wetting and contamination much better than their ceramic counterparts. Polymer
insulators commonly in use have a fibreglass core with EPDM or silicone elastomer sheds moulded on
the core. However, silicone insulators retain their water repelling properties over much longer time
than EPDM insulators.
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Insulators reach the end of their useful life either when they fail mechanically or when surface deterio-
ration reaches the point where the number of flashover incidents on a line becomes unacceptable or the
desired safety factors no longer exist. Insulator aging occurs due to a number of factors that include
thermal and mechanical cycling, ablation from weathering and electro-thermal causes, flexure and tor-
sion, corrosion and cement growth. Ceramic insulators are generally vulnerable to impact damage.
Polymeric insulators are susceptible to deterioration from atmospheric chemicals and pollutants, and
electrical discharges.

Porcelain insulators are generally a robust and long-lived part of the distribution system lasting at least
the life of the pole. While age may play a part in the eventual failure of these assets, other factors pre-
dominate. Mechanical failure modes such as cracking and separation may be due to defective design,
manufacture or application and may not show up for many years after the devices have been installed.
Electrical failure modes include tracking and flashover and are most often due to contamination on the
surface due to inadequate cleaning. None of these failure modes can be predicted using age-based cri-
teria alone. Depending on design and vintage, polymer insulators have a relatively shorter life that ce-
ramic ones and therefore may require replacement.

In the absence of specifically identified problems Hydro Ottawa follows standard industry practice of
running insulators to failure (maintaining them by an adequate washing program during their life), rec-
ognizing that other external drivers will usually result in their replacement before failure. Because of
this, no specific inspection or testing program is generally required; however, the asset is inspected in-
herently as part of the periodic pole inspections. The only exception may be where a specific overhead
line is experiencing frequent interruptions due to insulator flashovers. If the cause of flashovers is sur-
face contamination, a planned insulator washing program may be invoked.

Also, in line with standard industry practices, we undertake asset management analysis only on insula-
tors where we are able to identify from time to time specific and significant problems defined by their
style, manufacturing batch, material, etc. At the present time there are four specifically identified prob-
lems with primary insulators, - none with secondary type insulators:

e  “WART” type porcelain post insulators

e Canadian Porcelain pin type 28/46kV insulators

e Horizontally installed porcelain pin type insulators

e Ohio Brass porcelain insulators on standoff brackets

Currently, limited information is available on the locations of these insulators. At this time, continued
funding for planned and ad hoc replacement should be maintained. In addition, through pole inspection
program information regarding location and quantity of the problem insulator types needs to be col-
lected and stored in a centralized database.

Arresters

Distribution surge arresters are designed to suppress voltage surges on an overhead circuit and protect
overhead equipment such as transformers, switches and cable connections. A majority of the voltage
surges occur through induction due to a lightning strike in the vicinity of the overhead circuit, although a
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direct lightning strike is also possible. Surge arresters reach end-of-life based on the amount of energy
absorbed, and once this limit is reached they no longer operate (i.e. suppress surges) and require re-
placement. The end-of-life of an arrester is reached when the unit can no longer absorb energy and
provide surge protection. This cannot truly be considered a “failure” since the arrester has performed
as intended. However, there are potential consequences of end-of-life for some arresters in terms of
customer outage and safety. Furthermore, some arresters are likely to cause an outage when they
reach end-of-life — this is a failure.

Hydro Ottawa practice is to run surge arresters to end-of-life or failure, recognizing that other external
drivers (replacement recommended in conjunction with changing of poles, transformers, overhead
switches and cable risers) will usually result in their replacement before failure. Although no specific
inspection or testing program is recommended, the asset is inspected inherently as part of periodic pole
inspections.

Silicon carbide and metal (zinc) oxide arresters are the two most common designs that have been used
for surge suppression on distribution systems in recent years. Both designs are based on non-linear re-
sistance of the active elements. Depending on the design, under nominal voltage, leakage current is
either very low or non-existent and silicon carbide and metal oxide offer a high resistance. However,
under a voltage surge, the leakage current increases in magnitude, raising the temperature of the active
element, which dramatically reduces its resistance and results in discharge through the arrester. Com-
pared with silicon carbide arresters, the change in resistance in metal oxide arresters is much more pro-
nounced and as a result they provide improved performance.

Prior to amalgamation in 2000, the most common surge arrester installed throughout the founding util-
ity areas was a silicon carbide arrester with either porcelain or polymer insulation. Although certain sili-
con carbide units were designed to operate as insulators once they had reached their end-of-life, it has
generally been found that these units require replacement or removal prior to the circuit being re-
energised. After utility amalgamation in 2000, a far more reliable unit was introduced, manufactured
from zinc oxide with polymer insulation and fitted with a ground lead disconnect that would operate
once the arrester had reached its end of life. This allows for an easy visual identification of failure and
assists in restoration time, as the arrester does not have to be removed for the circuit to be re-
energised.

Metal oxide arresters are now our standard. However, since they have been introduced very recently,
we estimate (based on procurement numbers) that only a small proportion of the arresters on the sys-
tem are of the newer metal (zinc) oxide type.

© Hydro Ottawa Internal Use Only 63 2010-05-28




Distribution System Asset Management
For Period 2011-2020

Elbows and Inserts

Padmount transformers and switchgear units have conical bushings, called an insert, which accept an
elbow, a form of a plug that is connected to the incoming and outgoing cables. On the 27.6kV system,
the elbow design has led to flashes, due to the creation of a vacuum, as the field crew separates the el-
bow from the bushing under load (live). This program involves replacement of elbows and inserts that
cannot be separated while the circuit is energized, with newer vented units that can. The flash is a
safety risk to employees and will typically cause a local outage.

Elbow and Insert Demographics

This program involves replacement of equipment that poses a safety risk to employees. To date we
have replaced thirty five percent of these assets and our plan is to complete all replacements by 2015.

Assessment of Elbow and Insert Asset Class

Due to the large number of padmount transformers that currently have non-vented elbows, a criteria
was developed to optimize the replacement to provide maximum improvements to reliability while
keeping spending at a reasonable level.

There are 936 single and three phase transformers that will be targeted for elbow/insert replacement in
this program which totals to 2300 elbow/inserts. The work is distributed as follows: 60% will be com-
pleted in Gloucester; 30% in Kanata; and 10% in Stittsville. When selecting padmount transformers for
elbow and insert replacement, the transformers must be on the 27.6kV system (not lower voltages) and
the elbows are the primary switching mean. Transformers that have switching capabilities are exempt
from elbow replacement. The selected transformer will also have one of the following criteria:

1- Normally open point
2- First transformer off a dip pole (Does not include single radial feeds)
3- Midpoint of a span greater than 6 transformers between transformers with vented elbows

The remaining elbow and inserts will be placed on a passive replacement program where they will be
replaced when a transformer or cable has failed or is replaced.

Updating the transformer nomenclature will be part of the scope of this program to improve the opera-
bility of the system and reduce errors in switching. Transformer and cable identification will be updated
as per standard GCS0012 “Electrical Underground Distribution Plant Identification”. Transformer switch-
ing information will also be recorded to verify the validity of the records. Temporary patches can be
created by the system office as work is completed and batch updating done on a weekly basis by the
records group.
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Polemounted Transformers

The pole transformer asset class includes roughly 14,000 service transformers which convert electrical
power from its primary distribution voltage to service level voltage, twelve (12) step transformers which
convert from one primary distribution voltage to another and six (6) voltage regulators. As there are
only a few step-down transformers and voltage regulators in the Hydro Ottawa system the focus of the
asset management program is on polemounted service transformers.

—— L Current asset replacement is largely driven by Federal PCB regula-
| tion SOR 2008-273. Under this regulation all pole mounted
‘1, equipment with PCB concentrations greater than 50 PPM must
\ be removed from service by the end of 2025. Hydro Ottawa has
a remaining 154 polemount service transformers and 2 voltage
regulators which are obligated to be retired under this regula-
tion. Replacement of these units is scheduled to be completed
by the end of 2013.

Based on the available demographic information an average
replacement rate of 40 units annually is currently recom-
mended. This replacement rate has been based on age
based replacement criteria, although replacement quanti-
ties have been tempered in response to the model uncer-
tainty. Analysis has identified that age, while loosely re-
lated to condition may not adequately project failure
probability. Further collection of failure information and
operating conditions for these units will be required to
improve failure projections and proactively plan replace-
ment requirements to maintain this asset class.

Replacement of an overhead service transformer is a low complexity job with an average cost of ap-
proximately $3,000 to $5,000.

Polemounted Transformer Demographics

Overhead Service Transformers

Demographic information for the pole mounted transformer assets such as purchase date, manufacture
date, ratings and manufacturer are stored in the Hydro Ottawa’s Geographical Information system (GIS).
This information may be used to evaluate the number of customers served, redundancy and safety and
environmental risks, and in turn the consequence of the failure of a distribution pole mounted trans-
former. Hydro Ottawa owns and operates roughly 14,000 pole mount transformers. Currently the instal-
lation and manufacture date is not available for this asset class, as such the demographic information
presented in Figure 24 Proportion of Overhead Service Transformers by age group and the remainder of
this report is based upon the transformer purchase date.
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Figure 24. Proportion of Overhead Service Transformers by age group
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Voltage Regulators and Step Transformers

Currently, there are six (6) pole mounted voltage regulators within Hydro Ottawa’s Distribution system,
there is no manufacture or purchase date available for these units, yet based on visual review and in-
spection of the units they are approaching end-of-life. Further to this all but one of the units has PCB
concentrations greater than 10ppm, although only two of the units have sufficiently high levels to re-
quire replacement under PCB regulations.

Currently there are twelve pole mounted step transformers in the Hydro Ottawa distribution system.
Despite the low number of units in the system consistent reliable centralized data on these units is not
currently available. Combining information from PCB transformer survey and GIS, the demographics of
these ‘rabbit’ transformers have been generated and can be found in Figure 25.
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Figure 25. Proportion of Step ‘Rabbit’ Transformers by Age Group
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Polemounted Transformer Health Index

Age can be related to the condition of distribution transformers however it is not a linear relationship.
The life of a transformer’s internal insulation is related to temperature-rise and duration, therefore
transformer life is affected by electrical loading profiles and ambient temperature changes. Other fac-
tors such as mechanical damage, exposure to corrosive salts, and voltage surges also have a strong ef-
fect. Moving forward, collection of condition data for polemounted transformers through visual inspec-
tion programs or smart technologies will allow for improvements and planning for this asset class. Visual
inspection provides considerable information on transformer asset condition. Leaks, cracked bushings,
and rusting of tanks can all be established by visual observation and can be collected in the course of
pole inspections.

While not currently available, in the future the impacts of transformer service condition should be inte-
grated into Hydro Ottawa’s asset planning criteria. 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. Benefits of integrating such condition information into the asset
planning process should be evaluated for potential future deployment.

At this time there is no centralized data available on the condition of these assets. Therefore the asset
evaluation has been based on transformer purchase age demographics alone.
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External Drivers

Federal Regulation SOR 2008-273 dictates that all pole mounted equipment with oil containing PCBs in
concentrations of 50 mg/kg or greater must be removed from service by 2025. As of the beginning of
2010, there are 154 known PCB containing Hydro Ottawa pole mounted transformers remaining in ser-
vice, and 2 voltage regulators. As a result of the regulatory obligations, Hydro Ottawa has elected to take
an accelerated approach to remove these remaining transformers from service. Aging infrastructure
work will be superseded by the removal of these remaining PCB containing transformers from service.

Polemounted Transformer Failure Correlation

To correlate asset demographics to asset failure rates, statistical Weibull analysis has been undertaken
as a two part study. Failure records, demographics from old Ottawa Hydro, current failure rates ex-
tracted from the interruption database and the current asset demographics stored in the GIS system
were used for this analysis.

The resulting failure rate developed through this analysis is shown in the nest figure. The current infor-
mation indicates that pole mounted transformers have a much longer expected life than was projected
in the 2005 Asset Management Plan. Based on the current analysis, the anticipated average life of a pole
mounted transformer is in the range of 90 years. The low rise to the failure curve indicates that the po-
lemount transformer failures may be more random and operating condition driven than age dependant.
Given the high variability in the failure data further refinement to these failure curves is necessary mov-
ing forward. These improvements will only be possible through more granular tracking of transformer
failure data.

Table 10. Historical Overhead Transformer Failures

Consequence O/H XFMR Fail-
Score ures
30
24
19
30
25
26
27
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Figure 26. Overhead Transformer Failure Rates
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Polemounted Transformer Failure Consequence
The first step in assessing the consequence cost of failure is to summarize the expected effects of fail-
ure. In general, these will include some or all of the following:

e Customer outage effects. This will include "event" effects due to the outage (SAIFI), "duration"
effects (SAIDI), and effects on critical customers.

e Health and safety consequences.

e Environmental consequences.

Customer Service reliability

In the event of a pole mount transformer failure the interruption of supply to the customers connected
to the unit will result in an:

1. Impact on the system SAIFI — that is the number of customers which are interrupted
2. Impact on the system SAIDI —that is the product of the number of customers interrupted, and
the duration of the event (cust- hrs)

The number of customers which are interrupted due to a pole mount transformer failure is minimal. The
number of affected customers is approximated by the number of customers normally serviced from the
transformer. This customer count is normalized into a scale from 0-1, with 1 representing a customer
count of 20 or more.

The duration of an outage resulting from an overhead transformer failure is not clearly dependant on
the transformer parameters. Therefore the average contribution to SAIDI score is assumed to primarily
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vary based on the number of customers that will be affected, which has been considered in the SAIFI
score.

Environmental Consequence

While the failure may result in the release of oil to the environment, differentiation based on the quan-
tity of oil contained in the transformer does not provide a real indication of the environmental outcome.
PCB containing equipment has a larger consequence, yet this PCB containing equipment has been con-
sidered from this analysis due to the superseding regulatory requirements. A scoring of 1 to 3 has been
used to relate to the environmental consequence based on the presence of PCBs as shown in Table 11.

Table 11. Pole Transformer Failure Environmental Consequence Score

Consequence

Environmental

Score
1 PCB Concentration Less than 50 ppm

PCB Concentration Greater than of equal to 50
ppm and less than 500 ppm

PCB Concentration Greater than 500 ppm

Safety Effects

There is a small probability of catastrophic transformer failure, which would expose the public or work-
ers to hazards. These types of failures are rare and there is currently no information to differentiate this
risk between polemounted transformers.

Weighing and Normalizing Consequence

The environmental score and reliability impact scores are averaged to determine the overall conse-
guence score. This consequence score is adjusted to a 1 to 5 scale.

Assessment of Polemounted Transformer Asset Class

Projections

Being able to predict long term replacement rates is beneficial in avoiding major spending due to plant
failure or an aging asset group. Maximum and minimum replacement levels are determined by analyz-
ing demographic information and failure history.

A maximum replacement rate is determined to avoid population spikes created from a large number of
installations done in a particular year. Using population demographics and using a financial end-of-life
of 25 years, a levelized replacement rate can be calculated to avoid large replacement peaks. This
analysis is shown in Figure 27. The levelized replacement rate was calculated to be approximately 560
units per year.
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Minimum replacement rate is determined by evaluating historical failure data and the probability of
failure at a particular age. Once a probability of failure is determined, a predictive analysis can be com-
pleted depicting the future failure rate of the asset. Doing active replacements can be incorporated into
this analysis to show the effects of varying replacement rates on failures. This analysis is shown in Fig-
ure 28, which indictes the average minimum replacement is 45 units per year from 2011-2020.

Current projections, shown in Figure 27 indicate replacement of 150 to 250 pole mount transformers
per year should be maintained to maintain annual pole mount transformer failure rates in the range of
25-30 currently seen. Current asset failure curves and anecdotal evidence strongly suggest that po-
lemount failures are strongly predicated on operating condition rather than age. If this is the case than
proactive replacement will not impact the annual failure rate. Due to this uncertainty in the aging assets
asset replacements will be limited to a lower range over the next 5 years. Physical condition assessment
in the course of pole/overhead line inspections will be undertaken to reduce the potentially increased
risk that this reduced planned replacement will introduce. Moving forward improved capture and analy-
sis of failure mechanisms and failed transformer demographics will be undertaken to improve failure
projections.

Figure 27. Polemounted Transformer Recommended Replacement Rates
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Asset Rating

The prioritization of non-PCB transformer replacements has been undertaken in two stages. In the first
stage the transformers were ranked based on a normalized consequence and condition (failure probabil-
ity) scales.

Once each transformer was ranked they were grouped into geographical groups using grids, 2km x 3km.
Each grid cell represents a project; these projects have then been prioritized based on the percentage of
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transformers which exceed a risk threshold of 9. Projected replacements for the region have been based
on the number of transformers, which have an age of 40 years or greater.

PCB transformer replacements have also been grouped into larger geographical projects. Each of these
projects will be prioritized on the basis of the highest risk transformers in each group.

Voltage Regulators and Step Transformers

Given the current demographics of Hydro Ottawa’s step transformer asset base, planned proactive re-
placement of these transformers is not currently required.

Hydro Ottawa’s Voltage regulators are at end-of-life and require replacement within the next 5 years. As
there are only 6 of these units in the Hydro Ottawa system removal through the elimination of their
need rather than replacement is preferred.

© Hydro Ottawa Internal Use Only 72 2010-05-28



Distribution System Asset Management
For Period 2011-2020

Underground Transformers

Hydro Ottawa’s Underground transformer asset class includes a variety of transformers which are used
in the delivery of power to customers. These transformers include submersible, padmounted, kiosk and
vault transformers. While primarily oil filled there is also a subset of solid dielectric transformers owned
and operated by Hydro Ottawa. Due to the differences in construction and operating environments,
analysis has considered underground transformers in the broad groups of:

- Padmount and Kiosk Transformers
- Vault Transformers
- Submersible Transformers

Figure 28. Proportion of Underground Transformers by Type
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Vault

Underground Transformer Demographics

Padmount and Kiosk Transformer Demographics

Padmount and Kiosk transformers are located in the road right-of-way and convert electrical power to
service voltage for one or more customers. Hydro Ottawa owns roughly 1,800 kiosk transformers and
13,000 padmount transformers. Hydro Ottawa also operates one (1) padmounted step transformer
(converts between distribution voltages), as this is a unique device in the system it will not be consid-
ered further in the asset analysis.

For any Asset Management process, demographic information on the assets is fundamental. This is in-
formation such as quantities, location, types and age. Hydro Ottawa’s Geographical Information System
(GIS), contains a registry of all padmounted and kiosk distribution transformers containing all currently
available asset information. Age demographics for these assets are shown in Figure 29 & Figure 30, pur-
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chase date has been used to estimate equipment age as install date and manufacture date are not con-
sistently available. There are a high proportion of padmount transformers which have an unknown age.
Padmount distribution transformers have a well distributed age population, and a low proportion of the
approximately 13,000 units are approaching end-of-life. Kiosk style transformers have been in use for
longer than padmount transformers and as a result there are a higher proportion of these transformers
that are nearing end-of-life.

Figure 29. Proportion of Padmount transformers by age group
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Figure 30. Proportion of Kiosk transformers by age group
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Submersible Transformers Demographics

Hydro Ottawa’s submersible transformer asset class includes transformers located in sidewalk vaults in
the P&Q area (region bound by King Edward Ave, Rideau St and the Rideau River), and some transform-
ers located in smaller underground structures in the Gloucester area. The primary driver for replace-
ments is the reduction of the potential environmental hazard that these transformers represent. Since
the year 2000 this has resulted in replacement of oil filled transformers with solid dielectric models. The
demographics for Hydro Ottawa’s submersible transformers have been extracted from the data col-
lected during the 2007 transformer survey. The age for these assets is based on the captured manufac-
ture date. As shown in Figure 31 more than 50% of the in service units are 30 years or greater. The 15
submersible transformers that have been installed since 2002 are solid dielectric transformers. The re-
maining 47 in-service submersible transformers are oil filled.

Figure 31. Proportion of Submersible Transformers by age group

Vault Transformer Demographics

Hydro Ottawa’s vault transformers, are ‘can’ type transformers which are located in building vaults and
typically service a single large customer. While located past the demarcation point, Hydro Ottawa re-
tains the asset ownership. As these transformers are located in customer owned facilities, the legal re-
sults in the case of catastrophic failure can be significant. Currently Hydro Ottawa owns approximately
3,000 vault transformers.

Asset Demographics on Hydro Ottawa’s Vault transformer population are available from the GIS. Pur-
chase date has been used to approximate asset age as manufacture and installation date are not consis-
tently available. The population demographics are shown in Figure 32. Currently, more than half the
Hydro Ottawa Owned vault transformers are over 30 years of age and almost a quarter are greater than
40 years old.
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Figure 32. Proportion of Vault Transformers by age group

Underground Transformer Health Index

Age can be related to the condition of distribution transformers, yet it is not a linear relationship. The
life of a transformer’s internal insulation is related to temperature-rise and duration, therefore trans-
former life is affected by electrical loading profiles and ambient temperature changes. Other factors
such as mechanical damage, exposure to corrosive salts, and voltage surges also have a strong effect.

While not currently available, in the future the impacts of transformer service condition should be inte-
grated into Hydro Ottawa’s asset planning criteria. 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. With the appropriate software tools, load and temperature in-
formation, can be used to estimate of transformer condition.

At this time there is no centralized data available on the condition of these assets, therefore the current
asset evaluation has been based upon transformer age demographics alone. The exception to this is Hy-
dro Ottawa’s submersible transformer population. The primary mode of failure for these units is corro-
sion leading to leaking of oil. The degradation of these submersible transformers is caused by the local
operating conditions in the vault, such as the frequency of flooding and the concentration of corrosive
salts in the flood water. The submersible asset base is sufficiently small that the program moving for-
ward will be inspection driven to identify those units which have reached end-of-life due to corrosion
and pose a risk of oil release.
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External Drivers

Federal Regulation SOR 2008-273 dictates that all underground equipment with oil containing PCBs in
concentrations of 50 mg/kg or greater must be removed from service by 2009 or 2025 dependant on the
equipment location and concentration. As of the beginning of 2010, all padmount and kiosk transform-
ers which were determined to have PCB contents in the range of 50mg/kg, have been removed from
service. Currently outstanding are Hydro Ottawa’s vault transformers, there are a total of 57 transform-
ers located in 36 vaults for which an end of use extension has been received to the end of 2011 for the
removal. The replacement of the 63 transformers at these locations with PCB concentrations greater
than 50mg/kg is planned for 2010. There are an additional 86 vaults containing 164 transformers which
will require replacement under the regulation by 2025.

Underground Transformer Failure Correlation

The annual transformer failure rates shown in Table 12 have been extracted from the Hydro Ottawa’s
interruption database. Asset failure curves have been estimated through Weibull analysis, the results
are shown in Figure 33. These curves have been estimated using hazard fitting using current asset
demographics and failure data. In addition the old Ottawa Hydro transformer age at failure records from
1990-1999 have been used as a point of comparison and to inform the statistical fitting. As there have
been no recorded submersible transformer failures in the data range, it has not been possible to per-
form this analysis on these assets. It can be seen that the current fitting indicates a much longer asset
life than was presumed in the 2005 AMP. Records indicate a similar hazard rate for both kiosk and
padmount transformers as such they may be considered concurrently in future analysis.

The gradual rise on the failure curve indicates a potentially low correlation to asset age and a larger
component of asset failure predicated on operating conditions. Future data should be collected to clarify
the contributing aspects. In the meantime, these curves provide a sufficient initial baseline for directing
replacement activities although the programs should be tempered based on this uncertainty.

Table 12. Historical Underground Transformer Failures

Consequence
Score

2003
2004
2005
2006
2007
2008
PAVOE]

Kiosk Padmount Vault Submersible
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Figure 33. Underground Transformer Failure rates
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Underground Transformer Failure Consequence
The first step in assessing the consequence cost of failure is to summarize the expected effects of fail-
ure. In general, these will include some or all of the following:

e Customer outage effects. This will include "event" effects due to the outage (SAIFI), "duration"
effects (SAIDI), and effects on critical customers.

e Health and safety consequences.

e Environmental consequences.

Kiosk and Padmount transformer Failure Consequence

Customer Service reliability

In the event of a kiosk or padmount transformer failure the interruption of supply to the customers con-
nected to the unit will result in an:

1. Impact on the system SAIFI — that is the number of customers which are interrupted
2. Impact on the system SAIDI —that is the product of the number of customers interrupted,
and the duration of the event (cust- hrs)

The number of customers which are interrupted due to a failure is minimal. The number of affected cus-
tomers is approximated by the number of customers normally serviced from the transformer. This cus-
tomer count is normalized into a scale from 0-1, with 1 representing a customer count of 25 or more.

The duration of an outage resulting from a transformer failure is not clearly dependant on the trans-
former parameters. Therefore the average contribution to SAIDI score is assumed to primarily vary
based on the number of customers which will be affected, which has been considered in the SAIFI score.
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Health and Safety Consequences

Live-front transformers present a higher potential hazard, flash and contact hazard than new dead-front
elbow connected units. While not strictly a failure consequence an additional score of one has been
added to the consequence scale for live-front gear.

Environmental Consequence

Failure of padmounted and kiosk transformers may result in the release of oil into the surrounding envi-
ronment. Meaningful differentiation of this consequence from transformer to transformer is not possi-
ble, in response current practice has applied a score of 1 to all oil filled transformers due to the potential
environmental consequence.

Submersible Transformer Failure Consequence

Customer Service reliability

While there will be customer service outcomes to a failure of a submersible transformer, these have
been neglected in the current analysis as the primary driver and concern for this asset is the environ-
mental consequence.

Environmental Consequence

The primary mode of concern from the failure of a submersible transformer is the potential for the re-
lease of oil to the environment. As the majority of the aged transformers are located in sidewalk vaults,
which are directly sewer connected, the release of oil from these units will have a significant impact.
Meaningful differentiation of this consequence from transformer to transformer is not possible. The cur-
rent approach is to assume equivalent consequence for all submersible transformers and to manage the
program to minimize the probability of failure through annual inspection and replacement.

Vault Transformers Failure Consequence

Currently age related vault transformer replacement has been superseded due to the regulatory re-
quirement to replace all PCB containing transformers. The individual vault replacement has been priori-
tized based on an environmental consequence score. The consequence score was based on the average
normalized PCB content in the contaminated transformers in the vault, and whether the transformer is
located in a sensitive area as defined by the regulation.
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Assessment of Underground Transformer Asset class

Projections

Being able to predict long term replacement rates is beneficial in avoiding major spending due to plant
failure or an aging asset group. Maximum and minimum replacement levels are determined by analyz-
ing demographic information and failure history.

A maximum replacement rate is determined to avoid population spikes created from a large number of
installations done in a particular year. Using population demographics and a financial end-of-life of 25
years for underground transformers and 30 years for vault transformers, a levelized replacement rate
can be calculated to avoid large replacement peaks. The resulting levelized replacement rates are sum-
marized in Table 13.

Minimum replacement rate is determined by evaluating historical failure data and the probability of
failure at a particular age. Once a probability of failure is determined, predictive analysis can be com-
pleted depicting the future failure rate of the asset. Doing active replacements can be incorporated into
this analysis to show the effects of varying replacement rates on failures. The results of this analysis are
discussed below for each transformer type.

Table 13. Maximum/Minimum Replacement Rates

Min/Max Replacement
rate (units/year)

Transformer
Type

Kiosk
Padmount
Submersible
Vault

Padmount and Kiosk transformers

Predictive analysis has been carried out on Hydro Ottawa’s kiosk and padmount transformers, the re-
sults depicting the future failure rate of the asset are shown in Figure 34 & Figure 35.

Based on projected failure rates the minimum replacement rate under a replace on failure model will
result, in an average of approximately 6 kiosk transformers annually over the next 10 years. Based on
current failure projections, a replacement rate of 30 to 50 units per year would result in a maintained
failure rate in the current range of approximately 4 units per year.

Minimum replacement rate for padmount transformers from 2011 to 2020 is 44 units per year. Based
on the current failure curves, a replacement rate of 300-400 transformers per year will maintain failure
rates in the current range of roughly 30 units per year.
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Currently a less aggressive program than the recommended 300-400 units annually will be undertaken,
targeting instead of 15 to 20 padmount and kiosk transformers annually. This tempered approach is the
result of uncertainty in the age to failure correlation used in current projections, and resource con-
straints due to the superseding replacement of PCB containing transformers.

Figure 34. Recommended Kiosk Replacement rate based on projected failures
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Figure 35. Recommended Padmount Replacement rate based on projected failures

90

80 ——

70 //
y 60 — |
;E-: <0 /;___./
g 40 — __7//

30Z
s Sl T i gy e

20

10

2010 2015 2020 2025 2030 2035

==Projected Failures - Replace at Failure = === Projected Failures - Replace 100 Per year
== Projected Failures - Replace 300 Per year === Projected Failures - Replace 350 Per year

== Projected Failures - Replace 400 Per year === Projected Failures - Replace 520 Per year

© Hydro Ottawa Internal Use Only 81 2010-05-28



Distribution System Asset Management
For Period 2011-2020

Submersible transformers

There is currently insufficient information from which to project submersible transformer failures. While
detailed condition data is not currently available for these transformers reports from the field indicate
that a significant portion of these units are beginning to corrode. As a result it is recommended that a
replacement rate of 2-3 units per year is undertaken to address those identified through inspection to
pose a risk of oil release.

Vault transformers

Predictive analysis has been carried out on Hydro Ottawa’s Vault transformer assets, the results depict-
ing the future failure rate of the asset are shown in Figure 36. Based on this analysis the minimum aver-
age replacement rate for padmount transformers from 2011 to 2020 is 4 units per year. Based on cur-
rent projection a replacement rate of 40 to 80 transformers per annum is expected to maintain the cur-
rent failure rate in the current range of roughly 3 per year. The current replacement will meet this tar-
get, yet it will be driven by regulatory obligation to retire PCB containing equipment from the Hydro Ot-
tawa system, rather than transformer condition or age.

While PCB driven replacements will not target the worst condition or oldest units, the program will re-
duce the overall risk of this asset class through a large renewal of the asset base. As vault transformers
are most commonly arranged in a 3-phase bank or matched transformers to address 164 PCB containing
vault transformers it is anticipated that roughly 250-300 units will require replacement or a levelized 60
units/annually over the next 5 years.

Figure 36. Recommended Vault Replacement rate based on projected failures
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Kiosk and Padmount Transformer Asset Rating
Kiosk and padmount transformer replacements are currently prioritized in two stages:

1. Transformers have been individually scored using a normalized Hazard rating based on the
failure correlation, and a consequence score.

2. All the Padmount and Kiosk transformers in the distribution system have been grouped geo-
graphically in to a grid with cells measuring 0.5km by 0.75km each of these cells represent-
ing a discrete replacement project. These projects have then been prioritized based on the
percentage of transformers in that region meeting or exceeding a risk threshold of 9 (risk is
the product of condition and consequence).

Submersible Transformers Asset Rating

Ongoing visual inspection will be used to prioritize the replacement of Hydro Ottawa’s submersible
transformers. Tank failure leading to release of oil is the primary mode of failure for these transformers
as a result of the corrosive environment in which they operate. Extent of tank degradation will be the
primary prioritizing factor utilized to prioritize future replacement.

Vault Transformers Asset Rating

As current vault transformer replacements are driven by regulatory obligations, a simplified prioritiza-
tion system has been utilized for these transformers, ranking them by the quantity of PCBs, whether the
vault is located in a sensitive area as defined by SOR2008-273 and the transformer probability of failure
based on age. While it would be preferable to target the vaults in there prioritized order, customer
scheduling and availability of transformers heavily impacts the order in which these replacements take
place.
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Underground Civil Structures

Hydro Ottawa’s Underground Civil Structure asset class consists of underground duct banks, hand holes
and various types of underground chambers forming a network through which underground cables may
be installed. Distribution underground civil structures are used in areas where underground wiring is
required, to improve reliability, to reduce the time to access and correct faulty wiring, to permit access
in congested areas and to allow re-entry or expansion in areas where further excavation would be
costly.

For the purposes of developing the asset . p—
management plan for underground civil
structures, the asset has been broken into l!
two primary groups, Duct Structures and Un-
derground Chambers. While duct structures
are run to the unlikely event that they fail, un-
derground chambers are maintained through a
replacement and rehabilitation program based
on regular condition assessment. Based on the
currently available inspection data it is recom-

mended that the program target a minimum of 10
underground chambers a year until 2014. Underground chambers are a low complexity project with a
cost ranging from $20,000 for the repair/replacement of a structure roof to $60,000 for a complete re-
build.

Duct Structures

There are many sizes and configurations of concrete encased and direct buried duct banks throughout
the Hydro Ottawa system. The current duct demographics by type are surmised in Table 14. Detailed
asset management review of Hydro Ottawa’s duct systems has not been undertaken as it is HOL's prac-
tice to replace duct systems only in the unlikely event that they fail (e.g. collapse of very old clay tile
ducts). This conforms to standard industry practice and is a prudent approach because of the inherently
long and trouble-free life associated with underground duct systems. HOL has had few duct failures his-
torically evidenced by the number of interruptions due to duct system failures, shown in Table 15. Usu-
ally repair or rebuilding of duct systems is necessary only when the structures are disrupted by construc-
tion of adjacent buildings, other utilities or roadwork. This assumption can be re-verified in future asset
management planning work.
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Table 14. Summary of Duct Bank Asset

Type Structure Length (m)
Concrete Encased 509,470

Direct Buried Duct 667,169

Unknown/Other 50,815

Table 15. Historical Duct System Failures

Interruptions Due to
Duct Systems

0
0
0
1
0
0

Underground Chambers and Equipment Pads

Underground cable chambers come in different styles, shapes and sizes according to the location and
application (maximum cable loading must be considered). For this analysis we identified only the broad
categories depending on their use and type of construction. Precast cable chambers are normally in-
stalled only outside the travelled portion of the road although some end up under the road surface after
road widening. Cast-in-place cable chambers are used under the travelled portion of the road because
of their strength and also because they are cheaper to rebuild if they should fail. The corollary to this is
that cable chambers should be located outside the roadbed where possible, thus extending their life and
permitting easier and safer access by Hydro Ottawa crews. Customer cable chambers are on customer
property and are usually in a benign environment. Although they supply a specific customer, system
cables loop through these chambers so other customers could also be affected by any problems. Side-
walk vaults are most often located in or adjacent to pedestrian walkways and are commonly used for
installing submersible transformers or switchgear. Padmount equipment chambers are structures that
provide a foundation for transformers and switchgear and access to underground wiring connected to
that equipment.

Underground hand holes are simply small sized versions of cable chambers, most often used in side-
walks or under soft surfaces for gaining access to secondary services and wiring.
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Underground Civil Structure Demographics

Reliable centralized demographic information is not currently available for this asset class. Thus, we col-
lected the demographic information for these structures, shown in Table 16, from various sources.
Around 1970, standards for underground cable chambers became tighter and precast structures were
favoured for applications outside the travelled road surface. Equipment pads have been included as they
encompass both padmounted equipment chambers and cast-in-place slab foundations in a variety of
geometries.

Age distribution of HOL’s handholes and manholes are shown in Figure 37 and Figure 38. As a civil struc-
ture’s longevity is largely contingent on operating and external factors, age demographics have limited
applicability in the asset planning process.

Table 16. Underground Civil Structure Demographics

Civil Structure Type Pre 1970 Post 1970 Unknown Total

Manholes 367 1,562 969 2,898
Precast 144 659 428 1,231
Cast in Place 223 887 508 1,618

Pre-Cast Switch Manhole - 11 23 34
Sidewalk Vaults - - 52 52
Unknown Other - - 2,336 2,336
Secondary Pedestal Pad - 6 2,755 2,761
Service Disconnect Pad - 13 574 587
Switchgear Pad - 5 265 270

Transformer Pad - 262 12,004 12,266
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Figure 37. Proportion of Manholes by age group
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Figure 38. Proportion of Handholes by age group
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Underground Civil Structure Health Index

Underground chambers are generally constructed with steel reinforced concrete. Covers and inserts are
usually cast steel. Sidewalk vault access hatches and ventilation grates are often galvanized steel.

Although the condition of underground civil structures is loosely related to age, there is not always a
strong correlation between the two. Other factors such as mechanical loading, exposure to corrosive
salts, frequent flooding, etc. have a stronger effect. Therefore, we use a condition-based asset man-
agement program based on periodic field inspections to identify problems and rate the condition of the
structure. Tracking the results of these inspections will show the rate of deterioration and provide ad-
vance notice of impending work to correct any problems. Some underground chambers may only need
cleaning, pumping out or repairs to frames and covers or vault doors and grates. This work is not capita-
lized and is not covered in this report. Major rebuilding of the walls and/or roof is capitalized. When
third party work is being done, the opportunity is taken to rehabilitate the structure as required without
the extra cost of reinstatement.

Deterioration of aging concrete structures is generally manifested by concrete spalling, leading to expo-
sure and corrosion of the reinforcing steel. Water entering cracks in the masonry may freeze in the win-
ter causing the surface layers of the concrete to pop off and further expose the reinforcing steel.

Currently Hydro Ottawa maintains a regular inspection program of its underground chambers, which is
administered by both HOL crews and external contractors. Inspection of underground civil structures
involves a condition assessment and rating from 0 to 5 for the roof, collar, walls and floor in accordance
with Table 17.

Table 17. Ratings for Underground Civil Structure

Condition

Good Very Poor Critical

BI{odlolilegs Very Good

Major spalling Concrete has
& cracks

Very large deteriorated,

Minor hairline Large cracks reaching the

B o No significant . cracks and large amounts of
Criteria s cracks or minor and some - steel rebar, ;
deterioration. ) . significant steel showing &
spalling. spalling. ) concrete fal-
spalling. ; strength of rebar
ling, some ) .
; is questionable.
rusting.

The overall condition rating for a structure is obtained by summing the products of condition factor and
weighting (roof-3, collar-2, walls -1, floor -1). Therefore, the maximum score for any structure is 35.

Health Index = (1- Actual total score/maximum total score)*100
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Table 18. Asset rating Scale

Health Index Condition Requirements

90 - 100 Very Good Normal inspection and maintenance

80-90 Good Normal inspection and maintenance

65— 80 Fair Place structure on a list for more in-depth
inspection.

50 -65 Poor Start planning process for rebuilding.

0-50 Very Poor At end of life. Rebuild as soon as practi-
cable.

Inspection results are collected and inputted into a centralized inspection database by a number of par-
ties involved in the inspection program. In 2009 it was discovered that there were several copies of the
same database and as such the records were not being centralized. As a result compilation of the in-
spection records has been temporarily halted and work is underway to amalgamate the existing data-
bases and future data collection into Hydro Ottawa’s GIS. This has resulted in the available data to be
lacking some of the most recent inspections. Regardless, this information provides the best available
information for the review of asset condition, shown in Figure 39.

Figure 39. Proportion of inspected underground chambers by condition rating
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Underground Civil Structure Failure Correlation

There have been no recorded chamber failures from which to perform failure analysis. Moving forward
detailed review and tracking of the degradation of Hydro Ottawa’s underground chamber assets is nec-
essary to assess and project medium and long term asset performance.

Underground Civil Structure Failure Consequence

As Hydro Ottawa practice is to maintain its underground chambers proactively this asset is not a signifi-
cant risk item due to its extremely low consequence of failure (essentially zero) since probability of fail-
ure is addressed easily before collapse or other manifestation. However, it is important to highlight that
this course of action is the result of the high consequence cost that would result from a collapse or other
failure mechanisms. As most underground chambers are located in roadways and sidewalks in the case
of a collapse there is a strong possibility of injury to the public and potentially significant damage to Hy-
dro Ottawa’s corporate image.

Assessment of Underground Civil Structure Asset Class
Projections

Being able to predict long term replacement rates is beneficial in avoiding major spending due to plant
failure or an aging asset group. Maximum and minimum replacement levels are determined by analyz-
ing demographic information and failure history.

A maximum replacement rate is determined to avoid population spikes created from a large number of
installations done in a particular year. Using population demographics and a financial end-of-life of 40
years, a levelized replacement rate can be calculated to avoid large replacement peaks. This analysis is
shown in Table 19. The levelized replacement rate was calculated to be approximately 73 units per year
for manholes and sidewalk vaults.

The current minimum replacement rate has been determined by evaluating the number of chambers
which have been determined to be end-of-life (very poor condition), based on a levelized approach a
minimum of 10 units per year should be repaired over the next 5 years.

Table 19. Maximum/Minimum replacement rates

Civil Structure Minimum Maximum

Manholes/Sidewalk
Vaults

Hand-holes

Equipment Pads

It is recommended that the current spending rate of $500,000-$600,000 is maintained, as there is a con-
tinued backlog of civil structures in Very Poor Condition. This budgetary figure is representative of the
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rehabilitation/replacement of 12 or more underground chambers, typical cost of rehabilitation and re-
placement are $20,000 and $60,000 respectively.

The available information does not enable rigorous projection of long-term replacement requirement
and rehabilitation requirements. As a baseline the rate of degradation for a chamber has been esti-
mated linearly, fitting structure age to its condition score, resulting in an estimated annual degradation
0.11 points. This projection indicates that following 2015 the spending rate in this category may be re-
duced beyond 2015, targeting rehabilitation/ replacement of 1-2 chambers per year.

Asset Rating
Assessment and prioritization of HOLs civil structures has been based on condition. The structure condi-

tion score from 0-100 has been converted into a score from 4-0. An additional ranking factor has been
added to aid in prioritization between structures in poor condition based on the location of the manhole
cover. The scoring is surmised in Table 20. The location condition score is normalized to a maximum of 1
and added to 0-4 condition score.

Based on the rating of the individual manhole components it is identified if a complete replacement is
necessary or simply a rebuild. If both the floor and walls are in Very Good to Fair condition simply a roof
replacement is necessary, otherwise, a full replacement of the structure is targeted.

Table 20. Location Condition score

Score  Cover Location

Roadway

Sidewalk

Other
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Distribution Cable

Hydro Ottawa’s underground cable asset class includes sections of underground cable running from dis-
tribution stations to overhead lines and from overhead lines to transformers and switches. Distribution
underground cables are used mainly in urban and newer residential areas where it s
either impossible or extremely difficult 1

build overhead lines due to aesthetic, S
legal, environmental or safety rea-

sons. The configuration of the under- \
ground system is mainly looped. '

The consequence of a cable failure de-
pends if it used as trunk or distribution.

A failure on trunk cable can result in an
outage to thousands of customers for
several hours whereas a failure on distri-
bution cable will result in a failure to only
a few hundred customers for an hour or

two.
Distribution Cable Demographics

There is approximately 5000km of underground cable installed in the Hydro Ottawa service territory.
The breakdown between type of cable is: 80% XLPE, 20% PILC, and <1% Butyl rubber. The age distribu-
tion is illustrated in the figures below. The breakdown between the various voltage classes is shown in
Table 21.

Table 21. Cable Length per Voltage Class

Voltage Cable Length
Class (km)
44kV 21
27.6kV 1,580
13.2kVv 1,999
12.43kV 75
8.32kV 743
4.16kV 577
Total 4,995

Demographic information for the underground cables has been collected from various historical records
and sources. Lead cable has been installed as far back as the 1930s however, only information from
1966 to present is known. There is still about 14 km of butyl rubber cable, installed in the Nepean area,
which is still in service.
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Figure 40. Proportion of XLPE by age group
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Figure 41. Proportion of PILC by Age Group
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Figure 42. Underground Cable Demographics
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Distribution Cable Health Index

Developing a health index is important for prioritizing projects for replacement based on the worst con-
dition of a population. The underground cable health index has been evaluated based on the number of
recent faults a feeder has seen in the last few years. The number of faults is then compared for each
feeder in relation to the maximum number of faults a feeder has seen. The following equation is used:

#of Faults

Health Index =
ed naex Max number of Faults

Due to the lack of available data, the underground cable health index is not as complete as it could be.
More detailed and accurate information on cable age, type and condition should be collected through
inspection and survey programs. By determining the age and type of the cable, life expectancy can be
derived for each type of cable in our system and used to flag cable segments which are nearing end-of-
life. A condition based health index can be developed through testing methods which are not currently
being used by Hydro Ottawa. As an alternative to cable replacement, Hydro Ottawa is currently evaluat-
ing cable rejuvenation which can considerably extend the remaining life. Cable rejuvenation is usually a
less expensive alternative to cable replacement as it does not require much new material or construc-
tion costs.

Distribution Cable Failure Correlation
Failure correlation is used to determine the expected failure rate of an asset group. This can be used to
determine the appropriate replacement age before failure.
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The curve used in the analysis is a calculated Weibull probability, for XLPE cable, based on the age at
failure and is calculated using the MLE analytical approach. Assumptions for XLPE cable age were made
based on the age of the transformers in the location of the fault. This translates into the failure prob-
ability curve shown in Figure 43 below and is compared with the previous AMP estimations which used a
normal distribution with a mean of 25 and 40 years and a standard deviation of 10 and 15 years for non-
tree retardant and tree-retardant cable respectively.

Because of the long term reliability of the lead cable and limited failure information, no failure probabil-
ity curve was developed.

The curve developed below should only be used for short term projections. As inspection processes de-
velop and failure data is recorded with more detail, the Weibull curve will be updated to more accu-
rately represent long term projected failures.

Figure 43. Failure Probability XLPE (Tree Retardant and Non-Tree Retardant)
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Distribution Cable Failure Consequence

Evaluating the consequence of failure allows for comparison within the asset class to determine the
most crucial pieces of equipment. These consequence factors are based on corporate objective and not
the health of the equipment.

The consequence used for this asset class is based on the total number of customers that could be af-
fected by a cable fault on a feeder. The customer number is then compared with the maximum number
of customers on any feeder to give a value of 0-1. The following equation is used:
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# of Customers
Max Customers

Consequence Score =

Assessment of Distribution Cable Asset Class
Projections

Being able to predict long term replacement rates is beneficial in avoiding major spending due to plant
failure or an aging asset group. Maximum and minimum replacement levels are determined by analyz-
ing demographic information and failure history.

The figure below shows the number of replacements for XLPE cable required per year based on the
number of units which have reached or exceeded financial life expectancy of 30 years. The large con-
centration in the initial year is indicative that a large number of units are already past their financial life.
Also shown is a levelized replacement rate which is the maximum rate required to avoid the replace-
ment of a large number of units in a particular year due to a peak installation period.

The minimum replacement rate is determined by evaluating historical failure data and the probability of
failure at a particular age. Once a probability of failure is determined, a predictive analysis can be com-
pleted depicting the future failure rate of the asset. Replacement rates can be incorporated into this
analysis showing the affects of active replacement on failure rates. This analysis is shown in Figure 44.

Figure 44. Recommended Replacement rate based on projected failures
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Asset Rating

There is approximately 5000km of underground cable installed in the Hydro Ottawa service territory.
The breakdown between type of cable is: 80% XLPE, 20% PILC, and <1% Butyl rubber.

Reviewing the outage history over the last 3 years reveals the most problematic feeders. This prioritizes
the list and is used as a guide for determining replacement projects.

(0]1] £ 1:{-1
Feeder 3yr Total Out- Overall Outage
ID 2007 2008 2009 2010 Total ages Score
77M2 3 1 1 5 12 1
77M1 2 2 1 5 9 1
3F3 1 4 5 7 1
77M6 4 1 5 7 1
QT39F3 2 2 4 6 0.8
2207 1 2 1 4 4 0.8
LEI-F1 1 2 1 4 4 0.8
8F3 3 3 7 0.6
4F8 2 1 3 5 0.6
ANO5 1 2 3 4 0.6
UAO6 1 2 3 4 0.6
140F4 2 1 3 3 0.6
624F4 3 3 3 0.6

Replacement projects were created by reviewing customer interruptions caused by defective under-
ground cable. Cable replacement projects will include the construction of concrete duct for trunk cable
or buried PVC conduit for distribution. Often the opportunity is taken in these projects to rearrange the
circuit to improve operability.
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Underground Switchgear

Hydro Ottawa’s Distribution Switchgear asset class consists of pad-mounted, vault installed and sub-
mersible types. There are only two submersible switches left in the system, SSW2 which is scheduled to
be replaced in 2010 and SC1580 which was installed in 2007. Therefore at this time the Asset Manage-
ment Plan will not deal with this type of switch. Each of the other distribution switch categories has
many sub-types with different insulating media (e.g. oil, air, SF6) and various interrupting styles and me-
dia (e.g. fuse, re-settable fault interrupter, oil circuit breaker, vacuum circuit breaker, etc.). Wall-
mounted, stick-operated switches, although not strictly “switchgear”, are included in this asset class as
well. Because former utilities had widely varying policies for servicing customers, there are many differ-
ent configurations of switchgear in service. Hydro Ottawa is still developing policies and procedures for
dealing with these issues in a consistent manner.

In the meantime, Hydro Ottawa maintains an interest in the condition of customer owned switchgear
that is connected to the Hydro system. For any primary service that has connections to more than one
circuit, Hydro Ottawa retains control over the incoming line switches in the switchgear. This is impor-
tant to ensure the integrity of the system and the continuity of supply to other customers. Because of
its interest in the safety of the customer’s switchgear installation, Hydro Ottawa has mandatory inspec-
tion, cleaning and maintenance regimes that customers must follow to reduce the risk of eventful fail-
ures. However, apart from providing a safe power shutdown for the maintenance work to take place,
Hydro Ottawa has no financial responsibility so this switchgear is not considered a utility asset.

Currently Hydro Ottawa follows standard industry practice of running distribution switchgear to end-of-
life. This practice of running to near failure practice is supported by regular inspection, maintenance and
a planned replacement as gear is identified to be end-of-life. The currently recommended replacement
rate of 3-4 air-insulated units per year has been set to deal with those units which have been identified
to be at end-of-life, due to chronic maintenance requirements and/or reliability issues, and/or presence
of potential health and safety hazards. Padmount distribution switchgear replacement is a medium
complexity project costing $50,000 to $100,000.

Underground Switchgear Demographics

For any Asset Management process demographic information on the assets is fundamental. This is in-
formation such as quantities, location, types and age. Detailed records do not exist for this asset class
and as such the current asset demographics have been estimated using available records from existing
data repositories, these are shown in Table 22. While these estimates provide an initial baseline for
analysis, collection and consistent representation of switchgear information in a centralized repository is
essential to enable accurate asset assessment in the future.
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Table 22. Underground Switchgear Population

Padmounted Switchgear

Listing being looked at
Air 223 under the IR Inspections
77 From GIS
1 From GIS
. Difference between num-
Other SW|tChgear 119 ber above and 420 in GIS

m .
(2]

Primary Pedestals 20 Estimated

Vault Switchgear

Air Mtl-Clad Swgr 27 From Vault Database where

Demarcation Property line
. . From Vault Datab: h
Oil Filled Swgr 19 rom Vault Database where

Demarcation Property line
Vacuum or SF6 Swgr 20 e s
Elbows 2 FDemarcation Propersy i
Wall Mounted Switch 55 e e
Unknown/Other 39 From Vault Database where

Demarcation Property line

Underground Switchgear Health Index

A large proportion of the padmounted switchgear currently in use are air-insulated gang-operated load-
break switches. This switchgear is used infrequently for switching and often loads are well below its rat-
ing. Therefore, switchgear aging and eventual end of life is established more often by rusting of the en-
closures, and ingress of moisture and dirt into the switchgear causing corrosion of operating mechanism
or degradation of insulated barriers. The first generation of padmounted switchgear was introduced in
the early 1970s, and many of these units are still in good operating condition. The life expectancy of
padmounted switchgear is impacted by a number of factors that include frequency of switching opera-
tions, load dropped, and presence of corrosive environment or dampness at the installation site. On
average, padmounted switchgear, when maintained regularly, can be expected to provide a service life
of 25 to 35 years.

For below grade vault applications, switchgear comes in submersible designs and is commonly either oil
insulated or SF6 insulated. For above grade vault applications, metal clad, air insulated switchgear has
been used in the past, although a majority of the future installations will employ SF6 insulated switch-
gear; as these designs have sealed enclosures which are better protected against dirt or moisture and
are expected to provide longer life.

Hydro Ottawa follows standard industry practice of running distribution switchgear to end of life, just
short of failure. To extend the life of these assets, a number of intervention strategies are employed on
a regular basis: e.g. inspection with thermographic analysis and cleaning with CO2 for air insulated pad-
mounted switchgear; inspection and cleaning for Vault switchgear. If problems or defects are identified
during inspection, often the affected component can be replaced or repaired without a total replace-
ment of the switchgear.
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Underground Switchgear Failure Correlation

Currently there is insufficient demographic data to correlate and/or utilize failure data to project future
failure rates. However, reviewing switchgear failures which have lead to sustained interruption; air-
insulated live front switchgear presents the highest failure rate. As live-front switchgear can be repaired
following “failure” events, there are switches in the systems which are known to pose continual reliabill-
ty issues due to environmental and/or operational factors.

Vault Equipment U/G Switchgear

Breaker\Relay Switch Gas-Insulated Air-Insulated Flutly]

Pedestal
2003 2 = . 2 _
2004 - 1 - 1 -
2005 1 2 i} 5 1
2006 - 1 } 5 )
2007 2 1 - 2 -
2008 2 - 1 2 i
2009 - 1 ; ) 5

Underground Switchgear Failure Consequence

The first step in assessing the consequence of failure is to summarize the expected effects of failure (or
event). While it is Hydro Ottawa’s current practice run switchgear to end of life, as switchgear is identi-
fied to require replacement the following consequence scoring will be applied to prioritize the replace-
ment of individual units. This consequence scoring will include aspects of the following:

e Customer service reliability effects. This will include “event” effects due to the outage (SAIFI),
“duration” effects (SAIDI), and effects on critical customers.

e Health and safety consequences.
e Environmental consequences.

Customer Service reliability

A major switchgear failure requires either the replacement of the switchgear or a lengthy repair or re-
placement of a key component or assembly. Failures of this nature usually result from electrical arcs
initiated by rodents, accumulated dirt/pollution or loss of insulating medium. Inspection, periodic clean-
ing and replacement of components (when warranted) ahead of failure can sometimes prevent the
most severe effects.

In evaluation of switchgear consequence based on the most likely failure mechanism the consequence
will be evaluated on the expected customer interruption and the resulting duration.

Health and Safety Consequence

Rusting of switch enclosures can lead to perforations exposing the public to a Safety Hazard. Degrada-
tion of barrier boards, insulators etc. can lead to situations which pose a potential safety risk to staff
that operate these devices.
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Where immediate safety hazards to HOL employees or the public exist the gear should replaced as soon
as possible, under plant failure programs.

Environmental Consequences

As the failure of a switch can lead to the release of insulating medium, in the case of oil or gas insulated
gear there may be significant environmental consequence.

Weighing and Normalizing Consequence

As the switchgear rating is intended to be applied to switchgear that have been identified to be end of
life the following scoring is to be applied to the most probable failure mechanism as determined by the
condition of the switchgear. The recommended scoring is summarized in Table 23. The elements of the
consequence score are to be added and normalized to a 1-5 scale.

Table 23. Distribution Switchgear Failure Consequence scoring

Consequence Reliability — SAIFI Reliability — SAIDI

. ) Environmental Health and Safet
Score Interruption to: Outage duration of: y

No Insulating

< 145 Customers < 30 minutes .
Medium

>145 Customers >1 hour
Failure to replace
equipment in a timely
manner may expose
>1450 Customers >2 hours Public and/or Personal
to a probable (1 in
1000 or greater)
Safety hazard
Failure to replace

Potential uncon- €quipmentin a timely

trolled release ~ Manner may expose
>2900 Customers >4 hours Public and/or Personal

of Oil, or SF6 to a highly probable (1
gas. in 100 or greater)
Safety hazard

Assessment of Underground Switchgear Asset Class

Projections

Being able to predict long term replacement rates is beneficial in avoiding major spending due to plant
failure or an aging asset group. Maximum and minimum replacement levels are determined by analyz-
ing demographic information and failure history.

A maximum replacement rate is determined to avoid population spikes created from a large number of
installations done in a particular year. Using population demographics and using a financial end-of-life
of 30 years for vault switchgear and 25 years for distribution gear, a levelized replacement rate can be
calculated to avoid large replacement peaks. The levelized maximum replacement rate was calculated
to be approximately 18 padmount units and 3-4 vault units per year.
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Minimum replacement rate is determined by evaluating historical failure data and the probability of
failure at a particular age. There is currently insufficient demographic information to project an equip-
ment failure rate. Also as many of these switchgear systems are repairable a “failure” does not necessar-
ily equate to a replacement. Collection of detailed data on equipment type, manufacture date, and fail-
ures is essential moving forward to enable such projections.

Asset Assessment

Currently there are a handful of switchgear devices in service which have been identified to be at end-
of-life in the Hydro Ottawa system. These include 6 padmounted live-front switches and 18 primary
pedestals in the west end of the city.

The identified padmount gear has been prioritized and scheduled over the next 2 years. . Based on his-
torical experience 3-4 pieces of live front switchgear are identified to be at end-of-life annually. Suffi-
cient funds to carry on these planned replacements are required beyond 2012 to maintain reliability of
HOL system.

Primary pedestals are typically used as temporary underground cable connection points during the con-
struction of new residential systems. In the Stittsville area there are a handful of these devices which
have reached end-of-life and are beginning to fail, as many of these devices serve no appreciable func-
tion in the Hydro Ottawa system, many are simply being removed. As the system has grown around
these switching points some require like-for-like replacement where a select few will be upgraded to full
padmounted switchgear.
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Overhead Distribution Switches and Reclosers

Hydro Ottawa’s Distribution Overhead Switch and Recloser asset class consists of all pole mounted load
break switches, auto-reclosers, fuse cutouts and line switches, with a primary voltage rating up to 44 kV.

The overhead switch and recloser program is typically a run-to-failure asset class unless a technical or
health and safety issue has been identified.

Overhead Distribution Switch and Recloser Demographics

For any Asset Management process demographic information on the assets is fundamental. This is in-
formation such as quantities, location, types and age. Accurate population data exists for autoreclosers,
load break switches and line switches in the GIS database, however to estimate the number of fuse cut-
out switches on the system, the total number of pole mounted transformers (approximately 13945 sin-
gle and three phase) and cable risers (approximately 9084) was used in the approximation.

Table 24. Overhead Switches and Reclosers Population
| SwitchType ____ Voltage | Units
Cut-out Switches 23029
Reclosers 43

8kV 18
12kV 2
28kV 23
Line Switches 5960
4.16kV 1477
8.32kV 2227
12.43kV 38
13.2kVv 1027
27.6kV 994
44kV 197
Load Break Switches 460
4.16kV 16
8.32kV 104
13.2kVv 68
27.6kV 161
44kV 111

Assessment of Overhead Distribution Switch and Recloser Asset Class

Information on overhead switch and recloser failures has been collected by the assets group to allow for
predictive spending levels. Failure rates for this asset group have been minimal and do not require pre-
dictive analysis or active replacement programs.
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Two switch types have been identified for replacement due to health and safety concerns. These include
the 4kV rated porcelain box switches and two types of inline switch.

Porcelain box switches have been identified for removal due to issues of mechanical fracturing. The
white porcelain box switch has been more susceptible to failure than the brown porcelain box as the
brown switches have a more ridged construction. There are 36 substations that have been identified for
porcelain box replacement. Projects will be distributed over 5 years.

There are also two types of in-line switches that have issued for replacement for health and safety is-
sues. Older style in-line switches with non-crimped insulator brackets have been found to separate
apart leaving the overhead line to fall. The other type of switch is the 27.6kV rated Firon switch which
has a manufacture defect in the cast aluminum brackets. The in-line switches will continue to be re-
placed in 2011
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Distribution Plant Failure

The historical plant failure expenditures are shown in Figure 45. While short term spending must be
maintained at similar levels asset life-cycle management and planning strives to reduce the required
capital investment in this category through planned project investments.

Figure 45. Historical Plant Failure Expenditures

Other, $160K
Padmoun Switches, 534K

Manholes & Bases, $23K

Distribution Arrestors, $18K
DuctStructures, S7K

Misc, S4K
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Section G. Substation Asset Lifecycle Management
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Substation Assets consist of power transformers, circuit breakers, switches, associated protective relay
equipment and wholesale meters. These assets are considered to be non-pooled and therefore have
discrete inspection, maintenance and testing plans associated with them.

Station Transformers

The station transformers are major assets among Hydro
Ottawa Ltd groups of assets. They provide for the volt- |
age transformation from the transmitters and for the |
transformation to sub-distribution voltages such as 8kV I'l H
and 4kV. Station Transformers have a few particularities \
that make them unique: replacement costs range from
$300,000 to $2,500,000; a failure will have medium to ma-
jor consequence, a replacement is a six to twenty-four
months project cycle. In addition station transformer re-
placements come with additional upgrades such as oil con-
tainment; ground grid upgrades; cable replacement and pro-
tection, control and monitoring upgrades. In some cases a
full substation upgrade (switchgear and transformers) may be
triggered by a transformer replacement

Station Transformer Demographics

For any Asset Management process, demographic information on the assets is fundamental. This is in-
formation such as quantities, location, types and age. In the case of Hydro Ottawa’s station transformers
a complete asset registry exists which has all the necessary information.

Age information gives an indication of remaining life of the transformer when compared to the trans-
former mean expected life. This age can then be adjusted based on condition if such information is
available and more accurately estimate expected life and probability of failure.

Hydro Ottawa has 168 station transformers distributed over primary voltages: 106 at 15kV, 36 at 44kV,
22 at 115kV and 4 at 230kV. The age distribution of this asset class is illustrated in Figure 46. As can be
seen, almost half of this asset group is in the age range of 40 years and older. This can be attributed to a
large growth period in our history. A large majority of these transformers have primary voltages of 15kV
or 44kV.
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Figure 46. Proportion of Station Transformers by Age

Traditionally for transformers, elec-
tricity companies have operated
‘run to failure’ regimes supported
by regular inspection and mainte-
nance programs. Typically, this in-
volves substation inspections every
six months. These include visual
checks for oil leaks, general condi-
tion assessment (e.g., for corrosion
of external metalwork, tanks, pipe
work, radiators) and identification
of any obvious defects. Often utili-
ties may supplement these activi-

| ties with both annual infrared sur-
" veys to identify any hot spots and

periodic oil sampling.

The age profile and operational significance of the transformer population are such that the financial
and operating consequences of increased failures are very high. Utilities however can achieve substan-
tial financial benefits by safely extending the life of these high cost assets. For these reasons, many utili-
ties are initiating active condition assessment programs upon which to base future management deci-
sions. Options include life extension by proactive remedial measures, increased rating, or refurbishment
to maximize the existing population’s value. Other options involve positively identifying units close to
their end-of-life enabling appropriate replacement planning. For all of these options utilities are using
general background and condition information from inspections and oil analysis results.

Ongoing effort to further develop a comprehensive condition assessment program to evaluate the most
critical of the population will continue to be a priority for the Asset Planning group.

Station Transformer Health Index

Hydro Ottawa has adopted the Key Gas Method of interpreting DGA as set forth in /EEE Standard
C57.104-1991, “Guide for the Interpretation of Gases Generated in Oil-Immersed Transformers”. Key
gases formed by degradation of oil and paper insulation are hydrogen (H2), methane (CH4), ethane (C2
H6), ethylene (C2 H4), acetylene (C2 H2), carbon monoxide (CO), and oxygen (02). Except for carbon
monoxide and oxygen, all these gases are formed from the degradation of the oil itself. Carbon monox-
ide, carbon dioxide (CO2), and oxygen are formed from degradation of cellulose (paper) insulation. Car-
bon dioxide, oxygen, nitrogen (N2), and moisture can also be absorbed from the air if there is an oil/air
interface, or if there is a leak in the tank. Gas type and amounts are determined by where the fault oc-
curs in the transformer and the severity and energy of the event. Events range from low energy events
such as partial discharge, which produces hydrogen and trace amounts of methane and ethane, to very
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high energy sustained arcing, capable of generating all the gases including acetylene, which requires the
most energy.

As part of the Key Gas Method, a four-condition DGA guide classifies risks to transformers with no pre-
vious problems. The guide uses combinations of individual gases and total combustible gas concentra-
tion. The four condition limits are defined in Table 25.

Table 25. Dissolved Gas Condition Limits
Status Dissolved Key Gas Concentration Limits [uL/L (ppm)]
Hydrogen | Methane | Acetylene Ethy- Ethane Carbon Carbon TDCG
(H2) (CH4) (C2H2) lene (C2H6) Monox- Dioxide
(C2H4) ide (CO) (COo2)
Condition 1 100 120 1 50 65 350 2500 686
Condition 2 101-700 | 121-400 2-9 51-100 | 66-100 | 351-570 2500-4000 | 687-1879
Condition3 | 701-1800 401- 10-35 101-200 101- 571-1400 | 4001-10000 1880-
1000 150 4585
Condition 4 >1800 >1000 >35 >200 >150 >1400 >10000 >4585

The key gas condition is scored by taking the maximum condition of all the dissolved gases and applying
the following equation to create a normalized score from 0 to 1:

(Max Condition — 1)
3

Gas Score =

The key gas rate of change is the difference in concentrations between sampling intervals. The rate of
change is instrumental in determining the severity of the occurring fault and provides criteria for actions
to be performed. The dissolved gas with the largest condition level is used with the largest generation
rate, in Table 26, to determine the course of actions required. The gas generation limits for each dis-
solved gas and the total dissolved combustible gas are shown below in Table 27.

Table 26. Actions Based on Gas Generation Limits
Gas Rate Sampling Intervals and Operations Procedures for Gas Generation Rates
(uL/L/day)
Sampling Interval Operation Rates
Condition 4 >High Daily Consider removal from service.
Low to High Daily
<Low Weekly Exercise extreme caution. Analyze for individual
gases. Plan outage.
Condition 3 >High Weekly Exercise extreme caution. Analyze for individual
gases. Plan outage.
Low to High Weekly
<Low Monthly
Condition 2 >High Monthly Exercise caution. Analyze for individual gases.
Determine load dependence.
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Gas Rate Sampling Intervals and Operations Procedures for Gas Generation Rates
(uL/L/day)
Sampling Interval Operation Rates
Low to High Monthly
<Low Quarterly
Condition 1 >High Monthly Exercise caution. Analyze for individual gases.
Determine load dependence
Low to High Quarterly Continue normal operation.
<Low Annually
Table 27. Generation Limits
Gas Rate (uL/L/day)
Low High
H2 1.46 4.37
CH4 1.75 5.25
C2H2 0.01 0.04
C2H4 0.73 2.19
C2H6 0.95 2.84
co 5.10 15.31
TDCG 10.00 30.00

The gas generation rate score is determined from the High/Low limits as follows:

Table 28. Generation Rate Scoring
Rate Score
< Low Limit 0
Low Limit to High Limit 0.5
>High Limit 1

Fluid analysis provides a condition assessment of the paper insulation of the transformer. The degrada-
tion of the paper insulation is caused by heating of the transformer and contaminants in the oil. There
are multiple tests that can be performed to evaluate the condition of the insulation.

The fluid scoring based on each test is also shown in Table 29 Fluid Limits. The test with the maximum
score is used as the overall fluid score.

Table 29. Fluid Limits
Fluid Score
0 0.25 0.5 0.75 1
Acid Num | <0.2 >=0.2 >=0.5
IFT >25 <=25 <=16
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KVD877 | >=26 <26

PF25 <=0.5 <=0.7 >0.7

Water <=25 >25
Furan >500 | >340 | >280 | >240 | <=240

Once all the information and scoring has been collected, the overall health index of the transformer can
be calculated.

Gas Score + Rate Score + Fluid Score) &

Health Index = ( 3

Station Transformer Failure Correlation

To maximize the lifecycle of the station transformer assets the asset management strategy is to operate
and maintain the assets in a manner which enables them to reach their full economic depreciation
schedules (40 years). When able to do so the asset life is then extended for as long as possible provided
there is support from a business case and the risks to the overall performance targets are tolerable.

Minimum asset replacement rates are determined from the projected failure rate. Minimum replace-
ment rate is determined by evaluating historical failure data and the probability of failure at a particular
age. Once a probability of failure is determined, a predictive analysis can be completed depicting the
future failure rate of the asset. Doing active replacements can be incorporated into this analysis to
show the effects of varying replacement rates on failures. This analysis is shown in Figure 48.

The failure curve used in the analysis is a calculated Weibull probability based on the total age demo-
graphic and the age at failure. This allows a curve to be built not only on failure data but incorporates
the surviving population. This translates into the failure probability curve shown in Figure 47. As in-
spection processes develop and failure data is recorded with more detail, the Weibull curve will be up-
dated to more accurately represent long term projected failures.
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Figure 47. Station Transformer Failure Probability
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Station Transformer Failure Consequence

Evaluating the consequence of failure allows for comparison within the asset class to determine the
most crucial pieces of equipment. These consequence factors are based on subsequent factors not re-
lated to the health of the equipment. A summary of the consequence scoring is seen if Table 30 below.
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The environmental score is subject to if the transformer has proper oil containment. A full oil contain-
ment system allows for the separation of the transformer oil from the transformer in case of tank rup-
ture. The containment prevents the oil from igniting and fuelling the severity of the fault. It also pre-
vents contamination into the surrounding area which could have public access or be a sensitive area. A
sensitive area is deemed as being near schools, parks, bodies of water.

The safety score relates to public risk. If the substation is a location that publically accessible, it will
score higher because of potential risk to the public.

The reliability score is based on the effects to SAIFI and SAIDI scores, other assets in the substation and
the operability of the system. The number of customers fed from the substation will affect the SAIDI
score and the estimated recovery time will affect the SAIDI score. If the transformer is not located in its
own chamber, does not have explosion barriers, or is relatively close to other assets, it will score higher
due to its effects on other assets.

Table 30. Substation Transformer Failure Consequence Scoring
(e Environmental Safety Reliability
Score
Has Full Oil Contain-
No Risk to Public No Reliability Affects
ment
Increase in
No criteria No criteria SAIFI/SAIDI, Affect
other Assets
Increase in
No Oil Containment No criteria SAIFI/SAIDI, Affect

other Assets

Increase in
No criteria SAIFI/SAIDI, Affect
other Assets

No Oil Containment,
Public Access

Increase in
No Oil Containment, Risk to Public if Failure SAIFI/SAIDI, Affect
Near Sensitive Area Occurs other Assets, Affect

System Operability

Assessment of Station Transformer Asset Class

Hydro Ottawa has 168 station transformers with almost half of this asset group is in the age range of 40
years and older. To manage this aging asset group, an active inspection and maintenance program is
required in order maintain acceptable operating conditions.

© Hydro Ottawa Internal Use Only 113 2010-05-28




Distribution System Asset Management
For Period 2011-2020

Using the condition health index and the consequence scoring mentioned above, Table 31 shows the
prioritization of station transformers.

To continually monitor transformers that have shown signs of advance deterioration, online monitoring
systems will be installed on as many transformers. These units will need to be incorporated into the
SCADA network to record sampling data.

Table 31. Station Transformer Condition Priority Listing

Condition Consequence
Score Score

Unit ID Station

13071 Borden Farms 130 11
17071 Woodroffe DS
29T1 Richmond North DS
14071 Barrhaven 140
BRDT1 Bridlewood BRD
SBT3 Bronson SB

SBT4 Bronson SB

8T2 Moulton MS

14572 Jockvale 145

471 Blackburn MS
21071 Longfields 210
UvT3 Edwin UV

MWDT1 Marchwood MWD
MWDT2 Marchwood MWD

RlRr|lRP|RPINIPIRPRIRPIR|IP|IRP|IRP|IP|IRP|IN|RP[RPRIRPIN[RPRIN|IN|RP|RPIMIVN|W W |w
R IR (ININIRININNINININININININ|RPWWwWWINWIN|IN|W W [Ww|(w[N[N|w
R IR (INININININDINIMININIVWWwww(widdd|lW|W|W||U|o |

SAT3 Slater TS-SA
249T1 Leitrim MS
771 Limebank MS
190712 Parkwood Hills
210T2 Longfields 210
AQT1 McCarthy AQ
AQT3 McCarthy AQ
16071 QCH

16072 QCH

3972 South March DS
624T2 Kanata MTS
180T1 Rideau Heights
20072 Stafford Sub
624T1 Kanata MTS
SAT2 Slater TS-SA
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Station Switchgear

Hydro Ottawa’s Station Switchgear asset class con-
sists of breakers, switches, bus insulation, support
structures, protection and control systems, arrestors,
control wiring, ventilation and fuses. The base unit of l.
this asset class is a switchgear assembly, which includes "'
buswork, feeder breakers and appurtenances. "

Hydro Ottawa currently manages approximately 175
switchgear assemblies containing a total of 883 breakers,
56 reclosers and 1,009 switches.

For any Asset Management process, demographic informa-

tion on the assets is fundamental. This is information such

as quantities, location, types and age. In the case of Hydro
Ottawa’s station switchgear a complete asset registry exists
which has all the necessary information.

A switchgear replacement will typically involve replacing and
upgrading all associated components, including the housing structure, to meet current standards and
safety practices. Replacement costs can vary from $200k to $750k per bus depending on the voltage
class and the amount of structure work required. Projects typically have a duration ranging from 6 to 24
months.

Station Switchgear Demographics

Demographic information for the station switchgear has been collected from various sources included in
Hydro Ottawa’s existing condition assessment and maintenance programs. Switchgear assembly age
grouping is shown in Figure 49 below. Hydro Ottawa faces an aging population of its switchgear with
half of the assemblies in the range of 40 years old or older, which is generally considered by the industry
as the useful life for this equipment.

© Hydro Ottawa Internal Use Only 115 2010-05-28



Distribution System Asset Management
For Period 2011-2020

Figure 49. Proportion of Switchgear by age group
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Station Switchgear Health Index

Developing a health index is important for prioritizing projects to target replacements for the switchgear
that are in the worst condition. There are several factors that can be evaluated to determine the health
index of the switchgear and influence asset replacement. Physical condition of the switchgear is evalu-
ated during regular maintenance inspections. A rating from 0 to 1 is applied to each assembly using the
criteria in Table 32.

The assessment of the station switchgear health rating should include more quantitative results, such as
contact resistance or oil analysis for oil circuit breakers, to develop a more detailed rating system.
Switchgear evaluations need to be completed using standard procedures and evaluation forms to prop-
erly record the inspection information and organize for analysis.

Table 32. Station Switchgear Condition Health Index
Health . L. .
Condition Description Requirements
Index

Some ageing or minor deteriora-
0 Very Good tion of a limited number of com- Normal maintenance
ponents

Significant deterioration of some .
0.25 Good Normal maintenance
components
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Widespread significant deteriora- | Increase diagnostic testing, possible re-
0.5 Fair tion or serious deterioration of medial work or replacement needed
specific components depending on criticality

Start planning process to replace or re-
0.75 Poor Widespread serious deterioration | build considering risk and consequences
of failure

. . . ) At end-of-life, immediately assess risk;
1 Very Poor Extensive serious deterioration .
replace or rebuild based on assessment

Station Switchgear Failure Correlation

Failure correlation is used to determine the expected failure rate of an asset group. This can be used to
determine the appropriate replacement age before it fails.

The curve used in the analysis is a calculated Weibull probability based on the total age demographic
and the age at failure. This allows a curve to be built not only on failure data but incorporates the sur-
viving population. This translates into the failure probability curve shown in Figure 50 below.

The curve developed below should only be used for short term projections. As inspection processes de-
velop and failure data is recorded with more detail, the Weibull curve will be updated to more accu-
rately represent long term projected failures.

Figure 50. Substation Switchgear Failure Probability
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Station Switchgear Failure Consequence

Evaluating the consequence of failure allows for comparison within the asset class to determine the
most crucial pieces of equipment. These consequence factors are based on corporate objective and not
the health of the equipment. A summary of the consequence scoring is seen if Table 33 below.

Environmental score is based on the possibility of releasing continents upon failure. Switchgear that
contains either oil or SF6 will be scored with a value of 1, otherwise 0. The release of oil or SF6 could
have adverse environmental affects.

Safety score is based on the arc-proof rating of the switchgear. Switchgear with no arc-proofing poses a
risk to employees if an internal fault were to occur. Also, switchgear with no inter-cell protection could
result in a catastrophic failure resulting in the entire bus being damaged and de-energized. A rating of 1
is given to switchgear with no arc-proofing; 0.5 for only partial arc-proofing; otherwise 0.

Reliability score comes from the maximum number of customers that could be affected by a bus outage.
Each switchgear assembly is evaluated relative to the switchgear with the largest number of customers
fed from it. The percentage determined from that evaluation becomes the reliability score.

Table 33. Substation Switchgear Failure Consequence Scoring

Consequence

Environmental Reliability
Score

Contains no #Customers
Full Arc-Proofing

contaminants Max Customers

#Customers

Max Customers

#Customers
Partial Arc-Proofing

Max Customers

#Customers

Max Customers

Contains Oil or

SF6 No Arc-Proofing Max Customer Count

Assessment of Station Switchgear Asset class

Being able to predict long term replacement rates is beneficial in avoiding major spending due to plant
failure or an aging asset group. Maximum and minimum replacement levels are determined by analyz-
ing demographic information and failure history.

A maximum replacement rate is determined to avoid population spikes created from a large number of
installations done in a particular year. Using population demographics and an estimated mean life of 55
years, a levelized replacement rate can be calculated to avoid large replacement peaks. This analysis is
shown in Figure 51. The levelized replacement rate was calculated to be 4 units per year.
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Minimum replacement rate is determined by evaluating historical failure data and the probability of
failure at a particular age. Once a probability of failure is determined, a predictive analysis can be com-
pleted depicting the future failure rate of the asset. Replacement rates can be incorporated into this
analysis showing the affects of active replacement on failure rates. This analysis is shown in Figure 51.
The short term (5 years) replacement rate for replacing failed equipment is 1 unit per year.

Figure 51. Recommended Replacement rate based on projected failures
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The switchgear asset class consists of 175 assemblies ranging from 31% 5kV, 60% 15kV, and 9% 28kV.
This aging asset class has over half of the assemblies with an age of 40 years or older. An active inspec-
tion and maintenance program is required in order maintain an acceptable operating condition. A de-
tailed analysis of switchgear that are identified as having reached end-of-life is required to evaluate if it
can be incorporated into a voltage conversion or replacement program.

Through an evaluation of the health condition of all station switchgear, 7 assemblies in 4 stations have
been deemed end-of-life.

e Woodroffe UW will be considered for replacement if no justification for voltage conversion

e Overbrook SO will be considered for replacement if no justification for voltage conversion

e Merivale will require a study into the possible relocation, rearrangement, or voltage conversion
station of the station due to access issues.

e Bridlewood 28kV assembly, due to recent failures, requires study into breaker modifications, re-
furbishment or complete replacement.
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Also to be included as part of the station switchgear replacement is the removal of primary fuse protec-
tion on the high voltage side of the transformer. The fuses will instead be replaced with circuit switch-
ers and differential protection. This is the result of the Beacon Hill substation fire which illustrated the
inadequacy of primary fuse protection. In the next 5 years, 9 substations will be targeted to replace the
primary fuse protection.

Table 34. Substation Switchgear Priority Listing

saion  susp  OEON  conggmence B
uPQ1Q2 5 4 20
UWX1X2K1 5 4 20
SOX1X2K1 5 4 20
UPX1X2K1 5 4 20
SOX3X4K2 5 3 15
UWX4K2 5 3 15
84B2 4 4 16
72B2 4 3 12
72B1 4 3 12
TWQ 4 2 8
TWZ 4 2 8
TWB 4 2 8
TWI 4 2 8
BRDB1/B2 3 4 12
(27KV)
49B2A 3 4 12
UVX1X2K1 3 4 12
49B1 3 4 12
ACQ1Q2Q3 3 4 12
ABQ1Q2Q3Q4 3 4 12
ACX1X2K1 3 4 12
44B 3 3 g
AAX1X2K1 3 3 9
43B 3 3 9
29B 3 3 9
6B 3 3 9
6J 3 3 9
47B1 3 3 9
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Station Ground Grids

The ground grids are an essential element of a substation for safety of people and protection of equip-
ment. Hydro Ottawa Ltd is conducting surveys across the entire system to evaluate the condition of
those assets. This process will be taking a few years to complete and the object of this section is to pro-
vide a systematic approach
in selecting which ground

grid should be reviewed first.

There are 72 substation
owned by Hydro Ottawa Ltd
and therefore, 72 stations
ground grids associated.
Based on the available data,
we need to evaluate our
ground grids system and per-
form the necessary correc-

tions to be compliant with | “"'| || T T

L — Coets—fo ot
the most recent codes and = J:E Ty = C— . —
standards. Of the last six T— : RETar o e s Ko =

surveys performed in 2009,
all substations required minor to major correction to be compliant. As expected, the oldest stations
were more severe in non compliance then the most recent.

Hydro Ottawa Limited owns 72 substations, 19% of the ground grid were built before 1961, 54% be-
tween 1961 and 1975, 13% between 1976 and 1985, 8% between 1986 and 1999 and 6% after 2000.

Hydro Ottawa’s substation ground grids asset class consists of a combination of ground rods (or plates)
and bare 4/0 Cu conductor. These metallic components are connected together to provide ground ref-
erence and a return path for fault current. The ground grids also surround equipment that could be-
come energized at a high voltage under fault conditions, thereby protecting workers from step and
touch potentials.

The physical extent of the stations ground grid depends on soil conditions and the amount of ground
fault current available. Therefore individual designs can vary significantly and associated costs vary
likewise.

The design of those ground grids should have been done according to IEEE standard 80 “IEEE Guide for
safety in AC Substation Grounding”. There have been four revisions published of this standard in 1961,
1976, 1986 and finally in 2000. The ground grids are sorted by their age versus the year of the different
revision of the ground grid design standard.
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It is possible that substations and ground grids that were built before 1961 and 1976 were not designed
to sustain today’s faults levels. Those substations may also have degraded connections of the grounding
conductors. We consider those stations as a priority for surveys.

Substations that were built between 1986 and 2000 may be over designed due to the use of different
calculation of the Cs surface layer derating factor. The 2000 version of the standard provides for more
accurate formulas and therefore higher value of tolerable touch and step potential. However, the 2000
version of the standard was more precise regarding the grounding of fences, the two layers soil model
was introduced and a table showing typical surface material was also provided. Based on this informa-
tion we will consider to survey next the substation built between 1976 and 1985, then between 1986
and 1999 and last the ones built after 2000.

Hydro Ottawa Limited is now using computer model software to evaluate and design ground grid. A
complete model of the substation is created as part of the substation ground grid evaluation and survey.
The later approach provides a tool to review changes to the substation and keep this crucial system at
the required safety levels.

Station Ground Grid Demographics

In the compilation of station ground grid demographics it has been assumed that the ground grid is the
same age as the substation. Where the ground grids have been upgraded, records have been used to
determine the assets true age. Hydro Ottawa owns 72 substations that are not common with Hydro
One. The following graph summarizes the ground grid population by year of construction.

Figure 52. Substation Ground Grid Age Demographics

> 60
2%

20-29
48% |

In 2009, Hydro Ottawa surveyed the following six substations: Blackburn, Bronson, Limebank, Florence,
Eastview and Beechwood.
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Bronson, Eastview and Beechwood have a concurrent project and the ground grid will be retrofitted at
that time between 2009 and 2011. Blackburn has been partially retrofitted in 2009 and will be com-
pleted in 2010. Rehabilitation of the Florence and Limebank is ongoing.

Station Ground Grid Health Index

Hydro Ottawa evaluates the condition of the existing ground grid using the age of that station versus the
year of revision of the IEEE standard 80. If a survey and retrofit has been done recently, the age of the
ground grid is reset to the year it has been done.

Table 35. Year of construction or retrofit of ground grids

Condition Age Score
Condition 1 Built before 1961 5
Condition 2 Built between 1961 and 1975 4
Condition 3 Built between 1976 and 1985 3
Condition 4 Built between 1986 and 1999 2
Condition 5 Built after 2000 1

Station Ground Grid Failure Correlation

There are two groups to look at for condition assessment; substation without full survey done and subs-
tation with a full survey done.

The first group requires a survey which will include the following:

e Conduct a thorough survey of the actual ground grid resistance and soil properties.
e Obtain the latest fault levels and durations at the substation and establish worse case scenarios
for faults conditions.
e Perform and document visual inspections:
0 Evaluation of the miscellaneous grounding and bonding connections
0 Indentify corrosion problems of connections
0 Confirm that all metal structure, fences, operating handle etc, are bonded to the ground
grid as per grounding standard SXS0002.
0 The methodology for those surveys will be explained in detail in the inspection and
maintenance manual.

The second group with the full survey done will be prioritized for remediation highlighted on the sur-
vey’s report. Below are the results of this evaluation. It is recommended to match the high priority
project with transformer or switchgear replacement.
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Assessment of Station Ground Grid Asset Class

The asset matrices for the ground grids are plot of condition versus consequences. The consequences
for the ground grid assets are mostly based on the safety risk assessment if a substation is not surveyed
or retrofitted.

Based on the executive summary provided with the six surveys that were done in 2009, the asset matrix
for those substation’s ground grids is shown in Table 36

This means we have 48 substations to evaluate in priority. We propose to do 12 to 24 surveys per year
and allow for 6-12 retrofits per year based on the severity of the remediation needed.

Table 36. List of substations where ground grid surveys have been completed

Condi- % Comple-

tion Substation YEAR Age tion Comments
5 Florence UF 1956 54 100.00% | Design In progress
5 Eastview UT 1956 54 100.00% | Part of another project
4 Beechwood UB 1969 41 75.93% Part of another project
4 Bronson SB 1970 40 74.07% Part of another project
3 Limebank MS 1979 31 57.41% Design In progress
1 Blackburn MS 2009 1 1.85% Retrofit in progress
1 Cyrville 2009 1 1.85% New substation
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Station Relay Replacement

Hydro Ottawa’s Station Relay asset class consists of a number of families of fault detection and control
relays, generally classified as electromechanical, electronic, or microprocessor based. They measure
abnormal conditions on the system and initiate the appropriate action such as tripping a breaker to pro-
tect the health of system equipment. Hydro Ottawa has approximately 970 individual relay devices in its
substations.

Station relays are typically replaced in parallel with planned station switchgear and transformer re-
placement or upgrade projects. The station protection and controls equipment and philosophies are
upgraded to follow the most current standards. The costs associated with relay replacement range from
$50,000 to $500,000 depending on the complexity of the protection scheme and if any civil structures
are required to house the protection equipment. Projects can range from 6 to 12 months in duration.

Station Relay Demographics

Demographic information for the station relays has been collected from ASPEN database which contains

both relay information and settings. The station relays have been classified into 3 separate categories
which are indicative of the evolutionary progression of the technology. The distribution of the popula-
tion between the different categories is shown in Figure 53.

Figure 53. Population Distribution by type
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Station Relay Health Index

Electromechanical systems use relays that rely on physical, electrical and magnetic properties to detect
fault conditions. There are mechanical parts (contacts, springs, rotating disks, etc.) and electrical com-
ponents (coils, capacitors, resistors, etc.) whose characteristics can change over time and render the
device unsuitable for its function.

Electronic relay systems have fewer moving parts than electromechanical relays, but they still have
many analog electronic components such as transistors, op-amps, capacitors, etc., and may also use
electromechanical relays for their output contacts. These types of systems are susceptible to over-
current and over-voltage stresses on the sensing circuits and mechanical failure of output relays.

Microprocessor systems use software algorithms with the numerical processing capabilities of high-
speed microprocessor components such as Digital Signal Processor chips. They have much broader ca-
pabilities than either electromechanical or electronic types, but voltage or current surges, software
compatibility and obsolescence may limit their useful life.

Assessment of Station Relay Asset Class

The majority of future planned projects will include the addition of differential protection to station
transformers in stations that will have the primary fuse protection replaced with circuit switchers.
These are reactive projects to correct deficiencies discovered during the investigation of the Beaconhill
station fire.

In addition future relay replacements will also be driven by need for increased information to help as-
sess the condition of other stations assets, i.e. breakers, transformers etc. Further relay replacements
will be necessary in coming years to support the addition of distributed resources as required by the
Green Energy Green Economy Act.

© Hydro Ottawa Internal Use Only 126 2010-05-28




Distribution System Asset Management
For Period 2011-2020

Stations Battery Replacement

Hydro Ottawa’s Station Batteries & Chargers asset class are used to provide power for operating station
breaker trip and closing coils, DC lights and relays, when station service power is lost. Also included in
this asset class are small NiCad batteries supplying power to reclosers.

Each station typically has one main battery bank made up of a series combination of individual batteries
altogether providing a DC voltage to operate the attached equipment. Station batteries are built to de-
liver high discharge currents for short periods of time, because when a fault occurs several breakers are
likely to trip simultaneously. Hydro Ottawa generally specifies the required battery capacity based on a
number of trip-close operations, and continuous current for 8 hours without AC power.

Batteries are usually lead acid type, but some NiCad units are also used. The present standard is the
sealed lead acid type.

The battery chargers automatically re-charge the batteries to maintain adequate voltage levels. This
means that the charge rate must be set at a value that will maintain full charge without overcharging.
Both overcharging and undercharging will reduce the life of batteries.

Station Battery Demographics

Hydro Ottawa has approximately 55 station battery banks, most of which supply 125 V although there
are some at 48 V and 24 V. Based on the current age demographic of the station batteries, we need to
replace on average 1 to 2 battery banks and charger per year, assuming a life expectancy of 20 to 25
years.

Station Battery Health Index

The information available for the evaluations is adequate. We have more than five years of inspection
data including age and type of the battery banks. We can always improve on this with a more elabo-
rated inspection program at a later date, but the cost of replacement of a battery banks versus cost of
implementing a new inspection program may not bring added values at this time. An effort will be made
to formalize the condition assessment process of the station batteries in the future.

Station Battery Failure Correlation

Station batteries are very reliable and Hydro Ottawa estimates a life in excess of 20 years (the 24 V Ni-
Cad recloser battery banks last an average of approximately five years, but replacement cells are readily
available).

Likewise, chargers do not fail much either, but standard practice is to replace the charger where a bat-
tery bank is replaced.

In the unlikely event that a battery fails without notice, there are a number of mitigating measures that
can be taken. As an interim measure, an inoperable cell can be removed from service and the terminals
jumpered to provide continuity for the rest of the bank. It is also possible to replace a defective cell with
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an ordinary automotive battery on a short-term basis. In either case, functionality is maintained, al-
though

Station Battery Failure Consequence

The failure consequence for this asset can be significant as all the controls in a substation rely on the DC
system to operate in case of power interruption. However, the consequences are offset by the regular
inspection programs and the relative availability of replacement parts.

To avoid catastrophic failure, the station batteries and chargers are replaced before the expected end of
life of the assets and expected failure.

Assessment of Station Battery Asset Class

We evaluate the assets on short term and long term basis to establish which assets require specific
maintenance or replacement. We also correlate each asset with any other assets that can have an im-
pact to a project related to this asset. For example, we will correlate battery bank replacement with
station switchgear replacement as applicable.

The short term evaluation for station batteries is based on condition and age. The condition evaluations
are based on monthly inspection. The short term evaluation provides for a list of prioritized assets due
for replacement with rational.

The long term evaluation is based on the asset demographics such as age, number of asset per year of
manufacturing. This evaluation gives a minimum number of asset to replace/remove to avoid a high
failure rate in the mid, long term future.
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Section H. Supply Capacity Management

© Hydro Ottawa Internal Use Only 129 2010-05-28



Distribution System Asset Management
For Period 2011-2020

New Station Capacity

Hydro Ottawa routinely assess the capability and reliability of the distribution network and supply trans-
formers in an effort to maintain adequate and reliable supply to customers. Where gaps are found, ap-
propriate plans for additions and modifications consistent with all regulatory requirements and with due
consideration for safety, environment, financial and supply system reliability/security are developed.

In this regard, the supply needs in the City of Ottawa have been assessed to determine if additions
and/or modifications are required to maintain an adequate and reliable/secure TS capacity. The as-
sessment is identifying four new station capacity projects Elwood, Fallowfield, Terry Fox, and the re-
building of the Beacon Hill station which was lost due to a fire.

Elwood MTS

Through detailed forecasting and engineering planning studies it has been concluded that additional
capacity is required in the east-end 13.2kV distribution system within the next two years to maintain an
adequate and reliable supply in the area.

Existing Transformer Station Facilities

The east-end of the City of Ottawa is currently supplied at the 13.2 kV distribution voltage level from
Albion TA, Overbrook TO, Russell TB and Riverdale TR.

Capability of Existing Facilities

Like most communities in the central and southern part of the Province of Ontario, summer is the criti-
cal period for the electrical supply system and facilities. The demand for electricity in these communi-
ties is high during summer due mainly to the use of electric air conditioners. At the same time, the elec-
trical supply facilities have lower rating and capabilities due to higher ambient temperatures. Hence,
summer becomes the critical loading period for LDCs such as Hydro Ottawa in the central and southern
part of Ontario.

In this regard, the assessment of the TS supply needs in the east-end of the City of Ottawa is based on
the summer ratings and capabilities of the existing stations (Albion TA, Overbrook TO, Russell TB and
Riverdale TR) owned and operated by Hydro One.

Albion TA

This is a DESN (Dual Element Spot Network) type station with redundant major elements such as trans-
formers (45/60/75 MVA, 230/13.2KV), supply circuits (2 x 230KV circuits, M30A & M31A) and low volt-
age (LV) buses. DESN type stations are rated based on the capability of a major element with the com-
panion element out of service during an emergency. This rating is referred to as the Limited Time Rating
(LTR) which typically is a 10-day period to allow for replacing the failed element. This ensures that an
adequate and reliable supply is maintained during an emergency. The summer LTR for Albion TA is 99
MVA and relates to the ability of one single station transformer with the other unit out of service.
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Overbrook TO

This is a DESN (Dual Element Spot Network) type
station with redundant major elements such as
transformers (45/60/75 MVA, 115/13.2KV and
39.3/52.4/65.5 MVA, 115/13.2 kV), supply circuits
(2 x 115KV circuits, A4K and A5RK) and low volt-
age (LV) buses.

The summer LTR for Overbrook TO is 80.40 MVA
and relates to the ability of one single station
transformer with the other unit out of service.

Russell TB

This is a DESN (Dual Element Spot Network) type
station with redundant major elements such as
transformers (45/60/75 MVA, 115/13.2KV), sup-
ply circuits (2 x 115KV circuits, A6R and A5RK) and
low voltage (LV) buses.

The summer LTR for Russell TB is 79.8 MVA and
relates to the ability of one single station trans-
former with the other unit out of service.

Riverdale TR

This is a DESN (Dual Element Spot Network) type
station with redundant major elements such as
transformers (45/60/75 MVA, 115/13.2KV), sup-
ply circuits (2 x 115KV circuits, A3RM and A5RK)
and low voltage (LV) buses.

The summer LTR for Riverdale TR is 124 MVA and
it is the 10-day LTR of one of the 45/60/75
ONAN/ONAF/ONAF MVA transformers with the
other unit out of service.

Summer Peak Load Forecast

As indicated earlier, like most communities in the
central and southern part of the Province of On-
tario, summer is the critical loading period for the
City of Ottawa. Hence, for assessing the adequacy
of the TS capacity in the east-end of the City of
Ottawa, summer peak loads are used. The Power
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Albion TA Summer Peak Loading

Albion TA Summer Peak Loading
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Factor for the summer peak loads is assumed to  Riverdale TR Summer Peak Loading
be 90%.
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Based on development plans for the east-end of

the City of Ottawa, the Hydro Ottawa load area

supplied from Albion, Overbrook, Russell and

Riverdale is expected to grow at annual rates of

about 2% for the next 10 years (to 2019) and then drop to 1% thereafter. The 1% per year growth rate
covers base growth such as re-development and other improvements such as installations of residential
air conditioners.

Adequacy of TS Capacity

As indicated earlier, all three stations supplying the east end of Ottawa are DESN type station with re-
dundant major elements such as transformers, supply circuits and low voltage (LV) buses. This station
arrangement ensures that a secure and reliable supply is maintained during an emergency with loss
(outage) of a major element. To this end, Hydro One Networks normally limit the loading on DESN sta-
tions to the 10-day LTR.

All three stations supplying the east end of Ottawa are connected to the transmission system by two
supply circuits. This station arrangement ensures that a secure and reliable supply is maintained during
an emergency with loss (outage) of a supply circuit. As such, the load security limit for each station is
equivalent to the 10-day LTR, yielding a total load limit for East Ottawa of 383.2 MVA (99 + 80.4 + 79.8
+124).

Figure 54 shows the total forecast summer peak loads at Albion TA, Overbrook TO, Russell TB and River-
dale TR for the next 15 years until 2025. The plot indicates that there will be a capacity shortfall in the
east-end of the City of Ottawa beginning in 2012.
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Figure 54. East Ottawa 13.2kV System Summer Peak Loading
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Project Description

To resolve the supply capacity constraints Hydro Ottawa Limited is proceeding with the construction of a
new 230kV substation. The undertaking consists of planning, site selection, design, construction, opera-
tion and maintenance of a new municipal transformer station (MTS).

The station will accommodate two, three-phase overhead supply taps. The final tap arrangement is to
be designed and installed by HONI and will connect to the dead end structure which will be supplied and
installed by Hydro Ottawa Ltd.

A new station facility requires an outdoor 230 kV switchyard with aerial bus work and low profile struc-
tures. Also required are disconnect switches, high voltage breakers and power transformers.

A building is required for the new station to house 13.2 kV switchgear with the protective relaying and
control facilities. The design of the structure is intended to complement the surrounding neighbourhood
and harmonize with the surrounding land uses.

For reasons of security and aesthetics, feeder egress will be designed for below grade duct or direct bur-
ied installations for a considerable distance from the station. The 13.2 kV feeder cables will extend to
points on the system where they can be connected with existing aerial circuits.
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Fallowfield MTS

Existing Transformer Station Facilities

The south-end of the City of Ottawa is currently supplied at 8.32 kV and 27.6 kV; with the 27.6 kV sys-
tem connecting to most of the new load. The 27.6 kV system is currently supplied from Fallowfield DS,
Leitrim MS, Limebank MS, Longfields DS and Uplands MS. Fallowfield DS, Limebank MS and Longfields
DS supplies the entire load to the South Nepean area, while the Riverside South area is fed from Leitrim
MS, Limebank MS and Uplands MS.

Capability of Existing Facilities

Like most communities the City of Ottawa, summer is the critical period for the electrical supply system
and facilities. The demand for electricity in these communities is high during summer due mainly to the
use of electric air conditioners, and pools. At the same time, the electrical supply facilities have lower
rating and capabilities due to higher ambient temperatures. Hence, summer becomes the critical load-

ing period.

There has been a significant growth in the demand in the southern suburban areas of Ottawa, particu-
larly in the Barrhaven area. The majority of this load has been serviced from the existing Fallowfield DS,
which is approaching its loading limits. The current peak demand in the Barrhaven area is approximately
50 MVA. Over the past seven years this load has grown at 7% per year and is expected to continue at
this pace for the foreseeable future.

Figure 55. South Ottawa 27.6 kV Service Area
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Fallowfield DS

This is a single transformer station with one
15/20/25 MVA, 115/27.6 kV transformer with
two 27.6 kV feeders serving Hydro Ottawa cus-
tomers. There is a single radial 115kV supply via
C7BM from Hydro One. As this is a single trans-
former station, the summer rating for Fallowfield
DS is 25 MVA and is based on the 2™ Stage ONAF
rating of the transformer.

Loss of the single 115 kV circuit C7BM supplying
Fallowfield DS would result in loss of the entire
station load. Also loss of the single transformer at
the station would result in loss of the entire sta-
tion load. Under contingency situations Fallow-
field DS cannot be relied upon for a secure supply
to Barrhaven. Hence, the secure capacity avail-
able at Fallowfield DS is assumed to be 0 MVA.

Leitrim MS

This is a single transformer station with one
15/20/25 MVA, 44/27.6 kV transformer with two
27.6 kV feeders serving Hydro Ottawa customers.
There is a single 44 kV supply via 48M2 from Hy-
dro Ottawa which is supplied from Hydro One.

Because of the configuration of Leitrim MS, two
summer ratings have been developed and used
in the review. One summer rating is the reliable
capacity provided by the 25 MVA transformer at
As this is a single transformer sta-
tion, the summer rating for Leitrim MS is 25 MVA
and is based on the 2™ Stage ONAF rating of the
transformer. Similar to Fallowfield DS the loss of

the station.

the single 44 kV circuit 48M2 supplying Leitrim
MS would result in loss of the entire station load.
Also loss of the single transformer at the station
would result in loss of the entire station load.

Leitrim MS cannot be relied upon for a secure
supply to the south Ottawa area. Hence, the se-
cure capacity available at Leitrim MS is assumed
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Fallowfield DS Summer Peak Loading
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2002 - 2025

40

335

30 \ A
NZ\A

25

20

VA

13

10

aaaaaaaaaaaaaaaaaaaaaaaa
nnnnnnnnnnnnnnnnnnnnnnnn
NNNNNNNNNNNNNNNNNNNNNNNN

——Actual Losding Predicted Loading

——Sin Copacity  ——N-1 Capeity

Leitrim DS Summer Peak Loading

Leitrim MS Summer Peak Loading
2002 - 2025

35

30 —

a5

20 /

15

NVA

10

aaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaa
mmmmmmmmmmmmmmmmmmmmmmmm

——~Actuzl Loading Predicted Loading

———5tn. Capacity  =——N-1 Capcity

Limebank MS Summer Peak Loading

Limebank MS Summer Peak Loading
2002 - 2025

70

o]\
.

20

NVA

10

aaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaa
NNNNNNNNNNNNNNNNNNNNNNNN

= Actusl Loading Predicted Loading

——Stn. Capacity  ===N-1Capeity

2010-05-28




Distribution System Asset Management
For Period 2011-2020

to be 0 MVA.

Longfields DS Summer Peak Loading
Limebank MS
This is a dual transformer station with two Longfields nggzm_"z’g;;ea“°adi”g
20/26/33 MVA, 115/27.6 kV transformers with =
three 27.6 kV feeders serving Hydro Ottawa cus- i: /
tomers. There is a single 115 kV supply via L2M < / /
from Hydro One. As this is a dual transformer - i/
station, the summer rating for Limebank MS is s /\\J//
66 MVA and is based on the 2™ Stage ONAF rat- ’ N E s EEEBESCNNCoENtEREREEE
ing of both transformers. Loss of the single 115 | B
kV circuit L2M supplying Leitrim MS would result ——actualLosding  ——PredictedLoading | ——stn. Cagacity | ——N-1Capelty

in loss of the entire station load. Loss of one of
the two transformers would result in a station

capacity of 33 MVA. Limebank MS can be relied Uplands MS Summer Peak Loading
upon for a relatively secure supply to the south

Ottawa area. Hence, the secure capacity avail-
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This is a dual transformer station with one g e If

10/12.5/15 MVA, 44/27.6 kV transformer and 500 [

one 10.13.3.16.6 MVA, 44/27.6 kV transformer, e
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customers. There is a single 44 kV supply via -

22M26 from Hydro Ottawa which is supplied
from Hydro One. As this is a dual transformer
station, the summer rating for Longfield DS is
31.6 MVA and is based on the 2™ Stage ONAF rating of both transformers. Loss of the single 44 kV cir-
cuit 22M26 supplying Longfields DS would result in loss of the entire station load. Loss of the larger of
the two transformers would result in a station capacity of 15 MVA. Longfields DS can be relied upon for
a relatively secure supply to the south Ottawa area. Hence, the secure capacity available at Longfields
DS is assumed to be 15 MVA.

Uplands MS

This is a single transformer station with one 20/26/33 MVA, 115/27.6 kV transformer with two 27.6 kV
feeders serving Hydro Ottawa customers. There is a single 115kV supply via A8M from Hydro One. As
this is a single transformer station, the summer rating for Uplands MS is 33 MVA and is based on the 2™
Stage ONAF rating of the transformer. Loss of the single 115 kV circuit A8M supplying Uplands MS
would result in loss of the entire station load. Also loss of the single transformer at the station would
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result in loss of the entire station load. Uplands MS cannot be relied upon for a secure supply to the
south Ottawa area. Hence, the secure capacity available at Uplands MS is assumed to be 0 MVA.

Summer Peak Load Forecast

As indicated earlier, like most communities in the central and southern part of the Province of Ontario,
summer is the critical loading period for the City of Ottawa. Hence, for assessing the adequacy of the TS
capacity in the south end of the City of Ottawa, summer peak loads are used. The Power Factor for the
summer peak loads is assumed to be 90%.

Fallowfield DS

Load data indicates that the coincidental summer 2009 peak load at the subject stations was:

o Fallowfield DS - 24.6 MVA
e Leitrim MS - 20.0 MVA
e Limebank MS - 33.2 MVA!
e Longfields DS - 20.2 MVA®
e Uplands MS - 31.0 MVA

Based on development plans for the south Ottawa, the Hydro Ottawa load area supplied from Uplands
MS is expected to grow at annual rates of about 5% for the next 5 years (to 2014), 2% for the following 5
years (2019) and then drop to 1% thereafter. The 1%/year growth rate covers base growth such as re-
development and other improvements such as installations of residential air conditioners.

Adequacy of TS Capacity

As indicated earlier, all five stations supplying south Ottawa are single supply stations, and most of them
are single transformer stations. This station arrangement makes the security of the supply capacity at a
given station to be fairly low. This arrangement is highly dependent on the surrounding stations for sup-
ply security.

Based on the total installed transformation capacity in the south Ottawa area, there is 180 MVA of ca-
pacity available. However with the loss of the largest single element (L2M supplying Limebank MS) there
would only by 114 MVA of secure capacity to service the south Ottawa area. The current peak demand
for the area is 129 MVA with a growth rate of 5-7%. Based on a 5% growth rate the area demand will

! The loading on Limebank MS has been lower than expected during the last two summer peak days. In 2008, the
7T2 at Limebank MS was out of service and some of the load was transferred to Uplands MS and Leitrim MS. In
2009, the overhead river crossing connecting Limebank MS to Barrhaven was not closed and that load was trans-
ferred mostly to Longfields DS and some was transferred to Fallowfield DS.

> The loading on Longfields DS was higher than normal in 2009. The overhead river crossing connecting Limebank
MS to Barrhaven was not closed during the peak period and most of the load normally carried by Limebank MS
was transferred to Longfields DS. It is assumed that in 2010 and beyond the loading on Longfields DS would return
to more typical levels; in the range of 11 MVA.
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exceed the supply capacity by 2019. The load however, already exceeds the area N-1 capacity by 15
MVA.

By increasing the transformer capacity at Fallowfield DS by adding a second transformer with 25 MVA
capacity, the contingency capacity for the area will no longer be in a deficit of transformation.

Figure 56. South Ottawa 27.6kV Summer Peak Loading
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Project Description

To resolve the supply capacity constraints Hydro Ottawa Limited is proceeding with the installation of a
new 115kV substation transformer at Fallowfield DS. The undertaking consists of planning, design, con-
struction, operation and maintenance of a new transformer facility.

The transformer installation will accommodate one new, three-phase overhead supply tap. The final
dead end structure will be supplied and installed by Hydro Ottawa Ltd.

A new station facility will require an outdoor 115 kV switchyard with aerial bus work and low profile
structures. Also required are disconnect switches and a high voltage breaker.

A small building is required for the new station protective relaying and control facilities. The design of
the facility is intended to complement the surrounding neighbourhood and harmonize with the sur-
rounding land uses.
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For reasons of security and aesthetics, feeder egress will be designed for below grade duct or direct bur-
ied installations. The 27.6 kV feeder cables will extend to points on the system where they can be con-
nected with existing aerial circuits.

Terry Fox MTS

Existing Transformer Station Facilities

The west-end of the city of Ottawa is currently supplied at the 27.6kV distribution voltage level from
Kanata MTS, Marchwood MS, Bridlewood Ms and Alexander DS.

Capability of Existing Facilities

Like most communities in the central and southern part of the Province of Ontario, summer is the criti-
cal period for the electrical supply system and facilities. The demand for electricity in these communi-
ties is high during summer due mainly to the use of electric air conditioners. At the same time, the
electrical supply facilities have lower rating and capabilities due to higher ambient temperatures.
Hence, summer becomes the critical loading period for LDCs such as Hydro Ottawa in the central and
southern part of Ontario.

There has been significant load growth for the west region stations in the last seven years, especially for
the areas fed by the 27.6kV station. According to the data obtained from the city circulations there will
be an increase of 27MVA to the current load in the next few years. This is a 15% increase from the cur-
rent load level. The majority of this load, 12MVA, is in the area fed by Bridlewood station. This estimated
load growth does not include the expected load increase due the new Fernbank Community.

In this regards, the assessment of the TS supply needs in the west-end of the city of Ottawa is based on
the summer rating and capabilities of the existing stations (Kanata MTS, Marchwood MS, Bridlewood MS
and Alexander DS).

Kanata MTS

This is a DESN (Dual Element Spot Network) type station with redundant major elements such as trans-
formers (41.7MVA, 230/27.6kV), supply circuits (2 x 230KV circuits, C3S & M32S) and low voltage (LV)
buses. DESN type stations are rated based on the capability of a major element with the companion
element out of service during an emergency. This rating is referred to as the Limited Time Rating (LTR)
which typically is a 10-day period to allow for replacing the failed element. This ensures that an ade-
quate and reliable supply is maintained during an emergency.

The summer LTR for Kanata MTS is 60.5MVA and it is a 10-day Limited Time Rating of one of the
41.7MVA transformers with the other unit out of service.
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Kanata MTS Peak Loading Profile
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the transformer) with the highest rating has  Alexander Peak Loading Profile
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west-end of Ottawa without Operator type in-

tervention. Hence, the capacity available at
Marchwood MS for supplying the west-end of
Ottawa is assumed to be 25MVA.

Alexander DS

As indicated earlier, the facilities at Alexander DS include 2 x 16.7MVA,44/27.6KV transformers and 2 x
27.6kV feeders dedicated to feed the Hydro Ottawa customers. The station is supplied via a single 44KV
circuit A9M5 from Hydro One Networks Inc.

Similar to the other stations with 2 transformers, the summer rating for Alexander DS is 16.7MVA and is
based on the 2" Stage ONAF rating of one of the 16.7MVA transformers with the companion unit out of
service. The rating of the mobile unit from Hydro One can also be added to this summer rating which
will give the station a rating of 26.7MVA. Loss of a single 44KV circuit AAM5 supplying Alexander DS
would result in loss of the entire station load. At the moment, there is 5MVA of load transfer capability
between Alexander DS and Bridlewood MS via the 27.6kV distribution circuits in the area. Alexander
cannot be relied upon for a secure supply to the west-end of Ottawa without Operator type interven-
tion. Hence, the capacity available at Alexander DS for supplying the west-end of Ottawa is assumed to
be OMW.

Summer Peak Load Forecast

As indicated earlier, all four stations supplying west Ottawa are single supply stations, and most of them
are single transformer stations. This station arrangement makes the security of the supply capacity at a
given station to be fairly low. This arrangement is highly dependent on the surrounding stations for sup-
ply security.
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The load data indicates that the coincidental summer 2009 peak load at the subject stations was:

e Kanata MTS - 65.87MVA®
e Marchwood MS - 40.23MVA*
e Bridlewood MS - 43.28MVA
e Alexander DS - 33.61MVA

Based on development plans for the west-end of the City of Ottawa, the load in this area supplied from
the above substations is expected to grow at annual rates of about 5% for the next 5 years and then
dropping at about 3% thereafter.

Adequacy of TS Capacity

As noted before, all of the transformer capacity at Kanata MTS, Marchwood MS and Bridlewood MS is
available for supply to the west-end of the City of Ottawa. Two of the three feeders from Alexander DS
are available for supply to the west-end of the City of Ottawa. Hence, the total summer rating (10-Day
Summer LTR) that is available to supply the west-end of the City of Ottawa is 241.7 MVA.

As discussed earlier, Kanata MTS is a DESN type station with redundant major elements such as trans-
formers (2 x 60.5 MVA, 230/27.6 kV), supply circuits (2 X230 kV circuits, C3S and M32S) and low voltage
(LV) buses. This station arrangement ensures that a secure reliable supply is maintained during an
emergency with loss (outage) of a major element. To this end, the load on DESN type stations is limited
to the 10-day LTR of a single transformer.

Unlike Kanata MTS, Marchwood MS is supplied from a single 115 KV circuit S7M. Loss of this circuit
would result in loss of the total load at Marchwood MS unit until switching is done to restore some or
the entire load. The same will apply to Alexander DS which is supplied from a single 44 kV circuit AAM5.

Bridlewood MS is supplied from a single 115KV circuit Q58 and a single 44 kV circuit AQM1. In this case,
the worst case scenario will be assumed that is the loss of the 115KV line. The 115Kv circuit feeds the
transformer with the highest rating at the station.

For load supply security, the worst case scenario will be assumed. Assuming that supply to one of the
transformer banks at Kanata MTS was lost; the maximum summer load that can be securely supplied in
the west-end of the City of Ottawa is 218.8 MVA.

® This value is somewhat lower than the 2008 peak loading of 76.07MVA, due to the transfer of load to March-
wood MS. In 2008, Kanata MTS was carrying some of the load of Marchwood MS which was undergoing a switch-
gear replacement project.

* This value is somewhat higher than the 2008 peak loading of 26.72MVA, due to the transfer of load to Kanata
MTS. In 2008, Kanata MTS was carrying some of the load of Marchwood MS which was undergoing a switchgear
replacement project.
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Figure 57 shows the total forecast summer peak loads at Kanata MTS, Marchwood MS, Bridlewood MS
and Alexander DS for the next 15 years until 2025. The plot indicates that there will be a capacity short-
fall in this area beginning in 2013.

Figure 57. West Ottawa 27.6kV System Summer Peak Loading
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Project Description

To resolve the supply capacity constraints, Hydro Ottawa Limited is proceeding with the construction of
a new 230kV substation. The undertaking consists of planning, site selection, design, construction, op-
eration and maintenance of a new municipal transformer station (MTS).

The station will accommodate two, three-phase overhead supply taps. The final tap arrangement is to
be designed and installed by HONI and will connect to the dead end structure which will be supplied and
installed by Hydro Ottawa Ltd.

A new station facility requires an outdoor 230 kV switchyard with aerial bus work and low profile struc-
tures. Also required are disconnect switches, high voltage breakers and power transformers.

A building is needed for the new station to house 27.6 kV switchgear with the protective relaying and
control facilities. The design of the structure is intended to complement the surrounding neighbourhood
and harmonize with the surrounding land uses.
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For reasons of security and aesthetics, feeder egress will be designed for below grade duct or direct bur-
ied installations for a considerable distance from the station. The 27.6 kV feeder cables will extend to
points on the system where they can be connected with existing aerial circuits.

Beacon Hill DS

In March 2009 Hydro Ottawa suffered the loss of a 44kV substation due to a fire. This project is the de-
sign and re-construction of a 44 kV to 8.32kV, 2 x 9/12/15 MVA, substation in the Gloucester Area, com-
plete with a 6 to 8 feeders 8.32 kV switchgear. The project includes:

. Preliminary and detailed design of electrical, mechanical, structural and civil

. Preparation of specifications, tender and acquisition for all major equipment and consultants
. Preparation of tender packages for the construction of the new station

o Construction of the new station

. Planning and construction of the new 8.32 kV feeders

o Commissioning and connection of the new station.

Hinchey

Hinchey substation is a 115 kV to 13 kV substation located in downtown Ottawa. The two substation
transformers at Hinchey are owned by Hydro One Networks Inc. and have dual windings on the low
voltage side. Currently, only one of the windings on each transformer is used. The secondary switch-
gear is owned and operated by Hydro Ottawa.

A proposed load increase in excess of 20 MW by one of our large customers is resulting in an immediate
need for additional substation capacity in the downtown area of Ottawa. Other office buildings and
condominium apartment proposals within the downtown core will also place demands on this new ca-
pacity.

This project will make use of the second winding on each transformer by connecting them to two new
secondary busses and 14 circuit breakers, thus increasing the substation capacity by 40 MVA. The 115
kV supply has capacity available for the increase, and there is existing space within the substation build-
ing to accommodate the new secondary switchgear.

Expenditures in 2011 are for the engineering, design and initial procurement.
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Hydro One Networks CCRA

As per the procedures set out by the On-
tario Energy Board (OEB) Hydro Ottawa is
required to provide a capital contribution to
Hydro One (HONI) in the event that the
revenue projections associated with the con-
struction of new transmission systems con-
nections are less than the capital cost of con-
structing and maintaining the new connection.

The revenue projections associated with the
new connection are based on load forecasts
that are developed by Hydro Ottawa Limited.

Under the terms of the Capital Cost Recovery Agreement, The Customer shall pay Hydro One the esti-
mate of the,

Transformation Connection Pool Work Capital Contribution
Line Connection Pool Work Capital Contribution

Network Customer Allocated Work Capital Contribution
Engineering and Construction Cost of the Work

el

Hydro Ottawa Limited has entered into several Construction Cost Recovery Agreements between Hydro
Ottawa Limited and Hydro One Networks Inc. (HONI) specifically for the construction of transmission
facilities associated with:

e Kanata MTS Phase 1 (2001) — Construction of new 230kV substation

e Kanata MTS Phase 2 (2003) — Addition of 2™ transformer to Kanata MTS

e Hawthorne 115 kV Lines (2003) — Construction of new 115kV facilities to supply the Ottawa area
e  Cyrville MTS (2008) — Construction of new 115 kV substation

e Elwood MTS (2009)- Construction of new 230 kV substation

Hydro One will review their actual revenue at assigned True-Up Points which occur:
(a) Following the fifth and tenth anniversaries of the In Service Date; and

(b) Following the fifteenth anniversary of the In Service Date if the Actual Load is 20% higher or lower
than the Load Forecast at the end of the tenth anniversary of the In Service Date.

Kanata MTS Phase 1 (2001)

In conjunction with the construction of the Kanata MTS substation built by Hydro Ottawa Limited, Hydro
One was required to construct a single circuit 230kV tap from lines C3S to the new station. Guaranteed
incremental line revenue for HONI was forecasted to 2006. Since the incremental line revenue ex-
ceeded projections no additional capital contributions were required by HOL.
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True-Up Dates will occur in: 2006, 2011, 2016, 2021, and 2026
Kanata MTS Phase 2 (2003)

In conjunction with the construction of the Kanata MTS substation built by Hydro Ottawa Limited, Hydro
One was required to construct a single circuit 230kV tap from lines M32S to the new station. Since the
incremental line revenue exceeded projections no additional capital contributions were required by
HOL.

True-Up Dates will occur in: 2008, 2013, 2018, 2023, and 2028
2005 Hawthorne 115 kV Lines

As a result of a joint planning study between Hydro Ottawa Limited and Hydro One Networks Inc (HONI),
HONI agreed to construct two 115kV circuits from Hawthorne TS. Since the estimate of the line connec-
tion pool work exceeded the forecasted revenue HOL was required to make an initial capital contribu-
tion to the project. Due to lower than forecasted loading on these circuits a second capital contribution
was required in 2009.

True-Up Dates will occur in: 2010, 2015, 2020, 2025, and 2030
2007 Cyrville MTS

In conjunction with the construction of the Cyrville MTS substation built by Hydro Ottawa Limited, Hy-
dro One was required to construct a double circuit 115 kV tap from lines A2 and A4K to the new station.
No initial capital contributions were required, true up points to occur in 2012.

True-Up Dates will occur in: 2012, 2017, 2022, 2027, and 2032
2010 Elwood MTS

In conjunction with the construction of the Elwood MTS substation built by Hydro Ottawa Limited, Hy-
dro One was required to construct a double circuit 230 kV tap from lines M30A and M31A to the new
station. No initial capital contributions were required, true up points to occur in 2015.

True-Up Dates will occur in: 2015, 2020, 2025, 2030, and 2035

© Hydro Ottawa Internal Use Only 146 2010-05-28




Distribution System Asset Management

For Period 2011-2020

Station Refurbishments

Section I.
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Station Enhancements

The station refurbishment aims to sustain and extend the life of minor equipment within substations.

Transformer Oil Refurbishment

Annual oil condition tests are performed on all stations transformers and analyzed to identify degrada-
tion of the insulating oil. Degrading oil will lessen the lifespan of a transformer unit as oil is integral to
the insulation and cooling of transformers. Units identified requiring attention will have the oil filtered
and enhanced to extend the life of the unit. The list of projects is dependent on the oil analysis results.

Transformer Refurbishment

The transformer refurbishment project involves painting transformers and replacing leaking gaskets.
Painting of the transformers is done to prevent external rust on the transformer, which extends the life
of the units and prevents environmental releases. Leaking and “sweating” (oil seepage is evident but
not actively leaking) gaskets are replaced to prevent oil loss and oil contamination which extends trans-
former life, and prevent environmental releases. Units are identified during the monthly station inspec-
tions and prioritized based on the visual assessment. The list of stations identified for 2011 is:

e  Parkwood Hill DS

e QCHDS

e Richmond North DS
e Rideau Heights DS
e Shillington DS

e UrbandaleDS

Porcelain Insulator Replacement

Porcelain insulators pose a health and safety risk due to the possibility of hairline fractures, which are
not easily identified during visual inspection. This project replaces porcelain insulators on structures
located within the substation. The list of stations identified for 2011 is:

e Blackburn DS
e Startop DS

Reclose Blocking

This project consists of upgrading and refurbishing circuit breaker control circuits which are typically 35
years of age or over. A list of substations was identified in 2005 and most of the work is completed to
date. The project includes the installation of new control components which allows for remote con-
trolled reclose-blocking schemes for the application of work protection. This results in a gain in effi-
ciency to allow System Office to apply reclose-blocking remotely. This program is intended to be com-
pleted in 2010. In 2011 we will re-evaluate the value of this program and its alignment with current op-
erational constraints and it may be part of the 2012 station enhancements programs.
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Transformer Cooling

Installation of cooling fans on transformer radiators is performed to obtain the fan cooled rating, typi-
cally an additional 33% capacity. This allows Hydro Ottawa to maximize the capacity of the installed as-
set. Transformers are identified for this project based on historic loading levels and projected load
growth, and with the consideration of the primary and secondary equipments ability to carry the addi-
tional load. Approximately 16 transformers will be addressed each year. This program is intended to be
completed in 2010. In 2011 we will re-evaluate the value of this program and its alignment with current
operational constraints and it may be part of the 2012 station enhancements programs.

Stations Conductor Replacement

Transformer Neutral Relocation

The investigation into the 2009 Beaconhill Substation fire revealed that a contributing cause to the
event was that the secondary neutral conductor was affixed to the radiator of the transformer. This
new program is to install neutral support insulators to create the required separation between the neu-
tral and the transformer tanks. The list of stations identified for 2011 is:

e Cambridge T1, Cambridge T2

e Urbandale T1, Urbandale T2, Urbandale T3
e Albion T1, Albion T2, Albion T3, Albion T4
e Augusta T1,Augusta T2

e Bantree T1, Bantree T2, Bantree T3

e Bayswater T1, Bayswater T2, Bayswater T3

Transformer Cable Replacement

The transformer cable replacement project replaces aged lead cables between the station transformer
secondary and the substation switchgear. These PILC cables are connected to the transformers with oil
filled connection boxes and are typically direct buried. The project replaces the PILC cables with XLPE
cables installed in duct for mechanical protection. This eliminates the oil filled connection boxes and
replaces them with dry air boxes, thus eliminating a potential oil leak mechanism. The list of stations
identified for 2011 is:

e Cambridge T1
e Urbandale T1
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Section J. Automation
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Substation Automation

The substation automation class of assets is usually designated as the SCADA (Supervisory Control and
Data Acquisition) system in substations and in distribution.

Hydro Ottawa Limited’s SCADA asset class sys-
tem is used to monitor and control Station and
Distribution System equipment. It consists of
four main components:

Master equipment — real time and historical
servers and databases, communication proc-
esses and equipment, operator interfaces

Communication equipment — radios and con-
tracted services

Communication infrastructure — fibre, leased
copper landline, wireless (data radio & cellular)

Remote equipment — Remote Terminal Units (RTU’s), Intelligent End Devices (IED’s — relays, meters,
etc.)

Presently we have SCADA equipment in 81 substations, 5 generating stations, 12 padmounted switches,
36 poletop switches, 6 polemount reclosers and 30 dedicated FCI (Fault Indicator) at miscellaneous loca-
tions. We also have two control rooms and master system, one at Albion and the main one at Merivale
office.

The SCADA projects can be of low to high complexity and range in cost to a few thousand dollars to the
millions dollars depending on the project scope.

The SCADA system is dependent on the IT system for some communication and for support and has a
dedicated department working with miscellaneous stakeholders within the company.

In 2007-2008, the master SCADA system was moved to a new SCADA system (Telvent) and since that
time, most effort have been toward bringing all the Remote Equipment under this new platform. At this
time most of the replacements are based on “run to failure” philosophy and we have good data to pre-
dict the number of spare parts we need to keep on stock and expected failures per year.

Each class of equipment has an associated service life which in turn drives the rate of replacement along
with demand and condition. The expected service life for this class of equipment ranges from 5 years to
25 years.
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Substation Automation Demographics

Hydro Ottawa Ltd maintains a complete inventory of its SCADA assets. Partly due to the 2007-2008
SCADA upgrades, most of the master equipment is recent. The remote equipment will soon be all under
the new platform (2010).

The equipment is replaced based on the service life, demand and condition. Most of the demand re-
guirements are based on planning rational and are detailed in the distribution automation section. A
new substation will have a SCADA added as part of the project. It is usually rare that the service condi-
tion trigger high level of replacement, therefore the SCADA program us currently predictable when
within substations.

As usual with assets based on electronics, end-of-life is most likely characterized by obsolescence rather
than physical failure. Cessation of vendor support, no spare parts, and incompatibility with new tech-
nology are all significant problems even though hardware may not have failed.

Substation Automation Failure Consequence

The failure consequence varies depending on the equipment. Most of the time, loss of communication
will be noticed right away in the Control room and SCADA technician will attend the problem quickly.
The SCADA system is built in such a way that we have proper redundancy to mitigate most of those fail-
ures.

Assessment of Substation Automation Asset Class

The current focus in substation automation is to bring meaningful data back to the Asset Management
group for analysis. This approach is to provide support to condition based assessment or major assets.
For the new few years the focus is on station power transformer online oil analysis. We prioritize the
addition of online oil monitoring IED from GE/Kelman for all new station transformers. We also add
those devices for station transformers that require close monitoring and are not at end of life or sched-
uled for replacement.

In addition to maintain operability of the Hydro Ottawa system ongoing sustainment of SCADA system is
required. These activities include:

- SCADA upgrades, the main focus is now on improvement of the user interface in the Control
Rooms. This is to improve the situational awareness for the system office operators.

- RTU Replacement, most of the RTU that are not under the new “Telvent” platform will be
updated in 2010. The remaining two units will be replaced in 2011.
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Distribution Automation

Nepean 28kV Distribution Switch Automation

Five locations have been proposed for the installation of remotely operated switches, preferably with
reclosing abilities. The automated switches will reduce the duration of outages. The switch locations are
existing normal open pointes between Fallowfield DS, Longfields DS and Limebank MS, or are strategic
locations to allow for sectionalizing of the feeders in south Nepean.

The three distribution stations that currently feed the south Nepean area all have single supplies and are
dependent on the other stations to serve the area in the event of a failure. With this in mind the time
needed to transfer the load between the stations should be minimized. Currently the majority of the
normal open points are manual switches. Five locations have been identified for potential automation:

e 57083 which is located west of Woodroffe Avenue on Strandherd Drive and is the normal open
point between 7F2 and 606F1. The current switch is a manual gang operated load break switch

e 57084 which is located west of Woodroffe Avenue on Strandherd Drive and carries the 606F2.
The current switch is a manual gang operated load break switch

e S7053 which is located south of Longfields Drive on Woodroffe Avenue and is a normal open
point between 7F2 and 210F1. The current switches are inline single phase switches

e 57072 which is located south of Longfields Drive on Woodroffe Avenue and is a normal open
point between 606F2 and 210F2. The current switches are inline single phase switches

e S7059 which is located south of Strandherd Dive on Greenbank Road and carries the 606F2
down to the Half Moon Bay area. The current switches are inline single phase switches
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Figure 58. Proposed Locations for Remotely Operated Switches
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By installing the remotely operated switches at these locations, restoration and isolation of potential
outages in the south Nepean area can be automated. The automated switches can reduce the operation
time from an assumed time of two hours, to 30 minutes or less for each switch. This will have a large
impact on system reliability (SAIDI) performance measures.

CPP Padmount Switch Improvement

Eight existing padmounted switches in Kanata have been identified as requiring modifications to the re-
mote control function. The 28kV trunk feeder switches are integral to the north Kanata 28kV system
and include many tie points between Kanata MTS, Marchwood MTS and Bridlewood MTS. Switch posi-
tion indication has been problematic and the unreliable component has been identified. The project
involves replacing the component with a robust monitoring device to improve reliability and availability
of the remote switches.

The switches were installed in the north Kanata underground distribution system from 1999 through
2003 and incorporated into the Hydro Ottawa SCADA system. The switches were positioned to provide
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remote feeder switching and load transfer capability to the north Kanata business park. Through the
years of operation, the reliability of the switch controls has come into question. Through investigations
with Hydro Ottawa and the vendor, the primary cause for the poor reliability has been traced back to
the switch position indicators in the units. These indicators are prone to the temperature swings in Ot-
tawa and go out of calibration. This causes the switch controls to lose switch position status and subse-
guently fail to operate, since the controls require switch position to be known before an operation can
be executed. There are newer components on the market that will perform this function much more
reliably and with less maintenance than the current solution. Therefore the existing padmounted
switches require an upgrade to the remote control system to improve reliability and availability. The
upgrade will also have the benefit of reducing control system maintenance requirements.

CS27436 Switch Replacement

CS27439 is currently three inline switches, which area framed to allow a vertically installed SCADA Mate.
The inline switches are to be replaced with a gang operated load break switch that can allow for remote
operation. This is normally the open point between 210F2 and 7F1, and has a need to frequent, timely
operations.

Switch CS27436 was an existing SCADA Mate switch that was removed from service in 2009, when it was
determined to have failed. The switch is typically the normal open point between Longfields 210F2 and
Limebank 7F1. Since the removal of the switch, the open point has moved further west along Longfields
Drive and is currently at a manual gang-operated load break switch. By reinstalling an automated switch
at the location, operation of the open point can be reduced from an assumed time of two hours to 30
minutes or less. The existing inline switches will be replaced with a gang operated load break switch,
preferably with an automated switch. By installing the automated switch, the open point can be re-
stored to a remotely operated switch which will reduce expected outage times.

Viper instillation at Longfields Station (210F1)

Currently switch S7000 is currently a manual gang operated load break switch. The gang switch is to be
replaced with a remotely operated switch. This is normally the open point between 210F1 and 606F1,
and has a need for frequent, timely operations.

Switch S7000 is currently used as the normally open point between 210F1 and 606F1, and is a manual
gang operated load break switch. While the normal open point between 210F2 and 606F2 is a remotely
operated SCADA Mate switch. Both switches as located just west of Longfields DS and are along the ex-
isting Southwest Transitway Corridor, and are not adjacent to a public roadway. With the current loca-
tion of S7000, access can be difficult at certain times in the year, by installing a remotely operated
switch; access will only be an issue for maintenance.

Longfields DS is one of the main back-up supply locations for Fallowfield DS. Fallowfield DS is a single
transformer station with a single radial supply. As a result of its configuration Fallowfield DS must rely on
adjacent stations for security of supply. By installing the remotely operated switch at S7000, the resto-
ration and isolation of Fallowfield DS can be automated.
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By installing the automated switch, operation of the open point can be reduced from an assumed time
of two hours to 30 minutes or less.

The existing manually operated gang switch will be replaced with an automated gang operated load
break switch. By installing the automated switch, the open point can be restored to a remotely operated
switch which will reduce expected outage times.

Viper Installation at Goulbourn Force Rd

Currently switch $12215 is a manual gang operated load break switch. The gang switch is to be replaced
with a remotely operated switch. This is normally the open point between 624F1 and MWDF1, and has
a need for frequent, timely operations.

Marchwood MS is the main back-up supply station for Kanata MTS. Kanata MTS is a DESN (Dual Element
Spot Network) type station with redundant major elements such as transformers and two supply circuits
In its current configuration, if supply to one of the transformer was lost, the remaining transformer
would not be able to handle the entire load of the station. Switch S12215 is located very close to the
station; therefore the operation of this switch will transfer the entire load of 624F1 to MWDF1 or vice
versa

By installing the remotely operated switch at $12215, the restoration and isolation of Kanata MTS (or
Marchwood MS) can be automated and the operation of the open point can be reduced from an as-
sumed time of two hours to 30 minutes or less.

Viper Installation at Hazeldean Rd

Currently switch S18696 is a manual gang operated load break switch. The gang switch is to be replaced
with a remotely operated switch. Switch S18696 is the normal open point between ALEXF3 and BRDF3,
as is a manual gang operated load break switch. The overhead pole line along Hazeldean road is being
relocated in conjunction with the Hazeldean road widening project. The new ID for this switch will be
S22403.

The feeder BRDF3 from Bridlewood MS is the main back-up supply for Alexander DS. Alexander DS is a
two transformer station with a single radial supply. This station is owned and operated by Hydro One
Networks. As a result of its configuration Alexander DS must rely on adjacent stations for security of
supply. By installing the remotely operated switch at $22403, the restoration and isolation of Alexander
DS can be automated and operation of the open point can be reduced from an assumed time of two
hours to 30 minutes or less.
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Section K. Distribution Enhancement
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Line Extensions

Bilberry M2 Extension

The area located in the south east portion of the service territory is currently serviced from a single-
phase overhead line along Renaud Road and a 3-phase 8.32 kV overhead line along Navan Road. There
have been a number of proposed residential developments in the area surrounding Navan Road and
Renaud Road. To accommodate these neighbourhoods a new 3-phase 27.6 kV feeder is needed.

An extension of the 3-phase 77M2 down Mer Bleue Road will be required to create a loop system. The
extension of 77M2 will create two loops to the 77M5 so that the residential developments will not be
fed radially and the trunk circuits will have alternate routes to supply the area.

Figure 59. Proposed Feeder Extensions
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Cambrian Road 27.6kV Tie

Currently there are 2500 customers supplied by a radial line on the 606F2 south of Strandherd and
Greenbank. There are plans to build a tie along Prince of Wales Drive from Woodroffe Avenue to Jock-
vale Road in 2010. This tie will provide a back-up tie for 1200 of the 2500 customers currently south of
the Jock River. However, the remaining customers and the majority of the proposed development in the
Half Moon Bay area is west of Jockvale Road and would not be served by the Prince of Wales Road tie.
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A new 2km pole line is proposed to be constructed west of River Mist Road to Cedarview Road along
Cambrian Road. This line is to provide a back-up supply to the Half Moon Bay development.

Figure 60. Proposed Feeder Extension

Existing 7F2
Existing 606F1
Existing 606F2
Proposed Line Ex.

[
||‘|~

Proposed Tie Point

Nicolls
island

Cambrian Road Tie

Ellwood Feeder Egress

The need for a new 13.2 kV station in the East-end of Ottawa was determined based on current and pro-
jected load growth in the area. To alleviate the capacity issues with the 13.2 kV system in the east-end
of Ottawa a new station, Ellwood MTS is under construction.

As part of the integration of the new station into the distribution system, we will transfer ten feeders to
Ellwood MTS and as shown below with the respective 2009 loading levels. Selection was based on best
practice to eliminate “hair-pinned” feeders at Albion TA plus feeder loading and performance. “Hair-
pinned feeders” refer to two feeders connected to the same station breaker. This is done to same space
in a station and money in reducing the number of breakers needed; however, operationally, interruption
on one feeder may interrupt the other feeder, and troubleshooting is impeded, as both feeders need to
be checked before restoration can happen.

Table 37. 2009 Feeder Loading Levels
Circuit R w B MVA
Amps Amps Amps

TA1AF 277 281 269 6.38
2205 147 151 179 3.67

TA2QZ 106 96 95 2.31

TA1AQ 112 132 133 2.94

TA3AE 230 230 234 5.35
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Circuit R W B MVA
Amps Amps Amps

TA1AN 161 214 143 4.01

TA2AN 206 205 202 4.68
TA1A] 4 5 5 0.10

TA3UA 312 292 286 6.76

TA3UZ 144 144 145 3.42
Total 1699.39 1750.96 | 1691.91 39.62

Fallowfield MTS Egress

Growth in the south Nepean area has been growing at the rate of 7% for the past six years. To supply
this growing load a second 25 MVA transformer is being installed at Fallowfield MTS in 2010. A new ca-
ble egress from the newly constructed second bus at Fallowfield MTS is will be constructed. This will
connect the second transformer to the existing distribution system.

Nepean ABO5 Tie

Nepean AB currently has 1.0 MVA of spare capacity in the event of a transformer contingency. The re-
dundant capacity at this station is less than 20% of the bank rating and should be increased by either
increasing the transformation at the station or by transferring load to an adjacent station. Slater SA is an
underutilized station with a large amount of redundant capacity, and is relatively close to Nepean AB.
However, there has been a desire to retire the station, so any load that is to be transferred onto the sta-
tion should not be of a permanent nature.

A new span of the SA23 is proposed to be extended west along Lisgar Street from O’Connor Avenue, to
connect to ABO5. The normal open point for the two feeders could be than moved to $19010. This
would transfer 900 kVA of transformation or approximately 500 kVA of demand off of Nepean AB.

Nepean ABO6 Tie

A new span of the Cambridge AMO04 is proposed to be extended east along Lisgar Street from Bronson
Avenue, to connect to AB0O6. A new switch can be cut in and the normal open point for the two feeders
could be than moved to west of Lisgar Street and Percy Street. This would transfer 300 kVA of transfor-
mation or approximately 180 kVA of demand off of Nepean AB.

Nepean ABO7 Tie

A new span of the Slater SA22 is proposed to be extended west along Nepean Street from O’Connor
Avenue, to connect to ABO7. The normal open point for the two feeders could be than moved to AB07-
DIP2. This would transfer 1100 kVA of transformation or approximately 650 kVA of demand off of Ne-
pean AB.
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New Cyrville Feeder

A third circuit from Cyrville MTS is needed to provide a backup for Moulton MS, and to fill one of the
two empty feeder positions at the station to meet the requirements of the Connection Cost Recovery
Agreement with Hydro One.

Background

In December 2008 Cyrville MTS was energized as a 115/27.6 kV DESN station with a summer LTR of 65
MVA. There are four feeder positions available and two are currently in use, CYRF1 and CYRF2.

Cyrville was constructed to relieve load from and backup Moulton MS and Bilberry Creek TS, both
115/27.6 kV stations in the east-end of Ottawa.

The figure below outlines the plan for the service areas of CYRF1, CYRF2 and CYRF4 along with the four
feeders from Moulton MS (8F1, 8F2, 8F3 & 8F4) and the single feeder from Bilberry Creek TS (77M5)
that Cyrville MTS will relieve load from and backup.

Figure 61. Proposed Feeder Configuration
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Offload Cahill to McCarthy

Based on the historic and projected loading at Cahill AN, the station will exceed the single contingency
capacity rating in 2011. The forecasted loading is shown in the table and figure below and is based on a
2% growth rate per year.
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Table 38. Cahill AN Loading Levels 2002-2015
Year Station Station N-1 Capaci- | N-1 Surplus
Loading Capacity ty (MVA) / Deficit
(MVA) (MVA)
2002 5.56 15.00 7.50 1.94
2003 5.16 15.00 7.50 2.34
2004 6.83 15.00 7.50 0.67
2005 7.64 15.00 7.50 -0.14
2006 6.49 15.00 7.50 1.01
2007 7.46 15.00 7.50 0.04
2008 7.46 15.00 7.50 0.04
2009 7.27 15.00 7.50 0.23
2010 7.42 15.00 7.50 0.08
2011 7.56 15.00 7.50 -0.06
2012 7.71 15.00 7.50 -0.21
2013 7.87 15.00 7.50 -0.37
2014 8.03 15.00 7.50 -0.53
2015 8.19 15.00 7.50 -0.69
Figure 62. Cahill Peak Loading
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To resolve this issue a load transfer is proposed between the Cahill ANO6 and McCarthy AQO3.
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Figure 63. Proposed Feeder Configuration
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Strandherd Bridge Crossing — Phase 2

A temporary overhead river crossing was constructed to create a tie between Limebank MS and the
South Nepean area. There was an understanding that Hydro Ottawa would remove the overhead line
once the bridge was constructed. The civil structure for the underground crossing is to be constructed in
2010 along with the City of Ottawa’s construction of the eastern approach to the bridge.

The existing overhead Rideau River crossing needs to be relocated into the newly constructed Strand-
herd Bridge. This is the second phase of a project that was started in 2010.

To comply with the agreement to remove the overhead pole lineg, it is proposed to complete the under-
ground crossing in 2011. Phase 2 will include the installation of 2 circuits in the bridge and connection to
the duct structures on the east and west sides of the bridge. The civil structures are planned to be con-
structed in 2010. 16 ducts will be installed in the south side of the bridge by the City of Ottawa.

TR2TS Transfer

Slater TS currently has a peak summer demand of 140 MVA, while it has a LTR rating of 134 MVA. When
the load does surpass the LTR rating, the buses must be split and the inherent reliability of the DESN sta-
tion is lost.
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To aid in the reduction of load on Slater TS, TR2TS is to be transferred off of Slater TS54 onto Riverdale
TR. To facilitate this, the hairpin connection at Riverdale TR04 would need to be removed. It is expected
to transfer approximately 6.5 MVA of peak demand off of Slater TS.

Overhead Extension on Abbott Street

A trunk feeder along Abbott Street is needed to eliminate the dependency on the 28KV backyard pole
line and to provide a backup for the Alexander DS feeders (ALEXF2 and ALEXF3), to minimize outage du-
ration in this area. In addition, there are a number of projects proposed in the Stittsville area; hence
more load capability would be needed. Currently, the Alexander DS feeders are approaching their load-
ing limits and would not be able to supply the load for the proposed new developments.

The figure below depicts the current feeder configuration in the area of Stittsville. Alexander DS is the
main supply to the Stittsville area with the BRDF3 feeder from Bridlewood MS supplying some of the
load west of Stittsville.

Figure 64. Current Feeder Configuration in Stittsville
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The section of line of ALEXF3 between Hazeldean Road and Abbott Street is located in an area that is not
easily accessible and therefore any fault along this section would result in long outages. Hydro Ottawa is
planning to relocate this line to the new North-South arterial (defined on the Fernbank Community De-
sign Plan). Completion of a trunk overhead line along Abbott Street would allow loads to be normally
fed from this route as opposed to the backyard pole line currently housing the 28KV ALEXF3 feeder.

For the section between Hazeldean Road and Fernbank Road, it can be observed that there are no exist-
ing main trunk ties between the circuits feeding this area. Therefore, when a fault in this area occurs
the feeders are back-up through their distribution lines which requires long outages due to the number
of switching operations that need to be done.

Another issue found in Stittsville is the increasing number of commercial and residential projects pro-
posed for this area which will require more loading capability. Currently, Alexander DS station and the
feeders supplying load in this area are approaching their loading limits and would not be able to supply
the increasing loading demand. In 2012, Hydro Ottawa plans to start the construction of a new 28kV
station, Terry Fox MTS, to meet the increasing load demands of this area. Once the Terry Fox station is
completed, the new overhead trunk line along Abbott Street will be fed from the new station and will
relieve some of the load from Alexander DS.

In the figure above, the area shaded in light blue covers the area for the new Fernbank Community. This
new community will have a total of 9,718-10,977 residential units, three secondary schools, eight ele-
mentary schools and 11.5 ha of commercial development. Therefore, the Fernbank Community alone
will need approximately a total of 38 MVA. There are other commercial projects that are being proposed
for this area, especially along Hazeldean Road and Iber Road, which will increase even more the load
capability needed in this area.

The benefit of adding a new trunk overhead line along Abbott Street will be elimination of the depend-
ency on the ALEXF3 backyard pole line, reduction in outage duration as new ties will increase configura-
tion flexibility, and increased in capacity for the new proposed developments in the area.

The project consists in relocating the 28kV backyard pole line to the new North-South arterial (defined in
the Fernbank Community Design Plan) and constructing a new overhead line along Abbott Street. Also
required would be the re-conductoring of several spans of wire along Jonathan Pack and Beverly Street
and the tie in, via overhead crossing, of the 27.6 kV OH on Beverly Street to the existing OH on Main
Street. To improve the reliability of the system even further, the section of line of the ALEXF3 feeder
between Abbot Street and Fernbank Road would need to be relocated to Stittsville Main Street since its
current location is not easily accessible.

The figure below shows the entire project for this area, the first phase of the project will only cover the
section shaded in red and it is plan to begin in 2011. This involves the construction of an overhead line
for two 28KV feeders along Abbott Street from Iber road to Shea Road.
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Figure 65. Proposed Line Extension
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System Voltage Conversions

Greenbank Road Rabbit Installation

As the development of south Nepean progresses, there is a need to remove the existing 8.32 kV distri-
bution to allow for the new 27.6 kV distribution which is servicing all of the new development in the
area. Currently the pole line on Greenbank Road south of Cambrian Road is constructed with back to
back 8.32 kV and 27.6 kV circuits; the 8.32 kV has been expressed through the development area and is
not servicing any customers in the area.

To allow for the phasing out of the 8.32 kV distribution in the rural sections of south Nepean, and to re-
move a section of back to back 8.32 kV and 27.6 kV circuits, a set of step down transformers “rabbits”
are to be installed on Greenbank Road south of Dundoland Drive. The dead ending of the existing 140F2
north of Cambrian drive will be included in this project.

Prince of Wales Road Rabbit Installation

To allow for the phasing out of the 8.32 kV distribution in the rural sections of south Nepean, a set of
step down transformers “rabbits” are to be installed on Prince of Wales Drive south of Woodroffe Ave-
nue .

To accommodate the removal of the 8.32kV feed from Woodroffe Avenue and to reduce the costs oc-
curred in 2011, a set of 27.6/8.32 kV step down “rabbit” transformers are to be installed on Prince of
Wales Drive south of Woodroffe Avenue. This location will be a temporary installation and will be the
first phase of the 27.6 kV conversions in South Nepean.

Kilborn UP Voltage Conversion

Kilborn UP is 4.16kV station which supplies the region between Pleasant Park Road and Heron Road. Due
to the condition of the station switchgear it will require replacement in the next 5 years and the trans-
formers within the next 10 years. A financial review of the benefits to retiring Kilboorn UP and converting
its service area to 13.2kV was undertaken in 2009. The results of this financial assessment indicate that
over a 25 year projected time scale, decommissioning the Kilborn substation would save $1.5M.

Initiated in 2010 the Kilborn Voltage conversion is a series of projects which will culminate with the de-
commissioning of the Kilborn Up 4.16kV Station. The area currently supplied by this station will be trans-
ferred to operate at 13.2kV. This program includes several phases to prepare the system for conversion:

e Upgrading insulation to 13.2kV level, involving replacement of distribution insulators
and transformers in the region.

e Accelerated pole replacements in the area (Planned Pole Replacement program)

e Switching Centre installation, installation of distribution switches to allow connection of
local 4kV distribution to 13kV sub-transmission in the region and improve regional op-
eration.
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e Vault conversion work, upgrading vault transformers and switchgear to prepare them to
be supplied from 13kV.

System Reliability Enhancements

Barrhaven DS Egress Cable Reconfiguration

The Barrhaven 8.32 kV area is heavily loaded and has limited back-up points because of its remote loca-
tion. The current arrangement of the egress cables at Barrhaven DS is limiting the use of all five breakers
currently installed. The 140F4 is currently loaded to 64% of its capacity while the 140F2 is normally open
and not carrying any load. The 140F4 rises to the north of the station and runs both north and south
along Greenbank Road and the 140F2 currently rises to the south of the station. The 140F4 is the only
back-up supply to the 145F2.

To improve the contingency and system flexibility of the feeders at Barrhaven DS, it is proposed to re-
configure the 140F2 and 140F4 egress cables. This would split the load on the 140F4 between the 140F2
and 140F4. A new normal open point would be established at S978. It is assumed that transferring the
existing egress cables within the existing station would be possible and no new cables would be needed.

Leitrim 44KV Supply

Based on a projected load growth of 5% per year at Leitrim MS station, a second transformer will be
needed to augment the station capacity by 2014 (see the figure below). To be able to add a second
transformer at Leitrim MS capacity on the incoming 44kV feeder from Hawthorne TS must be made
available. To increase the capacity, load will be transferred from the 48M2 onto the 48M4 which would
then supply Leitrim MS.
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Figure 66. Leitrim MS Peak Loading
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The figure below outlines the arrangement of the 44kV circuits from Hawthorne TS.
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Figure 67. 44KV circuits Reconfiguration
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Currently, the 48M2 splits and a section runs west to feed Borden Farms DS and the other section runs
south down Hawthorne Road to feed Leitrim MS. The proposal has the 48M4 picking up the section of
the 48M2 that runs south to Leitrim by adding a new pole line to create the tie. The figure below out-
lines the proposed configuration.
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Figure 68. Proposed Feeder Configuration
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To allow the 48M4 to carry the load from the 48M2, a new pole line would have to be constructed to
connect the two circuits on Hawthorne Road between Russell Road and Ages Drive.

Switch S191 Transfer

The Barrhaven 8.32 kV area is heavily loaded and has limited back-up points because of its remote loca-
tion. There are only three back-up routes between the two Barrhaven 8.32 kV stations, and it is desired

to keep the combined loading on the circuits on these routes below the egress cable capacities at the
stations.

To reduce the loading on Jockvale 145F2 it is proposed to transfer the tap for S191 from 145F2 to 145F3
at the corner of Fallowfield Road and Cedarview Road. This would increase the transfer capacity of
145F2 and would balance the loading on the two transformers at Jockvale.
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Section L. Risk Management

The Asset Management Process involves assessing a project or program activity from two perspectives:
the downside risk of not undertaking the activity, and the benefit or disadvantage of undertaking the
activity. As the Asset Management Framework and Processes mature, focus for this disclosure report
has been on Risk Management, namely, identifying, assessing, and prioritizing activities based on the
negative ramifications of not funding a project or program activity.

The suggested direction for managing risk of a predictable calamitous event may be focused on monitor-
ing, reducing, or controlling the probability, the consequence or both of it happening. We concentrate
on the physical aspects of risk associated with managing the distribution system assets. The objective is
to avoid catastrophe, reduce uncertainty and improve predictability.

For distribution system assets, risk is defined as the probability and consequence of an asset infrastruc-
ture component failing, such as a cable, pole, switch, or transformer. For distribution system planning,
risk is defined as the probability and consequence of the asset infrastructure’s capability failing, such as
the capacity, operability, or proximity to deliver or receive electricity from a generator or a load cus-
tomer.

Physical Asset Risk Management

To predict and quantify asset failure models, failures are assessed for individual key assets as well as
pooled assets based on known past performance and asset demographics. In the case of performance
of the assets we are evaluating reliability and capacity, in the case of demographics we are evaluating
age.

Asset life for electrical distribution equipment is very difficult to predict because data on actual life ex-
pectancy is limited for most assets. In the absence of hard information we use sound engineering
judgment based on trends and HOLs experience.

The output of this process organizes asset registries and prioritizes the highest risk assets (highest risk of
failure) within the individual asset categories which are then grouped (where appropriate) into project
or program initiatives.

Gap analysis is performed annually for all programs which results in planning for future initiatives to in-
crease HOLs understanding of failure modes and effects.

Program Planning Risk Management

The overall program plan risk is evaluated at a project level and therefore the effectiveness of project
planning becomes essential. Projects plans are drawn up from detailed engineering review of the physi-
cal assets, system loading and reliability performance and evaluated based on probability and conse-
guence if the project is not done.

The failure consequence is evaluated based on three key factors, Financial, Technical and Socio-Political.
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Financial risks relate to lost revenues, fines and other penalties that arise from negative events, as well

as any emergency repair costs associated with an asset failure that exceed the costs of the project.

Technical risks relate to possible failures of HOL to meet customer requirements due to deficiencies
arising in assets, tools, people or processes.

Socio-political risks relate to negative events or conditions that impact HOLs relationship with custom-
ers, employees and other stakeholders.

Table 39.

Sustainment Capital Risk Management Levels

Failure Consequence

Financial Impact

Technical Impact

Socio-Political Impact

- permanent loss of reve- - 24 hour+ outage for 1 -5 | - Cause for work stoppage
nue ($100K annually) MW or 1000 - 5000 cus-
tomers - Create general public
- onetime loss of >$500K outrage with HO (""head-
Severe .
(penalty) - 4 hour+ outage for > 5 line events"")
MW or > 5000 customers
- major process interrup- - Threat of serious injury
tion to employees or public
- permanent loss of reve- - Significant loss of asset - Cause of deterioration in
nue ($50K annually) life (e.g. sustained over- union relations (repeated
load conditions) grievances)
Major - onetime loss of >$100K
(penalty) - 8 hour+ outage for - Threat of minor injury to
300kW - 1MW or 500 - employees or public
1000 customers
- One time loss of $100K - Loss of communication - Cause of dissatisfaction
revenue with employees or cus- in a neighbourhood
tomers
Moderate - result in a cost increase - Cause employee morale
of 10% - Improper operation of to drop departmentally
systems
- Significant error rates in
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Failure Consequence

Financial Impact

Technical Impact

Socio-Political Impact

HO work processes (>1%)

- one time loss of $50K

- minor disruption to

- Brown outs

- Cause of sporadic dissat-
isfaction among custom-

. ers
Minor
o processes
- Negatively impact one or
two employees
- immaterial financial con- | - Immaterial technical - Immaterial socio-political
Minimal sequences or not applica- | consequences or not ap- consequences or not ap-

ble

plicable

plicable

The probability is based on the following defined thresholds;

Certain: Greater than 1 in 10 chance of occurrence

Probable: Greater than a 1 in 100 chance of occurrence but less than 1 in 10 chances of occurrence
Likely: Greater than a 1 in 1000 chance of occurrence but less than 1 in 100 chances of occurrence
Possible: Greater than a 1 in 10000 chance of occurrence but less than 1 in 1000 chances of occurrence
Rare: Greater than a 1 in 100000 chance of occurrence but less than 1 in 10000 chances of occurrence

Remote: Greater than a 1 in 1000000 chance of occurrence but less than 1 in 100000 chances of occur-
rence

Not Applicable: No chance of occurrence

Assets were evaluated for risk twice: first, as an asset based on the risk of failure as compared to other
assets within the same asset class, and then as a project or program based on the probability and con-
sequence of an adverse event happening should that activity not be undertaken.

To predict and quantify asset failure, failure models are created for key individual and pooled assets
based on known past performance and the asset demographics. For asset performance, the asset is
evaluated for reliability and capacity compared to what was intended or is expected in the application.

The output of this process prioritizes the highest risk assets (highest risk of failure) within the individual
asset categories which are then grouped (where appropriate) into project or program initiatives.

Each project is then assigned a risk score which is a combination of probability and consequency, this
forms the basis of project and program prioritization. The results for 2011 Sustainment Capital have
been plotted on Figure 69.
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Figure 69. Risk Map for 2011 Sustainment Capital Program
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Spending levels within these risk categories are reflected in Figure 70. The bulk of the spending focuses
on projects and programs that fall within the critical risk category (red) followed by moderate risk (yel-
low). The major risk category (orange) spending is reduced only due to the fact that the total value of
the projects within this category is less than the value of projects within the critical and moderate cate-
gories.
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Overall when summing the total project risk score by program the sustainment capital average risk

scores is shown in Figure 71.

Figure 70.
Figure 71.
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Each project is then assigned a risk score which is a combination of probability and consequency, this
forms the basis of project and program prioritization. The results for 2011 Sustainment Capital have
been plotted on the following figures

Figure 72. Sustainment Capital Overall Risk Scoring
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Figure 73. Sustainment Financial Risk Scoring
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Figure 74. Sustainment Capital Technical Risk Scoring
Technical Risk Matrix
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Figure 75. Sustainment Capital Socio-Political Risk Scoring
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Section M.5 Year Distribution Capital Sustainment Programs
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Table 40. Forecasted' Sustainment Capital by Program 2011- 2020
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Budget Program

92000021 - Planned Pole Replacement
92000022 - Insulator Replacement Progra
92000023 - Elbow and Insert Replacement
92000026 - Dist. Transformer Replacement
92000044 - Station Enhancements
92000045 - SCADA Upgrades

92000046 - SCADA - RTU Additions
92000047 - Distribution Automation
92000300 - Dist. Plant Misc Sus

92001363 - Civil Rehabilitation Program
92001856 - Cable Replacement

92001859 - Switchgear New and Rehab
92001860 - O/H Equipment New and Rehab
92001886 - Line Extensions

92002191 - Plant Failure Capital

92002614 - Stations Trans. Replacement
92002615 - Station Battery

92002622 - System Voltage Conversion
92002626 - System Reliability Enhancements
92003370 - Distribution Minor Enhancement
92003371 - Stations Switchgear Replacemnt
92003375 - Substation Automation
92003405 - Station Relay Replacement
92003519 - Stations New Capacity
92003524 - Station Cable Replacement
92003580 - Stations Plant Failure

Total

2011 2012 2013 2014
$7,248,647 $12,446,271  $12,500,000 $12,750,000
$255,402 $225,875 $225,000 $225,000
$272,094 $281,200 $298,350 $219,500
$2,529,202 $2,445,194 $2,174,283 $789,012
$751,547 $1,163,943 $1,068,943 $1,100,000
$1,125,102 $729,655 $470,606 $469,341
$76,160 $57,864 $75,000 $76,500
$766,470 $750,000 $757,500 $765,075
$1,230,526 $1,230,526 $1,230,526 $1,230,526
$600,976 $605,737 $526,777 $500,577
$2,336,916 $2,617,990 $2,851,000 $3,144,083
$350,995 $720,097 $595,036 $586,040
$348,416 $274,000 $226,000 $117,000
$5,513,232 $7,194,300 $6,000,000 $5,000,000
$2,526,034 $2,519,354 $2,519,354 $2,519,354
$1,184,275 $4,718,884 $6,000,000 $4,500,000
$142,480 $142,480 $142,480 $142,480
$1,360,468 $1,330,670 $500,000 $350,000
$566,173 $250,000 $250,000 $250,000
$551,183 $1,200,000 $1,200,000 $1,200,000
$325,617 $184,387 $1,952,254 $3,387,612
$1,237,306 $380,855 $505,110 $490,512
$133,995 $187,329 $218,622 $374,657
$13,642,626 $8,697,000 $9,000,000 $12,000,000
$282,034 $282,034 $282,034 $282,034
$243,537 $250,000 $250,000 $250,000
$45,601,415 $50,885,645 $51,818,875 $52,719,303

2015
$13,000,000
$225,000
$223,890
$231,906
$1,111,000
$550,000
$78,030
$772,726
$1,255,137
$75,000
$3,175,524
$600,000
$150,000
$5,100,000
$2,519,354
$7,000,000
$143,905
$885,000
$250,000
$1,200,000
$2,500,000
$388,472
$632,234
$10,000,000
$284,854
$250,000
$52,602,032

1 - Forecasted as required by Asset Management forecasting models and does not necessarily represent financial forecasts
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2016
$16,000,000
$50,000
$25,000
$300,000
$1,122,110
$550,000
$79,591
$780,453
$1,280,239
$75,750
$3,207,279
$606,000
$150,000
$5,202,000
$2,519,354
$6,250,000
$145,344
$885,000
$252,500
$1,224,000
$1,971,777
$515,212
$191,075
$10,000,000
$287,703
$252,500
$53,922,887

2017
$16,800,000
$52,500
$23,750
$315,000
$1,133,331
$550,000
$81,182
$788,258
$1,305,844
$76,508
$3,239,352
$612,060
$151,500
$5,306,040
$2,519,354
$6,500,000
$146,797
$885,000
$255,025
$1,248,480
$3,421,488
$500,322
$222,995
$8,000,000
$290,580
$255,025
$54,680,390

2018
$17,640,000
$55,125
$22,563
$330,750
$1,144,664
$550,000
$82,806
$796,140
$1,331,961
$77,273
$3,271,745
$618,181
$153,015
$5,412,161
$2,519,354
$5,000,000
$148,265
$885,000
$257,575
$1,273,450
$2,525,000
$396,242
$382,150
$10,000,000
$293,486
$257,575
$55,424,480

2019
$18,522,000
$57,881
$21,434
$347,288
$1,156,111
$550,000
$84,462
$804,102
$1,358,600
$78,045
$3,304,463
$624,362
$154,545
$5,520,404
$2,519,354
$5,250,000
$149,748
$885,000
$260,151
$1,298,919
$1,991,495
$525,516
$644,878
$9,000,000
$296,421
$260,151
$55,665,330

2020
$19,448,100
$60,775
$20,363
$364,652
$1,167,672
$555,500
$86,151
$812,143
$1,385,772
$78,826
$3,337,507
$630,606
$156,091
$5,630,812
$2,519,354
$5,500,000
$151,245
$885,000
$262,753
$1,324,897
$3,455,703
$510,329
$194,897
$8,000,000
$299,385
$262,753
$57,101,285
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Table 41. Forecasted Green Energy Act Spending by Program 2011- 2020
Budget Program 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Total $2,566,000 $2,688,000 $800,000 $800,000 $800,000 $1,800,000 $2,000,000 $2,200,000 $2,400,000  $2,600,000
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GREEN ENERGY ACT PLAN

In accordance with the Ontario Energy Board’s (the “Board”) Filing Requirements for
Distribution System Plans under Deemed Conditions of Licence, issued on March 25,
2010, Hydro Ottawa Limited (“Hydro Ottawa") has prepared a Green Energy Act Basic

Plan.

Hydro Ottawa provided its Green Energy Act Basic Plan to the Ontario Power Authority
("*OPA™) and Hydro One Networks Inc. (“Hydro One”) on April 26, 2010. On June 2,
2010 Hydro Ottawa received a response from the OPA, which is included as part of
Attachment P and their comments have been incorporated in the Plan. Hydro Ottawa
has not yet received the letter of comment from Hydro One; however, when it does it will

be filed with the Board along with any required supplementary information.

Hydro Ottawa’s Green Energy Act Basic Plan includes capital and operating
expenditures for the period 2011 through 2015; however, in this rate application Hydro
Ottawa is only seeking approval for 2011 expenditures. With the evolving market and
knowledge base in green energy and smart grid, Hydro Ottawa plans to review its plans

for 2012 through 2015 prior to further applications.

Hydro Ottawa’s Green Energy Act Basic Plan is provided in Attachment P.

2011 Electricity Distribution Rate Application
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1 Executive Summary

In accordance with the Ontario Energy Board’s (the “OEB’s” or the “Board’s”) filing requirements under the
Green Energy and Green Economy Act, 2009 (the “GEA” or the “Act”), Hydro Ottawa Limited (“HOL") has
prepared the following Basic GEA Plan. Hydro Ottawa is fully supportive of the GEA and sees it as a proactive
and effective means of meeting the objectives of the Province. Industry benchmarking has shown that
proactive work is 3 to 6 times less costly than reactive work. In the case of connecting renewable generation,
proactive work on the part of the Local Distribution Companies (“LDCs”) should reduce or eliminate
connection delays, while reducing the amount of reactive work and cost incurred. Hydro Ottawa believes
that the OEB’s GEA policies provide the right encouragement for LDCs to be proactive in meeting the
objectives of the Act. Hydro Ottawa also believes that the OEB’s GEA policies accelerate the connection of
renewable generation, and allow these connections to be made in a more cost effective manner than without
the support of proactive work on the part of the LDCs.

In preparing its filing, HOL has worked to identify investments that will undoubtedly be necessary to facilitate
connection of renewable generation to the system and has prioritized them based on our understanding of
where the highest likelihood of connection requests exist, or will exist. To this HOL has included systemic
work that will be required to ensure that the interconnection of renewable generation and other distributed
resources do not increase risks or constraints on the system. In these areas HOL has identified a range of
projects that we believe should be undertaken in anticipation of the interconnection requests to ensure that
HOL is able to respond to requests in a timely and cost efficient manner.

Given the constraints of geography and the urban/suburban nature of the HOL system, we believe that there
will be a limitation on the types of renewable interconnections that will be sought in our service area.
Specifically HOL expects to see higher concentrations of solar and bio-gas and fewer requests for wind. HOL
believes that while there may not be significant wind developed within our service area, we do have the
ability to leverage distributed storage, both electrical and thermal, that will allow customers to make use of
wind energy generated off peak. HOL believes there are many storage applications within our system that
will enhance the efficiency of all renewable generation and has included several storage based proposals.

Overall - the HOL system is well positioned to accept an influx of renewable generation. There exists some
system constraints however they can all be remedied within a reasonable time frame. There are a number of
enabling investments that HOL, like other LDCs, will need to make to ensure that the relays, controls and
other safety/protective equipment are retrofitted to allow and account for inflow from distributed
generation resources. HOL is proposing that many of these investments be made ahead of the
interconnection requests due to the lead time required for analysis, engineering and construction work.

The most significant investment that is proposed is a 44kV line extension to the Goulborn area. There have
been a number of inquiries from a range of customers and renewable developers regarding projects in this
area. None of the projects that have been identified to date would be of sufficient size to justify the costs of
the extension; however, when taken in aggregate, they represent approximately 30MW, which is a significant
contribution for a system the size of HOL. HOL is confident that if the line were constructed that a number of
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these projects would begin moving forward. There are numerous side benefits to the system and the
customers from extending this line and connecting these renewable generators. The line would enhance
reliability in the Goulbourn area of the system and the renewable generation would provide additional
capacity that could be used to support the HOL system during transmission outages.

The tables below provide a summary of the five year spending levels of Capital and OMA expenditures
resulting from HOL’s GEA plans. Each of the investments listed in the tables is discussed in more detail,
technical and financial, in the following sections.

Project/Investment (Capital) Estimated Capital Expenditures ($000)

2011 2012 2013 2014 2015 Total
System Expansion 44kV Goulbourn 1,360 1,888 - - - 3,248
Protective Relay Upgrades 680 500 500 500 500 2,680
Communication Infrastructure 317 300 300 300 300 1,517
Electric thermal Storage 45 - - - - 45
Thermal Storage — Ice Systems 45 - - - - 45
Public Charging Stations for Electric Vehicles 23 - - - - 23
System Modeling and Analysis Program 96 - - - - 96
Total 2,566 2,688 800 800 800 7,654
Project/Investment (OM&A) Estimated OM&A Expenditures ($000)

2011 2012 2013 2014 2015 Total
System Modeling and Analysis Program - 25 25 25 25 100
Licensing
Co-funding of University Program 100 - - - - 100
4 Additional Positions 400 400 400 400 400 2,000
Total 500 425 425 425 425 2,200
Capital and OM&A Expenditures Estimated Total Expenditures ($000)

2011 2012 2013 2014 2015 Total
Total 3,066 3,113 1,225 1,225 1,225 9,854
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2 Background and Introduction

On September 9, 2009, the Green Energy and Green Economy Act, 2009 (the “GEA”) was proclaimed in force.
The GEA amended the Ontario Energy Board Act, 1998 (the “OEB Act”) and the Electricity Act 1998 (the
“Electricity Act”) to address renewable generation connections and smart grid development.

“The GEA amended section 70 of the OEB Act to include the following provisions that create deemed licence
conditions for all licensed electricity distributors and transmitters:
(2.1) every licence issued to a transmitter or distributor shall be deemed to contain the following
conditions:

2. the licensee is required to prepare plans, in the manner and at the times mandated by the
Board or as prescribed by regulation and to file

i. the expansion or reinforcement of the licensee’s transmission system or
distribution system to accommodate the connection of renewable energy
generation facilities, and

ii. The development and implementation of the smart grid in relation to the
licensee’s transmission system or distribution system.

3. the licensee is required, in accordance with a plan referred to in paragraph 2 that has been
approved by the Board or in such other manner and at such other times as mandated by the
Board or prescribed by regulation,

i. to expand or reinforce its transmission system or distribution system to
accommodate the connection of renewable energy generation facilities, and

ii. to make investments for the development and implementation of the smart grid in
relation to the licensee’s transmission system or distribution system”.

The Act requires that each licensee file a GEA Plan with the OEB. Per the OEB, the preparation and filing with
the Board of a system plan consistent with the requirements in the GEA serves three main purposes:

e Providing information to the Board and the interested stakeholders regarding the readiness of a
distributor’s system to accommodate the connection of renewable generation and the expansion or
reinforcement necessary to accommodate renewable generation, and, eventually, the development
and implementation of the smart grid;

e Providing evidence in rate applications for capital budget approvals related to infrastructure
investments for renewable generation and smart grid, and the recovery of the resulting costs from
ratepayers; and

e Providing a basis, through the approval of a GEA Plan, by which the costs of certain investments will

be the responsibility of the distributor under the DSC, and therefore possibly recovered through the
provincial cost recovery mechanism set out in section 79.1 of the OEB Act.
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The OEB has identified two types of Plans; the Basic GEA Plan and the Detailed GEA Plan. The Basic GEA Plan
is required of all distributors. The Detailed GEA Plan is required only for those distributors where:

1. The total capital costs of all a distributor’s planned projects related to the connection of renewable
generation and/or the development of a smart grid in any one year:
e Are more than $100,000 and exceed 3% of the distributor’s distribution rate base;
e Exceed $5,000,000.
2. The total capital costs of all a distributor’s planned projects related to the connection of renewable
generation and/or the development of a smart grid over five years:
e Are more than $100,000 and exceed 6% of the distributor’s distribution rate base;
e Exceed $10,000,000.

Hydro Ottawa Limited does not meet the threshold for filing the Detailed GEA Plan and, as such, has
prepared this Basic GEA Plan. The Basic GEA Plan includes requirements for:

1. Current assessment of the distributor’s system; and

2. Planned evolution of the system to accommodate renewable generation

Hydro Ottawa Strategy

Hydro Ottawa Limited is fully supportive of the GEA and believes that the OEB’s approach of addressing
renewable interconnections as a primary focus is sound. We agree that, at this stage, Smart Grid (“SG”)
investments should be undertaken as the means to support the GEA objectives. There is an ever increasing
number of emerging Smart Grid technologies. Utilities must be both proactive and prudent in investigating
and deploying those that make sense for our customers and the Province in support the objectives of the Act.

Hydro Ottawa has spent considerable time considering the implications of the GEA, both the challenges that
it represents, and the great opportunities that it enables for utilities and their customers. Hydro Ottawa has
developed a GEA/Smart Grid strategy that considers Renewable and distributed resources Generation, Smart
Grid technologies, and Conservation and Demand Management (“CDM”). This strategy is being used to guide
the investments that we are considering and our decision making. The following excerpts provide an
overview of the Hydro Ottawa strategy:

“Hydro Ottawa is fully supportive of the Green Economy and Green Energy Act and will continue to
develop Smart Grid technologies. Hydro Ottawa will invest in ways that support the integration of
renewables into our system as well as into the overall Provincial Grid.

Hydro Ottawa will leverage a range of technologies, innovations and ideas to develop a responsive,
adaptive, self-healing system. Hydro Ottawa will integrate new generation, storage, switching,
protection and customer side technologies to enhance the reliability and flexibility of its system while
creating maximum opportunity to support renewable generation.
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Hydro Ottawa will leverage the system and its capabilities to support our customers and our
shareholder through increased flexibility, and options for helping them manage their costs. Hydro
Ottawa will continue to engage with our customers in growing the culture of conservation across the
service territory”.

To this summary Hydro Ottawa has added a number of guiding principles that are in alighment with the Act
and the OEB obijectives:

e The Strategy and its implementation are, and will be, aligned with and supporting of the Hydro
Ottawa Strategic Direction
e Hydro Ottawa will make investments that make good business sense
0 HOL will not invest for technology sake
0 HOL will invest in pilots and demonstration projects when it is appropriate to do so
0 HOL will invest in ways that optimize future expenditures and ensure appropriate value to
customers and shareholder
HOL will invest in ways that create opportunities, for HOL, its customers and employees
HOL will invest in ways that strengthen relationships with customers and the shareholder
HOL will lead rather than follow, and will do so prudently

O O O o

HOL views the GEA/SG Strategy as an opportunity to improve upon a good system

Hydro Ottawa believes that the GEA is good for the Province and should be leveraged by the LDCs to bring
maximum benefit to their customers.

Background and History
As the OEB is aware, Hydro Ottawa is the result of an amalgamation of six former municipal utilities. The

amalgamation allowed the utilities collectively to reach a size where scale economies could produce a net
benefit for the customers while allowing the organization to remain nimble and responsive. Several of the
predecessor companies had recognized the value of prudent deployments of technology in achieving
operational efficiencies while enhancing reliability and costs for their customers.

Before the term “Smart Grid” was first introduced, Hydro Ottawa was progressing on a journey towards a
smarter distribution system. In 1978, the former Ottawa Hydro was one of the first distribution utilities in
Canada to incorporate a fully computerized supervisory control and data acquisition (“SCADA”) system in all
of its substations. Through the 1980’s, Nepean, Gloucester and Kanata Hydro all introduced SCADA into their
distribution systems. Each utility, over time, introduced SCADA controlled switches on the overhead and
underground portions of their systems. Post amalgamation in 2000, a priority was placed on integrating the
operation of these systems. In 2005, all systems were converted onto a single SCADA platform. Today all 84
stations and over 100 distribution switches are monitored and controlled centrally by operators in System
Office.
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Other post amalgamation priorities were focused on improving the knowledge and insight about the
operation of the system. By providing more dynamic measurement and control capabilities, Hydro Ottawa
has been able to address the evolving needs of the customers and the Province. Among the investments that
Hydro Ottawa has made, and is making, there are many that we believe are fully aligned with the intent and
requirements of the GEA and the OEB Smart Grid requirements. These include;

e installation of over 290,000 Smart Meters

e the conversion of all distribution mapping records into electronic Geographical Information System
(“GIS”)

e format and the use of this information in an Outage Management System (“OMS”),

e installation of electronic faulted circuit indicators that indicate in SCADA

e the introduction of a comprehensive Enterprise Business (JD Edwards),

e the development of an industry leading Customer Information and Billing System (“CIS”),

e the introduction of mobile computing with real-time GPS vehicle tracking

e replacement of electro-mechanical relays with electronic relays

e installation of strategically placed SCADA controlled switches

e implementation of automated voltage control (Centrepointe Station)

e addition of SCADA data collection and presentment software (Pl Historian)to store SCADA data and
create reports

e integration of an Interactive Voice Response (“IVR”) call handling outage information with OMS

o development of automated outage text message system for internal and external use

e Innovation in Customer Care initiatives, e.g. NOW House, Pilot Solar Installations, PeakSaver,
Fit/microfit, etc.

e Evaluating Information Technology (“IT”) initiatives, e.g. corporate IT architecture strategy, corporate
communications strategy, JDE.
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3 Current Assessment

3.1 The Hydro Ottawa System

The following table outlines the general statistics and demographics of the Hydro Ottawa system.

2005 2006 2007 2008 2009
T 1,104 1,104 1,104 1,104 1,104
TotalaeteredlGUStomers 278,746 282,393 287,006 291,639 296,007
AOESEBIMEEEred Spuo‘?gg 44,932 46,355 49,722 50,971 54,428
Total Number of Substations
Used by HOL 92 91 92
HOL Owned/Co-owned 82 81 84
Used & not owned/co-owned 10 10 8
Total Circuit Length (km) 5,242 5,451 5,740 5,353 5,386
3;2 g::zﬂ:t 3,318 3,450 2,898 2,729 2,709
1,924 2,001 2,841 2,624 2,677
TatalNUmBeraHpales 44,600 46,761 51,582 49,201 48,699
Total Number of Transformers 38,553 38,676 40,106 40,096 40,691
Transmission ! ! ! ! !
Sub-Transmission 22 22 21 21 25
o 154 154 147 141 141
38,377 38,500 39,938 39,934 40,525
Total Number of U/G 3,300 3,300 3,100 3,156 3,006
chambers
System Peak-Summer (MW) 1,435 1,495 1,425 1,355 1,364
System Peak-Winter (MW) 1,361 1,249 1,324 1,268 1,268
Total Energy Delivered 7,927 7,724 7,865 7,867 7,785

(Purchased) (GWh)
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3.2 Current State of the System and Limiting Factors

3.2.1 Distribution System

Overall, the Hydro Ottawa system is sound and provides customers with cost effective, reliable service.
Hydro Ottawa’s reliability levels are among the best in the industry for utilities of comparable size, and
topology. While we continue to strive to improve the reliability levels, Hydro Ottawa does so with an
understanding that it is reaching a point where conventional technology solutions for improved reliability
(greater redundancy, greater use of underground cables, etc.) come with additional capital and maintenance
costs. Hydro Ottawa has done well in planning the system to match the growth requirements. As such, the
areas within the system where there are significant constraints during the peak are relatively few. While
constraints exist, they are known, well managed, and our current plans should ensure loading relief before
the constraints reach a concern level.

As the potential impacts of the GEA are examined in terms of the amounts and types of generation
connected directly to the Hydro Ottawa system, system loading does not emerge as a major obstacle to
effecting interconnections. In fact the interconnection of distributed resources (renewable generation and
associated storage system) is viewed as a potential tool for assisting in relieving system loading issues and
enhancing reliability. Hydro Ottawa believes that the right strategy and effective planning of the system can
leverage the connection of new resources and is actively seeking to build this into our planning. Hydro
Ottawa is actively identifying areas within the system where new resources would be highly preferred and
where we would seek to partner with developers and others to bring about the optimal level and type of
installation to meet the system needs while supporting the goals and objectives of the Act and the other
requirements of the utility.

Limitation of Viable Resource Types

The Hydro Ottawa service area is generally a mix of urban and rural. Given the local weather patterns and
space constraints, the service territory does not offer many opportunities for certain types of renewable
generation, most notably wind generation. For Hydro Ottawa to carry its share of the GEA objectives, it will
be necessary to rely more heavily on other types of renewable generation, primarily solar and bio-gas. These
types of generation are generally less energy intensive per installation; however, this is both a plus and a
minus. The positive is that a large number of smaller installations may be easier to absorb into the system
without major modifications (cost and time) than a larger centrally located plant or renewable generation
farm. The minus is that each installation, regardless of size, still requires coordination and project
management, adding to the personnel demands.

Having considered the limitation of generation types that are likely to be deployed in the Hydro Ottawa
system, and having studied other systems that have significant renewable penetration (Alberta, California,
Texas, Germany) there are some innovative opportunities within Hydro Ottawa’s system to support the
objectives of the GEA. In the other regions where there is a high penetration of renewables, notably wind,
solar and other intermittent resources, there is often an inefficient use of the energy that these sources have
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produced. In Alberta, it is common for the amount of wind energy available to exceed what the system can
absorb. As a result, the Alberta Electric System Operator (AESO) “shuts out” wind generation above certain
levels. In California, the wind generation tends to be greatest at night in the winter time (low electric peak,
and rainy season). The result is that California utilities often spill water at their hydro stations because there
is excess generation available from the wind resources. In both Texas and Germany the system operators
have begun running combustion turbines at part load to act as a back-up resource should the wind levels
diminish rapidly. We believe that each of these situations represents a pragmatic solution to the problem,
but it is, nonetheless, an inefficient use of the energy being generated. Many jurisdictions have begun
investigating the use of storage as a means of improving the efficient use of renewable energy while
enhancing the stability of the grid.

Given the nature of the Hydro Ottawa system and the customer base, there are many opportunities for
Hydro Ottawa to make use of distributed energy storage. There are a number of energy storage system types
that Hydro Ottawa is contemplating based on optimizing the needs of the customers and the objectives of
the Act. Over time, Hydro Ottawa can build or enable a network of distributed storage devices (some owned
by Hydro Ottawa and perhaps many owned by customers) that will provide a means of using the renewable
generation in the most efficient manner possible. Distributed storage systems can also: provide a range of
ancillary service to the grid operator for enhancing the stability and integrity of the grid; lower the costs of
peaking generation; support reductions in green house gas emissions; and lower the overall energy costs for
the host customer. While Hydro Ottawa may not be the logical site for large scale wind farms, and other
intermittent resources, it can do its part to ensure that the energy they produce is used in an efficient and
cost effective manner.

Radial System

The Hydro Ottawa system is a looped and radial system split between overhead and underground. This
system has served the customers well in terms of very good reliability at reasonable costs. The challenge
presented is that historically, radial systems were designed contemplating electricity flow in one direction
only. As such, the protection systems (primary and back up relaying schemes), safety procedures, and
operating procedures will all need to be updated to accommodate the connection of distributed resources
that create the potential for backflow into the system. This is by no means an insurmountable task, and
Hydro Ottawa has already begun the planning associated with making these changes. Hydro Ottawa believes
that disciplined proactive replacement of feeder protection with relays that can accommodate bi-directional
flow will ensure that it is able to respond readily to interconnection requests. Hydro Ottawa will need to
prioritize the number of annual relay replacements based on the likelihood of interconnection requests, the
anticipated volume of requests by area, and the availability of planning, engineering and field resources
necessary to undertake the replacements. Given the volume of relays involved and the other work
anticipated as a result of the GEA, Hydro Ottawa is expecting that the relay replacement program will be
executed over 5-7 years.
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The radial nature of the system also presents challenges with regard to reliability when there is a loss of
transmission service to any of our delivery points. Under these circumstances the topology supports only a
limited amount of redistribution of load to other substations on the system. The result is that many
customers remain without power until the supply outage is restored. The actions Hydro Ottawa proposes to
undertake to meet the objectives of the Act may provide the additional benefit of enhancing reliability in
these circumstances. The Hydro Ottawa response to the GEA includes proactive support and encouragement
for the installation of solar panels, bio-gas generation, residential based Conservation and Demand
Management (“CDM”), and a range of thermal and electric storage systems. These, combined with the
changes in switching and protection systems needed to enable the new resources, could enable Hydro
Ottawa operations personnel to undertake redistribution of load and non-critical load curtailments that are
not possible on today’s system. As these systems begin deploying in numbers, HOL will be able to leverage
them during supply outages to enhance its ability to restore service to customers ahead of the restoration of
the supply service. The combination of distributed resources, and the ability to curtail non-critical loads,
means that far less load needs to be shifted in order to restore power to the customers.

Hydro Ottawa also sees the potential to partner with essential services such as police, fire stations, hospitals
and clinics to serve as host locations for battery storage systems. This would provide a low cost
interconnection point (battery installed on customer side of the transformer) while providing power to the
essential services in the event of an outage on their feeder. The battery systems could be used in-lieu of, or
in combination with, their back-up generators. In either case, relying on the battery storage system would
reduce the Green House Gas (“GHG”) contribution from the back-up generator and would provide
instantaneous or continuous power.

Dual Secondary Winding Power Transformers

A significant obstacle to connection of large amounts of generation in the core area of Ottawa is posed by
technical limitations of dual secondary winding power transformers. This problem affects almost all of the 13
kV distribution areas in Ottawa. Research into remedies for this issue is proposed as part of HOL's efforts to
accommodate more generation.

In order to integrate additional generation in the system upgrades are required to alleviate issues such as:

Equipment short circuit ratings (particularly on the 13.2kV systems)
Bi-directional power flow measurements and protection upgrades
Voltage control

P wnNPR

Reactive power compensation at transmission delivery points

Resolution to some of the issues requires immediate attention such as bi-directional power flows; others are
longer term considerations and will be impacted by the penetration level of renewable sources within the
distribution system.
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Presently the distribution system limits for renewable generation connection capacity is based on the lowest

of either:
1. 50% of the feeder cable capacity; or
2. 50% of station bus loading, if not specified by Hydro One Networks Inc. (“HONI"); or
3. The limit specified by external drivers (HONI)

Tables showing the capacity of feeders in the Hydro Ottawa system can be found in Appendix B — Feeder
Capacity and tables of available station capacity by bus can be found in Appendix D — Available Station
Capacity

In addition to distribution system issues listed above there are also potential transmission system issues that
need to be evaluated and addressed by Hydro One Networks Inc.

3.2.2 Information Technology

IT and communications are integral to the implementation of the Act and Smart Grid. The need for real time
communications with generation and storage resources will be instrumental in optimizing the efficiency and
effectiveness of the system. For Hydro Ottawa and its predecessor companies, the last 10 years saw
significant expenditures in major IT projects. Typically, tactical IT investments aligned to strategic IT
architecture within an individual line of business. In general, there was agreement on a common architectural
vision and standards, and in many cases a similar selection process followed.

The next phase in IT development is the integration of many of these IT systems. For example, GIS/OMS
integrated with SCADA; CIS and Smart Meter data integrated with GIS/OMS and with Pl Historian; GIS
integrated with CYME (network modeling software); JDE integrated with GIS for project design estimates and
work order creation. The integration of the system will provide Hydro Ottawa and its customers with far
greater value from information and insight with which to make decisions. It is also likely that a great deal of
the information will be provided to the OPA and the IESO to enhance their ability to manage the Provincial
system.

Ultimately, the integrated Green Energy system enabled by Smart Grid will include end-to-end real time data
flow with predictive intelligence and complex event processing and adaptive control. To successfully achieve
this will require a comprehensive IT/communications strategy, a common architectural framework and
standards. This IT driven system will also require continued evolution and enhancements of enterprise-wide
cyber security. This in itself presents a challenge rather than a limitation to what can be accomplished.

3.2.3 HOL Organization

Hydro Ottawa, much like other LDCs, will experience significant technical/trades employee turnover in the
next ten years. An active apprenticeship hiring/development program is underway. The green economy and
smart grid environments have begun to influence the change in staff requirements. New positions have
evolved and will continue to evolve to address new technical, infrastructure, and operational issues.
Presently these new organizational positions are aligned with functional lines of business. However, going
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forward there will be a generally increasing need for IT skills across most positions. There will also need to be
a greater emphasis on learning as the technologies are emerging at a much faster rate than any other time in
electric utility history. The market structure is changing with addition of new roles and new entities and
there are a host of new requirements emerging from North American Electric Reliability Corporation (NERC)
and other similar organizations that are likely to have an impact on LDCs and their operations.

In order to address some of the technical, information technology and organizational limitations and
limitations, Hydro Ottawa Limited is proposing several initiatives as outlined in Section 4 Planned
Development.

3.3 Renewable Generation FIT Applications Connections

To date, Hydro Ottawa has received the application for 42 FIT projects through the OPA totaling 64.6 MW,
the breakdown is as follows:

Category Total Nameplate Capacity
Capacity Allocation Exempt — With OPA Contract 5,650 kW
Capacity Allocation Exempt — Without OPA Contract 996 kW
Projects > 500 kW 58,000 kW

Section 10 Appendix E — Fit Applications contains a map showing the geographic locations of the FIT
applications.

3.4 Current Expenditures Related to GEA Activities

Hydro Ottawa’s has a limited amount of current expenditures directly related to GEA activities.

In order to prepare for renewable generation connections to the distribution system, it is necessary to
develop the internal procedures to ensure each department understands its responsibilities and role. The
customer connection experience must be simple and expedient. The following issues must be addressed
within Hydro Ottawa.

e  Established a new customer service process when working with generators

e Ensure the proper meters are in stock to be installed

e Be able to collect accurate generating meter data

e  Accurately process the data for timely settlement with the IESO and the customer

e Integrate the data into our systems operation, OMS and GIS systems for proper visibility and
awareness

e  Provide accurate and timely reporting to the OEB
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Currently, Hydro Ottawa employs one full time person to coordinate and complete this work and plans are in
place to hire an additional full person in 2010. Expenditures are charged to a renewable generation deferral
account.

4 Planned Development— Accommodation of Renewable Generation

4.1 Anticipated Renewable Generation Connections

As a result of the promotion of distributed generation within the Ontario electricity system Hydro Ottawa
Limited has seen a significant increase in the number of customers and developers that are actively seeking
connections to the distribution system for generation purposes. Prior to 2008 Hydro Ottawa Limited had
approximately 30MW of distributed generation connected to the distribution system. Since then we have
received applications totaling approximately 100 MW of additional generation. Detailed in Appendix A is a
summary of the proposed generation additions by substation, received by the OPA in response to the launch
of the FIT Program. Many, if not all of the projects that have been proposed, will require modifications to the
distribution system to support interconnection. In several cases there is significant expansion work required
to accommodate the requests. Based on these known expressions of interest, HOL expects there will be a
growth in interconnection requests over the next five years. Given the limitations of the geography of the
HOL service area, most of these are expected to be small to medium size installations with a large percentage
being roof top solar (residential and commercial). However, there is currently connection potential for a
small number of large solar projects typically in the 10MW size, in the rural parts of our service area. With
the addition of more line extensions at either 28 of 44 kV this potential can be increased substantially. HOL is
actively looking at ways in which it can foster more interconnections of renewable resources and is
investigating the potential to enhance these through the introduction of distributed storage.

Based on the FIT projects received to date, HOL predicts that all of the Capacity Allocation Exempt projects
will go ahead in 2011, and
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4.2 Capital Initiatives - Renewable Generation Enabling Initiatives

Hydro Ottawa’s assessment of the system has identified a number of investments that will enable renewable
generation connections within the Hydro Ottawa system. HOL has worked to ensure that our view of these
investments is aligned with that of the OEB.

Specifically, a “renewable enabling improvement” is a modification or addition to the main distribution
system that is made to enable the main distribution system to accommodate generation from renewable
energy generation facilities and that consists of one or more of the following:

e moadifications or additions to allow for and accommodate two-way electrical flows, as opposed to
radial flow;

e moadifications to, or the addition of, electrical protection equipment;

e moadifications to, or the addition of, voltage regulating equipment; or

e the provision of protection against islanding (transfer trip or equivalent).*

An “expansion” means a modification or addition to the main distribution system in response to one or
more requests for one or more additional customer connections that otherwise could not be made, for
example, by increasing the length of the main distribution system, and includes the modifications or
additions to the main distribution system identified in section 3.2.30 but in respect of a renewable energy
generation facility excludes a renewable enabling improvement;

The following paragraphs outline details of the investments HOL is proposing in its filing for 2011. Where the
project/investments could or will span multiple years, planning level estimates of cost for the future years
have been included in the summary tables contained in the Executive Summary section of this Plan. This is
done to ensure that the OEB understands the potential magnitude of the project/investment. Hydro Ottawa
will refine the estimates for the future years based on the actual costs incurred during 2010 and 2011 and as
it gains experience with some of the newer generation and other technologies. Approval of funding for
future years will be sought during the appropriate filing process.

4.2.1 System Expansion 44kV Goulbourn

HOL is proposing to build, on a proactive basis, a new 44 kV line extension that would add significantly to the
DG connection capacity in south Nepean and Goulbourn. As discussed above, the HOL system has very few
pockets in which there are potential concentrations of renewable generation. Based on the inquiries from
customers and renewable generation developers, it is clear that the South Nepean and Goulbourn areas hold
the greatest promise for the HOL system.

The project would entail constructing approximately 10 km of 44 kV feeder on sections of existing overhead
pole line. The project would tie the South March 44 kV ASM3 feeder with the Nepean TS 22M25 feeder.

! Ontario Energy Board G-2009-0087 Guidelines: Deemed Conditions of Licence: Distribution System Planning
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New generation projects could be connected to Nepean TS, which currently has remaining connection
capacity of more than 110 MW. Presently connection capacity at South March is only 49 MW and under the
RESOP program there were several projects within Hydro One’s service area that were proposing connection
onto other South March 44 kV feeders. Our internal review and discussions have highlighted that none of the
proposed/potential generators is sufficiently large to justify the line extension. Rather than see this as the
barrier, Hydro Ottawa plans to move forward with planning and constructing the line as an enabler to
projects that might otherwise not be built or would be downgraded in size to fit within existing constraints.
This project would be carried out over 2011 and 2012 with planning and engineering work starting in 2010.

Capital Costs ($000)

Project Description 2011 2012 2013 2014 2015 Total
System Expansion 44 kV Goulbourn $1,360 $1,888 - - - $3,248
Total $1,360 $1,888 - - - $3,248

4.2.2 Protective Relay Upgrades — Enabling Bidirectional Power Flow

In many instances the addition of new Distributed Generation (“DG"”) projects will result in the reverse flow
of power along distribution feeders. This creates technical challenges related to the protection of Hydro
Ottawa’s lines and station equipment. Protective relaying replacements, or upgrades, will be required to
ensure that equipment owned by Hydro Ottawa, load customers, and generators will not be adversely
affected by DG installations.

One type of protection upgrade that will be needed involves reverse current flow sensing at transformer
stations. Circuit breakers on feeders with significant amounts of generation will need to be equipped with
protective relays that can differentiate between electrical faults on the feeder and faults within the station.
These enhanced relays must also ensure that a fault on one distribution feeder will not cause an outage to
customers connected to a different feeder fed from the same station.

A major concern of utilities is associated with an issue referred to as “unintentional system islanding”. This
can occur on a distribution system when the electrical load on a distribution feeder is comparable with the
amount of generation that is connected to that feeder. When the feeder breaker is opened by a system
operator, if there is a balance between the load and generation, then the load customers on the feeder may
continue to be supplied directly by the generator. This can result in serious under voltage or overvoltage
problems being experienced by these load customers. The islanding issue is even more problematic for the
utility and potentially for the generator. When the utility closes back into an “islanded feeder”, an out of
phase condition may exist that can seriously damage equipment and pose considerable risk to employees or
the public. To prevent these types of problems, utilities often require that an “anti-islanding” protection
scheme be implemented by all of the generators connected to a feeder, as well as by the utility at the supply
station. These types of schemes send a trip signal to the breakers at the generating facilities any time the
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utility’s feeder breaker is opened. This will ensure that no islanding situations can develop. Such schemes
require that a communications link be installed between the substation and the generator. This may be a
copper phone line, a fiber optic link, or some form of radio based system.

Planned for this initiative is the installation of relay upgrades at stations for which there are currently
significant amounts of proposed generation.

Capital Costs ($000)

Project Description 2011 2012 2013 2014 2015 Total
Protective Relay Upgrades S680 S$500 S500 $500 S$500 $2,680
Total $680 $500 $500 $500 $500 $2,680

4.2.3 Communication Infrastructure — Smart Grid Communication

HOL believes that it will need to significantly enhance the communication infrastructure within its system to
support the level of renewable resources being contemplated. The influx of distributed resources within the
distribution system will bring great benefits in terms of the objectives of the Act, and enhancing reliability if
the system can be monitored and controlled on a real time, dynamic basis.

This requires far greater communications capabilities than currently exist within the system. Without the
ability to collect real time operating information from the large number of renewable sources anticipated,
the risk of mis-operation of the system and worker injury increase significantly.

With improved communication infrastructure in place, Hydro Ottawa will be well positioned to expand its
fleet of Smart Grid automated distribution devices and sensors. This infrastructure will foster and enable
greater levels of embedded generation connections by providing an optional communication path for
generators to connect to the Hydro Ottawa protection and control system. The infrastructure will provide
flexibility to implement next generation protection schemes and control schemes (including automated load
restoration and localized islanding where distributed renewable resources and storage devices can provide
power to isolated sections of the system during localized and wide scale outages).

As part of the GEA initiative, Hydro Ottawa has developed a comprehensive multiyear plan to expand the
existing utility communication infrastructure. This expansion will increase available bandwidth, improve
communication coverage within Hydro Ottawa’s existing service territory, expand the flexibility of the
communication infrastructure, and provide redundancy and added reliability to the Hydro Ottawa
communication infrastructure.

In the first phase, Hydro Ottawa will install fiber optic cable from Hydro Ottawa Limited’s operations center,
through the Epworth TS substation, and ending at the Woodroffe TW substation. In addition fiber optic cable
would be installed from the operations center through the Longfields DS substation, the Barrhaven DS
substation, the Jockvale DS substation, and ending at the Fallowfield TS substation.
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These links will provide high bandwidth access to Epworth TS where Hydro Ottawa
will demonstrate future Smart Grid deployment using existing substation
equipment and new Smart Grid devices. Currently the SCADA fiber network is only

Merivale-Fallowfield Link

Merivale-Woodroffe Link

Total Distance (meters) 21,000 7,350
O/H Distance (meters) 20,000 7,000
U/G Distance (meters) 1,000 350
Number of Access Points 16 4
Capital Costs ($000)

Project Description 2011 2012 2013 2014 2015 Total
Fiber & Equipment Installation $317 $300 $300 $300 $300 $1,517
Total $330 $300 $300 $300 $300 $1,517

4.2.4 Electric Thermal Storage

Electric Thermal Storage (“ETS”) devices are storage units that utilize electric heating elements to heat a
thermal storage medium, usually ceramic bricks or paraffin wax, during non-peak hours so that lower priced
energy can be utilized in peak times. This system can be used in homes with electric baseboard, furnaces,
heat pumps or hydraulic systems. Thermal storage systems can be an effective means of optimizing the use
of renewable resources. The peak solar and peak wind periods do not coincide with the winter peak load
period. Using the energy generated by these renewable sources to generate heat that can be used during
the peak heating load period should help to increase the efficiency of the overall system and improve the
GHG profile of the system. Hydro Ottawa is proposing to undertake moderate scale pilots to analyze and
validate the relationship between the use of this type of storage and efficient use of renewable energy.
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These types of storage systems are a particularly important tool for customers with electric heat to be able to
manage the impact of time-of-use rates without a reduction in comfort.

Some of the most vulnerable customers with respect to the introduction of time of use rates are those with
low income and electric heat. Retrofitting heating systems from electric base board to a heating system with
an air handler can be very expensive as it requires the installation of an air or hot water distribution system
within the house which can be difficult in an existing building. In Ontario manufacturers estimated that the
ETS system operating costs will be about 40% less than standard electric heat.

Hydro Ottawa plans to target low income customers in homes with electric heat. The objectives for the pilot
will be to:

e Understand the economic and operational relationships between thermal storage and efficient use of

renewable energy,

e Gain an understanding about any barriers that exist that could limit the installation of these units
from both a landlord and a tenant or owner perspective,
Determine what can be done to overcome these barriers (keys to acceptance),
Identify best operating practices for occupants,
Develop education requirements, and

Identification of other associated opportunities for conservation, load shifting and demand
management.

Capital Costs ($000)

Project Description 2011 2012 2013 2014 2015 Total
Equipment & Installation $45 - - - - S45
Total $45 - - - - $45

4.2.5 Thermal Storage — Ice Systems

Through the use of thermal cool storage electricity demand can be reduced during summer peak periods by
creating cooling capacity during the off-peak periods. During off peak hours, ice is made and stored and then
used as a source for cooling during on peak times without operating energy-intensive chiller equipment. We
are proposing to support a number of customer funded pilots to analyze and validate the ability to use off
peak renewable energy as a means of reducing on peak cooling loads.

Thermal cool storage systems can typically reduce the size of chillers, pumps, heat rejection equipment,

piping, cooling coils and supply air fans. Total annual kilowatt-hours used are less when the system is
designed to take advantage of the low supply water temperature available from ice storage system.
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This pilot will be targeting —between four and six medium to large commercial customers with chilled water
conditioning systems in the 100 to 1,000 Ton size. This size range would include airports, offices, hospitals
and any other commercial application that has a central air conditioning plant.
Objectives of the program are to:
e Validate the ability of these thermal storage systems to make more efficient use of renewable
generation,

e Support the objective of lowering the GHG profile of the system by reducing the level of peak
demand,

e Facilitate the use of thermal cool storage in commercial applications to provide summer peak savings
and reduced customer costs, and

e Reduce the strain on the electricity system.

Capital Costs ($000)
Project Description 2011 2012 2013 2014 2015 Total
Equipment & Installation $45 - - - - S45
Total $45 - - - - $45

4.2.6 Electric Vehicle Program

Driven by a need to “green” the transportation sector and drive economic development, electric or plug-in
hybrid electric vehicles (“EV/PHEV”) are being developed at a more rapid pace for wide market
commercialization. The electricity grid must be prepared to meet this industry shift, and accommodate a
higher penetration of such vehicles.

The automotive industry is undertaking the introduction of more grid dependent electric vehicles. Research
organizations, in partnership with industry are innovating improvements to address gaps, deficiencies, or
enhancements. Standards organizations (building, electrical, automotive, etc.) are adapting their codes
accordingly. Legislative bodies are revisiting roadblocks to getting more of these vehicles on the road.

Complementing HOL’s Green Energy Strategy, HOL's objectives will be to:
1. Facilitate understanding of electric vehicles — application, benefits, drivability, etc. -- by its customers
and its employees,
2. Understand the benefits and impacts of electric vehicles specifically on its infrastructure, and
3. Promote best practice energy and demand management principles when dependent on the grid.
Beyond scope is influencing policy development.

HOL'’s electric vehicle program will consist of the following activities.

e Installing metered charging outlets at its facilities and potentially City or commercial facilities for
EV/PHEV use only.
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These charging outlets will be Level/Category 1 or 2 under this program.
e Purchasing a pure personnel electric vehicle to complement the hybrid fleet.
e Installing trial home charging units with suite-meters to encourage responsible (off-peak) charging.
e |dentifying fleet owners who have an electro-motive vehicle, and assessing their charging regime.

This activity would provide environmental benefit (air pollution, noise), health benefit (air pollution and
noise), and better utilization of energy (more efficient and cost effective operation), plus better use of off-
peak energy and asset utilization.

Capital Costs ($000)

Project Description 2011 2012 2013 2014 2015 Total
Install Level 1 & 2 Outlets at HOL $23 - - - - S23
Offices
Total s23 - - - - $23

4.2.7 System Modeling and Analysis Programs and Licensing

Connection of renewable generation and other distributed resources (“DR”) requires a higher degree of
planning sophistication than has been necessary in the past. In order to meet the requirements of the Act, it
will be necessary to enhance the capabilities of the distribution modeling and planning systems.

The first distribution systems were simple enough to lend themselves to a pen and paper design and analysis
exercise. As demands on the distribution system have grown over time, and more interconnections made,
analysis and development were aided by computer simulation tools. The next radical evolution of the
distribution system is distributed resources and Smart Grid technologies.

With addition of intermittent distributed generation, and concepts of self-healing, the complexity of planning
and operation of the distribution system becomes more complicated and without adequate planning,
analysis and scenario tools could result in compromises to reliability. Forecasting load net of generation,
developing restoration schemes, ensuring system stability, line worker safety and optimizing the distribution
system for integration of more renewable generation become formidable tasks in need of validated advanced
System Modeling and Analysis Programs.

HOL'’s first major step in advancing its analytical capabilities was deciding on CYME as the prime system
modeling and analysis program. The next significant step occurred in 2009 when HOL developed an interface
between the Intergraph Geographic Information System (“GIS”) and CYME Distribution Analysis Software to
provide the ability for engineering staff to accurately model the distribution system using CYMDIST Gateway.
CYMDIST Gateway provided a generic interfacing method with the libraries of Hydro Ottawa Limited’s GIS.
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Engineering staff must be equipped with better tools to assess the impact of DG on electrical networks. CYME
CYMDIST provide the ability to model all types of Distributed Resources including all electronically coupled
DG such as wind turbines (synchronous or induction), gas turbine (high speed), energy storage, photovoltaic,
etc. These enhanced DR/DG models are used in power flow, short-circuit, and transient stability studies.
CYMDIST also features a complete suite of DG models with their dynamic behavior, control functions and
protection systems. The added DR/DG resources are primarily electronically-interfaced DG resources and
other conventional resources used in DR/DG applications.

The CYMDIST Distribution Analysis program is designed for planning studies and simulating the behavior of
electrical distribution networks under different operating conditions and scenarios. It includes several built-in
functions that are required for distribution network planning, operation and analysis which will allow for
increased ability to evaluate and connect renewable generation to the distribution system.

The Smart Grid requirements necessitate integration of additional CYME modules to analyze system stability,
optimize restoration, reliability assessment and prediction, and forecast load net of generation. Thus, the
following integrated (and interdependent) modules are planned in support of HOL's ability to efficiently and
effectively meet the requirements of the Act (including the deployment of Smart Grid technologies) over the
next few years.

Network Forecaster — This module helps manage and plan distribution system expansion and
changes to help optimize the distribution system configuration for forecasted and planned renewable
generation. In concert with Switching Optimization and Single Contingency and CYMSTAB modules,
the planning options can be analyzed and validated and with necessary adjustments identified for
different operational scenarios.

Switching Optimization and Single Contingency — This module will be used to help optimize feeder
configuration to minimize losses, improve voltage profile, and balance load between feeders in
normal state with generation online, and in abnormal state due to distribution system interruptions
or generation being offline (unavailable).

CYMSTAB — Transient Stability Analysis module allows for simulation of the distribution system
stability as influenced by, for example, load shedding, load increase, generation addition and
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shedding, line switching, affects of protection and control operation, addition or removal of system
stability compensators.

Predictive and Historical Reliability Assessment — This module helps assess distribution system
reliability based on historical experience and also predict the reliability by protection zone and down
to the individual customer experience level. The assessment can be used to determine the potential
reliability enhancement or detriment posed by an integrated distributed generator or storage system
and also the impact of the distribution system on the up-time of the integrated distributed generator.

Capital Costs ($000)

Project Description 2011 2012 2013 2014 2015 Total
Network Forecaster S24 - - - - $24
Switching Optimization and Single S24 - - - - $24

Contingency

CYMSTAB S24 - - - - $24

Predictive and Historical Reliability S24 - - - - $24
Assessment

Total $96 - - - - $96

Operating Costs ($000)

Project Description 2011 2012 2013 2014 2015 Total
Network Forecaster - $6.25 $6.25 $6.25 $6.25 $25
Switching Optimization and Single - $6.25 $6.25 $6.25 $6.25 $25

Contingency

CYMSTAB - $6.25 $6.25 $6.25 $6.25 $25

Predictive and Historical Reliability - $6.25 $6.25 $6.25 $6.25 $25
Assessment

Total - $25 $25 $25 $25 $100
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4.3 OMA&A Initiatives
4.3.1 Funding Support for University Programs

Carleton University Engineering Department has approached Hydro Ottawa with a funding proposal for their
new lab in Sustainable and Renewable Energy Engineering (“SURE”) Program. The program is described on

the university website;

“Sustainable and Renewable Energy Engineering (SURE) is a professional discipline concerned with the
design, development, implementation, and improvement of the methods and systems used to generate

and distribute energy from sustainable and renewable sources.

The impact of existing patterns on global climate could well be the limiting factor to how long fossil
fuels can continue to serve a significant fraction of society's energy needs. It makes eminent sense,
therefore, to make every effort to conserve non-renewable fuels for use by future generations and to
control the global greenhouse effects. This has motivated the search for effective engineering
technologies to decrease energy use, enhance the efficiency of energy utilization associated with fossil
fuels and to change to renewable sources of energy such as solar, wind, tidal wave, biomass,

hydroelectric, and geothermal energy.

The SuRE program is designed to educate engineers to have the technical and analytical skills for
designing, building, and operating sustainable and reliable energy systems that link generation,
distribution, and end use in an environmentally efficient way. Students in the program will learn how to
apply quantitative analytical and design skills to solve problems in sustainable energy systems to
construct new components and systems for energy applications. The SuRE program includes a
combination of course work in mathematics, natural and life sciences, applied engineering science and

design, and non-technical elective courses.

Carleton University's Bachelor of Sustainable and Renewable Energy Engineering (B.Eng.) program

offers:

= Stream A: Smart Technologies for Power Generation and Distribution: emphasizes electrical and

computer systems engineering content with object-oriented programming and semiconductor
electronics in second year, computer organization and power electronics in third year, and
computer communications and solar cells and applications in fourth year.

= Stream B: Efficient Enerqgy Generation and Conversion: emphasizes mechanical and fluid

engineering content with graphical design and system dynamics in second year, engineering
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materials and fluid mechanics in third year, and heat transfer and thermo fluids for energy
systems in fourth year. “

The proposal is for Hydro Ottawa to provide funding and/or Smart Grid type equipment for the SuRE lab, to
facilitate training of the next generation of Smart Grid/Renewable Generation engineering professionals.

The university facilities and programs would also be a future resource for the education, training and

development of Hydro Ottawa’s engineering staff.

OM&A Costs ($000)
Project Description 2011 2012 2013 2014 2015 Total
Co-Funding of University Program $100 - - - - $100
Total $100 - - - - $100

4.3.2 Four Additional Staff Positions

In order to assist in the planning and deployment of Green Energy initiatives Hydro Ottawa is proposing to

create additional roles in Asset Planning and Conservation Demand Management.

OM&A Costs ($000)
Project Description 2011 2012 2013 2014 2015 Total
4 Additional Positions $400 $400 $400 $400 $400 $2,000
Total $400 $400 $400 $400 $400 $2,000

4.4 Direct Benefits for Customers

Hydro Ottawa is not proposing that any of the 2011 costs which are to be incurred to make eligible
investments for the purpose of enabling the connection of renewable energy generation facilities to the
distribution system will be recovered from provincial ratepayers rather than solely from our ratepayers.
Therefore it is not necessary to calculate the direct benefits accruing to Hydro Ottawa customers.

4.5 Prioritization Method

Projects will be prioritized to align with the overall intent of the FIT and micro FIT programs. Prioritization of
FIT projects is based on project application dates as well as ongoing status of the new development. Hydro
Ottawa Limited’s intent is to prioritize expansion and renewable enabling projects that will expedite the
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connection of projects that are “shovel ready”. To date project timeline information has not been made
available and so Hydro Ottawa Limited has not prioritized any of the proposed work.

4.6 Consultation with Affected Distributors or Transmitter

Consultation with the affected transmitter, Hydro One, is in progress; all relevant documentation will be
provided upon receipt. There are no other affected distributors.

4.7 OPA Letter of Comment

Consultation with the Ontario Power Authority (“OPA”) is in progress; all relevant documentation will be
provided upon receipt.

5 Future Outlook and Objectives

Hydro Ottawa’s objectives are to make prudent investments in the distribution system in ways that will
enable and foster greater interconnection of renewable resources and distributed storage in ways that
enhance the performance of the system for our customers and for the connected generators. Hydro Ottawa
is being proactive at recognizing the existing system limitations that impede our ability to respond quickly to
the interconnection requests, and working to remove those limitations. Specifically, HOL is planning on
actions that will allow us to reduce the amount of work and time required to honor interconnection requests,
described below.

e Proactively constructing new facilities to locations with known concentrations of renewable
generation potential thereby ensuring that the cost of expansion does not become a barrier to any of
the interested generation developers.

e Identifying locations on the HOL system where there is a system benefit and lower interconnection
costs.

e Improving system planning capabilities to be able to anticipate and model technical difficulties
related to interconnections and work to solve them before they become a barrier.

e Revising standards for protection systems to ensure that our protection systems are capable of
working with back feed from distributed energy sources.

e Proactively replacing protection systems ahead of the interconnection requests to ensure that they
do not become barriers or sources of delay in meeting interconnection requests.

e Revising operations and safety procedures to ensure that they anticipate the use of alternate energy
sources.

e Investigating energy storage systems that could enhance the ability of the system to make use of
renewable energy. Working with customers to identify customer based systems and identifying
systems that could be deployed by HOL.

e Collaborating with other LDCs, and the OPA to identify new technologies that can enhance the
system performance and enable greater renewable penetration levels within HOL's system and
within the Province.
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e Identifying strategies that can help reduce the costs of renewable generation and associated system
costs, to lower the economic barriers that now exist for many interested parties.

5.1 Smart Grid and Renewable Generation Enabling Initiatives (2012-2015)

Hydro Ottawa has identified a number of potential projects/investments that could be undertaken in the
2012-2015 time frames. HOL is proposing to carry out further investigation and analysis during 2010 and
2011 to determine which, if any, of these possibilities warrants inclusion in future GEA filings. HOL is
including a brief discussion of these potential initiatives to provide the OEB with a view to the current
thinking within HOL regarding what could, or might, be needed in the future to support achieving the
objectives of the GEA.

5.1.1 STATCOM & Smart Wires

HOL is contemplating a large number of renewable generation and storage interconnections within its service
territory over the next several years.

Since many of these connections are associated with IESO controlled grid connection points whose
requirements are specified by the IESO. More specifically the IESO Market Rules and Manuals define the
IESO-Administered Markets and describe how they will operate. With reference to the Market Rules,
Chapter 4, Appendix 4.3 Requirements of Connected Wholesale Customers and Distributors Connected to the
IESO-Controlled Grid, “Connected wholesale customers and distributors connected to the IESO-controlled grid
shall operate at a power factor within the range of 0.9 lagging to 0.9 leading as measured at the defined
meter point.”

Given the present and future loading of many of these stations Hydro Ottawa will not be able to meet the
technical requirements set forth by the Market Rules and will need to provide reactive power compensation
in order to maintain a power factor within the range of 0.9 lagging to 0.9 leading.

Solar power, particularly from PV sources is extremely variable (100% to near zero generation common with
cloud cover) and therefore the application of fixed reactive power compensation (capacitor banks) is not
possible. New grid interfacing power electronic solutions will be needed that can provide reactive power
under rapid control to ensure Grid connection requirements are met. This will allow higher than predicted
penetration of renewable generation without compromising grid integrity and quality.

Hydro Ottawa Limited is proposing the investigation of a static synchronous compensator (STATCOM) to
provide dynamic reactive power support and increase the available connection capacity of the facilities so
that it can accommodate the connection of the non-scheduled renewable generation.

Smart wires are a similar device that allows system operators to vary the reactance of the lines, thereby
redistributing load throughout the system without the need for switching actions. The use of these devices
could allow the HOL system to be run in a less radial configuration without the risk of inadvertent overloading
of lines during contingency situations. It would also create a more dynamically operable system which could
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enable a greater number of renewable interconnections than might otherwise be technically viable on the
conventional system.

HOL is proposing to investigate the use of these devices on its system to determine their ability to support
greater networking of the HOL system to enhance its ability to connect renewable generation while
enhancing reliability.

5.1.2 Fault Current Limiters

With the increase in the level of generation on the grid, comes an increase in the amount of current that can
flow during fault conditions. The fault current levels on all systems across North America are increasing, due
in part to new renewable resources being added to the grid, and in part due to reliability requirements that
result in more and stronger interconnections within and between systems.

Substation and line equipment (breakers, circuit switchers, bus work, etc) are designed to withstand a pre-
determined level of fault current. Most of the distribution substations were designed at a time when today’s
growing levels of fault current were not contemplated. As a result, many utilities across the industry are
facing the need to replace circuit breakers and other substation equipment because the fault current levels
will exceed the equipment ratings. In most cases the equipment being replaced has not been fully
depreciated and, were it not for the fault current levels, would have many years of technical life remaining.
The projected economic cost to the industry for pre-mature breaker replacements due to fault current levels
is significant. While there are conventional solutions to this problem, most are no longer viable due to the
technical or operational implications that they produce. (An example: one conventional approach is to open
the ties between stations and busses. This reduces the amount of current that can flow into the fault. The
side effect is a reduced level of reliability and system integrity through the deliberate isolation of sections of
the system.)

In response to this pervasive problem, industry, research organizations and equipment manufacturers have
developed Fault Current Limiters (“FCL”). Most FCL technologies make use of superconducting materials.
The FCLs are passive during normal conditions and allow current to flow unimpeded. When the current
through the FCL reaches a certain threshold (signifying a fault condition) the properties of the
superconducting material change and immediately begin limiting the amount of current that can flow. The
FCLs do not eliminate the current flow; they merely restrict it to levels that are within the operating limits of
the existing circuit breakers. Judiciously deployed, one to two FCLs can eliminate the need to replace an
entire substation’s breaker fleet.

HOL is proposing to investigate this technology, studying the results of the pilot projects undertaken by other
North American utilities to determine what role these devices could have in the HOL system over the next
five to ten years. No budget has been included at this time.

Hydro Ottawa Internal Use Only 27 02.06.2010




Green Energy Act Basic Plan
In Support of the Green Energy and Green Economy Act

5.1.3 Localized Battery Storage

HOL is proposing to investigate a range of electric battery storage systems. HOL believes that in the future,
these systems will be a strong compliment to renewable generation. Our investigations to date have
indicated that in addition to providing a means of storing renewable energy for on peak use, they can be used
to enhance reliability and stability of the gird. There are indications that battery systems can provide very
effective ancillary services that could be provided to the IESO. Battery systems could also be used to replace
or supplement standby generators in existing locations, further reducing GHG production. Over the course of
2010 and 2011, we will be identifying potential applications for battery storage systems and identifying
potential pilot projects either in conjunction with customers or in conjunction with OPA or the IESO.

5.1.4 Automated Switching & Sectionalizing

Automated switching and restoration has the potential to substantially reduce the “Customer Minutes of
Interruption” (“CMI”) (a key performance indicator) by restoring service immediately after a fault. This
technology is currently being proven on conventional present day distribution systems. Looking forward,
when combined with alternate sources such as distributed energy or battery storage systems there is the
potential to provide distribution restoration processes with new options when managing restoration of
outages. This technology also greatly enhances the reliability of the system by speeding up reconnection and
restoration of customers after localized outages. The automated switching capabilities allow the system to
quickly and dynamically reconfigure the system to restore the maximum number of customers possible while
the underlying outage is being repaired. This allows trouble crews to focus on the repairs and minimizes the
amount of manual switching that they are required to perform prior to beginning repairs.

HOL is proposing to investigate enhancing the level of switching on the distribution system. This would
include the use of automated switching and sectionalizing capability. With these technologies in place, the
HOL system would become more adaptive allowing dynamic system configuration to better match load and
distributed resources, thereby reducing system losses and enhancing reliability. As the capability evolved, we
can foresee the time when the system could be configured to support deliberate islanding during
transmission outages. Under this scenario, the system would be able to gauge the level of renewable
generation and storage available in various parts of the system and automatically reconfigure the system to
maintain supply to critical loads/load centers using the resources embedded within the distribution system.

HOL will be undertaking analysis of its system to identify logical approaches to increasing the amount of
automated switching in the system. This will need to be done in conjunction with the planning for renewable
resource interconnections and with an understanding of where and when various storage technologies will
be deployed throughout the system. At this time no budget has been included.

Potential areas for studies are generally located outside of the core are and include the high growth areas of
South-Nepean, Kanata and Orleans.

South Nepean
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The South-Nepean area has experienced some of the highest growth rates over the last few years and serves
a significant number of customers, with a large portion dedicated to residential. Reliability in this area has
been of concern due to lengthy outages to large groups of customers, extended by the inability to restore in
an acceptable timeframe. Recently, the
feeders in this area have been identified as
some of the worst performing feeders in the
system.

Presently, there are two 5 MW distributed
generators that feed into the area making up

Demand Response
*Increased Control of load
*Empowerment of the customer

Energy Storage
*Providing Peak Shaving

approximately 15% of the peak demand.

4 station Generation

Proposals for additional generation have

Trail Road &

Automated Switching
Generator

*Remotely operable switches are
n; ’l /‘ configured to automatically isolate
3 e fault line sections.

been received by Hydro Ottawa, totaling 30

MW of capacity.

Through the extension of the distribution

system and the installation of automated switching devices, the opportunity exists to develop a portion of
the distribution system into a progressive “smart grid” that can showcase advanced restoration schemes and
the integration of renewable generation and energy storage.

The addition of capacitor banks to provide end of line voltage support, it will enable the lowering of system
voltage at the substation reducing overall load, and increasing system efficiency.

Kanata

The majority of the Kanata area is currently being served by Kanata MTS, Marchwood MTS and Bridlewood
MTS, all of which are 27.6 kV stations. Reliability in this area has improved considerably over the last five
years mainly due to system upgrades and reconfiguration. With additional automation the operation of the
system can be further improved by reducing the extent and duration of outage events.

East Ottawa and Orleans

The Orleans area is comprised of a ‘f
significant number of customers, with a l
large portion dedicated to residential.
Reliability in this area has been of concern

due to lengthy outages to large groups of )
. - NUoly
customers, extended by the inability to Increased Restoration Speed
. . *Fault Causes Line Protection to
restore in an acceptable timeframe. Operate, "
L. . . *Smart Switches and FCls report to ey 1
Similar to South Nepean the feeders in this operators, allowing location of the ¢ 7 3
fault, > ~.
*System is then remotely operated, to ’.1"’ 7= = "._
restore the majority of ¢
*Line Crew is then dispatched to the
faulted line section.
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area have been identified as the worst performing feeders in the system.

The East Ottawa area, which is currently served by an 8 kV system, is supplied by a 44kV sub-transmission
system. Outages on the 44 kV system require manual restoration which results in long outages affecting
large numbers of customers. Reconfiguration the 44 kV supplies through the stations and the installation of
advanced smart protection systems will enable the introduction of the ability to remotely switch between
alternate 44 kV supplies. With this arrangement, the duration of any outage will be significantly reduced.

5.1.5 Enhanced System Data Connectivity

The promise of a Smart Grid is flexibility for more integrated Distributed Renewable Generation and Storage,
reduced outage impact, plus informed and empowered consumers over their usage. The affect is a more
dynamic distribution system that will be much more challenging to manage than the present traditional one.
Real time information will be needed from the distributed energy resources, and customers will likely be
asking for greater visibility and control of the loads within their home. As such, necessary information
derived from masses of data from many field devices will help operators, maintainers and planners cope and
become confident in their decision making, and for customer service will help in providing better and timely
information. The collecting, culling, storing, analyzing, and sharing of the data and presentment of the
information amongst many applications and with internal and external (OPA, customers, IESO) entities
clearly, contextually, concisely and timely is pivotal.

The current data connectivity and data management will need to be enhanced in order to facilitate effective
coordination and of the renewable and distributed resources connected to the system.

Per the Enabling Tomorrow’s Electricity System: Report of the Ontario Smart Grid Forum (2009): “Investment
made in communications, computers systems and enterprise integration will help build-out the smart grid.”
“Data produced will need to be accessible to and usable by a variety of distribution utility computer systems
including those that control the system, map and locate system equipment, manage outages, handle meter
data and billing, and maintain customer information. Enterprise integration, which allows these systems to
access the data they need from a common source, using a common format and integrating them through
common service architecture, will be necessary for distributors to achieve the full functionality of a smart
grid.9”

For clear real-time view into and operation of the distribution system and the associated distributed energy
resources, HOL will require a distribution operating system (or “console”) for directing activity through
SCADA'’s interface with distribution equipment. The outcome would be an efficient display of operational
data, plus ability to do real-time power flow analysis and day-to-day “what if” analysis for restoration and job
planning when operating the system. This is critical to ensuring that the HOL does not impact the output of
the renewable generation resources any more than is absolutely necessary.

For planning, expanding and maintaining the distribution system network and assets, HOL will need
application integration with intelligence that supports business rules like loading limits, maintenance triggers,
and operating constraints. The outcome will be efficient and effective transfer of data between applications
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with context of the actual system configuration at the time the data was collected. This improves the
relevance of the data to the undertaken analysis.

HOL is proposing a multi-year initiative that involves assessing the data connectivity model and implementing
the pragmatic solutions that achieve the desired functional outcomes.

5.1.6 Thermal Storage — Water Heaters

Hydro Ottawa will be investigating the use of water heaters (residential and commercial) as a means of
thermal storage. There are several interesting studies and white papers that suggest that introduction of
centrally controlled electric water heaters installed in conjunction with the existing water heaters (most often
gas, propane or oil fired) could add a cost effective storage option to the Provincial system. These water
heaters could be used to absorb off peak renewable generation that would then displace the use of fossil
fuels for water heating. There are also suggestions that dynamically controlled distributed thermal storage
devices could be used to moderate the effects of intermittent resources. Since the devices can be turned on
and off without any impact to the customer they could be used to absorb excess renewable generation and
could be shed if there were a sudden fall off of the generation (as was the case in Alberta and Texas). The
industry discussions suggest that a range of benefits could result from the use of this type of localized
thermal storage:

e Reduced GHG foot print for water heating

e Better use of renewable energy

e Enhanced grid stability from dynamically controllable/dispatchable load
e Better management of customer energy costs

5.1.7 Home Area Networks & In-Home Displays

Home Area Networks (“HANs”) may include devices that can display various types of real-time and historical
customer use data; devices that shed loads within the home or building as part of a demand response
program; or devices that monitor and control various consumer home automation devices through a relay.

In-home display (“IHD”) can provide for real time display of home energy consumption down to the individual
appliance level. IHD can also be used to provide messages and information from the utility to customers
about things like demand response or critical peak pricing information.

Both in-home displays and home area networks are key components to the Smart-Grid that will allow energy
efficiency and demand response within residences.

While these systems are not required to support interconnection of renewables, their presence in the system
enhances the ability of the distributors and the OPA to make effective use of the renewable generation and
distributed resources. Coordination of the distributed resources in conjunction with customer demand
management and parasitic load control, allows the system operators to optimize system flows, reducing
losses and enhancing system reliability, while creating greater opportunity for customers to make choices
about their energy usage that better leverage the use of available renewable resources.
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HOL is proposing to collaborate with OPA and will augment the OPA program with features and functionality
that support the LDC and customer needs beyond those identified as critical to OPA. This pilot will allow us
to evaluate different technologies for communication, control and display as well as customer acceptance,
costs and performance.

Pilot Objectives - This pilot of about 500 customers is designed to achieve the following objectives:

e Demonstrate and test various HAN and IHDs in different locations of Hydro Ottawa’s territory
e Build local capability to provide and install these devices as well as in the operation and control of
them

e Provide opportunities and test markets for these devices to provide customers with the information
and tools to best manage time-of-use rates

e Enable the utility and the customers to partner in making better and more efficient use of green
energy through time shifting of loads and reduction of energy waste.

The targeted results will be customer ability to control their loads, reduced stress on the utility system
through conservation, efficiency and control that will allow for the integration of renewable energy systems.

5.1.8 Variable Speed Pool Pumps

HOL is proposing to investigate the potential for introducing a variable speed pool pump program. This
would be akin to other equipment replacement programs that have been undertaken in the Province. The
aim would be to replace existing constant load pumps with variable speed/variable load pumps. The
potential advantage is that variable speed pumps can be used to provide the necessary levels of water
circulation but can be controlled such that they are operating at reduced load levels during the peak. Many
customers are unwilling to shut off their pool pumps during load shedding events for fear that stagnation of
the pool will increase the likelihood of algae growth. With variable speed pumps, the water and chemicals
will still circulate but at a lower rate with lower demand placed on the electric system.

5.1.9 Smart Panel Boards in New Homes

HOL is proposing to investigate the introduction of Smart Panel Boards in new homes. Smart Panel boards
enable remote switching of individual circuits within a panel board. Used in conjunction with a HAN or other
similar system, customers could set up switching patterns that allow them to shut down parasitic loads
(televisions, computer work stations, entertainment centers) when they are not in use or the home owners
are away. HOL believes that there is great potential in this and other similar technologies in terms of
fostering far greater levels of conservation than are practicable in today’s technology limited homes.

5.1.10 Financing of Solar Installations for Non-Profit and Governmental Entities

HOL has identified the cost of solar installations as a barrier for governmental agencies (Provincial, Federal
and City) and non-profit organizations. Often, these entities have adequate or optimal roof tops but lack the
capital necessary to fund the installation. During 2010 and 2011, HOL proposes to investigate a range of
options that would allow HOL to provide financing, or similar support, to these entities thereby enabling
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them to benefit from the Provincial solar initiatives. At this stage we are not certain how HOL could
effectively provide this type of support, so no budget has been included.

5.1.11 GEA and Smart Grid Education Initiatives

At this point in time HOL believes that its staff is capable of carrying out the work being contemplated in the
2011 plan. However, the growth in the number and type of new technologies (both utility side and customer
side) emerging in the market will begin to create a knowledge gap if HOL (and other LDCs) do not focus
proactively on enhancing the training for their existing personnel and new hires. HOL has identified a
number of initiatives related to education that we believe are fully consistent with the OEB directives.

“At the present time, the legislative and regulatory framework regarding the development and
establishment of the smart grid is still under development. Most importantly, the objectives,
interoperability requirements and technology standards for the smart grid are not currently known. For
that reason, the Board will for now limit amounts that can be recorded in the “Smart Grid Capital Deferral
Account” and the “Smart Grid OM&A Deferral Account” to expenditures associated with the following
(which are discussed further in section IV below):

e smart grid studies or demonstration projects;
e smart grid planning; and
e smart grid education and training.’

5.1.12 Staff Education and Training

With the increased focus and development on Smart Grids and the associated new technologies staff training
and development is seen as a key component in Smart Grid implementation. The requisite knowledge and
skill requirements for the electrical and power system workforce are changing and as a result staffs need to
stay qualified to operate, engineer and apply emerging short and midterm smart grid technologies. Across
the industry, and within HOL, the majority of existing staff are preparing for retirement in the next five to
eight years. Additional staff will be required. The education system across North America has not kept pace
with the growing need for providing adequate distribution system fundamentals, nor has it moved quickly to
incorporate education and training related to the emerging technologies. This will leave utilities with a
knowledge and training gap that they will have to close. A combination of formal training programs and
conference attendance will be required to stay current with the new and emerging technologies. The rate of
technology development is such that often the only venues for gaining an understanding of the technology,
its application and its potential impacts are at industry conferences. Many of the technologies that have the
highest impact are not conventional utility technologies, they are renewable resource technologies. These
tend to be developed and implemented often ahead of the industry’s ability to create formal education and

’ Ontario Energy Board G-2009-0087 Guidelines: Deemed Conditions of Licence: Distribution System Planning
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training programs. Attending a range of industry conferences, in addition to formal training and education
programs will provide our staff with the ability to understand the emerging technologies and to be prepared
to respond in a productive manner as these technologies begin emerging on the HOL landscape. A
combination of diverse conference attendance, combined with internal knowledge sharing from the
attendees will allow HOL to use the limited education funding and hours most effectively.
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6 Appendix A - Summary of FIT Applications

As a result of the promotion of distributed generation within the Ontario electricity system Hydro Ottawa Limited has seen a significant
increase in the number of proponents that are actively seeking connections to the distribution system for generation purposes. Prior to
2008 Hydro Ottawa Limited had approximately 30MW of distributed generation connected to the distribution system. Since then we
have received applications totaling approximately 100MW of additional generation. Many, if not all of these projects, require significant
expansions to the distribution system.

Station Proposed New Generation (kW) Existing Generation (kW) Total Generation (kW)
Albion TS 250 0 250
Alexander DS 6,535 0 6,535
Bilberry Creek TS 70 0 70
Blackburn MS 125 0 125
Bridlewood MTS 250 0 250
Bronson SB 250 0 250
Casselman MS 110 0 110
Clyde DS 40 0 40
Cyrville MTS 450 0 450
Fallowfield 550 10,000 10,550
Hawthorne TS 20,210 5,000 25,210
Hinchey TS 5,735 1,500 7,235
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Jockvale DS 500 0 500
Kanata MTS 650 0 650
King Edward TS 135 0 135
Leitrim MS 30,000 0 30,000
Limebank MTS 10,070 0 10,070
Lisgar TS 5,600 16,000 21,600
Manotick DS 996 0 996
Marchwood MTS 65 0 65
Merivale DS 20 0 20
Overbrook TS 425 0 425
Parkwood Hills DS 85 0 85
Russell TS 374 0 374
Slater TS 16,800 0 16,800
Stafford Road DS 485 0 485
Startop DS 141 0 141
Uplands MTS 65 0 65
Woodroffe UW 60 0 60
Total 101,046 32,500 133,546
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7 Appendix B — Feeder Capacity for Feeders with OPA Applications

Feeders for which the OPA have received one or more applications from renewable generators under the FIT program.

Station Name Station Low Voltage Breaker Name Feeder Name Cab:iszf;if;o?;ﬁng
Albion TA 13.2 kV TAO8 TA1AQ 425
Blackburn MS 8.32 kv 4F4 4F4 475
Casselman MS 8.32 kv V11-F1 V11-F1 340
Clyde UC 4.16 kV uco3 uco3 340
Fallowfield DS 27.6 kv 606F1 606F1 460
Hinchey TH 13.2 kV THO8 TH1UL 425
Kanata MTS 27.6 kv 624F1 624F1 505
Kanata MTS 27.6 kv 624F2 624F2 505
Limebank MS 27.6 kv 7F2 7F2 455
Leitrim MS 27.6 kv 49F2 49F2 455
Marchwood MS 27.6 kv MWDF3 MWDF3 505
Merivale MS 8.32 kv 72F7 72F7 510
Munster DS 8.32 kV 43F2 43F2 340
Munster DS 8.32 kV 43F3 43F3 340
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Station Name

Station Low Voltage

Breaker Name

Feeder Name

Cable Design Rating
(As of Jan 2010)

Overbrook TO 13.2 kv TO43 TO2UT 425
Overbrook TO 13.2 kV TOS50 TRO2UQ 425
Overbrook TO 13.2 kV TO37 1807 425
Parkwood Hills DS 8.32 kv 190F2 190F2 505
Riverdale TR 13.2 kv TR11 TRO2UQ 425
Russell TB 13.2 kV TB09 5306 425
Russell TB 13.2 kV TB14 TB14 425
Stafford Road DS 8.32 kv 200F2 200F2 390
Stafford Road DS 8.32 kv 200F3 200F3 390
Startop MS 8.32 kV 6F1 6F1 420
Uplands MS 27.6 kV Q4801F8 Q4801F8 505
Woodroffe UW 13.2 kv uwo7 uwo7 340
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8 Appendix C - Feeder Capacity for Feeders Connected to Bulk Power System
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Station Name

Station Low Voltage

Breaker Name

Feeder Name

Cable Design Rating

Albion TA 13.2 kv TAO1 TA3AQ 425
Albion TA 13.2 kV TAO2 2204 425
Albion TA 13.2 kV TAO3 TA1JP 425
Albion TA 13.2 kv TAO4 TA1AF 425
Albion TA 13.2 kv TAO5 TA3AF 425
Albion TA 13.2 kV TA06-2201 2201 425
Albion TA 13.2 kV TA06-2205 2205 425
Albion TA 13.2 kv TAO7 TA2QZ 425
Albion TA 13.2 kv TAO8 TA1AQ 425
Albion TA 13.2 kV TAO9 2206 425
Albion TA 13.2 kV TA10 TAl1UZ 425
Albion TA 13.2 kv TA11 UAT1 425
Albion TA 13.2 kv TA12 TA3AE 425
Albion TA 13.2 kV TA13 2209 425
Albion TA 13.2 kV TAl4 TA1AN 425
Albion TA 13.2 kv TA15 TA2AF 425
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Station Name Station Low Voltage Breaker Name Feeder Name Cable Design Rating
Albion TA 13.2 kV TA16 2210 425
Albion TA 13.2 kV TA17 TA2AN 425
Albion TA 13.2 kV TA18-2207 2207 425
Albion TA 13.2 kv TA18-TA2AE TA2AE 425
Albion TA 13.2 kv TA19 2208 425
Albion TA 13.2 kV TA20 TA1A) 425
Albion TA 13.2 kV TA21 2203 425
Albion TA 13.2 kv TA22 TA3UA 425
Albion TA 13.2 kv TA23 UAT2 425
Albion TA 13.2 kv TA24-2202 2202 425
Albion TA 13.2 kV TA24-TA3UZ TA3UZ 425

Bilberry Creek TS 27.6 kv 77M1 77M1 460
Bilberry Creek TS 27.6 kv 77M2 77M2 460
Bilberry Creek TS 27.6 kV 77M5 77M5 505
Bilberry Creek TS 27.6 kV 77M6 77M6 505
Carling TM 13.2 kv T™MO01 307 425
Carling TM 13.2 kv T™MO02 SMT2 425
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Station Name

Station Low Voltage

Breaker Name

Feeder Name

Cable Design Rating

Carling TM 13.2 kV TMO03 SMT3 425
Carling TM 13.2 kV TMO04 TM2SB 425
Carling TM 13.2 kV TMO5 302 425
Carling TM 13.2 kv TMO6 TMA4SB 425
Carling TM 13.2 kv TMO7 TM1AK 425
Carling TM 13.2 kV TMO8 TM1SH 425
Carling TM 13.2 kV TMO9 TM3SH 425
Carling TM 13.2 kv TM10 TM2AD 425
Carling TM 13.2 kv TM11 301 425
Carling TM 13.2 kV TM12 304 425
Carling TM 13.2 kV T™M17 305 425
Carling TM 13.2 kv TM18 TM2AK 425
Carling TM 13.2 kv TM19 TM2UC 425
Carling TM 13.2 kV TM20 SMT4 425
Carling TM 13.2 kV TM21 TM1UJ 425
Carling TM 13.2 kv TM22 306 425
Carling TM 13.2 kv TM23 TM1AH 425
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Station Name

Station Low Voltage

Breaker Name

Feeder Name

Cable Design Rating

Carling TM 13.2 kV TM24 TM1DK 425
Carling TM 13.2 kV TM25 303 425
Carling TM 13.2 kV TM26 425
Carling TM 13.2 kv T™27 TM3SB 425
Carling TM 13.2 kv T™M28 TM3UC 425
Carling TM 13.2 kV TM29 TM1AD 425
Carling TM 13.2 kV TM30 TM2SH 425
Carling TM 13.2 kv T™M31 SMT1 425
Carling TM 13.2 kv TM32 TM1UC 425
Centrepointe DS 8.32 kV 87F1 87F1 505
Centrepointe DS 8.32 kV 87F2 87F2 505
Centrepointe DS 8.32 kv 87F3 87F3 505
Centrepointe DS 8.32 kv 87F4 87F4 505
Centrepointe DS 8.32 kV 87F5 87F5 505
Centrepointe DS 8.32 kV 87F6 87F6 505
Centrepointe DS 8.32 kv 87F7 87F7 505
Centrepointe DS 8.32 kv 87F8 87F8 505
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Station Name

Station Low Vo