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D1 Asset Management Process Overview

Section D of the Distribution System Plan (“DSP”) details Toronto Hydro’s asset management process,

which is the systematic approach the utility uses to:

e Collect, organize, and assess information on its physical assets and current and future
operating conditions;

e Assess the utility’s business priorities and customer focused goals and objectives in relation
to its assets; and

e Plan, prioritize, and optimize expenditures on system-related modifications, renewal,

operations, and maintenance, and on general plant facilities, systems and apparatus.

Toronto Hydro’s primary asset management process is its Asset Management System, which
addresses all distribution system assets and is referenced throughout the DSP as the “AM System”,
“AMS” or “AM Process”. The utility’s processes for non-system (i.e. general plant) assets are
generally aligned with the AMS, relying on many of the same principles, inputs, and evaluative
frameworks. However, as there are subtle but relevant differences between the distribution system
and general plant processes, Toronto Hydro has included separate, supplemental sections dedicated
to the particulars of the asset management processes for general plant assets. Overall, Toronto

Hydro has the following major asset management areas:

1) Asset Management System (“AMS”) for distribution assets;
2) Information and Operational Technology (“IT/OT”) Asset Management; and

3) Facilities Asset Management.

The processes and details for each of these asset management areas are provided in the following

sections:

e Section D1 provides an overview of the asset management strategy and planning process for
distribution assets, including the translation of corporate and stakeholder requirements into
asset management objectives for the distribution system as well as for the AM system. This
section also describes the asset management strategy, including continuous improvement
initiatives that have been completed or commenced, with an emphasis on initiatives in the
period since the OEB's December 19, 2019 decision on Toronto Hydro's 2020-2024 Custom
IR application.
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e Section D2 describes the current state of the distribution system based on asset
demographics, system configurations and various observable features of Toronto Hydro’s
distribution service area, including expectations for the continuing evolution of these
features over the forecast period and beyond.

e Section D3 describes Toronto Hydro’s asset lifecycle optimization practices that aim to
balance asset cost, risk and performance.

e Section D4 describes the changing energy landscape, how Toronto Hydro developed its
Future Energy Scenarios, and how that work has shaped its 2025-2029 load, generation, and
Non-wires Solutions related capital investment.

e Section D5 describes Toronto Hydro's Grid Modernization Roadmap that aims to adapt the
distribution system and operations to the evolving needs of the energy landscape.

e Section D6 describes the asset management approach for facilities assets.

e Section D7 describes Toronto Hydro’s plan to achieve Net Zero for direct greenhouse gas
emissions from its operations by 2040.

e Section D8 describes the asset management approach for IT/OT assets.

In addition to the major areas listed above, the utility also utilizes a robust approach to the
management of its fleet assets, described within the Fleet and Equipment capital program in Section
E8.3 of this DSP.

The various asset management processes provide the architecture for long-term, short-term, and
maintenance planning functions. Toronto Hydro applied these processes in developing the 2025-
2029 Capital Expenditure Plan, described in Section E of the DSP, and the system maintenance plans,
described in Exhibit 4, Tab 2, Schedules 1-5.

Toronto Hydro’s Commitment to Achieving ISO 55001 Certification

As highlighted in Section D1.3 below, Toronto Hydro has an extensive track record of continuous
improvement in asset management. Toronto Hydro’s steady adoption and refinement of standard
practices in asset management has served customers well over the last two decades. Looking ahead,
the utility recognizes that the coming acceleration in decarbonization, digitization (e.g. automation),
and decentralization (i.e. two-way energy flows) within the energy economy will result in much
greater asset management complexity and a more urgent need for adaptive flexibility within the

utility’s management systems. The utility believes that success in this more complex environment
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will depend in large part on having a strong management foundation in the form of a rigorous and

comprehensive AMS that consistently tracks toward industry best practices.

With this context in mind, Toronto Hydro is committing to aligning its AMS to the ISO 55001 standard
for asset management, with the goal of achieving certification within the 2025-2029 rate period.
ISO 55001 was developed by the International Organization for Standardization and is the most
recognized standard for asset management globally. It provides terminology, requirements and
guidance for establishing, implementing, maintaining and improving an effective asset management
system, and represents a global consensus on asset management and how it can increase the value

generated by organizations like Toronto Hydro.

Fundamental to the ISO 55001 framework are the concepts of strategic alignment, risk-based
decision-making and continuous improvement. By pursuing certification, Toronto Hydro is
volunteering to being held accountable through independent audits for the continuous improvement
of its AMS and the maturation of its risk-based decision-making frameworks. The utility believes that
the effort of pursuing certification will provide the additional rigor and discipline required to deliver
greater value and performance, including greater cost-efficiency, as customer and stakeholder needs

rapidly evolve and operating challenges become more intense (e.g. climate risk).

D1.1 Asset Management Objectives and Outcomes

Toronto Hydro’s asset management objectives are to a large extent driven by relevant legislative and
regulatory obligations and guidance such as the OEB’s Distribution System Code (“DSC”) and the
Electricity Act, 1998, including:

e Following good utility practices for system planning to ensure reliability and quality of
electricity service on both a short-term and long-term basis;!

e “[Ensuring] the adequacy, safety, sustainability and reliability of electricity supply in Ontario
through responsible planning and management of electricity resources, supply and

demand”;? and

1 Ontario Energy Board, Distribution System Code, Section 4.4.1
2 Electricity Act, 1998, Section 1.
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o “[Protecting] the interests of consumers with respect to prices and the adequacy, reliability

and quality of electricity service” .3

Additionally, Toronto Hydro aligns its AMS with other applicable legislative and regulatory
requirements and principles, including the Ontario Energy Board Act, 1998, Toronto Hydro’s

Distribution Licence, the Standard Supply Service Code®, and relevant City of Toronto by-laws.

Beyond its mandated service and compliance obligations, the broader objective of Toronto Hydro’s
AMS is to realize sustainable value from the organization’s assets for the benefit of customers and
stakeholders. This requires continuously balancing near-term customer preferences with the need
to ensure predictable performance and costs over the long-term for both current and future

customers.

Toronto Hydro’s AM strategy is in line with corporate strategy and stakeholder needs and
preferences. AM objectives are set in order to achieve the AM strategy. Toronto Hydro has aligned
its AMS with the utility’s strategy for the regulated business, as described in Exhibits 1B, Tab 1 and
Exhibit 2B Section E2 of the DSP.

Toronto Hydro’s corporate strategy and associated business planning processes, including the AMS,
are guided by a set of principles that align with the utility’s five corporate pillars. As represented in
Figure 1 below, the utility maintains a constant focus on these five pillars — Customer, Environment,
Operations, People, and Financial — in a balanced way that promotes customer value and a
sustainable business. These principles are an essential element in the determination and

prioritization of outcomes.

3 |bid.
4501998, Ch 15, Sched. B

5 Ontario Energy Board, Standard Supply Service Code (SSSC), “online”, https://www.oeb.ca/regulatory-rules-and-
documents/rules-codes-and-requirements/standard-supply-service-code-
ssscH:~:text=Sets%200ut%20the%20rules%20that,connected%20t0%20their%20distribution%20system.
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®  Make it easy to interact and transact with us
Provide you value added and efficient & Reduce our environmental footprint

Advance as a Sustainable Electricity Company

services

Proactive and data-driven response to you
Utilize technology and analytics to meet your
needs

® Enable our customers as a sustainability

\ partner
. \ ®  Leverage environmental management system
\ to achieve net zero by 2040

CUsTOMER ENVIRONMENT

. \ Operations
(G I_,_L| Keep the lights on

.
@ e \ ®  Keepour system safe
\ .
.

¢

PEGPLE

®  Ensure a healthy and safe work environment
®  Enhance diversity, equity and inclusion in the

workplace

®  Optimize processes and invest in employee
capabilities

®  Engage employees through purposeful work

OPERATIONS Build a grid that supports a modern city
Provide value to customers

T

FINANCIAL

®  Provide a fair return to our Shareholder
®  Continue to increase Shareholder value
®  Strive for strong and stable credit rating

Figure 1: Toronto Hydro’s Corporate Pillars

D1.2 Asset Management Process Overview

This section outlines the major elements of the AMS for distribution system assets, their inter-

relationships, and the key inputs and outputs between each element.

The corporate direction outlined in the previous section determines the overall direction for
decision-making throughout the AMS. At the same time, the information and performance results
generated by the AMS inform the continuous refinement of corporate objectives, in balance with
other considerations such as asset needs based on the current and future state of the system,

customer engagement and benchmarking results.

Figure 2, below, illustrates the major planning and execution process elements of AMS, consisting of

five main components:

e Investment Planning and Portfolio Reporting (“IPPR”) Process;
e Scope and Project Development;

e Program Management and Execution;

e Performance Measurement; and

e Standards and Practice Review.
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Figure 2: Asset Management Process Overview
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The following sections outline each main component of the AM Process.

D1.2.1

Investment Planning and Portfolio Reporting (“IPPR”) Process

Corporate
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Focus

Customer
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Figure 3: IPPR Process
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The IPPR process is Toronto Hydro’s system investment planning cycle, which includes both long-
term and short-term planning horizons. The IPPR process aims to report on the current state of
assets, forecast future states and associated risks, and assemble holistic investment plans. This

integrated annual planning process involves:

e the analysis of current systematic needs and historic trends;

e the development of short-term and long-term plans — program forecasts, associated work
volumes and performance objectives; and

e the optimization of different strategies by balancing financial constraints, risks, and

outcomes.

It is composed of four sets of activities:

e Policy, Goals and Objectives Development: The IPPR process is guided by Toronto Hydro’s
asset management policy, goals and objectives. The utility periodically reviews and updates
these elements to ensure continuous alignment of asset management decision-making with
corporate strategy and customer and stakeholder needs and preferences. These activities
are discussed in detail in section D1.2.1.1 below.

e Asset Needs Assessment: To determine the types and level of asset investment needed,
Toronto Hydro tracks and analyzes the current state of its assets, their performance relative
to a wide variety of risk indicators (e.g. environmental, reliability, and safety indicators), their
ability to serve evolving demands from customers and external parties (e.g. bus-level load
forecasts and evolving power quality needs), and grid enhancement and modernization
roadmap. These activities are discussed in detail in section D1.2.1.2 below.

e Portfolio Reporting: Toronto Hydro monitors and assesses the progress of its system capital
and maintenance programs against annual and longer-term budget, execution, and
performance objectives. This helps ensure the utility is cost-effectively executing the DSP
while making prudent adjustments in light of new information. These activities are discussed
further in section D1.2.1.3 below.

e Portfolio Planning: Toronto Hydro uses the outputs of the above three activities to develop
capital and maintenance investment plans for its portfolio of programs. These plans are the
result of the utility’s asset management goals and outcomes as applied to a combination of
the current needs of the system and the current status of ongoing investment activities and
accomplishments. Key aspects of the portfolio planning activity include the consideration of

alternative investment strategies and the development of both short- and longer-term
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expenditure plans for each capital program. These activities are described in detail in section
D1.2.1.4 below.

Toronto Hydro executes all of the above activities annually, which ensures alignment between (i) the
projects selected for execution within an annual capital plan and (ii) the utility’s overall five-year
expenditure plan and outcome objectives. The four major activities of the IPPR process are explained

in further detail in the following sections.

D1.2.1.1 AM Policy, Asset Performance Objectives and AM Capability Objectives

Senior management direction for the AMS is provided through the Asset Management Policy and a
set of strategic Asset Performance Objectives and AM Capability Objectives. The utility periodically
reviews and, if necessary, adjusts these components of the AMS to ensure alignment with corporate

strategy and evolving customer and stakeholder needs.

In 2022, as part of the utility’s ongoing effort to align with the ISO 55001 standard for asset
management, Toronto Hydro issued an updated corporate Asset Management Policy applicable to
its distribution assets. This policy was developed in accordance with industry best practices and

reflects Toronto Hydro’s corporate strategy and organizational intent for managing its assets.
The substantive component of the Asset Management Policy is the following policy statement:

“Toronto Hydro’s asset management policy is to ensure that it effectively manages its
electricity distribution assets, across the complete asset lifecycle, in a safe, cost-effective, and
sustainable manner, and that the management of those assets meets the needs of its
customers and stakeholders, and provides a fair return to its shareholder. Toronto Hydro shall
comply with all legal, regulatory and environmental requirements placed upon the

organization and will prioritize the safety of its employees and the public.

This Asset Management Policy shall be achieved through the management and continuous
improvement of an efficient, coordinated, systematic, and embedded Asset Management

System that:

e develops and implements a Strategic Asset Management Plan;

e balances costs, risks, opportunities and performance by applying a holistic approach

to decision-making while:

Distribution System Plan 2025-2029 | Page 9 of 34
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o optimizing the distribution system’s reliability performance in accordance
with customer needs and preferences;

o enabling growth, fostering electrification, and accommodating evolving
consumer and stakeholder needs; and striving for zero public and employee

safety incidents.

e aligns with Toronto Hydro’s corporate strategy as well as its safety and

environmental management systems;

e collects and analyzes asset information to enable informed and holistic decision-

making; and

e ensures the availability of the required resources to develop and implement Asset

Management strategies and plans.

All employees and contractors shall comply with this policy and contribute towards the

continuous improvement of the Asset Management System.”

Following the issuance of this policy in 2022, Toronto Hydro introduced a training module to foster
company-wide awareness of the Asset Management Policy, the Asset Management System, and the
benefits of continuous improvement in Asset Management. The utility also introduced formal Asset
Management training programs to accelerate the onboarding and development of new employees,
as well as a more intensive certification program for employees in key roles, to augment their
understanding of the AMS, enable them to be stewards of the system, and foster a culture of

continuous improvement.

As noted in the policy statement, the development of a Strategic Asset Management Plan (“SAMP”)
is an essential component of the AMS. Currently, the 2025-2029 Distribution System Plan (Exhibit
2B) serves as the utility’s SAMP document. As Toronto Hydro continues its journey toward 1SO 55001
certification, the intention is to develop a stand-alone SAMP document which will be updated more

frequently and will form the basis for future DSPs.

Toronto Hydro’s asset management strategy is encapsulated by two complimentary sets of

objectives:

i Asset Performance Objectives, which articulate Toronto Hydro’s major customer- and
stakeholder-focused performance objectives for its assets, i.e. “what” needs to be achieved

with the assets; and

Distribution System Plan 2025-2029 | Page 10 of 34
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ii. AM Capability Objectives, which focus on the organization’s capability to manage its assets,

i.e. “how” the organization can manage its assets to achieve the performance objectives.

Toronto Hydro’s Asset Performance Objectives for 2025-2029 are summarized in Tables 1 to 3 below.
These objectives are aligned with the overall investment plan objectives and the utility’s
performance incentive framework and are a result of the detailed, iterative, and customer

engagement-driven planning process summarized in Section E2 of the DSP.

Table 1: Asset Performance Objectives and Key Measures for Growth & City Electrification

OEB Performance

Asset Performance Objectives (2025-2029) Key Performance Measures
Outcomes
Customer Focus e Connect customers efficiently and with 1. New Services Connected
consideration for an increase in on Time

connections volumes due to electrification | 2. Customer Satisfaction

e Accommodate relocations for committed
third-party developments, including
priority transit projects

Operational e Expand stations capacity to alleviate future | 1. System Capacity®
Effectiveness - load constraints, with consideration for
Reliability increased electric vehicle uptake,

decarbonization drivers, and other growth
factors (digitalization and redevelopment)

e Install control and monitoring capabilities
for all generators > 50kW

Public Policy e Optimize near-term system capacity 1. System Capacity
Responsiveness through load transfers, bus balancing, 2. Restricted Feeders (DERs)
cable upgrades and the targeted use of Distributed Generation
non-wires solutions such as demand Facilities Connected on
response and energy efficiency (i.e. Time

flexibility services)

e Alleviate constraints on restricted feeders
to accommodate the proliferation of DER
connections, including by supporting
customers and third-parties to more easily
identify optimal locations for DER projects

6 System Capacity includes bus loading, heat restricted feeders, feeder position availability, etc.
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1 Table 2: Asset Performance Objectives and Key Measures for Sustainment & Stewardship

OEB Performance

Asset Performance Objectives (2025-2029)

Key Performance Measures
Outcomes

Operational Adhere to previous commitments for Total Recordable Injury
Effectiveness - safety compliance activities (e.g. complete Frequency
Safety Box Conversion by 2026) Serious Electrical Incident
Index
Box Framed Poles
Remaining on the System
Non-Energy Mitigating
Cable Chamber Lids in
High Risk Locations
Operational Maintain recent historical system Defective Equipment
Effectiveness - reliability, which includes: Outages (SAIDI, SAIFI)
Reliability o Ieveraging risk-based decision- Worst Performing Feeders
making to ensure System Renewal (e.g. FESI)
|th'estn?|ents are sutjffla.ent to Asset Health
maintain recent historical i
. % Assets Past Useful Life
reliability for outages caused by
Defective Equipment; and Rear Lot Customers on
o leveraging the Worst Performing System
Feeder program and other Direct-buried Cable on
intervention tactics to improve System (km)
reliability for customers Network Modernization
experiencing service that is much (% of submersible units)
worse than average
Manage asset risk by maintaining overall
health demographics of the asset
population in 2025-2029
Optimize the pace of renewal investment
from year-to-year using risk-based
decision-making tools
Public Policy Adhere to previous commitments for PCB-contaminated Oil
Responsiveness environmental compliance activities (e.g. Spills
removal of at-risk PCBs by 2025) Lead Cable Remaining on
System (km)
Financial Ensure investment pacing contributes to Asset Health
Performance stable long-term investment profiles for all % Assets Past Useful Life
assets (2030+) Network Modernization
(% of submersible units)
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Table 3: Asset Performance Objectives and Key Measures for Modernization

OEB Performance

Asset Performance Objectives (2025-2029)

Key Performance Measures
Outcomes

Customer Focus

Prioritize technology investments that
will deliver demonstrable benefits to
customers, especially enhancements that
will enhance value-for-money in the long-
term (i.e. efficiency)

Leverage technology to improve
customer experience (e.g. customer
tools)

1. Customer Satisfaction

Bill Accuracy
Estimated Time of
Restoration (ETOR)
Customer Escalations
Resolution

Operational
Effectiveness -
Reliability

Improve system reliability through
greater system controllability (e.g.
SCADA-enabled sectionalizing points) and
enhanced fault management
technologies, including advanced
metering infrastructure (AMI 2.0)

Enhance resiliency and security of the
system through advanced grids, targeted
undergrounding of critical overhead
assets, and enhancements to distribution
schemes for critical loads downtown
Leverage technology to improve
customer experience (e.g. reliability,
power quality)

Enhance system observability, enabling
better asset management and
operational decision making and
expanding the foundation for advanced
distribution automation

Grid Automation
Readiness

System Reliability (e.g.
SAIFI, SAIDI)

Load Secured During
Contingency Event (e.g.
Loss of Supply)

Public Policy
Responsiveness

Leverage technology to improve
customer experience (e.g. DER
integration)

Restricted Feeders (DERs)
Distributed Generation
Facilities Connected on
Time

Financial
Performance

Prioritize technology investments that
will deliver demonstrable benefits to
customers, especially enhancements that
will enhance value-for-money in the long-
term (i.e. efficiency)

Grid Automation
Readiness

System Capacity (Non-
Wires)

Efficiency Achievements
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As part of its effort to achieve ISO 55001 certification, Toronto Hydro is developing a detailed asset
management roadmap which will lay out a series of longer-term AM Capability Objectives that the
utility intends to pursue in the years ahead. Many of these capability building efforts fall into one of
three strategic categories, which align with the utility’s overall modernization and performance
strategy for 2025-2029 and beyond:

1. Enhancements to Risk-based Asset Management and Investment Portfolio
Optimization Tools: Toronto Hydro is currently executing a multi-year project to
implement an industry-leading value framework within its new Engineering Asset
Investment Planning (“EAIP”) platform, Copperleaf C55. The EAIP platform is a powerful
decision-support tool that facilitates consistent and objective value-based optimizations

of the utility’s substantial portfolio of capital projects.

At the heart of this tool is a custom value framework that Toronto Hydro is currently
developing which assigns relative value to investments based on their likely contribution
to Toronto Hydro’s key performance outcomes. For many of these investments,
including a majority of the System Renewal programs, this value framework is built
directly upon the utility’s Condition Based Risk Management (“CBRM”) framework,
ensuring that projects will be consistently prioritized on the basis of their verifiable
contributions to mitigating quantifiable condition-based asset risk. As discussed in
D1.3.2.1 and in Section D3, Toronto Hydro is committed to continuously reviewing and
enhancing its CBRM to ensure alignment with the observed reality of its assets in the
field. The utility is also committed to researching and developing more sophisticated risk-
based decision frameworks for assets that do not currently have condition-based

models, including underground cable systems, in the 2025-2029 period.

As for its EAIP tool, Toronto Hydro is currently on track to begin leveraging its
optimization capabilities for the majority of its investment program by the beginning of
the 2025-2029 period. Following EAIP implementation, Toronto Hydro plans to extend
the use of its value framework upstream of the EAIP tool as part of a
predictive/prescriptive analytics solution which will assist investment planners in

identifying project candidates with the greatest potential value to customers.

2. Asset Information Strategy and Governance: As part of its journey toward ISO 55001

certification, the utility is in the process of developing an Asset Information Strategy that
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outlines current and future asset information needs. This will be accompanied by a
system agnostic Asset Information Standard document, which will help improve
consistency in how mission-critical asset and customer information is classified, stored,
and assessed for quality. Toronto Hydro also intends to develop a more comprehensive
and rigorous data and analytics governance framework to support the development and
adoption of decision-making tools and insights that can drive greater efficiency and
performance. Toronto Hydro believes that greater use of data and analytics will be a
significant driver of value in the 2025-2029 period and beyond. Furthermore, highly
accurate and accessible asset and system data will be essential to the successful
implementation of next-generation operational forecasting and automation tools such
as the Advanced Distribution Management System and Distributed Energy Resource
Management System. As part of the Grid Modernization Roadmap, the Asset Analytics
& Decision-making portfolio covers Toronto Hydro’s plans to fully and sustainably
leverage the value of existing and new forms of distribution system data and intelligence.
One of the domains of this portfolio involves integration of relevant enterprise systems
into a fully harmonized asset data registry for asset planning. Some of the relevant
enterprise systems are: the utility’s Geographical Information System (“GIS”), Enterprise
Resource Planning (“ERP”) system, and Customer Care & Billing (“CC&B”) system. The
Asset Analytics & Decision-making portfolio is further described in Exhibit 2B, Section
D5.

Developing Enhanced Asset Analytics: Toronto Hydro is currently ramping up its efforts
to develop a more robust asset data analytics function. This effort involves three major
elements: (i) recruiting and developing engineers and analysts with progressive data
analytics and coding skillsets, (ii) researching, evaluating, and procuring advanced
analytics solutions to meet specific asset management and operational needs and (iii)
investing in the information technologies necessary to support efficient and effective use
of data for analytics and machine learning applications. The utility has a rich trove of
data which can be leveraged to create new insights to support better decision-making,
and observability enhancing technologies such as AMI 2.0 promise to provide a step
increase in the amount of data available to planners and system operators in the years
to come. In the last several years, Toronto Hydro has made headway with respect to
building out its analytics applications, for example by investing in the province’s first

long-term, distribution-level scenarios model for the energy transition, and developing
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several pilot applications (not yet in production), including a homegrown electric vehicle
detection model prototype, and a machine learning concept for predicting the cause of
“Unknown” outages. Toronto Hydro plans to make accelerated investments in its asset
analytics and machine learning capabilities over the next six years, including enhancing
its use of simulation platforms to develop more robust insights into emerging challenges
such as the capacity to host DERs on its system. As part of the development and
evolution of Toronto Hydro’s Asset Analytics & Decision-Making modernization strategy,
the utility plans to enable predictive and prescriptive analytics in the utility’s business
processes through the use of advanced tools, such as artificial intelligence and machine

learning (further described in Exhibit 2B, Section D5).

In addition to these three major categories of AM Capability Objectives, Toronto Hydro plans to
pursue a variety of other enhancements to its AMS and AM capabilities, including planning process
improvements, enhanced forecasting tools to support continuous improvement in areas such as
supply chain management and construction labour balancing, and digital process automation to

improve the efficiency and consistency of many elements of the AMS.

D1.2.1.2 Asset Needs Assessment

Toronto Hydro completes a needs assessment of its distribution system to determine the type of
investments required. This includes determining the current state of assets, identifying system needs
and challenges, and incorporating load forecasts and regional planning results. Further details on
these focus areas and how they are used in developing the investment plans can be found in Section
D3.2.

Toronto Hydro regularly performs a foundational analysis to understand the current state of the
distribution system in terms of asset properties and quantities, asset performance risk (e.g. age,
condition, and obsolescence), historical reliability, and asset utilization (e.g. capacity to connect
customers and serve peak load). There are three areas Toronto Hydro focusses on to determine
current and future asset needs: Asset Sustainment, System Growth and Capacity Needs, and Grid

Modernization.

1. Asset Sustainment

Toronto Hydro aims to ensure stable long-term performance of its assets, maintain system reliability,

and minimize asset failure risk. When an asset is assessed to be in poor condition, it is considered for
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repair, upgrade or replacement under current standards (including regulatory and Toronto Hydro

standards).
The typical planning process includes a review of:

e Condition Based Risk Framework;
e Assets Past Useful Life; and

e Potential Consequences of Failure.

Toronto Hydro’s Asset Condition Assessment (“ACA”) is the utility’s Condition Based Risk
Management (“CBRM”) Framework. The ACA methodology assigns health index scores to assets
based on an observable condition variable. These scores are categorized within five health index
bands (“HI1” to “HI5”) to support project planning. Asset condition demographics are a strong
indicator of future asset performance and reliability. Toronto Hydro aims to keep assets within the
HI3 (“moderate deterioration”) to HI5 (“end of serviceable life”) bands stable, with a particular
emphasis on managing the shorter-term risks associated with HI4 and HI5 assets. The ACA allows
Toronto Hydro to use data collected through inspections to establish a numerical representation of
the condition of an asset by considering factors such as operation, degradation and lifecycle. The
health score of an asset helps Toronto Hydro optimize asset replacement plans by indicating whether
an asset has a higher or lower probability of failure than age alone would indicate. The ACA model
also allows the utility to project future asset condition at an aggregate population level, which

supports effective investment program pacing during the planning process.

Toronto Hydro is implementing probability of failure curves to derive a stronger and more objective
relationship between condition and functional failures. Toronto Hydro’s Probability of Failure

methodology uses historical failure data in conjunction with the generated health scores from ACA.

In addition to ACA data and the development of probability of failure curves, asset age has a strong
correlation with the likelihood of asset failure. Its simplicity and availability make it an informative
source of data for system-wide analysis (e.g. reliability forecasting), particularly for longer time
horizons. Toronto Hydro considers age by leveraging its Assets Past Useful Life (“APUL”) analysis,
which determines the proportion of assets currently past their useful life and expected to be without
investment in the next five years. This analysis is done at the system level and for individual asset
classes and is used to inform the pacing of renewal programs to ensure long-term

stability/sustainability in combination with asset condition where available.
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ACA, probability of failure and age are leading indicators of failure, and, by extension, the future
reliability, safety, and environmental performance of Toronto Hydro’s system. As noted above,
Toronto Hydro also considers historical reliability — a lagging indicator of performance — in its asset
needs assessment. Actual reliability helps to identify areas of poor or worsening performance and is
a useful input in project prioritization. Historical reliability can also be a leading indicator of asset

failure in specific circumstances.

Toronto Hydro also considers the potential consequences of failure when assessing asset needs. For
example, an air-insulated pad-mount switch that is known to carry a higher risk of flashover
compared to other pad-mount switches, posing employee and public safety risks, has a heightened

consequence of failure and is therefore a higher priority for replacement.

2. System Growth & Capacity Needs

Toronto Hydro determines capacity and connection needs through the System Peak Demand
Forecast, load connections forecasting, generation connections forecasting, and the Regional

Planning process.

The 10-year weather-adjusted peak demand forecast (“System Peak Demand Forecast”) is developed
using a driver based, top-down forecasting methodology and is fundamental to the capacity planning
process, including the stations capacity planning process which enables Toronto Hydro to identify
capacity availability and anticipated constraints at substations in relation to future load growth. It
forecasts the peak demand at all transformer station buses that supply Toronto Hydro’s distribution
grid. The System Peak Demand Forecast considers new load connections, increased distributed
energy resources (“DERs”), electrification of transportation and fuel switching. Further information

on the System Peak Demand Forecast can be found in Section D4.

To prepare for growth and electrification in the City of Toronto, Toronto Hydro has adopted
additional growth and electrification drivers into its System Peak Demand Forecast. The inputs
include (i) hyperscale data centers, (ii) electrification of transportation and (iii) Municipal Energy

Plans which include large anticipated connections in different areas of the city.

Furthermore, in preparation for the 2025-2029 investment planning cycle and as a way of
complementing and further contextualizing the capacity planning process, Toronto Hydro introduced
the Future Energy Scenarios (“FES”) model. FES is a bottom-up, consumer choice model that

produced projections for peak load (kW), generation (kW), and energy consumption (kWh) under a
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variety of potential energy system transformation scenarios. Toronto Hydro’s goal for the FES project
was to enrich its long-term strategic planning capabilities and provide its stakeholders with an
understanding of the way in which electricity demand, consumption and generation may change in
the future and the range of uncertainty involved. Further information on FES can be found in Section

D4, including a detailed discussion in the associated Appendix A.

In addition to the System Peak Demand Forecast, there are load and generation connections
forecasting processes, which result in forecasts of the amounts of expenditures required to

accommodate anticipated load and generation customers.

The Customer Connections program captures system investments that Toronto Hydro is required to
make to provide customers with access to its distribution system. This includes enabling new or
modified load and distributed energy resources (“DER”) connections to the distribution system
following legal and regulatory obligations under various statutes and codes. The work also includes
any expansion work necessary to address capacity constraints for the purpose of connecting
customers. Toronto Hydro’s primary objective in this program is to provide new and existing
customers with timely, cost-efficient, reliable, and safe access to the distribution system. See Exhibit

2B, Section D2 for more details.

Toronto Hydro supports connecting DERs to the distribution system in alignment with the
Distribution System Code, and in coordination with Hydro One Networks and the IESO. Toronto
Hydro continues to see interest in solar generation, as customers seek to reduce bills (through the

Net Metering program) and achieve ESG objectives.

Finally, the Regional Planning Process is a key element of distribution system planning and stations-
level planning in particular. Toronto Hydro participates in infrastructure planning on a regional basis
to ensure regional issues and requirements are effectively integrated into the utility’s planning
processes. Toronto Hydro participates in the Central Toronto Integrated Regional Resource Plan, led
by the Independent Electricity System Operator, and in the Regional Infrastructure Plan for Metro
Toronto Region and GTA North Region, led by Hydro One Networks Inc. Additional details on the

Regional Planning process are discussed in Section B2.

3. Grid Modernization

Toronto Hydro is at an important turning point in its modernization journey. A confluence of external

drivers — including accelerating climate change; emerging decarbonization and energy innovation
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policy mandates; rapid digitalization of the economy; and potential decentralization of the energy
system (i.e. DERs) — threatens to overwhelm grid capacities and capabilities in the long-term if not
proactively addressed. To avoid both (i) long-term decline in system performance and (ii) becoming
a barrier to the energy transition (in terms of both long-term costs to ratepayers and the grid’s ability
to serve and integrate customer loads and resources), Toronto Hydro has determined that it is
necessary to accelerate strategic investment in specific field and information technologies that will
deliver near-term benefits to customers while setting the utility on a path toward sustainable
performance and improved efficiency as the pressures of climate change and the energy transition

mount.

Toronto Hydro’s overarching grid modernization plan is detailed in the Grid Modernization Strategy
section found in Section D5. This strategy is the result of a cross-functional strategic planning effort
undertaken in parallel with the typical business planning process over the course of 2021 and 2022.
The focus and pacing of the investments featured in the Grid Modernization Strategy were informed
by various strategic inputs, including customer and stakeholder engagement, government and
regulatory policy, energy transition outlooks (including Toronto Hydro’s own Future Energy
Scenarios), engagement with industry groups and experts, publicly available literature regarding
modernization efforts in leading jurisdictions (including examples of utilities and jurisdictions actively
pursuing Distribution System Operator, or “DSO”, capabilities), and an assessment of Toronto
Hydro's existing grid modernization maturity versus the desired future state in 2030 and 2035. As
detailed in the Grid Modernization Roadmap, Toronto Hydro has categorized these capability-

building investments into three broad categories:

¢ Intelligent Grid: updating the existing distribution grid and introducing automation to deliver
reliability and resiliency improvements, enhance system observability, and enable enhanced
real-time decision-making;

e Grid Readiness: preparing the distribution system and operations to integrate DERs and
leverage Non-Wires Solutions; and

e Asset Analytics & Decision-making: building on existing and future data sources and
telemetry (sensors) to create value-added analytics and tools for enhanced planning,

decision-making, and customer and stakeholder engagement

The Grid Modernization expenditure plans for 2025-2029 are integrated throughout Toronto Hydro's
investments programs in Sections E5-E8. For a comprehensive guide to where specific modernization

expenditures are found, please refer to Exhibit 2B, Section D5 and Section E2.
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D1.2.1.3 Portfolio Reporting

As part of the IPPR process, Toronto Hydro monitors and reports on the progress of capital programs,
which includes program level expenditures, project-specific execution status and project
expenditures. The utility monitors changes in system-level outcomes (e.g. average reliability) and the
effects of specific programs on specific outcomes (e.g. the reduction in the number of poles in end
of serviceable life condition) during the Performance Measurement stage of the AM Process. This
performance information is available to Toronto Hydro’s planners to assess the benefits of the
program to-date and identify necessary pacing and prioritization adjustments to meet objectives or

emerging needs in future years.

D1.2.1.4 Portfolio Planning

The final piece of the annual IPPR Process is the development of the plan itself. Toronto Hydro
planners use information from the Asset Needs Assessment and the Portfolio Reporting Process to
develop capital investment and maintenance plans that support the achievement of the utility’s asset

management strategies and outcomes in alignment with customer needs and preferences.

1. Capital Programs

Toronto Hydro develops capital programs that address the needs and challenges of the system in
alignment with strategic focus areas and customer preferences. The utility develops the programs to
maintain and improve reliability and safety, meet service and compliance obligations, address load
capacity and growth needs, tackle resiliency and business continuity risks, improve contingency
constraints, and make necessary day-to-day operational investments. For the purpose of structuring
the 2025-2029 business planning approach, these programs are categorized into the following four

focus areas:

e Growth and City Electrification;
e Sustainment and Stewardship;
e Modernization; and

e General Plant.

On overview of these capital programs is provided in Section E2. A summary of how these programs
map to the OEB’s investment categories of System Access, System Renewal, System Service and
General Plant can be found in Section E4 of the DSP.
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2. Maintenance Programs

Toronto Hydro’s maintenance planning process is designed to assess the condition, extend the life,
and maintain the reliability of distribution assets. The utility designs its maintenance programs to
extract the maximum value from existing assets. Maintenance typically occurs on set frequencies
derived from Reliability Centered Maintenance (“RCM”) standards and the OEB’s minimum

inspection requirements in Appendix B of the Distribution System Code (“DSC”).
Toronto Hydro has four major categories of maintenance:

e Preventative Maintenance: Typically involves cyclical inspection and maintenance tasks,
which emphasize assessing asset condition and preserving asset performance over the
expected life of the asset, and maintaining public and employee safety.

e Predictive Maintenance: Involves testing or auditing equipment for a predetermined
condition (or conditions) to anticipate failures, then undertaking the maintenance tasks
necessary to prevent those failures.

e Corrective Maintenance: Involves repairing or replacing equipment after a deficiency has
been reported, such as actions taken after emergency response crews have restored power
following an outage. Corrective Maintenance actions may also result from deficiencies
discovered during the execution of Preventive or Predictive Maintenance tasks or other
planned work.

e Emergency Maintenance: Involves the urgent repair or replacement of equipment when the

equipment fails, often causing power disruptions to Toronto Hydro customers.

The details of the maintenance programs in these categories can be found in Exhibit 4, Tab 2,
Schedules 1-5.

Toronto Hydro ensures that capital and maintenance programs are coordinated by planning and
reporting on both activities within the IPPR process. Maintenance programs account for changes
associated with capital investment programs, such as new asset classes being introduced or existing
asset classes being eliminated. For example, Toronto Hydro completed its planned replacement of
Automatic Transfer Switches and Reverse Power Breakers as of 2022. With the elimination of these

asset classes, maintenance plans were modified accordingly.
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3. Pacing and Prioritization

Toronto Hydro paces its expenditure plans to support the achievement of multi-year outcome
objectives (e.g. maintain or improve reliability over a number of years). Pacing decisions are informed
by various leading and lagging indicators of risk and performance (e.g. asset condition demographics,
reliability projections, reliability results), and an assessment of various risk mitigation alternatives,

as discussed in Section D3.2.

Program expenditures are reprioritized annually based on actual accomplishments and measured
performance relative to the multi-year plan, as well as ongoing analysis of evolving system, customer,
and stakeholder needs. Toronto Hydro prioritizes projects within and across programs in accordance
with anticipated project benefits, estimated costs, and an assessment of execution capabilities and
constraints. On this basis, the lowest priority projects are deferred to future years, and the projects
that offer the greatest value-for-money relative to the utility’s customer-focused objectives are

scheduled for execution.
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The scope and project development component of the AM
Process involves the development of discrete projects within
each investment program. This process involves four
components: identification of specific needs, assessment of
options, development of high-level project scopes of work

(“scopes”), and refinement of scopes and cost estimates.

The investment proposals from IPPR identify and prioritize
the assets or issues that require intervention within each
capital program. As part of the early stages of scope
development, Toronto Hydro identifies the assets and issues
in discrete geographical locations through the use of decision
support tools. The utility considers alternatives while
developing a scope, which include various engineering
options available to address an issue. The utility then
evaluates the options with consideration for risks, required
performance, customer preferences, effects on third parties,
adjacent investments, reconfiguration opportunities, and the
overall costs versus benefits. Finally, the utility selects the
preferred option for the specific area or issue being
addressed, and collects and summarizes asset information
for replacement or refurbishment along with high-level
specifications for new assets to be installed as part of a

conceptual design. This constitutes the initial scope of work.

The next step is the project development stage, during

which a cross-functional team of engineers, designers and

SCOPE & PROJECT DEVELOPMENT

Identification of
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AM Policy, Goals
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Figure 5: Scope and Development

field staff take the initial scope of work, assess feasibility and field conditions and execution risk.

Project Development then produces refined scopes of work, preliminary designs and estimates, and

aligns projects with execution work programs to allow for the most efficient use of resources. The

project development team engages with internal and external stakeholders to ensure project

timelines can be met, and to avoid conflicts and delays when a project is undergoing construction.
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Where appropriate, the project development phase may break an original scope of work into smaller
project phases for execution. This could be done for various reasons, including coordination with
other work in the system, or to meet external constraints related to the location or the type of work.
In the project development phase, the utility also undertakes initial project enabling tasks such as
acquiring permits and coordinating with third parties prior to beginning final project design and
construction. This helps to avoid design and scheduling uncertainty that can arise later in the process.
As part of the project development process, Toronto Hydro also considers issues such as city road
moratoriums, physical restrictions, or particular design related problems that may delay the project

or require a redesign.

D1.2.3 Program Management and Execution

The program management and execution stage of the AM

Process involves creating, delivering, and governing an PROGRAM MANAGEMENT

& EXECUTION

executable work program. The major processes include

evaluation of execution constraints, scheduling of work, ,
Evaluation of

Execution
Constraints

execution of work, and the change management process that

v

accounts for any required project changes.

The “evaluation of execution constraints” stage considers

multiple factors such as available resources, road :
Scheduling of

moratoriums, switching restrictions, and coordination Work

opportunities. Program managers, in coordination with

system planners and in alignment with strategic objectives,

select a prioritized mix of projects to be executed in a given

year. Some of these projects involve assets to be replaced or Execution of Work

issues to be resolved that are of the most urgent nature. H

Prioritization of work aims to balance renewal work with the E

emerging needs of the system. Toronto Hydro anticipates Ch;ge

improvements in both the efficiency and effectiveness of this :om==er Management and
3 Governance

stage of the planning process as it continues to implement

and integrate its new EAIP optimization tool. e eaee e raaa s :
Figure 6: Program

Once Toronto Hydro develops an execution plan, the actual Management and Execution

execution of work is monitored from the detailed design stage Stage
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through the construction stage. Projects are closely tracked to proactively identify and manage risks

that may impact the successful delivery of the planned work.

Toronto Hydro monitors changes to projects through a change management and governance
process. This process includes monthly executive performance reporting, key program status
reporting, change request process management, project variance analysis, and numerous metrics to
drive process adherence and continuous improvement. Depending on the magnitude of a required
change to a project’s cost, schedule, or scope of work, the change may require a detailed assessment
of alternatives and formal approval from senior management and the executive team before

proceeding.

Exhibit 4, Tab 2, Schedule 10, Section 8 provides further details about the processes utilized in the

Program Management and Execution stage of the AM Process.
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The final stage of the AM Process is to monitor the
performance of the investment program, and to determine to
what extent projects have contributed to expected outcomes.
These results feed back into the annual IPPR process so that
Toronto Hydro can modify programs and refine objectives as

appropriate.

Some key examples of outcome measures that Toronto Hydro
tracks in relation to the capital and maintenance expenditure

plans include:

e Asset Health Index;
e Reliability (e.g. SAIDI and SAIFI);

e Program Accomplishments (e.g. box poles removed)

Further details on Toronto Hydro’s performance measures for
the 2025-2029 DSP are provided in Section D1.2.1.1 and
Section E2.
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D1.2.5 Standards and Practice Review

The Standards and Practice Review is driven by the need to evaluate particular standards and
products to improve work execution and manage safety risks. This process influences three stages of
the AM Process as planners, designers, and crews rely on this process to identify what equipment is
available to them and its appropriate use. The review encompasses the necessary specifications and
processes related to: (i) introducing standards and assets into the system; (ii) installation
requirements; (iii) replacement considerations; (iv) identifying new assets to better meet system
needs and customer preferences; (v) carrying out work in a consistent manner; and (vi) supporting

improved safety.

1) New and revised standards: Toronto Hydro routinely introduces new standards and revises
existing standards to ensure safe and effective work execution. New standards are created
in response to a number of drivers, including but not limited to: (i) climate change risks; (ii)
process or productivity improvements; (iii) equipment quality; and (iv) safety risks. When
Toronto Hydro revises a standard, other documents, such as the Standard Design Practices
followed by project designers, are updated to align with changes made.

2) New products: Introducing new products enables more efficient, safe, and reliable service
to customers. Product requests are reviewed to ensure alignment with business needs, that
the appropriate stakeholders are engaged, and that the product satisfies Electrical Safety
Authority (“ESA”) requirements for major and minor equipment approval. The need for a
new product can be initiated for a number of reasons, including: (i) safety; (ii) productivity;
and (iii) reliability. For example, Toronto Hydro plans to install reclosers on the trunk and
laterals of feeders that will provide automated and remote controllability functions to
address feeders experiencing numerous momentary and sustained interruptions, resulting
in reduction in overall outage times and improvement in system resiliency.

3) Refurbishment and replacement of equipment: When major equipment, such as
transformers, network protectors, and switches, is returned from the field, Toronto Hydro
evaluates, inspects, and tests them to determine whether the asset can be reused (i.e.
repaired or refurbished) or should be replaced (i.e. scrapped).

4) Quality improvements: When a product that is not near end-of-life is returned from the field
because of failure, it is investigated to determine the root cause of the failure. Investigations
are conducted in-house, by an expert third party, or by the original equipment manufacturer.

If a manufacturing quality issue is discovered, the manufacturer is notified and requested to
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make modifications to address the issue. If an installation quality issue is discovered,
corrective and preventative actions include standards revisions, procedure changes, and
additional training.

Standard Design Practices: The Standard Design Practices ("SDP") document provides
guidance and instructions for the design of Toronto Hydro’s distribution system. The SDP
instills safety by design, enforces construction standards, and ensures alignment with
business strategies and consistency between projects. The DSP set outs general guidelines
with respect to technical matters, and refers to construction standards for specific details.
Industry standards: Toronto Hydro seeks to align with industry standards and best practices
wherever possible. This avoids unnecessary custom-made products which can drive up costs
and maintenance complexity. Toronto Hydro is part of an Inter-Utility Standards Forum
(“IUSF”), through which utilities collaborate on solutions to common problems and develop
common equipment specifications. Toronto Hydro is also a member of numerous standards
committees of the Canadian Standards Association and the Institute of Electrical and

Electronics Engineers.
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D1.3 Asset Management Process Enhancements

Toronto Hydro’s AM process continues to evolve. The utility is continuously enhancing its approach
to asset management to ensure the process and strategies remain aligned with the needs of its

customers and the distribution system.
The recent progression of Toronto Hydro’s AM process is described in the following two sections:

e D1.3.1 - Enhancements during previous filing period (2015-2019); and
e D1.3.2 - Enhancements during the current filing period (2020-2024).

D1.3.1 Past Enhancements (2015-2019)

Improvements to Toronto Hydro’s AM Process over the 2015-2019 period are highlighted in Figure

8 below. The following section provides additional details on key process improvements.

Distribution System Plan 2025-2029 | Page 30 of 34



Toronto Hydro-Electric System Limited
EB-2023-0195

Exhibit 2B

Section D1

ORIGINAL

Asset Management Process Asset Management Process Overview

New Inspection Forms

Building off the experience gained with the first iteration of the ACA (2008) and the implementation of mobile
inspections (2012), Toronto Hydro completed a full review and implementation of new inspection forms. The
new inspections forms capture in greater detail, and in a more effective and standardized manner, asset
conditions for distribution and stations assets.

Investment Planning & Portfolio Reporting (IPPR)

Implemented a bundled and enhanced annual planning process for reviewing and updating investment
strategies and plans. This process continued to mature throughout the 2015-2019 DSP period as Toronto
Hydro gained additional experience with the enhanced outcomes framework.

Development of an Outcomes Framework

Developed and implemented a customer-focused outcomes framework that aligns Toronto Hydro’s business
planning processes, including IPPR, with the utility’s corporate strategic pillars, the OEB’s RRF outcomes, and
the outcomes that ultimately mattered most to Toronto Hydro customers as expressed through customer
engagement.

Reliability Centered Maintenance (RCM) Updates
Completed a full review and update of Reliability Centered Maintenance analyses.

Implementation of New Analytics

Implemented new analytics (i.e. data blending and visualization) tools and a data warehouse containing data
relevant to asset management and investment planning decision-making from a variety of systems across the
organization (e.g. ERP, GIS, CIS, OMS, metering).

ACA Methodology Transition

Toimprove the quality and rigour of the ACA, including the use of condition modelling over longer-term
planning horizons, the utility began a transition away from a weighted average methodology to the Common
Network Asset Indices Methodology (CNAIM) — a leading approach for deriving and projecting asset health
developed and adopted in the United Kingdom by the regulator (i.e. OFGEM) and distributors.

CIC Study

A Toronto-specific customer interruption cost (CIC) study was done to engage and better understand
customer reliability experiences and to obtain data for the purposes of assessing specific investments through
an economic lens that includes quantified customer impacts.

Enterprise Resource Planning (ERP) System

Implementation of a new Enterprise Resource Planning (ERP) system was done, including new Enterprise
Asset Management functionality.

Freeze-Thaw Resilience Product Trials

Trials for products that can be applied to underground assets to improve freeze-thaw resistance and reduce
permeability to moisture were done, with the potential to improve reliability and extend asset life in specific
applications.

I1SO55000 Alignment Review

Completed an alignment review comparing Toronto Hydro’s AM Process, tools, and approach to the
international standard for Asset Management.

Figure 8: Past Enhancements of the AM Process (2015-2019)
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1 D1.3.2 Recent Enhancements (2020-2024)

2 Figure 9 outlines improvements to Toronto Hydro’s AM Process over the 2020-2024 period.

ISO 55001 Gap Analysis

Completion of gap analysis which provides Toronto Hydro with the actions required to ensure
conformance with I1SO 55001. The analysis also contains an assessment of the maturity of Toronto
Hydro’s AM practices against the ISO 55001 clauses.

Toronto Hydro Climate Action Plan Completed

Toronto Hydro’s Climate Action Plan is designed to position Toronto Hydro as a key enabler in City of
Toronto’s vision of the future: to combat climate change, to spur growth in Toronto’s emerging
green and cleantech companies, and to contribute to greater social equity within the economy.

Asset Management Policy

The Asset Management Policy formalizes Toronto Hydro’s Asset Management direction and
establishes a framework to develop and continuously improve Toronto Hydro’s Asset Management
system.

Revision of Standard Design Practices Document

Standard Design Practices provides the framework for the stakeholders involved in the planning and
design of projects at Toronto Hydro. The revision to the Standard Design Practices document
included: significant revision of Customer Service Connections section, update document to align to
current standards, and improved usability and user-friendliness through addition of document
navigation, links to external websites and relevant illustrations

Grid Modernization Roadmap Development

Developed framework and high-level Grid Modernization initiatives definition. The objective is to
advance business capabilities of Toronto Hydro to improve performance, mitigate risk, and exploit
opportunties, through the implementation and integration of technologies.

Future Energy Scenarios (FES) Project Completion

The FES model provides an overview of possible future changes to power demand, energy
consumption, generation and storage across Toronto and an assessment of their potential impacts
on the Toronto Hydro electricity distribution network.

Enhancements to Asset Risk Models as part of Value Framework

Toronto Hydro is working to introduce initiative which considers Probability of Failure and
Consequence of Failure measures to its existing Asset Risk measures. Probability of Failure and
Consequence of Failure data can aid Toronto Hydro in determining quantifiable Risk and prioritize
investments. Consequence of Failure can include Financial, Safety, Environment and Network
Reliability.

Expansion of Equipment Reuse Program

Previously, Toronto Hydro’s Equipment Reuse program only included assets that were up to 5 to 10
years old. In 2023, the Equipment Reuse Program was expanded to include assets that were up to 10
to 15 years old, Additional vendors were also brought on to increase the volume of items that are
sent out for retesting and repair.

Develop and Finalize Detailed AM Capabilities Roadmap, including an Asset Analytics Roadmap
Toronto Hydro is in the process of developing a detailed AM Capabilities roadmap which will layout a
series of longer-term AM Capability objectives. The three main strategic categories for these
capability building efforts are: Enhancements to Risk-based AM and Investment Portfolio
Optimization tools, Asset Information Strategy and Governance, and Developing enhanced Asset
Analytics.

Complete Phase 3 of EAIP Solution

Implement Phase 3 of EAIP solution that includes: System Service & System Access Value Framework,
Risk Matrix, EAIP to SAP integration and continuous improvement requirements. The AIP solution
aims to streamline the optimization of Toronto Hydro’s annual portfolio of projects and long-term
asset investment plans. The solution will allow Toronto Hydro to implement and adopt a consistent
and robust measure of value and risk for improved asset management decision-making.

Continue Journey to ISO 55001 Certification

Toronto Hydro intends to continue its journey towards ISO 55001 certification which includes development
of an Asset Information Strategy and Standard, completing necessary AMS process documentation,
instituting a new AM Governance and Change Management Framework.

3 Figure 9: Recent Enhancements of the AM Process (2020-2024)
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D1.3.2.1 Condition-based Risk Management Update

In 2017, Toronto Hydro transitioned from the ACA methodology originally adopted in 2008 to an ACA
model that provides more accurate and comprehensive condition-based analytics, and that better

supports expenditure planning over longer time horizons.

The model that Toronto Hydro has implemented is the Condition-Based Risk Management (“CBRM”)
methodology, known in the United Kingdom (where it originated) as the Common Network Asset
Indices Methodology (“CNAIM”). This methodology was developed and adopted by the major
utilities in the United Kingdom in collaboration with the regulator, Ofgem. In terms of the functional
outputs of the model, the methodology provides a reliable and detailed calculation of condition score
for every applicable asset based on the most recent inspection information and an asset class’s
unique requirements. The methodology further facilitates the ability to project and calculate future
health scores for assets which provides information on asset demographics that can be used to
evaluate proposed investment strategies over longer-term periods. Since the establishment of the
methodology in 2017, the health score calculation and future forecasting methodology has remained
largely consistent, with certain targeted adjustments to reflect inspection program changes and to

ensure the model is producing results that are aligned with field observations.

This model provides incremental benefits at the strategic level by facilitating projections of asset
condition demographics by asset class. This allows Toronto Hydro to assess the current and future
condition profiles of an asset class to better calibrate the level of investment necessary to either
maintain or improve the amount of failure risk associated with its aging, condition and deteriorating

asset base over time.

Toronto Hydro is currently working to introduce a risk-based value framework into its EAIP tool.
Under the umbrella of this initiative, Toronto Hydro is in the process of developing and implementing
a fully quantified risk value for each unique asset based in part on the core principles and
methodologies of the CBRM framework. Arriving at a quantified risk value involves multiplying the
Probably of Failure for an asset — which is derived from its Asset Health Score (or age when condition
is not available) — by a Consequence of Failure (also know as its “criticality”) which can be expressed
in dollars. Toronto Hydro is currently developing Consequence of Failure models that will include
impacts such as financial, safety, environmental and reliability outcomes. Toronto Hydro is currently

on track to implement this value framework in time for the beginning of the 2025-2029 period.
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Appendix A to section D3 of the DSP provides a detailed discussion of recent and ongoing

enhancements to the model, and condition results by major asset class.

D1.3.2.2 Data Consolidation: Data Warehousing for Engineering Analytics

Toronto Hydro is currently performing improvements to its engineering data warehouse to
streamline data access, and perform “big data” calculations that can support planning and system
investment strategies. In parallel, the utility is further leveraging data blending and analytics
software, and has integrated software into business processes to improve productivity and drive new

insights.

As part of this effort, Toronto Hydro is implementing an Engineering Asset Investment Planning
(“EAIP”) solution to streamline the optimization of Toronto Hydro’s annual portfolio of projects and
long-term asset investment plans. The solution will allow Toronto Hydro to implement and adopt a

consistent and robust measure of value and risk for improved asset management decision-making.

The implementation of EAIP will provide an efficient interface for project creation and integrates
components of both the scope and work package. Moreover, the EAIP solution provides a centralized
and standardized repository for asset data, business cases, project outcomes, work packages and

integrates with other information sources like the utility’s ERP and GIS systems.

As part of the Asset Analytics & Decision-making portfolio within the Grid Modernization Roadmap,
Toronto Hydro plans to integrate relevant enterprise systems into a fully harmonized asset data
registry. Toronto Hydro also plans to accelerate the development and implementation of predictive
and prescriptive analytics within asset management and grid operations. The portfolio is discussed
in detail in Exhibit 2B, Section D5.
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D2 Overview of Distribution Assets

D2.1 Distribution Service Area and Trends

Toronto Hydro is one of the largest municipal electrical distribution utilities in North America, serving
the City of Toronto — Canada’s largest city. The city is bounded by Lake Ontario to the South, Steeles
Avenue to the North, Mississauga (mainly Highway 427) to the West, and Scarborough/Pickering
Townline to the East. As shown in Figure 1 below, Toronto Hydro’s service territory can be divided
into two geographic areas: (i) an urban centre in downtown Toronto with a high customer density
and a large financial and entertainment district; and (ii) a suburban area around downtown Toronto

with a lower customer density, which is colloquially referred to as the “Horseshoe” area.

HORSESHOE AREA

Figure 1: Areas of the Toronto Hydro Distribution System

The following subsections discuss the characteristics of Toronto Hydro’s service territory, including
its customers and load growth profiles, climate and weather, and economic profile. Section D2.2
provides a detailed description of the utility’s asset demographics, system configurations, and asset

condition, and Section D2.3 provides a summary of system utilization.
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D2.1.1 Customer and Load Growth

Toronto Hydro’s distribution system supplies approximately 790,000 customers with a peak load of

5,191 MVA as of 2022. Toronto Hydro has been experiencing steady customer growth for many

years, as shown in Figure 2.

Customer Count
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Figure 2: Historical Toronto Hydro Customer Counts

Despite steady customer and population growth, overall system peak load has remained relatively

steady in recent years at approximately 5,000 MVA, as shown in Figure 3. It is important to note that

system peak load varies with temperature.
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Figure 3: Historical Toronto Hydro System Peak Loading
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Toronto is one of the fastest growing cities in North America with an additional 500,000 people
expected by 2030. 12 Since 2015, the city of Toronto has led the crane count in the United States and
Canada.? As of Q1 2023, Toronto has 238 cranes of which 58 percent are residential buildings and 29

percent are commercial/mixed use (see Figure 4 below).
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Figure 4: RLB Crane Index - Q1 2023

The city continues to experience highly concentrated load growth in certain pockets of the city due
to a high number of large building developments. This concentrated growth occurs mainly in the
downtown area, but also along major transit corridors such as Yonge Street and Sheppard Avenue

as shown in Figure 5. Consequently, this growth is pushing certain distribution and station equipment

1 Centre for Urban Research and Land Development, Toronto Second Fastest Growing Metropolitan Area, City of Toronto
the Fastest Growing Central City, in the United States/Canada in 2022, https://www.torontomu.ca/centre-urban-
research-land-development/blog/blogentry7311/, Research found City of Toronto to be the fastest growing central city in
the United States and Canada.

2Toronto Public Health, Toronto’s Population Health Profile: insight into the health of our city
https://www.toronto.ca/wp-content/uploads/2023/02/940f-Torontos-Population-Health-Profile-2023.pdf, Toronto’s
population increased by 2.3 percent between 2016 and 2021. By 2031, Toronto’s population is expected to exceed 3.4
million people. 2021: 2,794,356 2031 Projection: 3,460,604.

3 Urbanize Toronto, RLB Crane Index Records 238 Cranes in Toronto During Q1 2023,
https://toronto.urbanize.city/post/rlb-crane-index-records-238-cranes-toronto-during-g1-
2023#:~:text=According%20to%20the%20latest%20report,%2C%20Chicago%20(14)%2C%20Honolulu
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1 tocapacity. Infrastructure renewal and upgrades are required in these areas to support growth while

2 maintaining reliability and system resiliency.

Residential Units Proposed
Buit Projects Active Projects Projects Under Review

e 0189 0-199 ° 0109
@® 20mo 200989 ® 20000
@ o010 10001000 @ 10001909
B Avenves [ g::;f;::: R ——— ’ 2,000-8,000 2,000-8,000 ‘ 2,000-8.000
3 Figure 5:% Growth Nodes within the City of Toronto

4  Toronto is also Canada’s largest data centre market. > With respect to data centre connections,
5  Toronto Hydro connected approximately 102 MW of incremental demand load during the 2020-2024
6  period, and approximately 198 MW is forecasted to be connected during the 2025-2029 period.®
7 According to Toronto Hydro’s Peak Demand forecast, by 2031, data centres and EVs will contribute

8  approximately 10 percent of the overall peak demand of the downtown region.”

9  Goingforward, Toronto Hydro expects growing pressure on the distribution system, amplified by the
10  accelerated adoption of Electric Vehicles (“EVs”) and growth in electrified heating. The utility

11 foresees these electrification drivers pushing the overall system peak higher in the future as well.
12 Growth in Electric Vehicles

13 Electric Vehicle (‘EV’) adoption is accelerating across the globe, driven in part by policies intended to

14 reduce greenhouse gas emissions from the transportation sector. The Canadian government has

4 City of Toronto, Development Pipeline 2022 Q2 (February 2023), https://www.toronto.ca/wp-
content/uploads/2023/02/92b5-CityPlanning-Development-Pipeline-2022-Q2.pdf

5 Cushman & Wakefield, 2022 Global Data Center Market Comparison, (2022),
https://www.cushmanwakefield.com/en/insights/global-data-center-market-comparison

6 Exhibit 2B, Section E5.1

7 Exhibit 2B, Section D4.

Distribution System Plan 2025-2029 | Page 4 of 52



10
11
12
13
14
15

16

Toronto Hydro-Electric System Limited
EB-2023-0195

Exhibit 2B

Section D2

ORIGINAL

Asset Management Process Overview of Distribution Assets

announced a new light-duty vehicle sales goal targeting a 100 percent share for EVs by 2035,
including interim targets of at least 20 percent by 2026 and 60 percent by 2030. To support its goals,
the Government of Canada will invest $1.7 billion to extend incentives for light-duty vehicles, $400
million for charging stations, and $547.5 million for a purchase incentive program for medium-and
heavy-duty vehicles.? The province of Ontario is the third largest vehicle-producing jurisdiction in
North America.’ Several automotive plants in Ontario are being prepared to build EVs and related

components.t®

Figure 6 shows that the number of new EV registrations in Ontario has been increasing over the last
six years. For comparison, the total number of vehicle registration of all fuel types in Ontario have
seen a steady decrease from 798,500 in 2018 to 594,500 in 2022. Toronto Hydro’s Future Energy
Scenarios (“FES”) modelling results provide a range of plausible EV adoption rates in Toronto out to
2050 for three scenarios: Low, Medium and High EV adoption scenario. According to FES modelling,
the number of Battery Electric Vehicles is projected to grow to approximately 1.8 million by 2050 in
the Medium and High scenarios, and approximately 1.2 million by 2050 in the Low scenario. These

results are discussed in the Future Energy Scenarios report.*

40,000
30,000
20,000
10,000
, 1 0 i
2018 2019 2020 2021 2022
M Battery electric Hybrid electric Plug-in hybrid electric

Figure 6: 12 Number of New Vehicle Registrations by Fuel Type in Ontario, as of Q4 2022

8 Government of Canada, 2020 Emission Reduction Plan — Sector-by-sector overview (2022),
https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/climate-plan-
overview/emissions-reduction-2030/sector-overview.html#sector6

9 Invest Ontario, Automotive (2022), https://www.investontario.ca/automotive#intro

10 Canadian Metalworking, Canada jumps into electric vehicle industry (2021)
https://www.canadianmetalworking.com/canadianmetalworking/article/madeincanada/canada-jumps-into-electric-
vehicle-industry.

11 Exhibit 2B, Section D4, Appendix B.

12 Statistics Canada, New Motor Vehicle Registrations (2023),
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2010002401
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Growth in Electrified Heating

Heat pumps are an energy-efficient alternative to building heating and cooling systems. The adoption
of heat pumps will transition gas and other home heating systems to use electricity. The transition
of homes and buildings from natural gas furnaces to heat pumps is a key part of the City’s

TransformTO Net Zero Strategy.'®

The Government of Canada has introduced incentives such as the Greener Home Grant, which grants
up to $5,000 towards heat pumps and other energy-efficiency measures. In the City of Toronto
Climate Change Perceptions Research, 44 percent of homeowners in Toronto say that they are likely
to install an air-source heat pump. Figure 7 illustrates the market share of heat pumps in residential
sector heating systems has been increasing in recent years. FES modelling explored uptake of electric
heat pumps rates, which is discussed in the Future Energy Scenarios report.'* According to the FES
report, widespread uptake of heat pumps, along with technologies such as electric vehicles, are
expected to be primary drivers of increases in peak demand and shifting of network peak from

summer to winter in the 2030s.
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Figure 7:° Market Share of Heat Pumps in Residential Sector Heating System in Ontario

13 City of Toronto, 2021 Net Zero Existing Building Strategy, (2022),
https://www.toronto.ca/legdocs/mmis/2021/ie/bgrd/backgroundfile-168402.pdf

14 Supra note 10, Section 4.2.

15 Natural Resources Canada, Comprehensive Energy Use Database, (2023), Table 21,
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&sector=res&juris=on&rn=21&page=0
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To keep pace with the growing city and ensure appropriate distribution system capacity, especially
in order to support electrification, the utility plans to continue actively investing in capacity through

the following programs, further described in Section E:

e Customer Connections (Section E5.1);

e Load Demand (Section E5.3);

e Generation Protection Monitoring & Control (Section E5.5);
e Non-Wires Alternatives (Section E7.2); and

e Stations Expansion (Section E7.4).

The utility’s complimentary Grid Modernization Strategy is also central to cost-effectively

maintaining reliability and improving resiliency in the face of accelerating growth in peak demand.®

D2.1.2 Climate and Weather

Climate change is a significant factor influencing Toronto Hydro’s planning and operations. Scientists
worldwide overwhelmingly agree that the planet is warming. By the year 2050, Toronto’s climate is
forecasted to be significantly different than the already changing climate seen today. For example,
in Toronto, daily maximum temperatures of 25°C are expected to occur 110 times per year as
opposed to 87 times per year currently.!” A warmer climate will also allow the atmosphere to hold
more moisture, which is expected to lead to more frequent and severe extreme weather events.

These extreme events can cause major disruptions to Toronto Hydro’s distribution system.

In addition to extreme weather events, Toronto experiences a wide range of weather conditions that
may not be classified as extreme, but nevertheless have the potential to adversely affect the
distribution system at various times during the year. Weather conditions of high heat, high winds,
heavy rainfall, and heavy snowfall have the potential to cause major system damage and extensive
outages. Not only are these weather conditions projected to occur more frequently and with greater
severity in the future due to climate change, but trends from the past 25 years suggest that these
changes are already affecting the system. Figure 8 below contains two charts depicting cumulative
rainfall and the number of high wind days (i.e. with wind gusts exceeding 70 kilometres per hour) in

Toronto over the past 25 years. In both cases it is observed that there is an increasing trendline over

16 Exhibit 2B, Section D5.
17 Toronto Hydro engaged Stantec to update its Climate Change Vulnerability Assessment, which is filed at Exhibit 2B,
Section D2, Appendix A.
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the period. With respect to high wind days, an even steeper increase has been observed, and seven
of the 10 years with the greatest number of days of wind gusts above 70 kilometres per hour have

occurred in the last 10 years (these years are highlighted in orange).
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Figure 8: 8Cumulative Rainfall (left) and Number of High Wind Days (right) in Toronto:

These trends are expected to continue through the 2030s and 2050s with the frequency of extreme
rainfall events of 100 mm in less than 1-day antecedent increasing by 11 percent and 20 percent
respectively. In terms of high winds, climate projections show that 10-year wind speeds are to

increase by 0.7 percent and 2.7 percent in the 2030s and 2050s respectively.®

These weather trends have increased reliability risks for the distribution system. Toronto Hydro
analyzed system reliability data to understand the correlation between wind speed above 70
kilometres per hour, the number of forced outages on the overhead system, and SAIDI performance.
This revealed a high correlation between wind speed above 70 kilometres per hour and the number
of forced outages on the overhead system. It was also determined that higher wind speeds were

correlated with increased SAIDI.

Parts of the underground system are sensitive to significant rainfall, and in particular flooding, while
the overhead system in general is sensitive to high winds, freezing rain and wet snow events resulting

in damage and outages (e.g. from vegetation impact in proximity to overhead lines). In extreme

18 Government of Canada, Weather, Climate and Hazard Historical Data

http://climate.weather.gc.ca/historical data/search historic_data e.html; Weather data compiled using Toronto Lester
B. Pearson INTL A for January 1998 to June 2013 and Toronto INTL A for July 2013 to December 2022.

19 Supra note 16.
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cases, broken trees and the weight of ice accretions bring lines, poles and associated equipment to

the ground.

The above-mentioned reliability risks are significant, as evidenced by an event that occurred on May
21, 2022. A major storm with wind gusts as high as 120 kilometres per hour swept through Toronto
Hydro’s service territory. These extreme winds caused substantial damage to vegetation, which in
turn damaged overhead distribution wires and equipment. Approximately 142,000 customers (18
percent of Toronto Hydro’s total customer base) were without power during this event. Similarly,
four weather-related major events occurred during April to July of 2018 due to wind storms and
freezing rain. The events caused 382,286 Customers Interrupted and 1,173,338 Customer Hours

Interrupted (discussed in Exhibit 2B, Section C).

To better understand the risks related to increases in extreme and severe weather due to climate
change, in June 2015, Toronto Hydro completed a vulnerability assessment following Engineers
Canada’s Public Infrastructure Engineering Vulnerability Committee (“PIEVC”) protocol. ?° The
assessment identified areas of vulnerability to Toronto Hydro's infrastructure as a result of climate
change. Following this study, a climate change adaptation road map was developed, along with
initiatives relating to climate data validation, review of equipment specifications, and review of the

load forecasting model.

In 2022, Toronto Hydro updated the 2015 study to identify if any further work is required to update
the adaptation measures.?! The study utilized updated climate projection data from the 6 Coupled
Model Intercomparison Project (CMIP6), along with IPCC’s 6™ Assessment Report (AR6) in 2021, to
estimate climate parameter probabilities. These probabilities were then assessed to determine the
materiality by recalculating risk scores over the study period (from 2022 to 2050) following the PIEVC

protocol. The results of the study provided that two climate parameters had probability changes as

follows:
Daily Maximum o 0.08 o
Temperatures Days > 40°C (0-0.1) 90% 6 Decrease (-1)
-2.2% in
Ice Stprml . 25 mm = 125 1/20yr ice 96% 6 Decrease (1)
Freezing Rain mm radial accretion

20 EB-2018-0165, Exhibit 2B, Section D, Appendix D.
21 Supra note 16.
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For each of the above climate parameters, an assessment was completed to determine how these
changes in probability impacted the infrastructure asset classes, similar to the 2015 report. The

following table provides the results:

Medium Low
Daily Maximum 40°C 2015 10 23 1
Temperature 2022 0 33 1
Ice Storm / Freezing | 25 mm = 12.5 2015 18 5 9
Rain mm radial 2022 5 18 9

Each combination of infrastructure asset class and climate parameter is referred to as an
‘interaction’. The updated probabilities resulted in material changes to the risk scores for 23 separate
interactions (10 from daily maximum temperatures greater than 40°C and 13 from Ice

Storms/Freezing Rain greater than 25 mm).

Although the results observed a decrease in risk scores for these 23 interactions, given the uncertain
nature of the climate projection data, the recommendation was to not relax any adaptation

measures associated with extreme heat or freezing rain events from the 2015 study.

Existing codes, standards, and regulations were developed with regard to historical weather data
and do not always account for ongoing and future changes to the climate. In efforts to close this gap,
Toronto Hydro now utilizes climate data projections for temperature, rainfall, and freezing rain in its
equipment specifications and station load forecasting. Further, Toronto Hydro reviewed and

updated major equipment specifications in 2016 to adapt to climate change, including:

e Revisions to submersible transformer specifications to require stainless steel construction
and testing of the equipment’s ability to withstand fully flooded conditions;

e Replacement of air-vented, padmounted switches with more robust designs; and

e Adoption of breakaway links in tree-covered areas for residential customers with overhead
service connections, intended to facilitate faster restoration after extreme weather and

prevent damage to customer-owned service masts.

In February 2023, CSA issued changes to it's Underground and Overhead Systems Standards related
to Climate Change Adaptation. Toronto Hydro strives to meet and surpass these new requirements.

Some impacts to Toronto Hydro design considerations include:

Distribution System Plan 2025-2029 | Page 10 of 52
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e Modification of standard pole loading analysis to accommodate extreme weather events in
light of recent CSA updates; and
e Standardization of conversion of submersible transformers to padmounted transformers in

residential rebuild projects, in order to mitigate the impacts of flooding.

The following 2025-2029 program activities will contribute to Toronto Hydro’s ongoing efforts to
renew and enhance its system to increase resiliency, thereby supporting the continued delivery of

outcomes expected by existing and future customers:

e As assets are replaced in the Overhead System Renewal program (Exhibit 2B, Section E6.5),
Toronto Hydro plans to reconfigure feeders and relocate assets away from the ravines and
right of ways to improve accessibility for Toronto Hydro crew members and reduce
vulnerability to outages in adverse weather conditions.

e Padmounted transformers will replace existing submersible units as the utility carries out
its Underground System Renewal — Horseshoe program (Exhibit 2B, Section E6.2).

e Underground System Renewal — Horseshoe program will replace air-vented padmounted
switches with more robust designs to mitigate risk of failure due to ingress of dirt and road
contaminants on the live surface.

e The Network System Renewal program will replace end-of-life and deteriorated non-
submersible protectors with submersible protectors to protect against flooding.

o The Network Circuit Reconfiguration segment under the Network System Renewal program
(Exhibit 2B, Section E6.4) will help the utility improve system restoration capabilities in the
event of outages.

e Installation of flood mitigation systems at stations identified as being vulnerable to flooding

will occur under the Stations Renewal program (Exhibit 2B, Section E6.6).

In addition to these system hardening measures, Toronto Hydro’s Grid Modernization Strategy for
2025-2029 has been developed in part to improve long-term system reliability and resiliency in the
face of external pressures from both future increases in system utilization and evolving climate
impacts. The strategy focuses on accelerating the deployment of digital field and operational
technologies that will enhance the utility’s ability to address developing fault conditions in real-time,
improve outage restoration capabilities and operational flexibility, and lay the groundwork for
widescale grid automation beginning in 2030. Key investments include the deployment of

technologies that will enhance real-time system observability (e.g. next generation smart meters;
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overhead and underground line sensors; network condition monitoring technologies), enhance
system controllability (e.g. SCADA-enabled switches and reclosers); and enable integrated and
increasingly predictive/automated control of the distribution system (e.g. Advanced Distribution
Management System or “ADMS”). For more information on the Grid Modernization Strategy, please
refer to Exhibit 2B, Section D5.

Toronto Hydro continues to be a partner of the City of Toronto in planning and preparing for the

effects of climate change.

D2.1.3 Economic Profile

The City of Toronto is Canada’s economic and financial hub. It is home to the Toronto Stock Exchange,
as well as the headquarters of five of the nation’s largest banks. Toronto accounts for approximately
20 percent of Canada’s Gross Domestic Product (“GDP”). Its GDP growth has significantly outpaced
the national average over the 2015 to 2019 period.?? The city is the second largest financial service

centre in North America.®

Toronto also has a diverse industrial and commercial base comprised of 14 key sectors including
aerospace, design (e.g. fashion, interior), financial services, education, life sciences, technology,
food, entertainment, and tourism.2* The importance of Toronto’s economy highlights the necessity
of sufficient investments to ensure the delivery of value for distribution customers and to prepare

for technology driven change.

Like many regions across the country and the world, Toronto’s economy has recently faced
significant inflationary pressures. Figure 9 shows the annual change in Consumer Price Index (“CP1”)
over the past ten years for the City of Toronto, Province of Ontario and Canada. CPI represents
changes in prices as experienced by consumers. This figure illustrates the significant increases to CPI

in recent years.

22 Statistics Canada, Gross Domestic Product (GDP) at basic prices (2022),
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3610046801

23 City of Toronto, Business & Economy, Strong Economy, https://www.toronto.ca/business-economy/invest-in-
toronto/strong-economy/

24 City of Toronto, Business & Economy, https://www.toronto.ca/business-economy/industry-sector-support/
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Figure 9: Annual change in CPI over the past ten-year period

Similarly, Building Construction Price Indexes (“BCPI”) provide change in prices over time that
contractors charge to construct a range of new commercial, institutional, industrial and residential
buildings. BCPI for non-residential buildings is relevant to Toronto Hydro’s costs and has risen
significantly in recent years. Figure 10 illustrates the average increase in BCPI for non-residential

buildings for the City of Toronto.
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Figure 10:2° Annual change in BCPI for non-residential buildings over the past ten-year period

25 Statistics Canada, Table 18-10-0005-01 Consumer Price Index , annual average (2023),
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1810000501

26 Statistics Canada, Table 18-10-0276-01 Building Contruction Price Indexes (2023),
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1810027601
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1 In addition to increases in CPl and BCPI for non-residential buildings, Toronto Hydro also faces
2 increasing commodity prices. Figure 11 illustrates the average price for some top usage equipment

3 inToronto Hydro.

Average Price for Top Usage Cables

$25.00
$20.00
$15.00
$10.00
$5.00
S’
2019 2020 2021 2022 2023
e 0662955 CABLE TRIPLEX 2 #2 AL AL XLPEI 1- #4
7180052 CABLE 1/0 AL 28KV TRXLPE ECNPEJ
7150228 CABLE 300 KCMIL CU 600V TW75 WHITE AS
Average Price for Top Usage Transformers
$15,000.00
$10,000.00
$5,000.00 /
s,
2019 2020 2021 2022 2023
e 0665518 TRANSFORMER POLEMOUNT 1PH 100KVA
9665522 TRANSFORMER POLEMOUNTED 1PH 167KVA
9665517 TRANSFORMER POLEMOUNTED 1PH 50KVA
6661303 TRANSFORMER PADMOUNTED 1PH 100KVA
e 6661304 TRANSFORMER PADMOUNTED 1PH 167KVA
4 Figure 11: Average price for some top usage equipment in Toronto Hydro
5 D2.1.4 Toronto Hydro’s Evolving Role in the City of Toronto

6 The role that Toronto Hydro plays in its service territory is evolving as new technologies emerge. In

7  many cases, local and provincial policy imperatives aim to accelerate the uptake of new energy
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related technologies such as distributed generation and energy resources, and power quality,

reliability and resiliency solutions.

One example is the City of Toronto’s climate change action plan and long-term vision. A key pillar of
this plan is the TransformTO Net Zero Strategy,?” which identifies how the City plans to reduce
greenhouse gas emissions, improve health, grow the economy, and improve social equity. One of
the major commitments of this plan is for 100 percent of vehicles in Toronto to use low-carbon
energy by 2040. As part of achieving this goal, the City has made climate related investments for
water, solid waste and parking. In addition, the City is making significant capital investments in the

TTC, which includes vehicles such as buses, streetcars and subway cars.?®

Toronto Hydro prepared a Climate Action Plan to support the City’s objectives. The Climate Action
Plan encompassed the areas of EV charging infrastructure, modernization of streetlighting, building
electrification and energy efficiency, renewable energy, and energy storage.?® Toronto Hydro has

also established a target of achieving net zero for its own operations by 2040.

There are three climate action opportunities Toronto Hydro is pursuing to reach its objectives. Firstly,
following the planning principles and forecasting approaches outlined in Section D4 of the DSP,
Toronto Hydro plans to expand its existing electricity distribution business to build a grid that is
capable of supporting the realization of the City’s Net Zero Strategy. The second opportunity is for
Toronto Hydro to create a new, non-rate-regulated Climate Advisory Services line of business to
support the City’s Net Zero Strategy by facilitating and stimulating the growth of emerging local
cleantech markets. The third opportunity is pursuing modernization of outdoor lighting within the

utility’s existing unregulated streetlighting company.

Provincial and federal policy targeting greenhouse gas reductions is also a driver of technological
change. Provincial energy policy, such as the Net Metering program, supports and incentivizes the
connection of renewable energy projects to the local distribution system. As of the end of 2022,
Toronto Hydro has connected 2,424 unique distributed energy resource (“DER”) projects to its

distribution grid, totaling approximately 305 MW of generation capacity.®® As discussed in Section

27 City of Toronto, TransformTO Net Zero Strategy, https://www.toronto.ca/legdocs/mmis/2021/ie/bgrd/backgroundfile-
173758.pdf

28 See Exhibit 2B, Section E.

29 Toronto Hydro, Climate Action Plan, https://www.torontohydro.com/documents/20143/74105431/climate-action-
plan.pdf/8fe4406c-7675-76a7-00c9-c0c4e58ae6df?t=1638298942821

30 Exhibit 2B, Section E5.1.
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E3, Toronto Hydro anticipates steady growth in generation connections going forward and is
planning to invest in necessary renewable enabling improvements, including monitoring and control

technologies, and energy storage systems to facilitate this growth during the 2025-2029 rate period.

D2.2 System Demographics and Characteristics

Toronto Hydro’s distribution system consists of a mix of overhead, underground, network, and
stations infrastructure. This infrastructure operates at voltages of 27.6 kV, 13.8 kV, and 4.16 kV, and
includes approximately 61,000 distribution transformers, 17,000 primary switches,
15,600 kilometres of overhead conductors, and 13,800 kilometres of underground cables as of 2022.

Unless otherwise mentioned, asset demographic information provided herein is as of 2022.

The following sections provide details on these sub-systems and how each sub-system relates to
Toronto Hydro’s major asset management objectives. As discussed in Exhibit 2B, Section D3, Toronto
Hydro manages its distribution infrastructure and plans capital investments and maintenance to
achieve asset performance objectives, specifically, the attainment of applicable outcomes

summarized in Section D1, and further detailed in Sections C and E2 of the DSP.

The following table and accompanying explanations introduce Toronto Hydro’s sub-systems through
the lens of a core subset of risk related asset management performance measures, all of which relate

directly or indirectly to Toronto Hydro’s outcomes.
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Table 1: Asset Management Performance Indicators by System Type

Oil Deficiencies Priority Customer Hours of Customer Condition 3! Oil Containing PCBs Age
(Number of Deficiencies Interruption due to | Interruptions due (Percentage of (Number of assets with (Percentage S
System assets) (Number Defective to Defective Assets in HI4 or oil containing or at risk of Assets past A
assigned) Equipment Equipment HI5) of containing PCB) Useful Life)
Lagging Indicator of Performance Leading Indicator of Performance
2756 Box Construction Poles
Overhead 11 (3%) 3,074 (24%) 68,312 (27%) 117,175 (33%) 8.8% 3,076 (57%) 16% 6832 Customers Served by Rear Lot
502 km of 4.16 kV conductor
721 km of Direct-Buried Cable
140 Transclosures3?
Underground 298 (88%) 8,955 (71%) 170,290 (68%) 230,661 (64%) 3.3% 2,278 (42%) 23% 985 km of PILC33 Cable
176 km AILC3* Cables
202 km of 4.16 kV cable
533 Non-Submersible Network Units
Network 21 (6%) 0 (0%) 0(0%) 0(0%) 4.0% 66 (1%) 23%
651 vaults without communication
. 346 legacy breakers at TSs®
Stations 8 (2%) 560 (4%) 10,636 (4%) 9,652 (3%) 3.1% - 43%
558 legacy breakers at MSs3®
Total 338 (100%) 12,589 (100%) 249,238 (100%) 357,488 (100%) 7.1% 5,420 (100%) 25.2% -

Notes: All figures are 2022 year-end actuals, unless otherwise noted.

31 See Exhibit 2B, Section D3, Appendix A for summary of results and details on updates to Toronto Hydro’s Asset Condition Assessment.

32 As a result of data improvement efforts, the transclosure population was updated to 140.

33 paper Insulated Lead Covered (“PILC”) cable.

34 Asbestos Insulated Lead-Covered (“AILC”) cable.
35 Transformer Station (“TS”).
36 Municipal Station (“MS”).
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Oil Deficiencies: An oil deficiency is any observation related to oil (e.g. dried oil, oil leak)
made during planned asset inspections. These are reported by inspectors when inspecting
equipment and components that are known to or intended to contain oil. Oil deficiencies are
an indicator of the likelihood of oil spills. The primary driver for this metric is to protect the
environment from oil spills and to adhere to federal, provincial, and municipal legislation,
regulations, and by-laws pertaining to the release of oil into the environment. Toronto Hydro
strives to achieve zero oil leaks into the environment. Programs that contribute to the
management of this measure are Preventative and Predictive Maintenance programs for oil
filled equipment,® and capital programs that replace deteriorating oil filled equipment,
including Underground System Renewal,® and Reactive and Corrective Capital (Section
£6.7).3°

Priority Deficiencies: Toronto Hydro defines “priority deficiencies” as the subset of all
equipment deficiencies that require intervention on a reactive or corrective basis. Between
2020 to 2022, Toronto Hydro identified around 45,000 deficiencies each year through
planned inspections, responding to equipment failures and power interruptions, or through
the course of day-to-day work. The total number of deficiencies are higher compared to the
last rate application partially due to the inclusion of deficiencies corrected on site, which
were not counted in the previous DSP. Priority deficiencies are deficiencies that pose a high
risk to reliability, safety, or the environment and are assigned as priority 1 (P1), priority 2
(P2), or priority 3 (P3) for the purposes of addressing the deficiency. Each category
corresponds to a level of risk (with P1 being the highest risk) and a timeline for repairing the
deficiency or replacing the asset. Toronto Hydro has various programs (including Reactive
and Corrective Capital, Corrective Maintenance, and Emergency Response) to address asset
deficiencies, some of which have already resulted in asset failure.*® Given the risks, timely
and effective responses to priority deficiencies are non-discretionary and must be taken over
short time horizons (i.e. less than six months). Identifying and responding to priority
deficiencies in a timely manner is critical to meeting the utility’s performance objectives for

key outcomes such as SAIDI and SAIFI, and the utility’s safety and environmental objectives.

37 Exhibit 4, Tab 2, Schedules 1, 2, and 3.

38 Exhibit 2B, Sections E6.2 and E6.3.

39 Exhibit 2B, Sections E6.7.

40 Exhibit 2B, Section E6.7 and Exhibit 4, Tab 2, Schedule 4-5.
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The volume of corrective work requests has been increasing in recent years which has
resulted in a growing backlog of P3 deficiencies that need to be addressed. This increase can
be attributed to deteriorating asset condition and asset-related safety risks to crews or the
general public, in addition to enhanced inspection forms and the introduction of new
inspections. This has resulted in approximately $20 million worth of backlog for lower
priority work requests, which is expected to grow. To help manage this risk, the corrective
work requests in the backlog have been further prioritized by level of risk within P3 priority,

and by the primary and secondary impact of the deficiency.**

Customer Hours of Interruption (“CHI”) and Customer Interruptions (“Cl”) (i.e. Outages):
CHI and Cl are measures of outage duration and frequency, scaled by the number of
customers affected by each outage. Toronto Hydro uses this type of historical reliability data
to identify priority project areas across all of its reliability-related programs, and to develop
and pace investment program spending in order to improve key outcomes that the utility
reports including SAIDI and SAIFI.

Assets with Material Deterioration or at End of Serviceable Life: As described in detail in
Section D3 and associated appendices, Toronto Hydro's asset condition assessment (“ACA”)
methodology assigns health scores to assets based on observable condition variables, and
categorizes these scores within five health index bands (“HI1” to “HI5”). Asset condition
demographics are a strong predictor of future asset performance. Over the long-term,
Toronto Hydro is focused on managing the number of assets in the HI3 (“moderate
deterioration”) to HI5 (“end of serviceable life”) bands, with a particular emphasis on

preventing significant increases in the most critical HI4 and HI5 bands.

PCBs: Toronto Hydro defines “PCB at-risk equipment” as an asset that: (i) is known to contain
oil with greater than 2 ppm concentration of polychlorinated biphenyl (“PCB”); or (ii) has an
unknown concentration of PCB and was manufactured in 1985 or earlier (and is therefore at
a high risk of containing greater than 2 ppm PCB). This measure excludes cables. Due the
toxic and persistent nature of PCBs, Environment Canada’s PCB Regulations*? prohibit the
use of equipment that contains greater than 50 ppm PCBs, or the release of greater than one

gram of PCBs, which could result from an oil leak with significantly less than 50 ppm. The City

41 Exhibit 4, Tab 2, Schedule 4.
42 PCB Regulations, SOR/2008-273, under the Canadian Environmental Protection Act, 1999.
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of Toronto also enforces its own PCB-related bylaws with a near-zero tolerance for the
discharge of PCBs into the storm and sanitary sewer systems.*® Toronto Hydro plans to
continue its efforts to address PCB at-risk equipment by 2025 through a combination of
inspection and testing equipment under its maintenance programs,** and through targeted
asset replacement in capital programs such as Overhead System Renewal,* Underground
System Renewal, % Network System Renewal,* Stations Renewal,*® and Reactive and

Corrective Capital.*

Age: Toronto Hydro monitors the percentage of its asset base that has passed useful life or
will pass that milestone by the end of the next planning horizon. As a comprehensive
indicator of failure risk across the system, this information is used for longer-term planning
purposes. As of the end of 2022, Toronto Hydro’s percentage of assets past useful life was
25 percent, with an additional 11 percent forecasted to reach expected useful life by the end
of 2030, meaning that over a third of the utility’s asset base is at or nearing the end of its
typical useful life. By managing this measure over the long-term, the utility aims to provide
predictability in the performance of key outcomes like reliability and safety for current and
future customers, and to provide stability in costs, rates and labour resourcing by not

allowing significant backlogs of asset replacement needs to accumulate.

Assets Past Useful Life

(2022 YE)

= Assets To Reach Useful Life by

2030 .
Assets at End of Useful Life by
2023

Figure 12: Assets Past Useful Life

43 Toronto Municipal Code, Chapter 681 — Sewers.
44 Exhibit 4, Tab 2, Schedules 1-4.

45 Exhibit 2B Section E6.5.

46 Exhibit 2B, Sections E6.2 and E6.3.

47 Exhibit 2B Section 6.4.

48 Exhibit 2B Section 6.6.

49 Supra note 37.
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e Legacy Assets: Legacy assets are specific asset types, configurations, or sub-systems that do
not meet current Toronto Hydro standards. These assets often feature obsolete components
with limited or no supplier or skilled labour support to maintain, repair or replace the assets,
and carry elevated reliability, safety, or environmental risks. Additionally, lower voltage parts
of Toronto Hydro’s system are increasingly obsolete from a design perspective due to their
inability to support the high levels of electrification and DER integration that the utility
anticipates over the next 15-20 years. One of Toronto Hydro’s asset management strategies
is to eliminate all high-risk legacy assets within a specific and reasonable timeframe. The
specific legacy assets are discussed further in the following sections as part of the overhead,
underground, network, and stations systems descriptions. Table 2 above provides an
estimate of the remaining volumes of certain key legacy assets across Toronto Hydro’s
different subsystems. For further details on specific legacy asset replacement and pacing,

please see Exhibit 2B, Section E2.

The following sections provide a more detailed view of the overhead, underground, network, and
stations sub-systems of Toronto Hydro’s distribution system, including the age and condition
demographics of the assets, and associated system challenges. Each section provides a further
breakdown of how those sub-systems relate to Toronto Hydro’s asset management indicators and

measures discussed above.

D2.2.1 Overhead Grid System

The overhead system consists of poles, overhead conductors, overhead transformers, overhead
switches, and other equipment including lightning arrestors, guying hardware, and wires. All of these
assets are placed above ground in areas with sufficient space and clearance from overhead
obstructions (e.g. trees and buildings). Advantages of using an overhead system are that it is cost
effective and allows for more expeditious fault identification and outage restoration, given that all
assets are out in the open and visible to crews. Disadvantages of this system are that it is prone to
foreign interference from vehicles, trees, animals, and weather-related outages (i.e. caused by high

winds or freezing rain), and requires adequate clearances to operate and maintain.
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Figure 13: Overhead Distribution Transformer

The majority of Toronto Hydro’s overhead system is operated at 27.6 kV and 13.8 kV, but a subset of
the overhead system operates at 4.16 kV. The overhead system consists of approximately 166,500
poles, 7,400 overhead switches, 30,000 overhead transformers, 4,000 circuit-kilometres of overhead

primary, and 11,300 circuit-kilometres of overhead secondary conductors as of 2022.

Asset management activities related to the overhead distribution system focus on mitigating
environmental and safety risks, responding to system events and equipment deficiencies, managing
system performance with respect to reliability and power quality, and asset stewardship over the

assets’ lifespan.

Figure 14 provides the age demographic distribution of major overhead assets. As of 2022,
approximately a quarter of poles are beyond their typical useful life of 45 years. Without any
intervention, Toronto Hydro projects that the percentage of poles having reached or exceeded useful
life will increase from 24 percent as of 2022 to approximately 30 percent by 2029. Similarly, overhead
transformers having reached or exceeded useful life will increase from 14 percent as of 2022 to
approximately 25 percent by 2029 and the percentage of overhead switches having reached or

exceeded useful life will increase from 40 percent as of 2022 to approximately 68 percent by 2029.
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1 Figure 14: Overhead Assets Age Demographics as of 2022

2 Wood poles and overhead switches are the two major overhead asset classes for which Toronto
Hydro performs an Asset Condition Assessment (“ACA”), as summarized in Figure 10. With respect

to wood poles, the ACA showed that approximately 30 percent of Toronto Hydro’s wood poles have

v b~ W

at least moderate deterioration as of 2022. With over 21,000 wood poles in HI3 condition (i.e.
“moderate deterioration”), 8,950 in HI4 condition (i.e. “material deterioration”), and approximately
509 in HI5 condition (i.e. “end of serviceable life”), pole replacement will continue to be a significant

driver of both reactive and planned investment through 2029. The need for a continued pole

O 00 N O

replacement strategy and investment is underscored by the projected rate of deterioration across

10  this asset class over the rate period.>®

SCADA-Mate Switches (i
Overhead Gang-Operated Swtiches L EEmam—————————
Wood Poles R

0% 20% 40% 60% 80% 100%

EHIS EHI4 WHI3 MHI2 EHI1

11 Figure 15: Asset Condition Assessment of Overhead Assets as of 2022

50 Supra note 43.
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Other key asset management performance measures that are relevant to the overhead system

include:

Oil Deficiencies: Pole top transformers are the only asset type in the overhead system that
may exhibit oil deficiencies. During the 2020-2022 period, Toronto Hydro found on average
six pole-top transformers with oil deficiencies annually. The Reactive and Corrective Capital
program (Section E6.7) will continue to target pole top transformers exhibiting oil

deficiencies.

Priority Deficiencies: Overhead assets are susceptible to external interference from animals,
insects, adverse weather, and vegetation contacts. These factors accelerate degradation
processes and cause damage. From 2019 to 2022, Toronto Hydro issued more than 10,000
work requests to address deficiencies, predominantly for failing or failed overhead assets. In
2022 alone, Toronto Hydro classified 218 P1, 724 P2, and 2,132 P3 priority deficiencies on

the overhead system.

PCBs: Pole top transformers are the only asset type in the overhead system that are known
to contain PCB contaminated oil. At of the end of 2024, there will be an estimated 500 PCB
pole top transformers containing or at risk of containing PCBs remaining on the system. By
replacing these assets, predominantly through the Overhead System Renewal program
(Section E6.5), Toronto Hydro endeavours to eliminate the risk of PCB-contaminated oil spills
by the end of 2025.

D2.2.1.1 Overhead Legacy Equipment

On the overhead system, a major challenge facing Toronto Hydro stems from legacy overhead assets

such as porcelain insulators and arrestors, non-standard animal guards, and legacy construction

types such as rear lot and box construction. These legacy assets contribute to poor reliability

performance, safety risks, and other undesirable outcomes. Capital investment programs that are
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planned to target and mitigate challenges within the overhead system include: Area Conversions,*!

Overhead System Renewal,”? and Reactive and Corrective Capital.>
1. Obsolete and deteriorating overhead accessories

Overhead accessories include three major categories: insulator hardware, conductors, and animal
guards. These assets are interconnected and integrated with transformers, poles, and switches and

are vital components of the distribution system.

e Legacy Insulator Hardware: Toronto Hydro’s legacy insulators are predominately porcelain,
which is an insulation material that has been commonly used for switches, lightning
arrestors, terminators, and line posts. The failure modes for assets with porcelain insulating
material typically involve assets cracking and breaking apart. In some cases, discharge of
fragments due to weakening structural integrity of the material could occur as a result of a
failure. Porcelain hardware has the potential to fail in a catastrophic manner, releasing
porcelain shards which can damage nearby equipment and public property. For example,
one porcelain insulator failure incident in Toronto sent shards of porcelain into the balcony
of a nearby home, shattering the window of the family room and causing damage to the
windshield of a nearby police car. The effects of this porcelain pothead failure can be seen
in Figure 16. In general, porcelain material tends to have a high risk of failure due to its
tendency for contamination build-up that leads to electrical tracking (i.e. the breakdown of
insulation materials, which can lead to faults), and as such, will be replaced with polymeric

material.

51 Exhibit 2B, Section E6.1.
52 Supra note 43.
53 Supra note 37.
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Figure 16: Porcelain Pothead Failure

Animal Guards: Existing legacy wildlife protection on Toronto Hydro’s overhead distribution
system consists of “Guthrie” guard animal protectors. Toronto Hydro is installing newer
animal guards with a design that provides an improved physical non-conductive barrier.
Figure 17 below shows the difference between “Guthrie” and the new animal guards used

by Toronto Hydro to guard against wildlife.

2.

Figure 17: Animal Guards — Guthrie Guard (left), Newer Wildlife Guard (Right)

Legacy construction types

Rear Lot Construction: This consists of overhead and underground assets that are installed
in the backyard, or rear lot, and are generally operating near or beyond useful life. These
assets were installed to serve residential customers in the Horseshoe region of Toronto. Due
to accessibility limitations, outages on the rear lot plant tend to be longer in duration. The

location of the plant also presents safety risks to customers and employees. Toronto Hydro
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is continuing to replace rear lot plant with standard, front lot underground circuits as part of

the Area Conversions program.>

e Box Construction: These overhead feeders are located along main streets in the downtown
area and serve residential neighborhoods and small commercial customers. The congested,
box-like framing of the circuits prevents crews from establishing safe limits of approach to
live conductors, which in turn restricts operations and leads to longer power restoration
times for customers when compared to modern overhead standards. Toronto Hydro plans
to eliminate the remaining box framed poles by 2026 as part of the Area Conversions

program (Section E6.1).

D2.2.1.2 Overhead Assets Failure Characteristics

Table 2 below highlights the failure modes and impacts of overhead asset failures.

Table 2: Overhead Asset Failure Modes

Asset Failure Mode Effects
Pole Top Transformer a) Arcflash due to a) Causes tracking and can lead to
contamination of bushing. catastrophic failure (e.g. oil fire, spill).
b) Corrosion of tank. b) Causes oil leakage and potential
¢) Winding Failure. environmental issues.
c) Can lead to catastrophic failure (e.g.
oil fire, spill).
Wood Poles & a) Rotted pole (below ground a) Pole and equipment on it could fall
Accesssory Equipment and at ground level). causing an outage, safety issues and
b) Contamination of insulators. environmental issues associated with
c) Pestinfestation. oil leakage.
b) Pole can catch fire due to tracking.
c¢) Compromises pole strength;
equipment can fall and drop; safety
and environmental risks.
Overhead Switches a) Burnt disconnect contacts a) Overheating of parts that can lead to
due to contamination. malfunction and/or equipment
b) Corroded or loose falling.
connections. b) Device misoperation or overheating
of parts that can lead to malfunction
and/or equipment falling.

54 Supra note 49.
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D2.2.2 Underground Grid System

The underground system consists of cables, transformers, switches, and civil infrastructure. All of
these assets are placed at grade, below grade, or inside building vaults. The underground system
eliminates many non-asset risks that are present in the overhead system such as foreign interference
and weather-related interruptions. However, this system also presents unique non-asset risks, such
as flooding or faster deterioration due to moisture build-up. Although this system generally provides
better reliability than the overhead system, the causes of outages are more difficult to identify and

restoration may take longer because the assets are underground and not visible to crews.

The Horseshoe underground distribution system is operated at 27.6 kV, 13.8 kV, with a subset of the
system operating at 4.16 kV. The downtown underground distribution system is operated at 13.8 kV,
and 4.16 kV. The main underground configurations are either radial or looped, with radial being the

predominant configuration in the downtown system.

System types and configurations are sometimes mixed to provide better reliability or flexibility when
repairs are required, as is the case with Underground Residential Distribution (“URD”). URD is a
distribution configuration in parts of the downtown area with primary cables, switches and
distribution transformers placed underground while secondary voltage connections remain
overhead. The primary feeders consist of a main-loop, sub-loop and branch circuits. Customers are
supplied directly from either the sub-loops or branch circuits, which allow sectionalisation (i.e. the
ability to use switching to segment a feeder into sections) within the feeder to minimize interruptions
when work is required, or to allow partial restoration of the feeder under fault conditions. Figure 18

shows a picture of a typical installation.
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PN Riser Pole with
Overhead Conductors
-
—_—

e

—| Transformers in Underground Vaults

Figure 18: Typical Layout of Underground Residential Distribution

Toronto Hydro’s underground system consists of approximately 4,000 underground switches, 30,800
underground transformers, 10,300 cable chambers, and 6,100 circuit-kilometres of underground

primary and 6,800 circuit-kilometres of underground secondary cables.

Asset management activities related to the underground distribution system focus on mitigating
environmental and safety risks, responding to system events and equipment deficiencies, managing
system performance with respect to reliability and power quality, and asset stewardship over the

assets’ lifespan.

Figure 19 provides the age demographic distribution of major underground assets. The age of XLPE
cables represents a significant risk to reliability in the 2025-2029 rate period and must be
prioritized.>®> Moreover, as of 2022, over 20 percent of underground transformers are approaching
their useful life of 30 years, over 20 percent of cable chambers are approaching their useful life of 65
years and approximately 80 percent of cable chamber roofs are at or approaching their useful life of

25 vyears. Without proactive intervention, Toronto Hydro projects that the percentage of

55 Exhibit 2B, Section 6.2.
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underground assets having reached or exceeded useful life will increase from approximately 20
percent to 40 percent by 2029 for underground transformers, from 20 percent to 31 percent by 2029

for cable chambers, from 80 percent to 87 percent for cable chamber roofs.

60%
50%
40%
30%

20%

. i e N
0-9

10-19 20-29 30-39 40-49 50-59 60+
Asset Age Range

Percentage of Asset Population

X

W Primary Cable Cable Chamber Secondary Cable Switch B Transformer
Figure 19: Underground Assets Age Demographic as of 2022

Underground switches, underground transformers and cable chambers are major underground asset
classes for which Toronto Hydro performs an ACA. As shown in Figure 20, approximately 9 percent
of Toronto Hydro’s underground switches, 7 percent of underground transformers and 25 percent
of cable chambers have at least moderate deterioration (i.e. HI3, HI4, and HI5) as of 2022. With over
2,000 cable chambers in HI3 condition, over 450 in HI4 condition, and 130 in HI5 condition (i.e. “end
of serviceable life”), cable chamber replacement will continue to be a significant driver of both

reactive and planned investment through 2029.
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Figure 20: Asset Condition Assessment of Underground Assets as of 2022

Other key asset management performance measures that are relevant to the underground system

include:

Oil Deficiencies: Between 2020 to 2022, Toronto Hydro found, on average, 420 underground
transformers with oil deficiencies per year. Assets replaced in the Underground System
Renewal programs and Reactive Capital program will include assets exhibiting oil deficiencies

found during inspections.

Priority Deficiencies: The underground distribution system includes many below-grade
vaults and cable chambers. The assets housed within them include cables, splices, joints,
ducts, vents, hatchways, sump pumps, transformers, and switches. From 2019 to 2022,
Toronto Hydro issued more than 25,000 work requests to address failing or failed
underground assets. In 2022 alone, Toronto Hydro identified 496 P1, 1,677 P2, and 6,782 P3

priority deficiencies on the underground system.

PCBs: Toronto Hydro has various types of underground transformers (e.g. submersible,
padmounted, vault, and network), which can potentially contain PCB contaminated oil.
Toronto Hydro plans to continue the replacement of the remaining underground
transformers that are known to contain, or are at risk of containing, PCB-contaminated oil,
by 2025, predominantly through the Underground System Renewal programs (Section E6.2
and E6.3). If sub-standard conditions are found during inspections, replacements may be

done through the Reactive and Corrective Capital program as well.
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D2.2.2.1 Underground Legacy Equipment

1. Direct-Buried XLPE Cable

Cables are the single greatest contributor to defective equipment caused outages on Toronto
Hydro’s system, contributing on average 146,000 CHIs annually from 2013 to 2022. The underground
system in the Horseshoe area consists of 666 circuit-kilometres that are direct-buried cable and
direct-buried cable in duct, of which 286 circuit-kilometres are direct-buried XLPE cable.
Approximately 73 percent of direct-buried cable has reached or is past its useful life as of 2022.
Toronto Hydro has already begun to see deterioration in underground system reliability performance
in recent years, and the utility expects that a failure to proactively address this aging asset group will

have worsening impacts on outages caused by defective equipment failures.

These cables are susceptible to outages due to direct exposure to environmental conditions. “Water
treeing” is the most significant degradation process for XLPE cable, and starts with moisture
penetration into the cable insulation in the presence of an electric field. These “trees” are
microscopic tears within the dielectric. Over time, continuous seepage of moisture into the insulation
combined with electrical stress allows ions from the conductor to migrate into the microscopic tears.
These tears then become carbonized and form electrical trees. Once this final stage of water treeing
is reached, the cable quickly fails due to internal short circuits that occur between the primary
conductor and the neutral shield on the outside of the cable insulation. Figure 21 depicts the internal
short circuit that occurs once electrical trees are formed in the dielectric insulation. Figure 22

illustrates field and laboratory samples of microscopic voids bubbles) and damage to the insulation.

Neutral shield

Water tree (preliminary stage of

Extruded dielectric insulation

Primary conductor

Electrical tree (final stage of
degradation: carbonized path for internal
short circuits)

Figure 21: Cable Failure due to Electrical Treeing
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©0O

Micro voids (bubbles) in the insutation Visible damage due to moisture penetration

Formation of water and electrical trae jas
seen under 3 microscope)

Figure 22: Field and Laboratory Sample of Microscopic Voids and Damage XLPE Insulation

There is an immediate need to address the issues associated with direct-buried XLPE type cables so
as to maintain system reliability for current and future customers in the Horseshoe area of Toronto.

For further information, please see the Underground System Renewal — Horseshoe Program.*®
2. Underground Lead Cable (PILC and AILC)

The majority of the cable in Toronto Hydro’s downtown underground system is of two types: Paper-
Insulated Lead-Covered (“PILC”) and Asbestos-Insulated Lead-Covered (“AILC"). These cables are
typically found at busy intersections beneath the sidewalks and roads of Toronto’s downtown core.
PILC cables are used as 13.8 kV primary cables, while AILC cables are used as secondary cables rated
at 600 V. AILC cable is typically found on the secondary network 120/208 V and 240/416 V systems.
Approximately 51 percent or 985 circuit-kilometres of Toronto Hydro’s downtown primary system
consists of PILC cable, whereas 49 percent or 176 circuit-kilometres of all secondary cable in the

downtown network system consists of AILC cable.

Historically, utilities installed lead cable to take advantage of its reliability and compact design.
However, over time, many utilities encountered environmental and health and safety issues with
these cables. The industry has moved away from using these cables and for a number of years, there
has been only one supplier remaining in the market for PILC (with none for AILC). Due to the supply
risk (and the aforementioned environmental and safety risks), Toronto Hydro has avoided installing

new lead cable for a number of years. Other utilities have taken a similar approach. As time passes,

%6 Ibid.
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the number of individuals in the industry with the expert skillset required to work on lead cable in
the field continues to diminish. Approximately 58 percent of all PILC cables and 93 percent of all AILC
cables in the system are more than 30 years old. Toronto Hydro is continuing its proactive
replacement of lead cables and plans to remove approximately 5.3 percent of 176 km AILC cable and
3.5 percent of 985 km PILC cable between 2025 to 2029. This is discussed further in the Cable

Renewal segment of the Underground System Renewal — Downtown program.®’

D2.2.2.2 Underground Assets Failure Characteristics

Table 3 provides a brief overview of the failure modes and impacts of underground asset failures.

Table 3: Underground Asset Failure Modes

Asset Failure Mode Effects
Underground Cable a) Insulation degradation (eg. a) Insulation breakdown and electrical
water trees). fault.

b) Carbon tracking in PILC cable |b) Impregnating oil dries up, cable
paper insulation due to overheats, degrading the insulation.
absence of oil medium (oil c) Water ingress, corrosion of the
leak). metallic shield, penetration into the

c) Degradation due to age insulation (potentially causing water
(cracked or degraded jacket). trees).

Submersible a) Oil Leak. a) Transformer cooling and insulating
Transformers b) Corrosion of tank. properties are diminished, electrical

c) Gasket deterioration due to fault may occur.
age. b) Oil leaks, transformer cooling and

d) Corroded secondary insulating properties are diminished;
terminations (compression or may result in internal components
bolted lugs). damage and electrical fault.

c) Oil leaks, ingress of moisture may
occur, transformer cooling and
insulating properties are diminished.

d) This failure mode can arise due to a
flooding or contamination. Results in
the secondary termination failure.

57 Exhibit 2B, Section E6.3.
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Asset Failure Mode Effects
Padmounted a) Corroded enclosure. a) Public or animal access to the
Transformers b) Enclosure has been exposed transformer. Transformer could be
to moisture (ground water, damaged or cause injury to the public.
moisture ingress). b) Improper ventilation, inadequate air
c) Contaminated or damaged flow, tracking, and flashover. Safety
insulating barriers. risks heighten as the transformer is

d) Degradation due to located next to sidewalks.
age/contamination. c) Tracking on the insulators, and

e) Gasket deterioration with age. eventual flashover.

d) Insulation breakdown and electrical
fault.

e) Small traces of oil leaking. Ingress of
moisture may occur; transformer
cooling and insulating properties are
diminished.

Underground Switches | a) Loss of insulating properties |a) Flashover - presents a safety concern
(Padmounted) due to contamination, as the switch is located next to
moisture ingress, or sidewalks.
humidity. b) Improper ventilation and inadequate

b) Switch has been exposed to air flow create tracking and possible
moisture (ground water, flashover and failure, presenting a
moisture ingress. safety concern as the switch is located

next to sidewalks.
Cable Chambers a) Collapsed duct. a) Hotspot depending on the extent of

b) Excessive water leakage damage, cable damage. Worst case
through ducts. can involve damage to connected

c) Structural degradation at the equipment, posing a safety risk to the
neck. public.

d) Cable racks and arms rust b) Degradation of walls, floor, corrosion
and deterioration. to the racks.

e) Cracks, spalling, delamination |c) Access is restricted. If chamber is on
of concrete in walls or roof; roadway, a sinkhole may occur, posing
corrosion in rebars. a safety risk.

d) Racks fall off the wall causing the cable
or joint to be unsupported and
possibly cause damage to other cables,
posing a potential safety risk.

e) Chunks of concrete falling down,
structural collapse, wall or roof failure,
and/or fire, posing a safety risk.
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D2.2.3 Secondary Network System

The secondary network (or “network”) system, which is predominantly found in the downtown
Toronto area, was initially installed in the early-to-mid 1900s to improve reliability for critical loads.
As the system evolved, it became recognized for its ability to efficiently serve medium sized loads in
areas that have high density and small and narrow sidewalks. Such areas do not have sufficient space
above grade for distribution infrastructure. The network system consists of interconnected low-
voltage secondary cables, which are installed in a grid (also known as mesh) configuration. These
grids are supplied by multiple network units housed in network vaults fed by different feeders, and
offer additional redundancies that the typical overhead and underground distribution systems do
not. Should a single primary feeder experience an outage, network connected customers will
continue to be supplied from alternate primary circuits that continue to feed into the secondary grid.
In this way, the secondary network system offers greater reliability than other underground or

overhead systems.

At the heart of the network system are network units. The main difference between a network unit
and a conventional radially-configured transformer is the addition of a network protector. The
network protector prevents power from the secondary network grid from back feeding to the
primary side. Should a fault occur on the primary side of the network unit, the network protector will
automatically trip (i.e. open the switch to interrupt the current backfeeding into the fault). This
protects the primary feeders from the fault, and allows the remaining network units to keep the

secondary network grid up and running.

Though the network system is better at handling normal failure scenarios, in the case of a
catastrophic failure such as a vault fire, the entire secondary network grid that is connected to the
vault must be interrupted to allow emergency responders to extinguish the fire safely. In such a
scenario, all connected customers are interrupted. To avoid these scenarios, network equipment
must be kept in good condition to prevent vault fires or other failures from occurring. This is one of
the reasons why Toronto Hydro takes a proactive approach to the maintenance and replacement of

network units at risk of failure. Figure 23 below shows a typical submersible network unit.
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Figure 23: Submersible Network Unit

The vaults that house network equipment are also an important component of the network system
and must be maintained. If the integrity of a vault is compromised, the equipment inside the vault
can be damaged, or the vault may become unsafe for employees. Unsafe conditions mean that crews
are unable to complete any maintenance or repairs. Moreover, cracking and structural shifting of
vault roof structures pose trip and fall hazards, and complete failure of roof elements can expose the
public to energized electrical equipment. As of 2022, approximately 5.5 percent of network vaults

and approximately 75 percent of network vault roofs past their useful life.

Figure 24 provides the age demographic distribution of major network assets. As of 2022,
approximately 21 percent of network units and approximately 6 percent of network vaults are at or
approaching their useful life of 35 years and 60 years, respectively. Without intervention, Toronto
Hydro projects that the percentage of network units having reached or exceeded useful life will
increase from 21 percent to 27 percent, and the percentage of network vaults will balloon from 6
percent to 26 percent by 2029. Non-submersible network units are one asset type that Toronto
Hydro plans to target specifically. These units are susceptible to water ingress and elevated failure

risks even when in good condition. As such, they need to be replaced to reduce the failure risks on
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1 the network system. Replacements will occur on a prioritized basis considering factors such as

2 condition, as discussed in Network System Renewal program.*®
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3 Figure 24: Network Assets Age Demographics as of 2022

4 Toronto Hydro performs an ACA for network transformers, network protectors, and network vault
5 civil infrastructure. ACA results show that approximately 6 percent of network transformers, 29
6  percent of Toronto Hydro’s network vaults and 15 percent of network protectors have at least

7 moderate deterioration as of 2022.

Network vaules (T
Network Protectors
Network Transformers
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8 Figure 25: Asset Condition Assessment of Secondary Network Assets

9  Asset management activities related to the network focus on asset stewardship over asset life spans,

10 mitigating environmental and safety risks, responding to system events and equipment deficiencies,

58 Exhibit 2B, Section E6.4.
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and managing system performance with respect to reliability and power quality. The following

summarizes what this means relative to the measures set out in Table 2:

e Oil Deficiencies: Network transformers are the only asset group in the network system
affected by this outcome. During the 2020-2022 period, Toronto Hydro found on average 47
oil deficiencies per year for network transformers. Assets replaced in the Network System
Renewal Program and Reactive Capital Program will include assets exhibiting oil deficiencies
found during inspections.

e Priority Deficiencies: Please see the discussion related to priority deficiencies under section
D2.2.2 above as deficiencies related to the secondary network are generally tracked with all

other underground deficiencies.

D2.2.3.1 Network Legacy Equipment

During the 2020-2024 rate period, Toronto Hydro has removed network legacy equipment, such as
Automatic Transfer Switches (“ATS”) and Reverse Power Breakers (“RPB”). Toronto Hydro continues
to replace non-submersible network protectors as part of Network System Renewal program,>
through 2029.

1. Eliminating Network Units with Non-Submersible Protectors

Although network units are replaced based on condition, another consideration that informs
investment decisions is the presence of “non-submersible” designs which are characterized by
ventilated or semi-dust-tight protectors. These units are susceptible to water ingress and elevated
failure risks even when in good condition. The failure modes for network units are flooding and
internal transformer failure. Flooding can damage the protector mechanism, causing the unit to
short, or fail to operate, whereas transformer failure can result from overloading, low oil, moisture
ingress, or age-related insulation deterioration. Toronto Hydro is continuing to replace non-
submersible protectors with submersible protectors that feature watertight cases to help address
flooding risks as part of the Network System Renewal program.®® Figure 26 below shows the
difference between a ventilated network unit and a submersible network unit, where the black

protector identified is of a submersible design.

59 Ibid.
60 Ibid.
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D2.2.3.2

Lt

Figure 26: A ventilated Network Unit (Left) and a Submersible Network Unit (Right)

Network Assets Failure Characteristics

Low voltage secondary distribution networks are susceptible to similar failure modes as other

underground distribution systems; however, the consequences of failure to operate and network

customer service reliability are often different, as outlined in Table 4 below.

Table 4: Network Asset Failure Modes

Asset Failure Mode Effects
Underground Primary | a) Insulation degradation. a) Internal arc occurs; station circuit
Cable b) Jacket damage. breaker trips causing feeder outage.

¢) Mechanical stresses b) Internal arc occurs; Network vaults
compromising geometry of continue to operate under contingency,
cable. with possible equipment overloads.

d) Multiple primary cable c) Internal arc occurs; dual radial customers
outages occur supplied by faulted feeder are
simultaneously. interrupted until switched to alternate

feeder.
d) Equipment overloads may force the

Control Room to drop the entire
network, resulting in widespread

customer interruptions.
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Asset Failure Mode Effects

Underground a) Insulation degradation. a) Arcing fault occurs.

Secondary Cable b) Failed cable conductor b) “Solid” fault occurs and may spread to
contacts another adjacent cable junctions before self-
conductor. clearing, resulting in interruptions to a

c) Self-cleared secondary small number of customers.
cable faults are not c) Surrounding secondary cables may
identified. overload and eventually fault, resulting
in interruptions to multiple customers.

Network Transformer | a) Insulation degradation due | a) Internalinsulation failure leading to an
to age/contamination. increased likelihood of catastrophics

b) Low or no oil level. transformer failure due to the fact that

c) Corrosion of the steel tank the insulation characteristics are lost.
or gasket failure. b) Insulation fails to provide dielectric and

d) Electric interlock stuck mechanical insulation to the windings
open and fails to prevent and may lead to major internal electrical
movement of the primary fault in transformer or primary switch.
switch handle while c) Results in insulating oil leakage, which
transformer secondary is may cause contamination of the
energized. surrounding environment.

d) Operator can move the handle without
interference on an energized feeder;
possibility of fatality.

Network Protector a) Debris, salt, and moisture a) Causes an electrical short in protectors
collect on the top of a which typically result in vault fires, with
network protector. the possible destruction of all electrical

b) Vault flooding allows water equipment in the vault.
to enter the protector. b) The mechanism fails and possibility of an
c) Breaker mechanism electrical short; may result in permanent
gummed up, seized or damage to the mechanism.
broken. c) Circuit breaker fails to close when
d) Motor fails (all possible instructed by relay. Motor fuse blows or
causes), broken springs, motor may burn out, and excessive
broken close mechanism or wears of moving parts.
motor fuse blown. d) Motor assembly fails to provide

mechanical force to charge springs that
trip the circuit breaker open; moderate

localized damage.
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D2.2.4 Stations

Toronto Hydro’s distribution system receives its transmission supply from Hydro One Networks Inc.
(“Hydro One”) at voltages of 230 kV, 115 kV at Transformer Stations (“TS”). In general, Toronto Hydro
owns all of the medium voltage equipment up to the circuit breaker at a TS, subject to certain
differences in ownership structures for each TS’s equipment. Figure 27 below shows the ownership
of station equipment and their associated demarcation point. In some areas, the voltage may be
further stepped down to 13.8 kV or 4.16 kV at Municipal Stations (“MS”) which are wholly-owned by
Toronto Hydro.
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Figure 27: System Diagram of Station Components Ownership

Toronto Hydro is supplied by 37 TSs, including Copeland TS (as shown in Figure 27 above), and owns
approximately 139 MSs. Within these stations, Toronto Hydro owns and operates approximately 200
switchgear, 175 power transformers, 40 outdoor circuit breakers, 80 remote terminal units (“RTUs”),

and 170 direct-current (“DC”) battery systems.

Feeders generally have at least one normally-open tie to another feeder to ensure there is a
restoration option in case of an outage, or if planned work is required. %! In the Horseshoe area, there

are typically many normally open ties between feeders fed from the same bus or feeders fed from a

61 Secondary network systems and pilot-wire/line-differential based systems operate with multiple supply points in
parallel and do not require a normally open tie.
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different bus or station. This allows for increased operational flexibility and the ability to restore
some load in the event of a bus or station outage. Feeders in the downtown area rely on a radial
configuration with normally open ties to feeders supplied from the same bus, but never have ties
with feeders fed from other stations. This configuration limits the restoration options for these
feeders in case of a station outage. Toronto Hydro does look for opportunities to build contingency
ties between different downtown stations where economical. For example, Toronto Hydro invested
$5.5 million to install interstation switchgear ties between Copeland TS and Windsor TS between
2020-2022. The Copeland to Windsor ties served three purposes: contingency support to prevent
extended power outage in the downtown core, provide facilities to offload Windsor station
switchgear to enable switchgear upgrade projects, and implement long-term downtown contingency

ties between these two stations.

Asset management activities related to stations focus on mitigating environmental and safety risks,
responding to system events and equipment deficiencies when they are identified, managing system
performance with respect to reliability and power quality, and asset stewardship over the assets’ life

span.

Figure 28 provides the age demographic distribution of major station assets. Toronto Hydro's critical
stations asset base is of an increasingly advanced age on average. As of 2022, 42 percent of Toronto
Hydro’s switchgear, 51 percent of power transformers, 42 percent of outdoor breakers, and 55
percent of DC battery systems are operating at or beyond their useful life. Without proactive
intervention, the proportion of station assets operating beyond their useful life will continue to
increase, contributing to already elevated asset failure risks for highly critical assets. Station asset
renewal is complex and entails considerable operational constraints which limit the achievable level
of renewal in a given year. Consistent investment and renewal work is needed to sustainably mitigate

and control the failure risk presented by these assets.
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Figure 28: Stations Assets Demographics as of 2022

Within its stations asset classes, Toronto Hydro performs ACA analysis on its power transformers as
well as various types of its circuit breakers. With the exception of standalone outdoor circuit
breakers, circuit breakers are contained inside one of Toronto Hydro’s switchgear and are considered
components of their parent switchgear. Therefore, ACA performed on breakers helps serve as a

proxy for switchgear condition.

Figure 29 shows that 98 percent of Toronto Hydro’s air-blast circuit breakers, 93 percent of its oil
circuit breakers, 39 percent of KSO oil circuit breakers, 12 percent of station power transformers, 78
percent of air-magnetic circuit breakers, 5 percent of SFs circuit breakers, and 1 percent of vacuum
circuit breakers show signs of at least moderate deterioration. Accordingly, renewal of switchgear
containing air-blast circuit breakers and oil circuit breakers are heavily targeted in the Stations
Renewal Program.® Similarly, standalone outdoor KSO circuit breakers are prioritized for renewal in

the proposed program.

62 Supra note 46.
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Figure 29: Asset Condition Assessment of Station Assets

Other key asset management performance measures that are relevant to the stations include:

e Oil Deficiencies: During the 2020-2022 period, Toronto Hydro found on average 12 station
transformers with oil deficiencies per year. Assets replaced in the Station Renewal
program,®® and Reactive and Corrective Capital program will include assets exhibiting oil

deficiencies found during inspections.®

e Priority Deficiencies: Station assets include power transformers, circuit breakers,
switchgear, SCADA systems, relays, batteries and chargers, SCADA telemetry or control
equipment, station alarms, DC panels, station heating, ventilation systems and sump pumps,
which are installed across Toronto Hydro’s 141 MSs and 37 TSs. From 2019 to 2022, Toronto

Hydro issued more than 2,300 work requests to address failing or failed station assets.

D2.24.1 Stations Legacy Equipment

Toronto Hydro has many legacy station assets currently in operation, which are being phased out
through capital renewal plans, as discussed in the Stations Renewal Program.%*Legacy assets include:

(i) non-arc-resistant brick and metalclad switchgear; (ii) air-blast, oil, KSO oil, and air magnetic circuit

83 Ibid.
64 Supra note 37.
65 Supra note 46.
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breakers; (iii) DACSCAN MDO-11, D20 ME, D20M++, and MOSCAD RTUs; electromechanical pilot-

wire relays; and (iv) copper communications cable.

Oil and KSO oil circuit breakers are legacy assets which also present several risks including a safety
risk to Toronto Hydro personnel, risk of collateral damage to adjacent station equipment, and in
some cases a safety risk to the public or an environmental risk. Both oil and KSO oil circuit breakers
contain oil, which may catch fire or even explode upon failure of the asset. KSO oil circuit breakers
can also contain PCBs. By the end of 2029, Toronto Hydro plans to replace all remaining oil KSO circuit

breakers with vacuum type breakers.

D2.2.4.2  Stations Major Assets Failure Characteristics

Table 5 below provides a brief overview of the failure modes and impacts of station asset failures.
Typically, failure of these assets results in power outages to all customers supplied by the affected
station bus, or even the entire station. In addition to power outages, station asset failures can lead

to extensive and irreparable damage.

Table 5: Station Assets Failure Modes

Asset Failure Mode Effects

a) Control Cable lose a) Inability to monitor and operate the
connection due to breaker breaker via protection and control, and
operation, auxillary socket May result in an arc flash.
broken or auxillary socket b) Possible flashover, and safety issue
misalignment. involved with the failure due to the

b) Broken/cracked interphase explosion if protection fails.

Switchgear barrier or insulators; dirtor | ¢) | oss of power due to relay protection

debris on insulators. sensing the cable fault and tripping the

c) Total cable failure (all breaker.
possible causes). d) May lead to overheating and melting of

d) Dirt or debris on busbar the busbar; flashovers might take out the
conductors. whole bus and result in a major station

shutdown.
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Asset Failure Mode Effects
Power Transformer a) Defective bushing gasket a) Oil leaks from the bushing may lead to
(Qil filled bushing). loss of insulation, a short-circuit and
b) Paper insulation failure. eventually an outage.
) Defective breather (all b) Power outage to entire station due to
possible causes). low or fluctuating voltage, or internal
N fault.
d) Control circuit or motor
failure of onload tap c) Moisture enters through breather;
changer. moisture ingress will decrease insulation
value of oil, eventually causing dielectric
breakdown of oil. Flashover may occur.
d) Failure to adjust output voltages to
desired secondary voltages.
KSO Circuit Breaker a) Worn latching mechanism a) Operating mechanism fails to facilitate
or broken lifting rod. sequential movement of components to
b) Breaker fails to open on a close the breaker; customers will be
fault, no internal arcing without power until transferred to
oceurs. alternate supply.
¢) Bushing failure causes b) Power outage to entire station
flashover. switchgear.
d) Oil fails to insulate the live c) Power outage to entire station
parts within the tank and switchgear; flashover damages breaker.
also extinguishing the arc. d) Breaker opens, but arc remains causing
equipment damage and loss of bus.
Breaker may rupture causing injury to
workers in the vicinity, releasing fumes
and oil into the environment and may
cause damage to adjacent equipment.
DC Battery System a) DC charger system fails. a) All station protection and control
b) DC battery fails. capability is lost after 8 hours when the
battery has depleted. Station is then
rendered inoperable.
b) Station is noncompliant with Section

10.7.1 of the Transmission System Code.
Should either the DC charger system or
station service supply be out of service,
then the station is rendered inoperable.
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D2.25 Metering

Toronto Hydro utilizes several different meter types in order to ensure the reliable measurement of
electricity acquired by the utility through the provincial transmission system and distributed to its
customers. These include: (i) Residential, Small Commercial and Industrial; (ii) Interval; (iii) Suite

Metering; and (iv) Wholesale.

e Residential/Small Commercial & Industrial: Toronto Hydro must continually upgrade its
residential metering system to ensure that it continues to receive vendor support and is
capable of enabling features on newer generation meters. The bulk of residential and small
commercial and industrial meters have seals expiring between 2024 and 2026. As part of its
AMI 2.0 initiative, Toronto Hydro plans to replace residential and small commercial and

industrial meters with next generation meters.%®

e Interval: Toronto Hydro plans to upgrade the Interval Metering system, ITRON Enterprise
Edition (“IEE”) to continue to successfully meter Toronto Hydro’s interval metered customers
(those with a demand of 50 kW or above). The upgrade is scheduled for completion by 2025.
In 2017, Toronto Hydro had 7,000 Interval metered customers on IEE. In 2020, this increased
to 14,000 customers due to the decommissioning of the 2G network in Toronto, and the
subsequent conversion by Toronto Hydro of its 2G meters to newer 4G technology. By the
end of 2022, Toronto Hydro’s interval metered customers reached 17,000 customers due to

conversion of various customer groups from manual reads and manual billing.

e Suite Metering: These meters represent the individually metered multi-residential buildings.
The utility is legally obligated to provide suite meter installation services. Toronto Hydro
offers this service in a competitive environment, and is also the provider of last resort in the
event that the condominium chooses not to secure a third-party meter service provider.
Currently, there are approximately 94,000 suites that are individually metered by Toronto
Hydro and about 3,000 multi-residential buildings that are metered by one bulk meter.
Toronto Hydro plans to continue to offer its suite metering services to new customers along

with retrofit upgrades over the 2025-2029 rate period.

o Wholesale: Toronto Hydro plans to upgrade its wholesale revenue meters at all applicable

wholesale metering points to comply with the metering standards mandated by the

66 Exhibit 2B, Section E5.4.
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Independent Electric System Operator (“IESO”) Market Rules and Measurement Canada
during the 2025-2029 period. These meters are installed at each of Toronto Hydro’s transfer
stations, and are used by Toronto Hydro to purchase power and to validate consumption
with the IESO.

Toronto Hydro must maintain its fleet of meters in order to comply with both Measurement Canada
and OEB mandates such as billing accuracy, estimated bills, and meter seals. In this regard, Toronto
Hydro re-seals batches of meters to ensure accuracy and reactively replaces failed or non-
communicating meters to ensure compliance. Toronto Hydro’s meter population is aging with the
majority of the residential and small C&| meter population reaching and exceeding 15 years of age
during the 2025-2029 rate period. By 2025, approximately 90 percent of Toronto Hydro's residential
and small commercial meters will surpass their useful life. To address this risk of failure, Toronto
Hydro intends to replace its full population of first-generation residential and small C&I meters with

next generation meters and supporting network infrastructure.

D2.2.5.1 Metering Major Assets Failure Characteristics

Table 6 below provides a brief overview of the failure modes and impacts of metering asset failures.

Table 6: Metering assets failure mode

Asset Failure Mode Effects
a) Communications a) Bills must be estimated or meter manualy
Energy Meter .
Failure read
Instrument . . b) Meter reads would be incorrect due to failed
b) Device Failure .
Transformer instrument transformers

D2.3 System Utilization

Toronto Hydro completes an annual System Peak Demand Forecast for station bus capacity to plan
for short- and long-term load growth, additional capacity requirements to serve customers, and
contingency scenarios such as planned work or loss of supply. This peak demand forecasting process
is further explained in Section D4.1.1 and Section D3.3.1.1. To prevent system overloading which

may lead to asset failures, the peak utilization of a bus should not reach or exceed 100 percent of its
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rated capacity for extended periods of time.®” Bus capacity rating is determined based on the ratings
for all of its associated equipment and a Limited Time Rating for upstream equipment provided by

Hydro One. %8 Forecasting is performed at the bus level.
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Figure 30: Forecasted Station Loading in 2025  Figure 31: Forecasted Station Loading in 2030

From a station capacity standpoint, by 2025, 64 percent of Toronto Hydro stations will experience
loading of 75 percent or higher, with four stations that are forecasted to be near capacity. By 2030,
Toronto Hydro anticipates that the aforementioned percentage will increase to 78 percent, with five

stations expected to exceed their capacity. Operating stations at 100 percent capacity would severely

87 For planning purposes, a 95 percent loading threshold is used for the downtown region, while a 100 percent bus
loading threshold is used for the Horseshoe. This difference in the threshold is due to the fact that there is more load
transfer capabilities in the Horseshoe area than the downtown area so more time is required to make plans for
downtown capacity constraints, than for Horseshoe capacity constraints. Further details of the load forecasting can be
found in Section D3.1.2.1 Decision Support Systems as well as E7.7 Stations Expansion.

68 Limited Time Rating (“LTR”): With respect to transformers, a limited time rating is a set of 15-minute, 2-hour, and 10-
day MVA ratings determined by Hydro One in order to accommodate shorter time interval loading periods without
causing equipment damage. All of Toronto Hydro’s buses are supplied via at minimum two transformers operating in
parallel. For bus capacity planning purposes, Toronto Hydro utilizes the 10-day LTR rating provided by Hydro One which is
the maximum MVA the most limiting transformer can supply for a 10-day period with the other transformer out-of-
service.
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limit the utility’s flexibility to manage abnormal system states (planned or unplanned). In a worst-

case scenario, Toronto Hydro would be unable to maintain or replace a failing or failed asset.

More specifically, Toronto Hydro must also ensure that each of its stations has sufficient capacity to
connect new or existing customers without sacrificing system reliability or operational flexibility for
existing customers. Otherwise, extensive load transfers must be pursued through the Load Demand
Program solely to free up the capacity needed to connect new customers without overloading a bus.
Although this limit precedes station capacity, it is the primary driver for the need for extensive load

transfers or station expansion projects so that new customer connections can be made.

To mitigate overloading at the stations and free up capacity to connect new large customers, Toronto
Hydro analyzes each station’s load forecast as well as available capacity in the area to resolve loading
problems. Possible resolutions are to plan load transfers, upgrade existing components, or expand
the station. A large number of limitations and considerations must be considered in implementing

these solutions, including:

e incompatible system voltages (e.g. 27.6 kV vs. 13.8 kV);

e incompatible system types (e.g. radial versus looped, or overhead versus network);
e availability of civil infrastructure;

e availability of feeder positions;

e environmental or civil barriers (e.g. rivers, highways ravines); and

e relative cost between relief options.

Due to these various considerations, every station must be individually analyzed to determine an

appropriate resolution.

On the feeder level, Toronto Hydro typically plans new customer connections or customer load
increases by analyzing the area where the additional load requirements are emerging. Similar
limitations and considerations at both the feeder level and station level must be accounted for in the
planning process. This process is largely reactive given the significant uncertainty in forecasting
feeder loading, because it is difficult to predict exactly where new loads will materialize and there

are multiple feeders which can potentially connect new loads.

On the asset level, Toronto Hydro frequently reviews the system in areas of high capacity utilization
or areas of poor reliability to determine what work can be undertaken to improve the system. It is

difficult to monitor every asset in the system to ensure it is optimally utilized. Nonetheless, Toronto
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Hydro has initiatives in place which will install new infrastructure and allow more assets to be closely
monitored. Examples of such initiatives are network monitoring, stations control and monitoring
replacements and new installations, and power transformer and switchgear replacements. These

initiatives help prevent overloading which may cause premature equipment failure.

Distribution System Plan 2025-2029 | Page 52 of 52



@ Stantec

CLIMATE CHANGE VULNERABILITY
ASSESSMENT UPDATE

November 18, 2022

Prepared for:
Toronto Hydro-Electric System Limited

Prepared by:
Stantec

Project Number:
160925171

Toronto Hydro-Electric System Limited
EB-2023-0155

Exhibit 2B

Section D2

Appendix A

ORIGINAL

(241 pages)



Climate Change Vulnerability Assessment Update
November 18, 2022

The conclusions in the Report titled Climate Change Vulnerability Assessment Update are Stantec’s
professional opinion, as of the time of the Report, and concerning the scope described in the Report. The
opinions in the document are based on conditions and information existing at the time the scope of work
was conducted and do not take into account any subsequent changes. The Report relates solely to the
specific project for which Stantec was retained and the stated purpose for which the Report was
prepared. The Report is not to be used or relied on for any variation or extension of the project, or for any
other project or purpose, and any unauthorized use or reliance is at the recipient’s own risk.

Stantec has assumed all information received from Toronto Hydro-electric System Limited (the “Client”)
and third parties in the preparation of the Report to be correct. While Stantec has exercised a customary
level of judgment or due diligence in the use of such information, Stantec assumes no responsibility for
the consequences of any error or omission contained therein.

This Report is intended solely for use by the Client in accordance with Stantec’s contract with the Client.
While the Report may be provided to applicable authorities having jurisdiction and others for whom the
Client is responsible, Stantec does not warrant the services to any third party. The report may not be
relied upon by any other party without the express written consent of Stantec, which may be withheld at
Stantec’s discretion.

. Digitally signed by
Blge|OW1 Bigelow, Dave
Date: 2022.11.18

Dave 10:08:57 -07'00"

Prepared by:

Dave Bigelow, M.Sc.

Digitally signed by Wayne
L. E. Penno, MBA, P.Eng
Date: 2022.11.18

Reviewed by: 12:56:41 -05'00'

Wayne Penno, MBA, P.Eng.

Digitally signed by

- Shippee, Norman
o Date: 2022.11.18

Approved by: 12:51:13 -05'00

Norman Shippee, Ph.D.

i




Climate Change Vulnerability Assessment Update
November 18, 2022

Table of Contents

EXECUTIVE SUMMARY .ottt e e ettt e e e e e e e nnbea s v
ACRONYMS / ABBREVIATIONS ... .o VI
1 INTRODUGCTION ...ttt e e et e e e e et e e e e et e e e eaa e aaenenns 1
1.1 (2211 (o | (o] oo PRSP OPTPPRPPPP 1
1.2 L@ 1T 1Y/ SRS 1
1.3 S o0 o [T PSP PP 1
2 CLIMATE PARAMETER PROBABILITY UPDATE ...t 3
21 1=t pTe o [o] oo 1Y A ST PO OPUPPRPPPP 3
211 L0114 T= 1 (= I - | - SRR 3
21.2 Climate Parameter Probability .............coooiiiiiiiii e 5
2.2 1] ] PSSR 7
221 Heat-Related ParameterS.........uuiiiiii it e e e e e s st r e e e e e s st eeeaeeessansnraees 8
222 FrOST-FTEE DaYS.... e 9
2.2.3 EXIreme RAINTA ..........ooie e 10
224 SNOWTAL ...t e e 10
2.25 L C=T= A o V] 11
2.2.6 LT o PO PO P T PPRR PR 11
227 LI ] 4 T= U6 [o 1= SO PP POPRRP PRSP 12
2.2.8 [T | o 11T oo [ PSP U PP PTPRTON 13
3 MATERIALITY ASSESSMENT ...oeii e 14
3.1 Materiality METNOAS ........ueiiiiii e et e e et e e e 14
3.2 MALEFTAIILY RESUILS ..ottt e e e e e e et e e e e abne e e e neee 14
4 DISCUSSION ..t e et e e e e et e e e e et e e e e et e e e e eta e aeerenns 17
5 LIMITATIONS L e ettt e et e e ettt e e e e et e e e era e eeenenns 19
6 CLOSURE . ..ttt e e ettt e e e et e e e e et e e e et e e e e 20
7 REFERENCES ... .ttt e et e et e e e e et e e e e erb e e e erenns 21
LIST OF TABLES
Table 1: Global Climate Models (GCMs) from CanDCS-U6 used in this study. ..........cccoeccviiiieennnnnns 3
Table 2: Climate parameters and data sources used in the 2015 Study and the current (2022) study 6
Table 3: Probability score classes applied in this study and the 2015 Study (from Engineers Canada,
710 1 ) OO 7
Table 4: Updates to climate parameter probabilities ... 7
Table 5: Risk tolerance thresholds (classes) from the 2015 Study ..........cccceeeiiiiieiiiiiiee e 14
Table 6: Summary of Interactions with material changes to risk SCOres ...........cocvevviiiiiiiiiiiiieiieeens 15
Table 7: Material risk classification changes and adaptation option outcomes ............ccccceeeeeeviiennnen. 15



Climate Change Vulnerability Assessment Update
November 18, 2022

LIST OF FIGURES

Figure 1: ProjECE WOIKFIOW ..veeiiec e e e e e s e e e e e e e s st e e e e e e e e s e nnnnreees 2
Figure 2: Mean air temperature over the baseline period (1981-2010), across the full CanDCS-U6
L= TST=T 1 0] o L= PRSP 5
Figure 3: Scaled 24-hour rainfall probability curve for Toronto Pearson Airport, from ECCC. Triangles
denote 100-mm rainfall probabilities for the baseline (red) and 2030s (blue). ...................... 10

Figure 4: 2017-2019 tornadoes recorded by Sills et al. (2020), overlain with contours of annual tornado
frequency in tornadoes per 10,000km2 per year from Cheng et al. (2013): dash-dotted = 0.1,
dashed = 1.0, SONAT2.0.....ueiiiiiii e e e e e e e s e e e e e e e s nnaeees 13

LIST OF APPENDICES
APPENDIX A -2022 CLIMATE PARAMETER PROBABILITY UPDATE

APPENDIX B = 2022 RISK SCORES FOR INTERACTIONS WITH UPDATED CLIMATE
PARAMETERS

APPENDIX C - 2015 TORONTO HYDRO-ELECTRIC SYSTEM LIMITED CLIMATE CHANGE
VULNERABILITY ASSESSMENT

iii



Climate Change Vulnerability Assessment Update
November 18, 2022

Executive Summary

This Climate Change Vulnerability Assessment Update was conducted by Stantec to provide Toronto
Hydro-Electric System Limited (Toronto Hydro) with updated climate parameters as described in the
‘2015 Toronto Hydro-Electric System Limited Climate Change Vulnerability Assessment’, (AECOM and
RSI, 2015: “the 2015 Study”). The main objective was to identify if any further work is required to update
the adaptation actions recommended in the 2015 Study. The study uses updated climate projection data
from the 6t Coupled Model Intercomparison Project (CMIP6), released along with the IPCC’s 6
Assessment Report (AR6) in 2021, to estimate climate parameter probabilities. The two main tasks
completed were to (1) update climate parameter probabilities and scores using CMIP6 data and scientific
literature published since the 2015 Study; and (2) assess the materiality of the probability updates, by re-
calculating the risk scores over the study period (from 2022 to 2050) following the PIEVC Protocol version
10 (Engineers Canada, 2011). Wherever possible, the same methods used in the 2015 Study were also
used in this assessment.

To estimate the climate parameter probabilities, the complete ensemble of climate model outputs from the
downscaled CanDCS-U6 dataset were used, and review of scientific literature, including the Climate-
Resilient Buildings and Core Public Infrastructure 2020 (Cannon et al., 2020) report was completed. A
summary of the probability updates that resulted in a change to the probability scores is provided in the
table below.

Daily Maximum 0 0.08 o .

Temperatures | DS > 40°C 0-0.1) 90% 6 Decrease (-1)
-2.2% in

Ice Storm/ 25 mm =125 : o

Freezing Rain | mm radial gf (?r)g[ilc():rf 96% 6 Decrease (-1)

Each combination of infrastructure asset class and climate parameter is referred to as an ‘interaction’.
The only climate parameters whose probability scores changed were ‘days with maximum temperatures
>40°C’, and ‘ice storms with >25mm of ice accretion’, both of which decreased by 1. The updated
probabilities resulted in material changes to the risk scores for 23 separate interactions (10 from daily
maximum temperatures >40°C and 13 from Ice Storms >25mm), as summarized in the table below.

Daily Maximum

Temperature 40°c

Ice Storm / Freezing | 25 mm =12.5
Rain mm radial

iv



Climate Change Vulnerability Assessment Update
November 18, 2022

While the results show a slight decrease to the risk scores for these 23 interactions, the uncertainty in the
climate projection data is high, therefore it is not recommended to relax the adaptation measures
associated with extreme heat or freezing rain events from the 2015 Study.

Despite no change to the assigned probability scores, the annual frequency of high daily average
temperatures >30°C (increase), heat waves (increase), and high nighttime temperatures (decrease) are
all expected to change by >10% in the 2030s. The change is not material based on the approach applied.
However, these climate parameters and their interactions with infrastructure asset classes may merit
further study to identify whether the adaptation measures recommended in the 2015 Study report are
sufficient to address the expected changes.
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Acronyms / Abbreviations

AEP Annual Exceedance Probability

AR5 5t Assessment Report

AR6 6t Assessment Report

BCCAQv2 Bias Correction/Constructed Analogues with Quantile delta mapping reordering
CanDCS-U6 Canadian Downscaled Climate Scenarios — Univariate (CMIP6)
CMIP5 Coupled Model Intercomparison Project 5

CMIP6 Coupled Model Intercomparison Project 6

ECCC Environment and Climate Change Canada

EF Enhanced Fujita Scale

GCM Global Climate Model

IDF Intensity-Duration Frequency

IPCC Intergovernmental Panel on Climate Change

NTP Northern Tornadoes Project

PCIC Pacific Climate Impacts Consortium

PIEVC Public Infrastructure Engineering Vulnerability Committee

RCP Representative Concentration Pathway

RSI Risk Sciences International

SSP Shared Socioeconomic Pathway
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1 Infroduction

This study was conducted by Stantec Consulting Ltd. (Stantec) to provide Toronto Hydro-Electric System
Limited (Toronto Hydro) with updated climate parameters as described in the ‘2015 Toronto Hydro-
Electric System Limited Climate Change Vulnerability Assessment’, (AECOM and RSI, 2015: “the 2015
Study”). The findings in this report are based on newly available global climate model (GCM) data from
the 6t Coupled Model Intercomparison Project (CMIP6).

1.1 Background

A 2015 Study was conducted by AECOM and Risk Sciences International (RSI) using the latest climate
projection information from the 5" Coupled Model Intercomparison Project (CMIP5) available at the time.
The CMIP5 data was used to conduct a climate risk assessment using Engineers Canada’s Public
Infrastructure Engineering Vulnerability Committee’s (PIEVC) assessment protocol (Engineers Canada,
2011) and estimate the vulnerability of Toronto Hydro’s electrical distribution system to climate change
and extreme weather events. The risk assessment included workshops, interviews, and an analysis of
past climatic events to characterize the consequence of climate on Toronto Hydro’s assets. Risk was
evaluated by combining the climate hazard likelihood with the consequence information. The results of
the 2015 Study were used to determine where infrastructure vulnerabilities to climate change were
present and identify adaptation options to increase resilience.

In 2021, the IPCC released the 6! Assessment Report (AR6), as well as outputs from CMIP6, which
represents an update to the latest climate change projection data from CMIP5. As one of the
recommendations from the 2015 Study was to continue monitoring and evaluating climate change
projection science, Toronto Hydro contracted Stantec to evaluate if the CMIP6 data will have a material
change to the risk assessment set out in the 2015 Study.

1.2 Objective

The main objective of this assessment is to identify if any further study is required to update the adaptation
actions recommended in the 2015 Study. This study uses updated climate projection data to estimate
climate parameter probabilities and identifies whether these updates lead to materially different risk scores
for Toronto Hydro’s infrastructure asset classes over the study period.

1.3 Scope

The following scope of work has been completed as part of this assessment.

1. Climate Parameter Probability Update: Stantec collected downscaled CMIP6 global climate
model data and reviewed scientific literature to estimate updated probability scores for the climate
parameters found in the 2015 Study. This work aligns with Step 2, ‘Data Gathering and Sufficiency’
in version 10 of the PIEVC Protocol (Engineers Canada, 2011), as outlined in Section 1.2 of the
2015 Study.

1
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2. Materiality Assessment: For those climate parameters where the probability score changed,
Stantec re-calculated the study period risk score, to evaluate whether the change is material to
each interaction. This aligns with Step 3, ‘Risk Assessment’, of the PIEVC Protocol, as outlined in
Section 1.2 of the 2015 Study. We define a material change as one where the updated risk score
fir an interaction crossed the risk tolerance thresholds from the 2015 Study.

Figure 1 outlines the work conducted in this study, and the nomenclature used to estimate climate-related
risk to Toronto Hydro’s assets. Beginning with a review of climate data and scientific literature, we
estimated the relevant climate parameters and their probabilities over the study period, then translated
them to probability scores. The updated probability scores were used to re-calculate and revise the risk
scores for each of the infrastructure asset class and climate parameter interactions investigated in the
2015 Study. For consistency with the 2015 Study, the methods and thresholds used to estimate the
probability and risk scores followed those outlined in version 10 of the PIEVC Protocol (Engineers
Canada, 2011).

Figure 1: Project workflow
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2 Climate Parameter Probability Update

This section describes the data and methods used to estimate updated climate parameter probabilities,
and probability scores based on the updated climate data reviewed. The climate parameters investigated,
and methods used to estimate probabilities align with the 2015 Study, except where noted otherwise.

2.1 Methodology
2.1.1 CLIMATE DATA

While the 2015 Study used coarse resolution (~200 km) climate projection information released along
with the IPCC’s 51 assessment report (AR5) — CMIP5, the Canadian Downscaled Climate Scenarios —
Univariate (CMIP6), or CanDCS-U6, dataset produced by the Pacific Climate Impacts Consortium (PCIC)
was used for this study. CanDCS-U6 is based on global climate model (GCM) outputs from the latest
projections from the 6t Coupled Model Intercomparison Project (CMIP6), which were released in 2021.
These represent a higher-resolution (~10 km grid) dataset that has been bias-corrected to align with a
gridded historical weather reanalysis dataset (McKenney et al., 2011). The CanDCS-U6 dataset is
delivered with daily resolution but is aggregated over 30-year time periods and across an ensemble of 26
models (Table 1) to estimate the range of climate parameter frequencies.

Table 1: Global Climate Models (GCMs) from CanDCS-U6 used in this study.
ACCESS-CM2 CSIRO-BOM Australia CSIRO (Commonwealth Scientific and Industrial
Research

Organisation, Australia), and BOM (Bureau of
Meteorology, Australia)

ACCESS-ESM1-5 CSIRO-BOM Australia CSIRO (Commonwealth Scientific and Industrial
Research Organisation, Australia), and BOM (Bureau of
Meteorology, Australia)

BCC-CSM2-MR BCC China Beijing Climate Center, China Meteorological
Administration

CanESM5 CCCma Canada Canadian Centre for Climate Modelling and Analysis
CMCC-ESM2 CMCC Italy Centro Euro-Mediterraneo per | Cambiamenti Climatici
CNRM-CM6-1 CNRM- France Centre National de Recherches Meteorologiques / Centre
CERFACS Europeen de Recherche et Formation Avancees en
Calcul Scientifique
CNRM-ESM2-1 CNRM- France Centre National de Recherches Meteorologiques / Centre
CERFACS Europeende Recherche et Formation Avancees en Calcul
Scientifique
EC-Earth3 EC-Earth Europe EC-Earth Consortium
EC-Earth3-Veg EC-Earth Europe EC-Earth Consortium
FGOALS-g3 LASG-IAP China LASG, Institute of Atmospheric Physics, Chinese

Academy of Sciences
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GFDL- ESM4 NOAA GFDL us Geophysical Fluid Dynamics Laboratory

HadGEM3-GC31-LL MOHC UK MetOffice Hadley Centre

INM-CM4-8 INM Russia Institute for Numerical Mathematics

INM-CM5-0 INM Russia Institute for Numerical Mathematics

IPSL-CM6A- LR IPSL France Institut Pierre-Simon Laplace

KACE-1-0-G NIMS-KMA Korea National Institute of Meteorological Sciences, Korea
Meteorological Administration Republic of Korea

KIOST-ESM KIOST Korea Korea Institute of Ocean Science & Technology Republic
of Korea

MIROC-E2SL MIROC Japan Japan Agency for Marine-Earth Science and Technology,
Atmosphere

MIROC6 MIROC Japan Atmosphere and Ocean Research Institute (The

University of Tokyo), National Institute for Environmental
Studies, and Japan Agency for Marine-Earth Science and

Technology

MPI-ESM1-2-HR MPI-M Germany Max Planck Institute for Meteorology

MPI-ESM1-2-LR MPI-M Germany Max Planck Institute for Meteorology

MRI-ESM2-0 MRI Japan Meteorological Research Institute

NorESM2-LM NCC Norway Norwegian Climate Centre

NorESM2-MM NCC Norway Norwegian Climate Centre

TaiESM1 AS-RCEC China Research Center for Environmental Changes, Academia
Sinica

UKESM1-0-LL Met Office - UK Met Office Hadley Centre, Natural Environmental

NERC Research Council

Climate parameter probabilities from the 2015 Study relied on the Representative Concentration Pathway
(RCP) 8.5 emissions scenario from CMIP5, which is largely consistent with the Shared Socioeconomic
Pathway (SSP) 5-8.5 (from CMIP6) (Riahi et al., 2017). The RCP scenarios represent different levels of
greenhouse gas (and other radiative forcings) that might occur by 2100 (e.g., RCP 8.5 represents an
additional 8.5 Wm-2). CMIP6 data is based on SSPs, which interpret how different levels of climate
change mitigation (or lack thereof) could be achieved to reach specific greenhouse gas concentrations.
While there is debate surrounding which pathway from CMIP6 is the most likely, the SSP5-8.5 pathway
represents a high-emissions (more pessimistic) scenario (Riahi et al., 2017). Climate projection data from
SSP5-8.5 was used for this analysis as a conservative estimate of future climatic conditions, and to
maintain consistency with the 2015 Study.

The Toronto Hydro study area encompasses 21 grid cells from the CanDCS-U6 dataset (Figure 2).
Stantec calculated applicable climate parameters across the entire 26-member ensemble of climate
models, before calculating the mean, 10 and 90t percentiles over all models to produce most-likely,
lower- and upper-end estimates for each parameter (see Appendix A). While recent studies (Hausfather
et al., 2022) have shown that averaging the complete CMIP6 ensemble of models may overestimate
future temperatures due to model bias, all model members of the CanDCS-U6 ensemble are bias-
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corrected using the BCCAQv2 method (Cannon et al., 2015; Werner and Cannon, 2019), which corrects
any potential biases to an observed historical dataset.
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Figure 2: Mean air temperature over the baseline period (1981-2010), across the full

CanDCS-U6 ensemble

Climate parameters that could not be calculated using the CanDCS-U6 data were investigated by
conducting a literature review. The estimates of most of these parameters were derived using Climate-
resilient buildings and core public infrastructure (CRBCPI) 2020: An assessment of the impact of climate
change on climatic design data in Canada (Cannon et al., 2020). This document provides climatic design
parameters based on the CanDCS-U5 dataset, which is a downscaled version of the CMIP5 data used in
the 2015 Study. While the data are not based on the latest climate modelling (i.e., CMIP6), they do
represent an update to the data used in the 2015 Study. Estimates of climate parameters that were not
included in Cannon et al. (2020) relied upon other scientific publications identified by Stantec.

2.1.2 CLIMATE PARAMETER PROBABILITY

Some of the climate parameter probabilities were directly estimated from the CanDCS-U6 data (Table 2).
Details on the methods used to calculate each parameter are provided in Section 2.2. To maintain
consistency with the 2015 Study, the estimated frequencies/probabilities were adjusted to match the
baseline values with those from the 2015 Study by applying the ‘delta’ approach as described in Appendix
B, Section 3.3.1 of the 2015 Study report. The baseline probabilities from the 2015 Study are maintained
in this study because their calculation relied on high-quality measurements obtained from weather
stations, in contrast to the CanDCS-U6 baseline data, which rely on the less-precise NRCANmet dataset
(Hopkinson et al., 2011).
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Annual probabilities were estimated for the baseline period (1981-2010), the 2030s (2021-2050) and the
2050s (2041-2070), by dividing the number of event occurrences, by 30 years. The annual probabilities
were then translated to study period probabilities by estimating the likelihood of occurrence over a 28-
year period (from 2022 to 2050). Because seven years have passed since the 2015 Study (study period
from 2015 to 2050), the length of the study period has changed, which influences the climate parameter
probability of occurrence.

Table 2: Climate parameters and data sources used in the 2015 Study and the current

(2022) study

Daily Maximum

25°C, 30°C, 35°C,

CMIP5 Ensemble (IPCC AR5)

Canadian Downscaled Climate

Temperatures 40°C Scenarios — Univariate (CMIP6)
High Daily Avg. 30°C CMIP5 Ensemble (IPCC AR5) Canadian Downscaled Climate
Temperature Scenarios — Univariate (CMIP6)
Heat Wave 3-days with max CMIP5 Ensemble (IPCC AR5) Canadian Downscaled Climate

temp over 30°C

Scenarios — Univariate (CMIP6)

High Nighttime Nighttime low CMIP5 Ensemble (IPCC AR5) Canadian Downscaled Climate
Temperatures >23°C Scenarios — Univariate (CMIP6)
Snowfall 5 cm, 10 cm daily CMIP5 Ensemble (IPCC AR5) Canadian Downscaled Climate

Scenarios — Univariate (CMIP6)

Frost-Free Days

0°C

CMIP5 Ensemble (IPCC AR5)

Canadian Downscaled Climate
Scenarios — Univariate (CMIP6)

Extreme Rainfall

100 mm in <1 day
+ antecedent

Kunkel et al. (2013)

Canadian Downscaled Climate
Scenarios — Univariate (CMIP6);

Cannon et al. (2020)

Ice Storm/Freezing Rain

15 mm, 25 mm, 60
mm

Cheng et al. (2011, 2014)

McCray et al (2022);
Jeong et al (2018);
Jarret et al (2019);
Cannon et al. (2020)

High Winds 70 km/h, 90 km/h, Cheng et al. (2012); Cannon et al. (2020)
120 km/h Cheng (2014)
Tornado EF1+, EF2+ Brooks et al. (2014) Cheng et al. (2013);
Gensini et al. (2018);
Sills et al. (2020)
Lightning Flash density per Romps et al (2014) Cheng et al. (2013);

km km?

Gensini et al. (2018);
Sills et al. (2020)

The updated climate parameter probabilities were categorized into one of the eight probability score classes
used in the 2015 Study (Table 3). While more recent versions of the PIEVC protocol exist (e.g., the PIEVC
High-Level Screening Guide — ICLR, 2022), Stantec applied the same scoring thresholds used in the 2015
Study to maintain consistency and comparability.
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Table 3: Probability score classes applied in this study and the 2015 Study (from Engineers
Canada, 2011)

0 <0.1 % <1in 1,000
1 1% 1in 100
2 5% 1in20

3 10 % 1lin10

4 20 % 1lin5

5 40 % 1in25
6 70 % linl4
7 >99 % >1in 1.01

2.2 Results

Updates to the projected annual frequency (2030s), study period probabilities, and probability score for
each climate parameter are summarized in Table 4. For parameters derived from the CanDCS-U6 data,
the mean, 10, and 90t percentiles of the frequency (across 26 models) are provided. A more detailed
comparison, including baseline probabilities and 2050s projections is included in Appendix A for
reference. Specific methods applied and results obtained for each climate parameter are described in
detall later in this section.

Table 4: Updates to climate parameter probabilities

e [ e [ PSS | SR | SR %R
?:lLyplt\eAr:\)t(liJTeusm Days >25°C (64 z-36102) >99% ’ one
Temporatires. Days >30°C (10~ a1 ~99% ! one
Temporatires. Days >35°C -7 ~99% ! one
_I?:ri:]yplt\ellrzﬁrpeusm Days > 40°C (00_-%5.51) 90% 6 Decrease (-1)
e Days >30°C 0 22) >99% ’ tone
Heat Wave Szgﬁgi%%i@/e . 92:65. 9) >99% 7 None
Ay e | 09 >99% ’ one

1 Refers to annual frequency (days per year), unless otherwise noted in column 2. The values in
parentheses indicate the 10" and 90 percentiles across 26 downscaled GCMs, from the CanDCS-U6
data.
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Snowfall Days w/ >10 cm 1.2 100% 7 None
(0-2.6)
4.4
Snowfall Days w/ > 5cm (16 - 7.6) 100% 7 None
Frost-Free Days Days > 0°C 249 100% 7 None
(242 - 279)
. 100 mm in <1 day +11% rainfall
Extreme Rainfall + antecedent intensity 75% 6 None
Ice Storm/ . -2.2% in 1/20yr
Freezing Rain Accretion 15 mm ice accretion 99% 7 None
Ice Storm/ 25mm =125 mm | -2.2% in 1/20yr
Freezing Rain radial ice accretion 96% 6 Decrease (-1)
Ice Storm/ 60 mm = 30 mm -2.2% in 1/20yr
Freezing Rain radial ice accretion 23% 4 None
. . +0.7% in 10-yr
High Winds >70 km/h+ wind speeds >99% 7 None
. . +0.7% in 10-yr
High Winds >90 km/h wind speeds >99% 7 None
. . +0.8% in 25-yr
High Winds >120 km/h wind speeds 76% 7 None
Tornado EF1+ - ~0.6% 1 None
Tornado EF2+ - ~0.3% 0 None
. . Flash density per o
Lightning year per km? 1.43 55% (LQg) 6 None

2.2.1 HEAT-RELATED PARAMETERS

Each of the heat-related parameters (Daily Maximum Temperature, High Daily Average Temperature,
Heat Wave, and High Nighttime Temperature) were calculated directly from the CanDCS-U6 data. These
parameters were shifted using an additive correction factor to match the baseline values to those
provided in the 2015 Study. The heat-related climate parameters are defined as follows:

o Daily Maximum Temperatures above threshold temperature (25°C, 30°C, 35°C, and 40°C) — number
of days per year when the maximum daily temperature exceeds a threshold.

e High Daily Average Temperature (above 30°C) — number of days per year when the average daily
temperature exceeds 30°C.

e Heat Waves — number of times per year when the maximum daily temperature exceeds 30°C for
three or more consecutive days.

e High Nighttime Temperatures (above 23°C) — number of days per year when minimum daily
(nighttime) temperature exceeds 23°C.
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There is an increase in the estimated number of days with maximum temperatures exceeding 25°C,

30°C, and 35°C in the 2030s and 2050s compared to the 2015 Study (see Appendix A). For each of these
parameters, the probability of occurrence over the study period is almost certain (>99%). Because the
2015 Study already assigned the maximum probability score of 7 (>99%) over the study period, these
values remain unchanged.

There is a decrease in the estimated number of days with maximum temperatures exceeding 40°C in the
2030s and 2050s, compared to the 2015 Study. As a result, the estimated probability of 40°C
temperatures occurring over the study period is about 90% and is classified as a probability score of 6, a
decrease from the 2015 Study score of 7.

The projected number of days with daily average temperature greater than 30°C is higher than that
provided in the 2015 Study, increasing from 1.2 days per year to 4.3 days per year. The CanDCS-U6 data
were also used to estimate the frequency in the 2030s, which was not previously provided. However,
since the 2015 Study already assigned the maximum probability score of 7 (>99%) over the study period,
the updated climate data do not justify a change to the probability score assigned.

The expected number of heat waves per year aligns with the values provided in the 2015 Study, however
the CanDCS-U6 data allow for a more precise estimate of the annual frequency in the 2030s and 2050s.
The 2015 Study projected more than 1 heat wave per year in the 2030s and 2050s, whereas the updated
climate data indicate that 2.6 and 4.8 heat waves are expected per year, respectively. However, since the
2015 Study already assigned the maximum probability score of 7 (>99%) over the study period, the
updated climate data do not justify a change to the probability score assigned.

The expected number of days with high nighttime temperatures is lower than the estimates provided in
the 2015 Study, decreasing from 7 and 16 to 3 and 11 in the 2030s and 2050s, respectively. While this
represents an almost 50% decrease, the probability of occurrence over the study period is still almost
certain (>99%), and therefore the updated climate data do not justify a change to the probability score of
7 assigned in the 2015 Study.

222 FROST-FREE DAYS

Frost-free days were estimated using the CanDCS-U6 data. This parameter represents the number of
days per year when the daily minimum temperature exceeded 0°C. The frequencies estimated from the
CanDCS-U6 data were shifted using an additive correction factor to match the baseline value to that
provided in the 2015 Study.

While there is a slight increase in the estimated number of frost-free days in the 2050s compared to the
2015 Study (increase 5 days), the differences are small in comparison to the annual number of frost-free
days projected (278 days). Further, the 2015 Study assigned a probability score of 7 (>99%) over the
study period. This score means that frost days (i.e., temperatures below 0°C) are effectively certain
throughout the study period. These findings are supported by the updated climate data, and the
probability scores remain unchanged.
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223 EXTREME RAINFALL

While extreme rainfall events at the daily and higher resolution can be captured by the CanDCS-U6
dataset, the latest recommendations from Environment and Climate Change Canada (ECCC) suggest
alternate methods to estimate future extreme rainfall. The approach uses the relationship between
warming temperatures and precipitation extremes to update empirically based rainfall intensity-duration-
frequency (IDF) curves for future climate projections (Canadian Standards Association, 2019). This
method is described as ‘temperature scaling’, which is defined as Rp = Rc x 1.0747, where Rp is future
estimated rainfall intensity value, Rc is the current rainfall intensity value, and AT is long-term (30-years or
more mean) annual mean temperature change for the study location. IDF change factors (1.0747) based
on CMIP5 data for cities across Canada are provided in Cannon et al (2020), accounting for site-specific
projections in temperature change.

Duration/Durée : 24 h For the Toronto area, the IDF change factor is
given as 1.11, for the year 2035 (midpoint of the
2030s) for the RCP8.5 emissions scenario (Cannon
et al., 2019 — Table 2.1). The 2015 study provides a
£ 120 o) baseline annual probability of 4% for 100 mm of

E rain in 24 hours, which generally agrees with the
g latest IDF curves for the Pearson Airport weather
@ station, provided by ECCC (3%, or 33-year return

period) (blue triangle, Figure 3). Applying the
change factor to the latest IDF curve for Pearson
Airport, gives an estimated annual probability of

1.001 2 5 10 25 50 100200 ~5% for a 100mm/24hr rainfall event in the 2030s
Return Period (red triangle, Figure 3) and a study period
Figure 3: Scaled 24-hour rainfall probability probability of 75%. Using Table 3, this results in a
curve for Toronto Pearson Airport, probability score of 2 for the 2030s, and 6 for the
from ECCC. Triangles denote 100- study period, which is the same as that provided in
mm rainfall probabilities for the the 2015 study.

baseline (red) and 2030s (blue).
While using downscaled climate model (e.g.,

CanDCS-U6) rainfall data is not the recommended approach for estimating future extreme rainfall
probabilities from ECCC, the approach still merits investigation for this analysis. The mean probability of
>100mm of rainfall in a 24-hour period across the CanDCS-U6 ensemble in the 2030s is ~0.02 (score of
2) resulting in a study period probability of 57% (score of 6), which agrees with the recommended
approach discussed above.

224 SNOWFALL

The future probabilities of 5 and 10 cm snowfall events were estimated using the CanDCS-U6 data.
Snowfall was approximated from temperature and precipitation data using the ‘Brown’ method presented
in Verseghy (2009), which assumes the fraction of precipitation falling as snow decreases linearly
between 0 °C (100% snow and 0% rain) and 2 °C (0% snow and 100% rain). The results were then
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converted from mm of water equivalent to snow depth (in cm) using a density of 150 kg/m3, which was
selected to align with the number of 5 and 10 cm snowfall events provided in the 2015 Study (i.e., the
snow density was used as a multiplicative correction factor). Cannon et al. (2020) notes that while there is
medium confidence that snow loads will decrease over most of Southern Canada, there is low confidence
in the magnitude of the decrease.

The results indicate the annual frequency of 5 cm snowfall events will decrease from 5.2 events per year
in the baseline period to 4.4 in the 2030s, and 3.1 in the 2050s. Larger (10 cm) snowfall events are
estimated to decrease in frequency from 1.4 events per year in the baseline to 1.2 and 0.9 events per
year in the 2030s and 2050s, respectively. Despite the projected decrease in annual frequency of
snhowfall events, the probability of both 5 and 10 cm snowfall events occurring over the study period is
almost certain (>99%), and therefore the probability scores from the 2015 Study remain unchanged
(score of 7).

225 FREEZING RAIN

The future probabilities of freezing rain events were estimated based on a review of recent climate
change literature applicable to the Toronto area, including McCray at al. (2022), Jeong et al. (2018), and
Cannon et al (2020). The freezing rain events considered included 15, 25, and 60 mm of ice accretion, as
defined in the 2015 Study.

While the studies do not explicitly provide estimates of the likelihood of the freezing rain events listed in
the 2015 Study, McCray et al. (2022) and Jeong et al. (2018) found that the frequency, and magnitude,
respectively, of freezing rain events are projected to decrease slightly in the Toronto area. Cannon et al.
(2020) found ‘with medium confidence’ that while the magnitude of freezing rain events is expected to
increase across Canada in general, there is a very small, expected decrease in the Toronto area (very
low confidence). Specifically, they estimate reductions of 2.2% and 7.7% in ice thickness for the 1/20-year
(5% annual exceedance probability) events based on 1°C and 1.75°C of global mean warming. These
global mean warming estimates are consistent with the years 2035 (2030s) and 2055 (2050s) for the
RCP8.5 emissions scenario (Cannon et al., 2019 — Table 2.1).

As a conservative approach, Cannon et al (2020) recommend using ice accretion loads established from
recent historical data (i.e., no projected change in ice storm magnitude). In consideration of each of these
sources, and the significant uncertainty expressed in each, the estimates probability score for each type
of freezing rain event (10, 20, 30 mm) is likely to remain steady over the study period, as compared to the
baseline. The updated study period probability scores are not changed for 10- and 30-mm events (7 and
4, respectively), but are decreased (from 7 to 6) for 20 mm events, compared to the 2015 Study.

2246 WIND
The future probabilities of extreme wind events were estimated based on a review of recent climate

change literature for the Toronto area (Cannon et al,2020). The extreme wind events considered include
70, 90 and 120 km/h wind thresholds, as defined in the 2015 Study.
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Cannon et al. (2020) project a slight increase of extreme wind speeds in the Toronto area, with very low
confidence. They estimate increases of 0.7% and 0.8% in hourly wind speeds for the 1/10-year (10%
annual exceedance probability; AEP) and 1/25-year (4% AEP) events based on +1.0°C of global mean
warming, which is consistent with the year 2035 (2030s) for the RCP8.5 emissions scenario (Cannon et
al., 2019 — Table 2.1). The estimated increases for +1.75°C (equivalent to 2055/2050s for RCP8.5) are
2.7% and 3.4% for 1/10-year and 1/25-year events, respectively. These return periods were selected from
the available data provided by Cannon et al (2019) to best align with the baseline probabilities from the
2015 Study (>100% AEP for 70 and 90 km/hr events, and 5% AEP for 120 km/hr events).

Cannon et al. (2019) emphasize that these wind speed projections are provided with very low confidence,
because of (1) the limited amount of scientific literature, (2) a low signal-to-noise ratio in the projected
changes, and (3) the general inability of climate models to simulate extreme winds associated with small-
scale processes that influence wind speeds. Because the projected increases in wind speeds are small,
and the confidence is very low, we have assigned probability scores that are consistent with the baseline
for each threshold event (7, 7, and 2 for 70 km/hr, 90 km/hr and 120 km/hr events, respectively), which
are also consistent with the scores from the 2015 Study.

227 TORNADOES

A review of recent climate change literature applicable to the Toronto area was conducted to identify
whether any updates were required to the tornado probability estimate from the 2015 Study. The specific
tornado events considered included those with strengths of EF1+ (wind speeds exceeding 138 km/h) and
EF2+ (wind speeds exceeding 178 km/h) on the Enhanced Fujita (EF) scale.

Sills et al. (2020) used multiple methods (e.g., satellite imagery, drone and ground surveys) to identify
tornadoes and assess their size and intensity in the Ontario region between 2017 and 2019 as part of the
Northern Tornadoes Project (NTP). Using a systematic approach, they captured 78% to 283% more
tornadoes annually than the 30-year Canadian national tornado dataset from 1980-2009, mainly due to
their increased usage of satellite imagery, ground and drone surveys and an improved storm track
identification. It is important to note that although there is a detected increase in tornado occurrence
through NTP, it does not signify any relevant changes in the tornado frequency in Canada.

Figure 4 shows all NTP-documented tornadoes (from 2017-2019) in Southeastern Ontario, with selected
contours from the tornado frequency modeling of Cheng et al (2013). Gensini and Brooks (2018) note that
tornado environments have been shifting northeastward in the central United States, however Sills et al.
(2020) emphasize that it would take numerous years before any trends could be confirmed in Canada. In

1
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Figure 4: 2017-2019 tornadoes recorded by Sills
et al. (2020), overlain with contours of annual
tornado frequency in tornadoes per 10,000km?2
per year from Cheng et al. (2013): dash-dotted =
0.1, dashed = 1.0, solid=2.0.

consideration of each of these sources, and the
uncertainty expressed in each, the tornado
probability scores from the 2015 Study remain
unchanged (1 and 0 for EF-1 and EF-2 tornadoes,
respectively).

2.2.8 LIGHTNING

The future probability of lightning was estimated
based on a review of recent climate change
literature and data applicable to the Toronto area
(Romps et al (2014), Romps (2018) and Finney et
al. (2018)). Lightning probability is quantified
using the flash density per km>.

The baseline probability of lightning events
provided in the 2015 Study was estimated using
data collected from the North American lightning

detection network between 1999 and 2008. Environment Canada has since published mean annual
lightning flash-density values for the Toronto Area over the period of 1999-2018. Because the time period
of the updated data is twice as long as that from the data provided in the 2015 report, the new value
provided by Environment Canada is used in this study. The updated value is 1.43 flashes per km? per
year, which is consistent with the range provided in the 2015 Study (1.12-2.24 flashes per kmZ2 per year).

As noted in the 2015 Study, Romps et al. (2014) estimate that lightning strikes are projected to increase
by 7-17% per degree Celsius of global warming. Similarly, Romps (2018) estimate increases of 8-16%
per degree Celsius of warming, using two separate indices. Finney et al. (2018) however, applied a
different approach to estimate changes in lightning frequency with climate change, and found that
lightning frequency may decrease with warming global temperatures. Due to the general lack of literature
linking lightning to climate change, the lack of consistency between projections, and the limited number of
models applied in these studies, it is estimated the probability of lightning occurrence will not change
significantly under a changing climate. As such, the probability score over the study period is 6, which

represents no change from the 2015 Study.
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3 Materiality Assessment

3.1 Materiality Methods

Each combination of climate parameter and infrastructure asset class is referred to as an interaction (e.g.,
the interaction between extreme heat and downtown core stations). To assess material changes in risk,
Stantec calculated risk over the study period (2022-2050) for each interaction. Risk is calculated following
the approach outlined in the 2015 Study, where Risk Score = Probability Score x Severity Score
(Engineers Canada, 2011). Updated risk scores were only calculated for climate parameters for which the
probability score differed from that assigned in the 2015 Study (freezing rain events (>25mm) and
extreme heat events (>40°C)). Severity scores used to estimate risk in the 2015 Study were also used in
this study.

Updated risk scores were calculated for 66 interactions (42 infrastructure asset classes and two climate
parameters — note that some infrastructure asset classes are not exposed to extreme heat or ice storms).
The results were then compared with the tolerance thresholds from the 2015 Study to classify the risks.
Material changes (either positive or negative) were then identified based on whether the risk score
crossed the threshold into a new class.

Table 5: Risk tolerance thresholds (classes) from the 2015 Study
<12 Low Risk Monitoring or no further action necessary
12 - 36 Medium Risk Vulnerability may be present. Action may be required, to be

determined through engineering analysis

>36 High Risk Vulnerability present, action required

3.2  Materiality Results

Only two of the updated climate parameters probability scores were different from the 2015 Study: (1)
daily maximum temperatures (>40°C) and (2) freezing rain/ice storms (>25 mm). Each of these probability
scores, were reduced from a very high probability (7) to high probability (6). Based on these updated
probability scores, the estimated risk for 23 of the interactions were calculated to be materially different
from the 2015 Study. The materially different interactions, and their risk scores, are outlined below and in
Table 6.

e Ten infrastructure asset classes at high risk to daily maximum temperatures >40°C changed to
medium risk. All these material changes were for Transmission Step-down to Municipal and Municipal
Stations.

e Thirteen infrastructure asset classes at high risk to freezing rain events >25 mm changed to medium
risk. These material changes were for Transmission Step-down to Municipal and Municipal Stations
as well as Overhead loops as part of the feeder configuration and emergency response.

14
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Table 6: Summary of interactions with material changes to risk scores

Daily Maximum

Temperature a0°c

Ice Storm / Freezing | 25 mm=12.5
Rain mm radial

Individual material risk classification changes are outlined in Table 7 with references to specific
adaptation options from the 2015 Study and report.

Table 7: Material risk classification changes and adaptation option outcomes

e Further study required to

1.1 Former Toronto add_resg.gaps in data .
1.1.1 | Downtown core stations 36 1 availability and data quality
Downtown outer stations
1.1.2 without a station e !
O 1.1.3 | Station (13.8 kV) 36 !
g 1.2 Horseshoe Area
o 1.2.1 | Station 36 l
= 1.2.4 | Station 36 | |
o 1.2.5 | Station (27.6 kV) 36 !
g 1.2.8 | 2 Stations 36 1
l; Southwest Stations l
2
T 51 Toronto Hydro to Toronto Hydro & Private
) ownership
Former Toronto
211 (indoor/outdoor) - !
Toronto Hydro to private
213 ownership &9 !

2 Adaptation recommendations are from Table 7-1 of the 2015 Study.
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1.1 Former Toronto
1.1.3 | Station (13.8 kV) 36 1
1.2 Horseshoe Area
1.2.1 | Station 36 !
1.2.2 | Station (13.8 kV) 36 |
1.2.3 | East Stations 36 l
1.2.4 | Station 36 |
1.2.5 | Station (27.6 kV) 36 1
1.2.6 | Station 36 |
1.2.7 | Northwest Station 36 |
1.2.8 | 2 Stations 36 |
Southwest Stations 1

Toronto Hydro to Toronto Hydro & Private

Freezing Rain /Ice Storm (>25 mm)

Management actions to
account for changes in the
infrastructure capacity
Further study required to
address gaps in data
availability and data quality

6.1

Emergency Response

36

2.1 .
ownership
Horseshoe Area
212 indoor/outdoor 20 !
35 Overhead
Loop
354 | 4.16 kV 36 l

Management actions to
account for changes in the
infrastructure capacity
Remedial engineering actions
which aim to strengthen or
upgrade the infrastructure

Management actions to
account for changes in the
infrastructure capacity

16
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4 Discussion

The results presented in the preceding sections show the updated climate projection information reviewed
does not result in any material increases to the risk scores presented in the 2015 Study. However, there
are a few differences between the climate parameter probabilities and risk scores that merit further
discussion.

While many of the climate parameter probabilities/frequencies have increased (see Appendix A), the
climate parameter probability score for the study period provided in the 2015 Study was already at the
highest possible level (7, or greater than 99% annual probability). As a result, any notable increases in
the frequency of these climatic events based on the updated data are not reflected in this risk
assessment. To address this issue, the latest PIEVC guidance, released in the High-Level Screening
Guide (ICLR, 2022) would dictate that some of these parameters should be evaluated using the ‘middle-
baseline’ approach.

In the middle-baseline approach, the future probability score is dependent on the projected percent
change in climate parameter frequency compared to the baseline (with a default baseline probability
score of 3). More specifically, the middle baseline approach dictates that a >10% increase in climate
parameter frequency, would result in an increase in the probability score from 3 to 4, and a >50%
increase would result in a score of 5. Based on this approach, we have identified the climate parameters
where probability scores of 7 from the 2015 Study could not be increased and where the projected 2030s
frequency changed by more than 10% compared to that presented in the 2015 report.

e High Daily Average Temperature >30°C (increase from 0.6 to 0.8 days/year)
e Heat Waves (increase from >1 to 2.6 days/year)

e High Nighttime Temperatures >23°C (decrease from 7 to 3 days/year)

Although the probability scores (and hence the associated risk scores) for the above climate parameters
are unchanged from the 2015 Study, their associated adaptation measures may merit further study to
evaluate whether they are sufficient to address the differences in climate parameter frequencies.

While we found a slight decrease in the number of infrastructure asset classes at high risk due to extreme
heat (>40°C) events, the range in climate parameter probabilities over the study period is broad across
the CMIP6 model ensemble, and the probability score is very close to being a 7 over the study period
(90% probability of occurrence). Therefore, although the change materially decreases based on this
analysis, we do not recommend relaxing any of the adaptation measures proposed in the 2015 Study.
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The 2015 Study estimated the probability score of freezing rain/ice storms events (>25 mm) would
increase in the 2030s. Updated climate projection information suggests the probability will remain steady
over the study period. Although we do not have an ensemble of models to consider for this climate
parameter, the literature investigated expressed ‘very low confidence’ in the projections, and therefore the
probability could range widely. Therefore, although the change materially decreases, based on this
analysis, we do not recommend relaxing any of the measures associated with freezing rain events

>25 mm.

1
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5 Limitations

The findings in this report are subject to several limitations. Section 2 discusses specific uncertainties
associated with each climate parameter. Some overarching limitations are noted below.

e Stantec did not review the 2015 Study adaptation recommendations to assess if they were sufficient
to protect infrastructure assets against the relevant climate hazard, as this would have been beyond
the scope of this study. The results from this study could be used to evaluate which of the adaptation
recommendations merit further review.

¢ Climate data is inherently uncertain. The climate parameter probabilities provided should be
considered as high-level estimates of future conditions. The primary source of uncertainty in climate
projections is the estimate of greenhouse gas emissions that will be observed over the current
century. Additional sources of uncertainty include (but are not limited to) climate model
parameterization, bias, and resolution.

e Some of the climate parameters investigated are associated with very high degrees of uncertainty,
because they are difficult to constrain using the outputs from climate models. Stantec has reviewed
recently published scientific literature and guidance to provide an estimate of likely future conditions.

e The severity scores, as well as the thresholds used to define risk and climate parameter probability
classes and scores were not reviewed as part of this analysis. The thresholds are consistent with
those applied in the 2015 Study.
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[ Closure

This study has provided an update to the climate parameters described in the 2015 Study, using newly
available CMIP6 climate model data. By analyzing the CMIP6 data, as well as recent scientific literature
and guidance documents, Stantec has updated the estimated risk scores for Toronto Hydro’s
infrastructure assets by applying the same risk assessment framework as was applied in the 2015 Study.
Some parameters (heat waves, and daily average temperatures >30°C) are expected to occur more
frequently than projected by the 2015 study, however, these events were already considered to be
‘certain’ over the study period in the 2015 Study. The only climate parameter probability scores that
changed as a result of this analysis include extremely hot days (>40°C), and 25mm freezing rain events,
both of which are projected to occur less frequently over the study period than was estimated in the 2015
Study. Though these decreases resulted in a downgrading from high to medium risk for multiple
infrastructure asset classes, we do not recommend relaxing any of the adaptation measures provided in
the 2015 Study.
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Daily Maximum 25°C CMIP5 Ensemble 66 84 106 7 7 7 100% CanDCS-U6 66 86 110 >99% No Change
Temperatures (IPCC AR5) Ensemble (47 - 76) (64 -102) | (86-126)
Daily Maximum 30°C CMIP5 Ensemble 16 26 47 7 7 7 100% CanDCS-U6 16 28 50 >99% No Change
Temperatures (IPCC AR5) Ensemble (4-22) (10 - 41) (25-74)
Daily Maximum 35°C CMIP5 Ensemble 0.75 3 8 6 7 7 100% CanDCS-U6 0.8 2.8 9.2 >99% No Change
Temperatures (IPCC ARb) Ensemble (0-15) (0-7) (0.5-225)
Daily Maximum 40°C CMIP5 Ensemble 0.01 0.3-2 1-7 1 4-7 7 ~100% CanDCS-U6 0.01 0.08 0.64 90% Decrease
Temperatures (IPCC AR5) Ensemble (0-0) (0-0.1) (0-1.98)
High Daily Avg. 30°C CMIP5 Ensemble 0.07 0.565 12 3 7 7 ~100% CanDCS-U6 0.07 0.75 431 >99% No Change
Temperature (IPCC AR5) Ensemble (0-0.04) (0-2.22) | (0-11.72)
Heat Wave 3-days with max |CMIP5 Ensemble 0.88 >1 >1 6 7 7 100% CanDCS-U6 0.9 2.6 4.8 >99% No Change
temp over 30°C  |[(IPCC AR5) Ensemble (0.2-3.3) (0.9-5.9) (29-8.3)
High Nighttime Nighttime low CMIP5 Ensemble 0.70 7 16 6 7 7 ~100% CanDCS-U6 0.7 2.6 10.7 >99% No Change
Temperatures 223°C (IPCC AR5) Ensemble (0-1.3) (0.1-5.9) | (2.3-20.8)
Snowfall Days w/>10cm |CMIP5 Ensemble 15 Decreasing | Decreasing 7 7 7 100% CanDCS-U6 14 1.2 0.9 >99% No Change
(IPCC AR5) Ensemble (0.1-2.8) (0-2.6) (0-2.2)
Snowfall Days w/ >5cm CMIP5 Ensemble 5 Decreasing | Decreasing 7 7 7 100% CanDCS-U6 5.2 4.4 3.1 >99% No Change
(IPCC AR5) Ensemble (2.2-8.5) (1.6-7.6) (0.5-6)
Frost-Free Days 0°C CMIP5 Ensemble 229 249 273 7 7 7 100% CanDCS-U6 229 249 278 >99% No Change
(IPCC AR5) Ensemble (225 - 256) | (242 -279) | (264 - 320)
Extreme Rainfall 100 mm in <1 Kunkel et al. (2013) 0.04 Expected Expected 2 3 6 ~75%-85% |Cannon etal. (2020); 0.02 +11% +20% 75% No Change
day + antecedent increase increase CanDCS-U6 rainfall rainfall
Ensemble intensity intensity
Ice Storm/Freezing Rain (15 mm (tree Cheng etal. (2011, 0.11 0.13 0.16 3 3 7 >99% McCray et al (2022); 0.11 -2.2%in -7.7% in 99% No Change
branches) 2014) Jeong etal (2018); 1/20yr ice 1/20yr ice
Jarretetal (2019); accretion accretion
Cannon etal. (2020)
Ice Storm/Freezing Rain (25 mm = 12.5 Cheng etal. (2011, 0.06 0.07 0.09 2 3 7 >95% McCray et al (2022); 0.06 -2.2%in -7.7% in 96% Decrease
mm radial 2014) Jeong etal (2018); 1/20yr ice 1/20yr ice
Jarretetal (2019); accretion accretion
Cannon etal. (2020)
Ice Storm/Freezing Rain {60 mm =30 mm |Cheng etal. (2011, 0.005 0.013 0.007 1 1 4 High: ~25% |McCray et al (2022); 0.005 -2.2% in -7.7% in 23% No Change
radial 2014) Low: ~8% |Jeong etal (2018); 1/20yr ice 1/20yr ice
Jarretetal (2019); accretion accretion
Cannon etal. (2020)
High Winds 70 km/h+ (tree Cheng etal. (2012); 21 N/A 25 7 7 7 100% Cannon etal. (2020) 21 +0.7% in 10-[+2.7% in 10- >99% No Change
branches) Cheng (2014) yr wind yr wind
speeds speeds
High Winds 90 km/h Cheng etal. (2012), 2 N/A >25 7 7 7 100% Cannon etal. (2020) 2 +0.7% in 10-[+2.7% in 10- >99% No Change
Cheng (2014) yr wind yr wind
speeds speeds
High Winds 120 km/h N/A 0.05 Likely Likely 2 2 7 ~85% or |Cannon etal. (2020) 0.05 +0.8% in 25-|+3.4% in 25- 76% No Change
Increase Increase higher yr wind yr wind
speeds speeds
Tornado EF1+ Brooks etal. (2014) - Unknown, | Unknown, 0 0 1 ~0.6% Cheng etal. (2013); - Unknown, | Unknown, ~0.6% No Change
no no Gensini etal. (2018); no no
consensus | consensus Sills etal. (2020) consensus | consensus
Tornado EF2+ Brooks etal. (2014) - Unknown, | Unknown, 0 0 0 ~0.3% Cheng etal. (2013); - Unknown, | Unknown, ~0.3% No Change
no no Gensini etal. (2018); no no
consensus | consensus Sills etal. (2020) consensus | consensus
Lightning Flash density per [Romps etal (2014) 1.12- Expected Expected 0-2 N/A 3-6 ~50-70%(Lg);|Romps etal (2014), 143 143 143 55% (LQ) No Change
km km? 2.24/yrikm? |increase, % | increase, % ~10-20% |Romps (2018),
unknown unknown (Sm) Finneyetal. (2018)
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4 | High Temperature 10 Freezing Rain/lce Storm
40°C 25 mm = 12.5 mm radial
zl 22 N NEEE N .
Infrastructure Class or Category 3|3 1€ %] 3 2133 S1E %3 2
s|€le|z|a|E|lT| 5|5 (8|83 |3|%|&|s5
Sla|a|d|2|8|8|S|8lalala|28]8]]S
© - 7 o o =< Il N : o o =<
s |9 |N|o ||| 2l |8 || |R|«| 8] 8
c | RIS cE | & &
1 | Transmission Step-down to Municipal
1.1 | Former Toronto
1.1.1 | Downtown core stations Y| 7|6 |5+| 6 [42 (36| | | N
1.1.2 | Downtown outer stations without a station Y| 7|6 |56 [42]3]| ] | N
1.1.3 | Station (13.8 kV) Y 7 6 |5+ | 6 | 42|36 | | Y 7 6 6 6 |42 | 36 | |
1.2 | Horseshoe Area
1.2.1 | Station Y 7 6 |5+ | 6 | 42| 36 | | Y 7 6 6 6 |42 |36 | |
1.2.2 | Station (13.8 kV) Y 7 6 5 513 30| < |Y 7 6 6 6 |42 |36 | |
1.2.3 | East Stations Y 7 6 5 513 |30 | < |Y 7 6 6 6 |42 | 36 | |
1.2.4 | Station Y 7 6 |5+ | 6 | 42|36 | | Y 7 6 6 6 |42 | 36 | |
1.2.5 | Station (27.6 kV) Y 7 6 |5+ | 6 | 42|36 | | Y 7 6 6 6 |42 | 36 | |
1.2.6 | Station Y 7 6 5 513 30| < |Y 7 6 6 6 |42 | 36 | |
1.2.7 | Northwest Station Y| 7|6 |5 |5 |33~ |Y |7 |6 |6 |6 |42]|36]| |
1.2.8 | 2 Stations Y 7 6 |5+ | 6 | 42|36 | | Y 7 6 6 6 |42 | 36 | |
1.2.9 | Southwest Stations Y| 7| 6 |5+| 6 [42|36]| | | Y| 7|6 6 6 |42 |36 | |
2 | Municipal Stations
2.1 | TO Hydro to TO Hydro & Private Ownership
2.1.1 | Former Toronto (indoor/outdoor) Y| 7|6 |5t 6 [42|36]| | | N
2.1.2 | Horseshoe Area (indoor/outdoor) Y| 7165 |5|3|3|<|Y | 7|6 |6 |6 |4]36)| |
2.1.3 | Toronto Hydro to private ownership Y| 7 |6 |56 |42]|36]| | |N
3 | Feeder Configuration: Underground
3.1 | Horseshoe Area: Dual Radial System
3.1.1 | Submersible type Y| 7|6 |3 |[3|21|18 |« |Y |7 |61 ]|1]|7]|6|e
3.1.2 | Vault type
Above ground Y| 7|6 ] 3|3|21[18| < |N
Below ground Y| 7|6 |3 |3 |21|18|—|Y |7 |6]|1|1]|7]|6|e
3.1.3 | Padmount Station Y| 7|6 |3 |3 |2L|18 |« |Y |7 |6 |1 ]|1]|7]6|«
3.2 | Former Toronto: Dual Radial System
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4 | High Temperature 10 Freezing Rain/lce Storm
40°C 25 mm = 12.5 mm radial
z| 2|z > o | 2| 2|2 > o
Infrastructure Class or Category 3|3 21E %% 211253 S1E %3 2
sls|8|s|a|s|S|6|2|e|e|s|&|ls|%|6
gleja|lo |2 lg|S|x|&|lelelol 2|8
s |9 |N|o ||| 2l |8 || |R|«| 8] 8
= | RIS E| &8
3.2.1 | Submersible type Y| 7|6 |3+|4|28|24||Y |7 |6 |1+]|2|14]|12| &
3.2.2 | Vault Type
Above ground Y| 7|6 |3+]| 4 |28(24| < |N
Below ground Y| 7|6 |3+ 4 |28|24|«— | Y |7 |6 |1+|2]|14]|12| «
3.2.3 | Padmount Station Y| 7|6 |3+]| 4|28|24||Y |7 |6 |1+|2|14]|12]| <
3.3 | Compact Loop Design
3.3.1 | Former Toronto: Subway Type Y| 7|6 |3 |3 |21(18|—|Y |7]|6]|1 117 |6 |«
3.4 | 13.8 kV Network
3.4.1 | Former Toronto Y| 7|6 | 3|3 |21(18 |« |Y |7 |61 1|17 |6 |«
3.5 | Overhead
Radial
3.5.1 | 416 kV Y 7 6 |4+ | 5 [ 35|30 | < |Y 7 6 | 6+ | 7 | 49 -
3.5.2 | 13.8 kV Network Y 7 6 |4+ | 5 [ 35|30 | < |Y 7 6 7 7 | 49 —
3.5.3 | 27.6 kV Y 7 6 |4+ | 5 |35 |30 | < |Y 7 6 7 7 | 49 “
Loop
3.5.4 | 416 kV Y 7 6 4 4 128124 | o | Y 7 6 6 6 |42 | 36 | |
3.5.5 | 13.8kV Y 7 6 4 4 128 (24| & | Y 7 6 7 7 | 49 >
3.5.6 | 27.6 kV Y 7 6 4 4 128 (24| & | Y 7 6 7 7 | 49 >
4 | Communications
4.1 | Protection and control systems Y| 7|6 | 2|2 |14]12| < |N
4.2 | SCADA and Wireless Network Y| 7|6 1|17 |6 |<|Y|7]|6]|1 1|17 |6 |«
5 | Civil Structures
5.1 | Transmission and Municipal Stations
Outdoor
5.1.1 | Equipment support N N
5.1.2 | Gantry N Y | 7|6 |1 117 |6 |«
5.2 | Underground feeders: Former Toronto
5.2.1 | Reinforced concrete cable chambers N Y| 7|6 |1+|2 |14]12|
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4 | High Temperature 10 Freezing Rain/lce Storm
40°C 25 mm = 12.5 mm radial
z[ 2] 2 z| 2|2
S| = | = > | 2 IS = > | 2 g
Infrastructure Class or Category Sl s |25 |82/ |8|58|2|5|3|%5|¢2
S|le|le|¢|s|z|lx|8&|S5|e|e| |||l
= o e [ ] 0 ~ | O = e o ) 1| o ~ | O
o | a a n % =t N 3] a | a » % =t N
Slo|lolnl®|2|8 2|8 |lw|lalpnl|p||8] 2
18l |7 S -EE-AE A x
5.2.2 | Concrete vaults (reinforced) N Y| 7|6 |1+]|2|14]12 | «
5.2.3 | Underground cable ducts N N
5.3 | Underground feeders: Horseshoe Area
5.3.1 | Reinforced concrete cable chambers N Y| 7|61 ]1]7]6]|«<
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Toronto Hydro Legal Disclaimer

The information in these materials is based on information currently available to Toronto Hydro Corporation and
its affiliates (together hereinafter referred to as “Toronto Hydro”), and is provided for information purposes only.
Toronto Hydro does not warrant the accuracy, reliability, completeness or timeliness of the information and
undertakes no obligation to revise or update these materials. Toronto Hydro (including its directors, officers,
employees, agents and subcontractors) hereby waives any and all liability for damages of whatever kind and
nature which may occur or be suffered as a result of the use of these materials or reliance on the information
therein. These materials may also contain forward-looking information within the meaning of applicable securities
laws in Canada ("Forward-Looking Information"). The purpose of the Forward-Looking Information is to provide
Toronto Hydro’s expectations about future results of operations, performance, business prospects and
opportunities and may not be appropriate for other purposes. All Forward-Looking Information is given pursuant to
the "safe harbour" provisions of applicable Canadian securities legislation. The words "anticipates”, "believes",
"budgets”, "could", "estimates", "expects", "forecasts", "intends", "may", "might", "plans", "projects”, "schedule",
"should", "will", "would" and similar expressions are often intended to identify Forward-Looking Information,
although not all Forward-Looking Information contains these identifying words. The Forward-Looking Information
reflects the current beliefs of, and is based on information currently available to, Toronto Hydro’s management.
The Forward-Looking Information in these materials includes, but is not limited to, statements regarding Toronto
Hydro’s future results of operations, performance, business prospects and opportunities. The statements that
make up the Forward-Looking Information are based on assumptions that include, but are not limited to, the future
course of the economy and financial markets, the receipt of applicable regulatory approvals and requested rate
orders, the receipt of favourable judgments, the level of interest rates, Toronto Hydro’s ability to borrow, and the
fair market value of Toronto Hydro’s investments. The Forward-Looking Information is subject to risks,
uncertainties and other factors that could cause actual results to differ materially from historical results or results
anticipated by the Forward-Looking Information. The factors which could cause results or events to differ from
current expectations include, but are not limited to, the timing and amount of future cash flows generated by
Toronto Hydro's investments, market liquidity and the quality of the underlying assets and financial instruments,
the timing and extent of changes in prevailing interest rates, inflation levels, legislative, judicial and regulatory
developments that could affect revenues, and the results of borrowing efforts. Toronto Hydro cautions that this list
of factors is not exclusive. All Forward-Looking Information in these materials is qualified in its entirety by the
above cautionary statements and, except as required by law, Toronto Hydro undertakes no obligation to revise or
update any Forward-Looking Information as a result of new information, future events or otherwise after the date
hereof.
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Statement of Qualifications and Limitations

The following Document (the “Document”) has been prepared by AECOM Consultants Inc. (“Consultant”) in
accordance with the agreement between Consultant and Clean Air Partnership, including the scope of work
detailed therein (the “Agreement”).

The information, data, recommendations and conclusions contained in the Document (collectively, the
“Information”):

e is subject to the scope, schedule, and other constraints and limitations in the Agreement and the qualifications
contained in the Document (the “Limitations”);

e represents Consultant’s professional judgement in light of the Limitations and industry standards for the
preparation of similar reports;

e may be based on information provided to Consultant which has not been independently verified;

e has not been updated since the date of issuance of the Document and its accuracy is limited to the time
period and circumstances in which it was collected, processed, made or issued;

e must be read as a whole and sections thereof should not be read out of such context; and,

e was prepared for the specific purposes described in the Document and the Agreement;

Consultant accepts no responsibility for any events or circumstances that may have occurred since the date on
which the Document was prepared.

Consultant has exercised reasonable care when completing the Document. However, caution must be taken
when considering the Information contained within because significant uncertainty remains due to the inherent
complexities involved in analysing the past climate and variables typically encountered when modelling future
climate change, as well as changing conditions beyond Consultant’s control. Consultant cannot guarantee the
accuracy of the climate observations and projections described in the Document that are largely based on prior
work by others. Consultant agrees that the Information in the Document, developed based on those climate
observations and projections, represents its professional judgement as described above and that the Information
has been prepared for the specific purpose and use described in the Document and the Agreement, but
Consultant makes no other representations, or any guarantees or warranties whatsoever, whether express or
implied, with respect to the Document, the Information or any part thereof.

This Statement of Qualifications and Limitations is attached to and forms part of the Document and any use of the
Document is subject to the terms hereof.
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Executive Summary

The current study aims to evaluate the vulnerability of Toronto Hydro’s electrical distribution system within the City
of Toronto to a changing climate by employing Engineers Canada’s Public Infrastructure Engineering Vulnerability
Assessment Protocol (PIEVC Protocol). This study is a high level screening analysis designed to determine where
infrastructure vulnerabilities to climate change may be present, to suggest avenues for adapting infrastructure to
climate change, and to identify areas of further study.

Electrical Distribution System under Study

Toronto Hydro distributes electricity across the City of Toronto, Canada’s largest city and home to approximately
2.8 million people in 2014. Toronto Hydro serves approximately 740,000 customers in the City of Toronto and
owns approximately $3 billion dollars in assets, including over 170 transformer stations, approximately 29,000 km
of overhead and underground wires, 20,000+ switches, 60,000+ transformers and 176,000+ poles.

The study period of this assessment was 2015 to 2050. A “system” level approach was employed to assess the
impacts of climate change on the various parts of the electrical distribution system. This approach divided the
distribution system into six major asset categories: stations, feeders, communications systems, civil structures,
auxiliary mechanical systems and human resources. Asset categories were assessed based on their general
characteristics (e.g. typical, representative or common electrical or mechanical configurations, standards,
equipment). For example, this analysis focused on how systems designed to current (post 2000) CSA standards
may interact with the climate parameters being considered. Changes to the electrical system considered in this
assessment included the planned transition from rear lot to front lot power lines, the partial phase out of 4.16 kV
system, some demand and supply projections1, and replacement of non-submersible equipment. The
streetlighting system and systems serving the Toronto Transit Commission (TTC) were not within the scope of this
study.

Toronto Hydro documentation, electrical standards and consultations with Toronto Hydro staff (through ongoing
communications and two workshops) were all used to help identify and describe asset categories, general
characteristics and sensitivities to climate related stresses (climate parametersz).

Climate Parameters

20 climate parameters including high temperature, heavy rainfall, snowfall, freezing rain, high winds and lightning
were considered in this assessment. Relevant climate parameters and threshold values at which infrastructure
performance would be affected were identified through a literature review, consultations with Toronto Hydro staff
and analysis of past outage events.

The probability of a climate parameter occurring during the study period was determined using global climate
modelling (GCM) data obtained from the Intergovernmental Panel on Climate Change’s 5th Assessment Report
(IPCC ARS). In many cases, this information was validated or refined through the use of regional climate
modelling data, statistical downscaling and climate analogues.

The probability of a climate parameter occurring is expressed both as a study period probability value (i.e. what is
the probability of a climate parameter occurring sometime between 2015 — 2050) and an annual probability value
centred around the 2030’s and 2050’s (i.e. what is the annual probability of a climate parameter occurring around

It should be noted that city-wide land use changes (high rises, condo development and population growth) were not included in the analysis,
due to the scope of such an undertaking and the complexity of information required. Vulnerabilities were determined based on the
assumption that gradual population growth would generally be accommodated by corresponding growth of Toronto Hydro systems under
business as usual practices without the added stress of climate change.

A climate parameter is defined by the PIEVC Protocol as a specific set of weather conditions or climate trends deemed to be relevant to the
infrastructure under consideration. The parameter may be a single variable, such as mean monthly temperature, or a combination of
variables, such as low temperature combined with rainfall.
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the 2030’s and 2050’s). Examining both annual and study period probability was useful for understanding
vulnerabilities that may stem from events which could occur on an annual basis (e.g. high temperature) against
those which could occur less than annually, but have the potential to cause significant damage to the system
sometime during the 35 year study period (e.g. ice storms, high winds, tornadoes). The list of climate parameters
considered in this study is shown in table ES-1.

Table ES-1

Daily Maximum
Temperatures

High Daily Avg.
Temperature
Heat Wave
High Nighttime
Temperatures
Extreme
Rainfall

Ice
Storm/Freezing
Rain

High Winds

Tornado
Lightning
Snowfall

Frost

Climate Parameters and Probability of Occurrence

25°C
30°C
35°C
40°C
30°C
3 days max temp over 30°C

Nighttime low 223°C

100 mm in <1 day + antecedent

15 mm (tree branches)
25 mm = 12.5 mm radial

60 mm = 30 mm radial

70 km/h+ (tree branches)
90 km/h

120 km/h

EF1+

EF2+

Flash density per km km®

Days w/ >10 cm
Days w/ > 5cm

Assessing Vulnerability

66 per year; 84 per year, 106 per year
16 per year; 26 per year, 47 per year
0.75 per year; 3 per year, 8 per year
~0.01 per year; 0.3 to 2 days per year, 1-7 days per year

0.07 per year; N/A, 1.2 days per year
0.88 per year; >1 for both
0.70 per year; 7 per year, 16 per year

0.04 per year; extreme precipitation expected 1,
percentage unknown
0.11 per year; >0.13 per year, >0.16 per year
0.06 days per year; >0.07 per year, >0.09 per year
Upper bound of estimate:
0.007 events per year; >0.008 per year; >0.01 per year
Lower bound of estimate:
0.002 events per year; > 0.0023 per year; 0.003 per year
21 days per year; N/A, 24 to 26 per year
2 days per year; N/A, >2.5 per year
~0.05 days per year; likely 1, but % unknown
1-in-6,000; Unknown, no consensus
1-in-12,000; Unknown, no consensus
1.12 to 2.24 per year per km’; Expected increase, %
change unknown
1.5 days per year; Trend decreasing but highly variable
5 days per year; Trend decreasing but highly variable
229 frost free days; 249 frost free days, 273 frost free
days

100%

100%

100%
~100%

~100%
100%
~100%

~75%-85%

>99%
>95%

High: ~25%
Low: ~8%

100%
100%
~85% or higher
~0.6%
~0.3%
~50-70%(Lg);
~10-20% (Sm)
100%
100%

100%

The vulnerability of the electrical system to climate parameters was determined using a risk based framework
(probability of occurrence of a climate parameter coupled with the severity/consequence of the impact on the
system). All high risk interactions were deemed as vulnerabilities for Toronto Hydro. Medium risk interactions
were evaluated in further detail through an engineering analysis. Those which exhibited sensitivities or
consequences similar to high risk interactions were also deemed as vulnerabilities for Toronto Hydro. Finally,
interactions rated as low risk were generally judged as not being a significant issue or vulnerability for Toronto

Hydro.

A mapping of the risk ratings was also completed as part of this study and represents a useful first approximation
of spatial nature of climate change vulnerabilities to the electrical system. The mapping exercise provides
additional information on how vulnerabilities stemming from stations can combine with vulnerabilities to feeder
systems. In some cases, vulnerabilities stem primarily from station assets, while in other cases, both station and
feeder vulnerabilities to weather events contribute to an area of greater vulnerability within the city. This mapping
information can be easily combined with other layers of information such as technical hazard information (e.g.
flood mapping), critical building and infrastructure locations (e.g. emergency resource centres, hospitals,
transportation networks) and social vulnerability indices (e.g. age, income, population density, etc.) from other

sources (e.g. TRCA, City of Toronto) to support further mapping studies and in depth analyses.

viii
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Figure ES-1 Example Maps Based on Risk Ratings for High Heat, Freezing Rain and Lightning
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This study found that distribution system vulnerabilities to a changing climate were divided into five groups based
on how climate parameters affect the system.

High Ambient Temperatures — Station and Feeder Assets

High ambient temperatures create problems for the distribution system because of the compounding effect of high
demand (e.g. for cooling) and high ambient temperature affecting power transformer capacity and electrical
transmission efficiency. Two climate parameters were of most significant concern, daily maximum temperatures
exceeding 40°C (excluding humidity) and daily average temperatures exceeding 30°C. For these climate
parameters, the analysis found that such extreme temperatures have occurred rarely in the past, but are projected
to occur almost semi-annually by the 2030’s, and annually by the 2050’s. It is anticipated that vulnerability to high
heat events will be concentrated in the Former Toronto area, although there are several horseshoe station service
areas which would also be vulnerable.

Freezing Rain, Ice Storms, High Wind and Tornadoes — Overhead Station and Feeder Assets

Freezing rain, ice storms, high wind and tornado events can cause immediate structural issues for overhead
station and feeder assets, as they have the capacity to exceed the design limits of equipment and their supports.
Outages may result from damage to equipment arising from direct forces applied by climate parameters (e.g.
wind, ice weight) or by other objects (e.g. tree branches, flying debris). Toronto Hydro has experienced problems
related to freezing rain, ice storms (up to 25 mm) and high winds (up to 90 km/h) in the past. These events are
projected to continue in the future, but continue to occur on a less than annual, or even decadal frequency.
Nonetheless, the damages caused by these kinds of events can be severe, and mostly affect outdoor station and
feeder assets, much of which is concentrated in the horseshoe service area.
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Extreme Rainfall — Underground Feeder Assets

Extreme rainfall events may potentially flood underground feeder assets. These vulnerabilities are largely
concentrated in the Former Toronto and northeastern horseshoe areas. Toronto Hydro is aware of these issues in
relation to its assets and has programs to replace non-submersible equipment with submersible type equipment,
to relocate equipment where possible. However, due to the large quantity of underground feeder assets across
the city, replacement and reinforcement of underground assets will be a gradual and ongoing activity for Toronto
Hydro over the study period. As such, some underground feeder assets may remain an area of vulnerability for
Toronto Hydro.

Snowfall, Freezing Rain - Corrosion of Civil Structures

The degradation of civil structures (i.e. concrete and steel), which is accelerated by humidity and the presence of
de-icing salts, was identified as a potential area of vulnerability to climate change. Corrosion is already an ongoing
issue for Toronto Hydro. As such, current assets have a design lifespan which accounts to a great extent for
corrosion issues. However, it is not clear from this study whether the climate change stresses will exacerbate this
problem. While snowfall days are generally expected to decrease with a warming climate, they will continue to
occur annually through to the 2050’s. As a result, and in combination with freezing rain events, de-icing salts will
also be applied annually through the study horizon, and corrosion will continue to be an ongoing preoccupation.
Nonetheless, it should be emphasized that corrosion represents a long-term and on-going vulnerability for Toronto
Hydro.

Lightning — Overhead Feeder Assets

Based on workshop feedback and an examination of Toronto Hydro’s interruption tracking system'’s (ITIS) outage
data, Toronto Hydro recognizes that lightning impacts are a significant source of outages on the distribution
system today. While there have been advances in predicting lightning activity, there was insufficient data available
on lightning strike intensity and arrester performance to suggest how future lighting activity may affect the
electrical system. For these reasons, this study suggests that lightning strikes will continue to be an area of
vulnerability.

Adaptation Options and Areas of Further Study

This study provides high level adaptation options under the themes of engineering actions, management actions,
monitoring activities and further study. Generally, for high heat related climate parameters, Toronto Hydro could
further investigate avenues to enhance the system’s capacity to deal with higher demand under high temperature
conditions, especially since extreme heat events are projected to occur on a semi-annual to annual basis by the
2030’s and 2050’s. On climate events causing structural damage issues (i.e. freezing rain, ice storms, high winds
and tornadoes), adaptation options include optimizing emergency response and service restoration, as well as
infrastructure hardening and burying infrastructure. While the latter engineering-type solutions are relatively
capital intensive, asset renewal cycles provide excellent opportunities to consider these types of upgrades. This
study also recommends that Toronto Hydro continue monitoring the occurrences and impacts of major freezing
rain, high wind and tornado events on the system, as well as the science of climate change projections. This
multi-faceted approach provides Toronto Hydro with greater flexibility in managing vulnerabilities related to these
types of extreme climate events.

Other potential options to address identified vulnerabilities include continued monitoring and evaluation of climate
change projection science, monitoring impacts of a changing climate on certain asset classes, evaluating the
need to strengthen or defend certain infrastructure and equipment from climate parameters, and enhancing
emergency response and service restoration practices.
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1 Study Context

1.1 Introduction and Mandate

In 2012, Engineers Canada partnered with the Clean Air Partnership (CAP) and Toronto Hydro to evaluate the
risks of climate change on Toronto Hydro’s electrical distribution infrastructure in the City of Toronto. At that time,
CAP mandated AECOM and Risk Sciences International (RSI) to undertake a Public Infrastructure Engineering
Vulnerability Assessment Protocol (PIEVC Protocol, or the Protocol) * based study on select components of
Toronto Hydro’s electrical distribution system to historical climate. That study, named the Toronto Hydro-Electric
System PIEVC Pilot Case (pilot case study), was meant to demonstrate the applicability of the Protocol to
electrical systems. The pilot case study was also envisioned as the first of a two-phase project to assess climate
change related vulnerabilities to electrical systems. The pilot case study was completed at the end of summer
2012 (AECOM and RSI, 2012).

In summer 2013, CAP and Toronto Hydro elected to pursue the second phase of the climate change assessment
with support from Natural Resources Canada’s (NRCan) “Enhancing Competitiveness in a Changing Climate”
program. NRCan’s program is designed to facilitate the development and sharing of knowledge, tools and
practices which assist decision-makers in the analysis and implementation of climate change related adaptation
measures. CAP, once again mandated AECOM and RSI to carry out the Phase 2 climate change vulnerability
assessment (Phase 2 study). The Phase 2 study is the subject of the current report.

1.2 Methodology and Approach

The Phase 2 study again employs the Protocol as the framework for the climate change analysis. The Protocol is
composed of five steps:

Step 1 — Project Definition;

Step 2 — Data Gathering and Sufficiency;
Step 3 — Risk Assessment;

Step 4 — Engineering Analysis;

Step 5 — Recommendations and Conclusions.

In contrast to the pilot case study, the scope of Phase 2 study was extended to include most of Toronto Hydro
owned electrical distribution infrastructure and civil support structures across the City of Toronto. Toronto Hydro’s
streetlighting system and electrical systems for the Toronto Transit Commission were not within the scope of the
present study. Anticipated climate changes and impacts at the 2030 and 2050 time horizons were evaluated.
Most of the activities prescribed by the Protocol were completed as part of Phase 2 with the exception of a site
visit. The triple-bottom line adaptation solutions development module, an optional undertaking in the PIEVC
Protocol, was also not completed as part of Phase 2 of this study5.

As part of the activities of Phase 2, two workshops were held with Toronto Hydro staff. The first workshop was
held on July 3, 2014 in Toronto Hydro’s offices in Toronto. At this workshop, an overview of the infrastructure and
climate components (Steps 1 and 2 of the Protocol), were presented for discussion and validation with Toronto
Hydro staff. On October 10, 2014, a second workshop was held to validate the risk assessment completed by
AECOM and RSI (Step 3 of the Protocol).

The Protocol is a structured and documented methodology for a screening level assessment of infrastructure vulnerability to a changing
climate, and for developing adaptation solutions to identified vulnerabilities. The Protocol, currently in version 10, also allows users to
evaluate the vulnerabilities stemming from current climate to the infrastructure as part of the overall assessment.

The triple-bottom line adaptation solutions development module guides users in the development and screening of potential solutions to
address the impacts of climate change identified in the preceding steps of the Protocol. It was not in the scope of the current study.
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The components of the electrical distribution system (e.g. stations, power lines, transformers, switches, supports)
under study are highly interdependent, and failures in one part of the system may result in interrelated structural,
electrical or functional issues in other portions of the system (e.g. failures in poles may bring down power line and
transformers, electrical faults may cause the system to lose protection, control or redundancy). For this reason,
the study of electrical systems cannot be examined solely on the basis of its individual pieces or classes or
equipment. This study adopts a systems level approach6 to examining the climate change risks to the extensive,
complex and interdependent components of Toronto Hydro’s electrical distribution system. This approach divides
the electrical distribution system into six major systems categories encompassing different individual components
and classes of equipment. This generalization of electrical components into major systems categories facilitates
an analysis that considers system dependencies and redundancies.

However, by generalizing the system into major systems categories, the granular detail of the system and its
components (e.g. site specific characteristics, unique or individual pieces of equipment) may not be adequately
captured. Therefore, to complete a reasonable study of the entire electrical distribution system, this study has
made assumptions, informed by input from Toronto Hydro staff, about the types and classes of equipment and
components typically found within each category. While the loss of granular detail may mask localized issues and
vulnerabilities, it does allow this project to provide the first climate change based vulnerability assessment of
electrical distribution infrastructure. This can help prioritize future investigations, resources and investment on
vulnerable systems and their components in order to enhance the resilience of the electrical system.

1.3 Structure of this Report
This report is divided into seven chapters, including the present one. They are:

Chapter 1: Study Context;

Chapter 2: Description of the Infrastructure;
Chapter 3: Assessment of Climate Changes;
Chapter 4: Vulnerability Assessment Methodology;
Chapter 5: Assessment Results;

Chapter 6: Engineering Analysis; and,

Chapter 7: Conclusions.

Note that Chapter 3, Assessment of Climate Changes and Appendix B and C, were authored by Risk Sciences
International in consultation with AECOM study authors.

® This is in contrast to the component level analysis approach which was employed in the pilot case study.
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2 Description of the Infrastructure

2.1 Study Area

The Phase 2 study covers Toronto Hydro’s electrical distribution infrastructure and supporting civil infrastructure
within the boundaries of the City of Toronto. Toronto Hydro distributes electricity across the City of Toronto,
Canada’s largest city, the provincial capital of Ontario, and home to approximately 2.8 million people (City of
Toronto, 2014). The City of Toronto is bordered by the municipalities of Mississauga to the west (in Peel Region),
Vaughan and Markham to the north (in York Region), and Pickering to the east (in Durham Region).

The City of Toronto covers approximately 641 km? on the northwestern shore of Lake Ontario (City of Toronto,
2014). The city’s topography slopes gradually from the lakeshore, approximately 75 m above sea level to 200 m
above sea level at its highest point along its northern border (City of Toronto, 2014). Three river systems cross
the City of Toronto and flow into Lake Ontario. The Humber River lies on the west side of the City. The Don River
essentially crosses the middle of the City of Toronto and flows into Lake Ontario just east of downtown. Finally,
the Rouge River crosses the city’s eastern edge. These rivers, their tributaries and creeks total about 307 km of
water courses and punctuate the City’s generally flat landscape with ravines.

The City lies at the eastern edge of the Carolinian Forest zone. The City contains approximately 10 million trees,
approximately 4 million of which are publically owned. Of the latter, there are approximately 600,000 trees along
streets and public right of ways, and another 3.5 million trees in parks, ravines and other natural areas of the city
(City of Toronto, 2014).

211 Major Systems Categories Under Study

In 2014, Toronto Hydro’s electrical distribution system served approximately 740,000 customers, of which around
658,000 were residential customers. The components of the Toronto Hydro’s electrical distribution system are
extensive, covering approximately $3 billion dollars in assets, including over 170 transformer stations of different
classes, 29,000 km of overhead and underground wires, 20,000+ switches, 60,000+ transformers and 176,000+
poles (Toronto Hydro, 2014b). The present study covers most of Toronto Hydro’s electrical distribution
infrastructure and civil support structures, with the exclusion of its streetlighting system, and systems serving the
Toronto Transit Commission (TTC). The electrical distribution system was divided into six major systems
categories for the purposes of this study: transmission stations, feeder configurations, system communications,
civil structures, mechanical auxiliaries and human resources. Figure 2-1 provides a schematic overview of the
systems under study. The major systems categories are described hereafter, and hypotheses and generalizations
that were made to facilitate the system level analysis approach are explained in this chapter. Supporting detail is
included in Worksheet 1 of Appendix H.

This analysis divides the City of Toronto into two areas: the Former Toronto area and horseshoe area. This
distinction is made because most of the legacy equipment is usually found in downtown Toronto and while
equipment of newer design can usually be found in the horseshoe area. As such, the major systems categories
(with the exception of human resources) are also separated between the Former Toronto area (which represents
the downtown and inner city) and the horseshoe area (which covers the outlying suburbs). Figure 2-2 shows the
division between the Former Toronto area (in green) and the horseshoe area (in blue).

Information about the major systems categories was drawn from three principal sources:

e Overview of the Toronto Hydro Distribution Systems. Toronto Hydro-Electric System Limited, 2014, Power
point 203 p.

e Overview of the Toronto Area Transmission Systems and Toronto Hydro Distribution Systems. Toronto
Hydro-Electric System Limited, 2014, Power point 121 p.
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e System Expansion and Studies Section System Reliability Planning Department. Toronto Hydro Distribution
System Planning Guidelines. Toronto Hydro-Electric System Limited, 2007, 22 p.

Figure 2-1 Major System Categories Under Study

Major System Categories

Figure 2-2 City of Toronto Study Area
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2.2 General System Overview

The electric power system of the province of Ontario is a large interconnected electrical system of generating,
transmission, and distribution infrastructure. Generating stations in Ontario are either privately or publicly owned.
From the generation stations, the electricity is transmitted throughout the province over high voltage transmission
lines, the majority of which is owned by Hydro One Networks Inc. (HONI). The electricity is then distributed to
customers by local distribution companies like Toronto Hydro (Figure 2-3).

In the case of the City of Toronto, 230 kV and 115 kV transmission lines owned and operated by HONI bring
power to the city. The 230 kV transmission lines mostly serve the horseshoe area, while the 115 kV lines serve
most of the Former Toronto area. The 115 kV transmission lines are supplied from three major sources: Leaside
station (230/115 kV step down) from the east, Manby station (230/115 kV step down) from the west, and by one
generating station located within city limits, the Portlands Energy Centre (PEC) owned by Ontario Power
Generation (OPG). PEC generates electricity through three natural gas turbine generators.

Presently, there are 35 transmission stations that step down high voltage currents (230 kV and 115 kV) to the
distribution system voltages used by Toronto Hydro (i.e. 27.6 kV and 13.8 kV) (Figure 2-4). The equipment within
these stations is owned by either Hydro One or Toronto Hydro, with the exception of Cavanagh station, where all
equipment is owned by Toronto Hydro. The division of equipment ownership varies by station. However, since
transmission stations are critical, first points of entry of electricity into the city’s distribution network, this study
considers all equipment within the transmission station, since equipment failure within the station, irrespective of
ownership, may compromise its function.

From transmission stations, Toronto Hydro distributes electricity via a network of underground and overhead
feeder systems at voltages of 27.6 kV and 13.8 kV. A third distribution voltage level of 4.16 kV, a legacy from
historical distribution practices, also operates in the city. The 4.16 kV network is supplied by transformation of
27.6 kV or 13.8 kV feeds at Toronto Hydro owned municipal transformer stations. These three distribution
voltages will remain in service for the duration of the Phase 2 study period, even though many of the 4.16 kV
power lines are gradually being converted to 13.8 kV and 27.6 kV lines.

This electrical distribution infrastructure is connected via communications systems which afford control and
protection of electrical equipment from damage or faults. This system is critical to the operation of the electrical
system and is part of this study. In addition, this study considers all civil structures that support the electrical
equipment and all mechanical equipment inside underground vaults (ventilation, sumps and pumps). A last
category includes all human resources operating and managing Toronto Hydro distribution system.
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Figure 2-3 Typical Electric Power System
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Figure 2-4 Transmission Stations
CLAIREVILLE
TRANSMISSION
STATION VA UGH AR 00 A (B B B A A
7y ESLIE i MALVERHN PICRERIING
REXDALE PHCH FA»iHILD G AGINCOURT Tc"w
T CHERRYWOOD
® TRANSMISSION
AT STATION
SHEPPARD
GLENGROVE -
RICHVIEW
o TRANSMISSION FAIRBANK el A
STATION jm—— FTT Syt N
I % :
] BERMONDSEY
o LEASIDE
HU""INEDE‘--- oy »* ), [RANSFORMER
i [N P BrogA , @ * " \STATION .1
# lp=== i | Y -\
r
- DUFFERIN .= J & : ?W
™
MANBY " m CECIL e o o SERAE,
TRANSFORMER ™ & 'L+' ¢ Slonaw |
STATION i & WINDSOR i ' ----I
- L K] = -
HORNER e -gzs'myt HONI 115KY
HEARN SWICHING STATION | OrONto
Transmission Grid & Terminal Stations
ORTLANDS ENERGY @  Transiommer Siation
CENTRE (550MW)
(OPG(') — 20KV TrARSMGSGA Line
- TIERY Trandmission Ling
Figure source: (Toronto Hydro, 2014d)
2.3 Substations
2.3.1 Transmission Stations

At the moment, there are 35 transmission stations located in the City of Toronto. Most transmission stations
located in the downtown and inner city have primary voltages at 115 kV and step-down to 13.8 kV. In the
horseshoe area, the primary voltage is 230 kV and stepped-down to 27.6 kV (most) or 13.8 kV (some). The table
below illustrates the list of stations that are divided into the two main service areas, and six sub-service areas’
(Table 2-1).

" Stations have been grouped into these service areas by Toronto Hydro due to:
+ Similarity of historical development and presumed potential for future development;
» Theoretical potential for permanently transferring load between neighbouring stations on an operational basis and/or through capital
projects;
« Statistical correlation (coefficient of determination, R2) of the overall area growth rate to actual historical peak loads in the area (relative
to potential alternative area groupings).
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Table 2-1 Transmission Stations and Service Areas®

Former Toronto

Downtown core (115 kV/13.8 kV) 6
Downtown outer (115/13.8 kV, 230/115 kV, 115/27.6 kV) 11
Horseshoe

North Stations (230/27.6 kV) 2
East (230 kV/27.6 kV, 230/115 kV) 10
Northwest (230 kV/27.6 kV) 4
Southwest (230/27.6 kV, 230/115 kV) 2

In the Former Toronto area, there are no station ties between station service areas to allow for the transfer of
some feeder loads from one station to another. In the horseshoe area, there are existing station ties available to
allow the transfer some feeder loads from one station to another.

In the horseshoe area, the transmission stations are considered “outdoor”, as all equipment’s are exposed to the
elements. A control building containing weather sensitive equipment and operators control room is located
adjacent to the station. In the Former Toronto area, most stations are configured with equipment located indoors.
The entire transmission station is surrounded by fences or walls for public safety.

All stations are essentially based on the Dual Element Spot Network (DESN) design configuration. Typically
DESN has two power transformers with 230 kV or 115 kV primary windings, two 27.6 kV or 13.8 kV secondary
windings and two buses.

By 2016, the Copeland Station (a gas insulated station) will be brought into service in the Former Toronto area.
Gas Insulated Stations occupy less space than air insulated stations of comparable capacity. The gas used for
insulation in the Copeland Station is Sulfur Hexafluoride (SF6).

Typical equipment — Transmission Stations

While each of the 35 transmission stations have site specific characteristics, representative and typical equipment
found in all stations are:

8 Station names have been excluded from this version of the report.
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Power transformers

Lightning arresters

Current and voltage transformers (instrument transformers)

Disconnect-switches or interrupters (loadbreak switches)

Circuit Breakers

Medium voltage switchgears

Bus bars

Transmission station configurations: double bus - double breaker configuration, double bus - single breaker,
double bus - double breaker or double bus and one and a half breakers.

A picture of a typical transmission station yard is shown in Figure 2-5.

Figure 2-5 The Station Yard at Cavanagh Transmission Station

Picture source: (Toronto Hydro, 2014a)

Note that this station major systems category does not include civil structures or protection and control systems.
These other critical infrastructure components which form part of the transmission station are described under
separate major systems categories below.

2.3.2 Municipal stations

The municipal stations are divided into two sub-categories. First, “Toronto Hydro to Toronto Hydro” municipal
stations step down from 27.6 kV to 13.8 kV or to 4.16 kV in the Horseshoe Area, and in the Former Toronto area
from 13.8 kV to 4.16 kV. There are also smaller transformer stations located on the sites of Toronto Hydro
customers with high load demands. These stations are called “Toronto Hydro to Private ownership” stations in this
study.

Toronto Hydro is converting its 4.16 kV voltage level over time to 13.8 kV and 27.6 kV because of age, loss
minimization, equipment inventory reduction, and required or projected future load growth (Toronto Hydro, 2007).
Toronto Hydro estimated that by 2030, 50% of the 4.16 kV equipment will be converted in the Horseshoe Area
and all of it will be phased out in the Former Toronto area. By 2050, Toronto Hydro is expected to have replaced
70% of the 4.16 kV overhead power lines in the Horseshoe (Hypotheses issued in Workshop 1, 2014).

Toronto Hydro to Toronto Hydro
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There are around 169 municipal stations (27.6 kV/ 13.8kV or 27.6 kV/13.8 kV / 4.16 kV) within the City of Toronto.
Approximately 82 municipal stations are located entirely within a building, and these indoor stations are mostly
located in the Former Toronto area. The remaining stations have some or all equipment located outdoors. These
stations are classified as outdoor stations for the purposes of this study, and most are located in the horseshoe
area. Figure 2-6 shows a picture of a typical outdoor station located in a residential area. For the purpose of this
study, it is assumed that all Former Toronto area municipal stations are indoors, while horseshoe stations are
outdoors. For those few outdoor stations in the Former Toronto area, their vulnerability will be identical to the
outdoor stations in the horseshoe area.

Figure 2-6 Residential Area MS (front and rear views)

e
E

Figure source: (Toronto Hydro, 2014a)
Toronto Hydro to Private Ownership

Toronto Hydro to Private Ownership stations supply large loads at low voltages to private customers. The station
is located on private property inside a closed room. Most of these stations are owned by Toronto Hydro, although

some are owned by the customer.

Typical equipment — Municipal Stations

Typical equipment within municipal stations is similar to transmission stations, but are generally smaller in size
because less capacity is required. In general, municipal stations include:

Qil power transformers (ONAN/ONAF);
Instrument transformers;

Disconnect switches;

Circuit Breakers;

Cables;

Fuses;

Arresters.

2.4 Feeder Systems

Toronto Hydro employs feeder systems, or systems of power lines, transformers, switches and related equipment,
to distribute electricity across the City of Toronto. The feeders are either installed on overhead poles (overhead
systems) or travel through underground cables (underground systems). Overhead feeder systems can be located
on the front side of a property (front lot) or at the back of the property (rear lot). However, rear lot systems will be
phased out by the 2030s and are not considered in the scope of this study. They are progressively being replaced
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by front lot overhead or underground infrastructure, which provides Toronto Hydro more convenient access. In
total, Toronto Hydro customers are served by over 900 feeders® (Navigant Consulting Ltd. 2011).

Approximately 30 % of Toronto Hydro’s distribution network is comprised of 27.6 kV feeders from 3 - 4 km
(considered “short” lines) to 5 - 6 km (considered “long” lines) in length. These systems are mostly located in the
horseshoe area. 70 % of Toronto Hydro’s distribution feeders operate at 13.8kV, and vary in length between 2 —
3 km (short) to 3 - 4 km (long) (Navigant Consulting Ltd., 2011). The 13.8 kV systems serve both the downtown
and horseshoe areas. A very small percentage of feeders still operate at 4.16 kV.

24.1 Electrical Configurations

The electrical configuration of a feeder determines the way electricity is delivered to customers. It is indicative of
the feeder’s ability to provide electrical service in the event of equipment damage and electrical faults. There are
many different electrical configurations of feeders, and they include radial, dual radial, open loop and closed loop
systems. Some of these systems may also be nested within one another (e.g. an open loop system with
downstream radial feeders). Toronto Hydro’s main underground and overhead feeders are arranged in an open
loop type configuration, although there are also dual radial and radial feeder systems, some of which may be
nested within the open loop configuration. Only one feeder type, the 13.8 kV network, is arranged in a closed loop
type configuration. The various electrical configurations considered in this study are:

e Underground dual radial and underground residential distribution (URD) feeders;
e Underground closed loop network feeders;
¢ Overhead open loop and radial feeders.

In the open loop system, the feeder line runs out of the station through two separate feeder arms that eventually
reconnect outside the station to form a loop. A load interrupting switch (tie switch) is located at the reconnection
point and is normally kept open between the two feeder arms. If one feeder arm goes out, the load can be fed by
the other feeder arm by closing the tie switch. In open loop systems under single contingency condition', the
customer typically experiences an interruption when the feeder is switched from one feeder arm to the other.

In radial systems, the customer is supplied by only one feeder. It is the least expensive design but also offers the
least flexibility in electrical service restoration in the event of a fault, as there is no other feeder that can supply
electricity until the line is repaired. Radial feeder segments may be nested within open loop systems.

Dual radial systems are similar in design to radial feeders except that each customer is connected to two parallel
radial feeders. The load is supplied by one of the radial feeders, as the other radial feeder remains on standby. In
the case of a fault, the load is transferred from one feeder to the other by manipulating interrupter switches tying
the two radial feeders together. Large commercial and industrial customers, as well as Toronto Hydro municipal
stations and several older Toronto Transit Commission (TTC) stations are typically served by dual radial systems.
A compact loop system is similar in configuration to a dual radial system, but is employed where space is more
limited (e.g. in existing vaults).

In closed loop systems, customers are supplied by multiple feeders, and are fed via several redundant
transformers and network protectors. If one feeder goes out, the customer can be supplied by another feeder.
Closed loop systems are advantageous because under single contingency conditions, customers experience no
power interruptions (Toronto Hydro, 2007). Only Toronto Hydro’s 13.8 kV network system is a closed loop
system.

® This total may vary depending on how feeder branches and sub-branches are counted.

10 Single contingency condition or N-1 represents the condition where all electrical equipment is in service except one element. For example, if
a substation has two power transformers, but one of them is out of service, the condition is called "N-1". The condition "N-1" generally
occurs after a major disturbance causes equipment to trip and go-offline.
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Figure 2-7Error! Reference source not found. shows the distribution of feeder types across the city. The 13.8
kV network, represented in dark green, is mostly concentrated in downtown Toronto (downtown core and the
Yonge Street and Bloor Street corridors), while the other feeder types can be found across the city.

Figure 2-7 Location of Feeders, by Type
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Typical equipment

For all underground feeders

The distribution transformer station of underground feeder systems can be classified according to one of three
types:

e Vault type: The vault transformer can be small and located just below ground for single phase clients, or
large and deeper underground for clients requiring larger, three-phase power supplies. Some vault type
transformers can be located above ground inside a building. The equipment located in vault type
enclosures cannot operate if the vault is flooded.

e Submersible type: They are designed similarly to the vault type transformer stations but the equipment is
designed to operate when submersed. For example, submersible transformers are capable of continuous
unattended operation while completely submerged under a head of 3 m of water over the top of the tank
(IEEE Std C57.12.24, 2009, p. 3). They are currently the preferred design due to their submersibility.

e Padmount type: The padmount transformer is located on ground level in a metal-clad enclosure.

Underground feeder equipment typically consists of the following:

e Cables: The cables used in underground systems are generally insulated with cross-linked polyethylene
(XLPE) or a paper insulated lead cover (PILC). The PILC cables also contain oil
e Pilot wire: For large and sensitive customers

6031-8907 AECOM



AECOM Toronto Hydro-Electric System Limited Climate Change Risk Assessment

e Fault circuit indicators
e Power transformers modules:
0 Load-break switch modules: Metal enclosed, air insulated, Vacuum or SF6 arc extinction,
motorized or manual;
o Fuse modules: Metal enclosed, air insulated, electronic fuses or SF6 power fuses or current
limiting fused;
o0 Power transformer : Oil type (most), dry type (in above grade vaults) or some used FR3 fluid
(environmental friendly);
o0 Elbows: cable connections to power transformers.
o Specifically for the network system, typical equipment consists of the following:Primary feeders;
¢ Network Units;
0 Primary Switch — Embedded in power transformer;
o N/W Transformer: dry type;
o N/W Protector: Breaker, back-up fuse, relays, current transformers, cable limiter.
LV secondary network grid or spot networks;
Except for the old network protectors, all network unit equipment are submersible.

For overhead, open loop and radial feeders:

Poles: See civil categories below;

Distribution transformers : ONAN (Oil Natural Air Natural) system;

Gang-operated switches, single-phase switches or SCADA switches;

Load interrupting switches;

Fuse disconnecting switches;

Conductors: “tree proof” protected aluminium (AL) conductors, steel reinforced aluminium conductors
(ACSR), aluminium conductors (no tree proof protection), and copper (CU, legacy);

Voltage Regulators;

Circuit-breakers with reclosers;

Capacitors;

Insulators: made from porcelain (approximately half of all installed insulators) and polymer material
(porcelain insulators are being progressively replaced by polymer insulators).

2.5 Communications Systems

The communications systems support the control and protection of electrical equipment. They are divided
between protection and control systems, and the SCADA system.

For power lines, the distribution switch automation is generally limited to the 27.6 kV systems (Toronto Hydro,
2007).

Protection and control systems

The protection and control systems are located inside control buildings. Except for batteries, they are located in a

temperature controlled room. Batteries at some stations in the Former Toronto area are currently located in the
basement of buildings. However, Toronto Hydro expects to relocate these battery assets above grade by the
2030’s in order to help reduce flooding threats.

Typical electrical equipment

Relays:

Fuse, Load-break Switch, Circuit Breaker;

Batteries;

Auxiliary systems: cranes, fire alarm systems, air compressors, etc.
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SCADA system

The supervisory control and data acquisition (SCADA) system is an automated system to remotely control
equipment and gather operating information about electrical equipment.

Typical electrical equipment

SCADA Switch;

Battery;

The remote terminal unit (RTU);
Fault Detector;

Fiber optic conductor;
Motorized cell interrupter.

2.6 Civil Structures

The civil structures house or provide structural support for all electrical equipment. They are found in transmission
and municipal stations, and all underground and overhead feeder systems.

As a general rule of thumb, civil structures are generally older in the Former Toronto than in the horseshoe area.
Older structures (before 1970) may be more susceptible to climate impacts due to their degradation (wood rotting,
corrosion of steel) and lack of reinforcement in concrete and design loads.

Typical equipment

For transmission and municipal stations:

Gantry Towers;

Exit lines;

Equipment supports;
Building: for indoor stations.

For underground feeders and transformer stations:

+ Reinforced concrete cable chambers;
e Concrete vaults;
e Underground cable ducts.

For overhead feeders:

e In 2014, there were approximately 176,000 poles in Toronto Hydro’s electrical distribution system. The
types of poles by construction material are approximately distributed as follows :

o Concrete : 36%;

o0 Aluminum: 2%;

o Steel: 4%;

o0 Cedar Poles : 58%;

o Fiber glass: Negligible.

o lron: Negligible.
e Conductors and hardware (e.g. supports, bolts, etc.);
e Concrete footings (for steel, aluminium, concrete and some wood poles).
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2.7 Auxiliary mechanical

Ventilation

All vaults have passive ventilation i.e. natural ventilation through slot openings in cover grates.
Drainage system

Toronto Hydro drainage systems can generally be divided according to the two types of vaults in which they are
found:

e Small, shallow single phase sub vaults: do not contain pumps. These vaults’ drains are connected to the
city’s sewer or storm sewer system and drain naturally. These vaults are also being fitted with automatic
Petro plugs which stop drainage when oil is detected in the flow (equipment or other pollutant source) in
order to prevent oil leaks into the sewer.

e Big deep vaults for Network, URD feeders: most of these kinds of vaults are equipped with mechanical
pumps as they are located at a significant depth below grade and often below city sewers. Drains are
installed in the walls of the vault and pumps are used to force water into the city’s sewer
systems. Approximately 10 % of network, URD vaults have drains without pumps (i.e. gravity driven
natural drainage).

Sump pump

In 2014, approximately 1600 vaults out of 14,937 vaults had sump pumps (11%) (Toronto Hydro, 2014e). Toronto
Hydro estimates that by the 2030’s, these sumps will have oil sensing traps that will close if oil (equipment or
other pollutant source) is detected.

2.8 Human Resources

Toronto Hydro has approximately 1,500 employees comprised of certified tradespeople, engineers and
management professionals (Toronto Hydro, 2012). Employees who are involved in the operation of the electrical
distribution system include supervisors and field crews for overhead, underground and network systems, control
room staff, call centre workers and dispatchers. Toronto Hydro staff also includes the management team,
engineers, asset management specialists and electrical system designers.

Weather can generally affect human resources in two ways. Adverse weather events can affect travel conditions
on the journey to and from work for all employees. Furthermore, adverse weather events can affect the working
conditions for field crews and field supervisors who need to access, operate or work on equipment across the city.
Toronto Hydro strives to ensure a safe working environment for its employees, and has occupational health and
safety policies and procedures in place that conform with the international occupational health and safety
management system specification OHSAS 18001. These policies and procedures are complemented by the
professional judgement of its workers as to whether conditions are safe enough to access outdoor equipment.

2.9 Time Horizon

The evaluation was carried out for the study period (2015 to 2050), but with specific focus on the possible state of
the electrical system at the 2030’s and 2050’s time horizons. For example, this study considered changes to
infrastructure systems based on current practices, trends and policy directions (e.g. transition from rear lot to front
lot power lines, the partial phase out of 4.16 kV system, some demand and supply projections®?, replacement of

It should be noted that city-wide land use changes (high rises, condo development and population growth) were not included in the analysis,
due to the scope of such an undertaking and the complexity of information required. However, system vulnerability was judged based on
climate change stresses, as it was assumed that gradual population growth would be accommodated by corresponding growth of Toronto
Hydro systems under business as usual practices without the added stress of climate change.
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non-submersible equipment). Toronto Hydro documentation, electrical standards and consultations with Toronto
Hydro staff were all used to help identify and describe the potential changes to assets at the 2030’s and 2050’s
time horizon. The probability of a climate parameter occurring during the study period and on an annual basis for
the 2030’s and 2050’s was also determined (see next chapter for further details).

2.10 Other Potential Changes that May Affect Infrastructure

2.10.1 Dependencies on Hydro One Infrastructure

Toronto Hydro is part of an interdependent electrical system that is reliant on infrastructure facilities that generate
electricity, transmission systems that transport electricity over long distance, and transformer stations that convert
voltages for transport and use. The electrical generation and transmission supply infrastructure on which Toronto
Hydro relies upon can also be vulnerable to the impacts of a changing climate, and are owned by other electrical
companies and organizations in Ontario. Therefore, it is important to note that the vulnerability of Toronto Hydro is
therefore also tied to the vulnerability of these supply side infrastructure.

It should also be noted that in the event of a power outage, certain facilities and dependent infrastructure can be
supplied by temporary, backup power generators (such as diesel or natural gas generators). In some cases,
homeowners may be equipped with photo-voltaic cells that may be able to provide some power in the event of an
outage. However, these forms of dispersed generation are specific to facilities and individuals, and not sufficient
to meet the demands of larger portions of the population. Dispersed generation does not currently provide
sufficient capacity to alleviate Toronto Hydro of its dependence on the large scale electrical generation and
transmission supply infrastructure.

Most of the 230 kV, 115 kV and 27.6 kV station equipment that tie Hydro One transmission infrastructure to
Toronto Hydro are owned by Hydro One, except for the 27.6 kV breakers at the transmission stations supplying
the former North York area and the Cavanagh transmission station, which is totally owned by Toronto Hydro. In
general, Toronto Hydro owns the 13.8 kV switchgear equipment. Toronto Hydro and Hydro One share a common
Transmission Connection Agreement (Toronto Hydro, 2007).

2.10.2 Load Projections

Electrical load or demand is a significant factor in the operation of transmission stations. Demand is influenced by
a variety of factors, including population size, types of uses (e.g. residential, commercial, industrial, institutional,
infrastructure), time of day (e.g. peak, off-peak, night time), as well as daily temperature (e.g. heating, cooling).

For the present study, the projections of electrical load on each of the main transmission stations serving the City
of Toronto were completed, and are shown in the next table. The methodology used by Toronto Hydro to
calculate the projected load for the 2030’s and 2050’s is described in Appendix F. MaJ'or future load demand,
added transmission station added capacity (i.e. growth), and proposed load transfers' were considered by
Toronto Hydro.

"2 Load transfer represents the capability to discharge some load from one station to another transmission station. In case of an outage or a
very high demand, the loss of supply, or requirement for additional electricity can be provided by another location. Some transmission
stations have higher transfer capabilities than others due to higher installed capacity and/or lower demand. However, this capability
changes with time: the increasing demand can lessen this flexibility, while investments in new additional capacity can increase the station
capability.
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Table 2-2 Load Projections by Transmission Station

Former Toronto

Downtown core (115 kV/13.8 kV) 6 86-95%
2 70-85%
Downtown outer (115/13.8 kV, 230/115 kV,115/27.6 kV) 6 86-95%
3 >95%
Horseshoe
North Stations (230/27.6 kV) 1 86-95%
1 <70%
2 <70%
East (230 kV/27.6 kV, 230/115 kV) ° 70-85%
2 86-95%
1 86-95%
1 >100%
2 70-85%
Northwest (230 kV/27.6 kV) 1 86-95%
1 <70%
Southwest (230/27.6 kV,230/115 kV) 2 86-95%

2.11 Data Sufficiency

>95%

>95%

>100%
86-95%
70-85%
86-95%
86-95%
86-95%
>100%
>100%
>100%
86-95%
86-95%
>100%

The general characteristics of the systems under review were adequate for the purpose of this exercise, although
it should be noted that no site visit was conducted in the project. Chapter 7 contains recommendations about
further work that can be used to enhance the analysis of electrical system performance and sensitivities to climate

related stresses.

3 Note that Toronto Hydro considers 95 % as the max station load capacity in former Toronto area. This is because there are no station ties

between station service areas to allow for the transfer of some feeder loads from one station to another. When a former Toronto area

station achieves 95% of its capacity, it signals to Toronto Hydro that a station load relief project is required. In the horseshoe area, station
max capacity is considered to be 100% max load capacity, as there are existing station ties available to allow the transfer of feeder loads

from one station to another.
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3 Assessment of Climate Changes

This chapter describes how the climate data used in this study was developed. This work involved three activities,
the identification of climate parameters, the estimation of the historical and future probability of occurrence of
climate parameters, and the conversion of probabilities into PIEVC scoring to support the risk assessment. The
results of this work are summarized in a table at the end of this chapter (Table 3-2). Appendix B and C support
this chapter, providing additional background information on the methods, information sources and assumptions.
The climate work was principally conducted by Risk Sciences International in collaboration with AECOM.

3.1 Climate Data Development Methodology
The development of climate data to support this study involved three main activities.

o First, climate parameters (e.g. temperature, precipitation, wind) and threshold values at which infrastructure
performance would be affected were identified (i.e. climate parameters);

¢ Next, the probability of occurrence of each climate parameter was estimated for future climates; and,

¢ Finally, the probability information of climate parameters was converted into the PIEVC seven point scoring
scale to support the risk assessment.

3.11 Identification of Climate Parameters

The identification of relevant climate parameters and infrastructure impact thresholds was an iterative process
involving a combination of three methods:

o Literature review of design loads in codes, standards and published literature;
¢ Practitioner consultation, including targeted interviews, email communications, and workshops; and,
e Forensic analyses of either system specific case studies or relevant cases in the published and grey literature.

While these methods were employed during Phase |, they were expanded significantly and updated for Phase 2.
The list of climate parameters from Phase 1 of this study was revisited through practitioner consultations (i.e.
workshops), and a more thorough forensic analysis process was conducted using newly available impacts data
provided by Toronto Hydro. Literature, including the Institute of Electrical and Electronics Engineers (IEEE) and
CSA standards, was reviewed by both RSI and AECOM research team members, yielding more specific design
thresholds and criteria. Further information about these techniques can be found in Appendix B.

3.1.2 Estimating the Probability of Occurrence of Climate Parameters

To estimate the probability of occurrence of climate parameters over the study period, their probability of
occurrence was first established for historical climates. Future conditions cannot be well understood until current
and historical climate conditions are quantified, particularly with regards to already existing vulnerabilities and
thresholds present within the distribution system. This historical information was combined with climate
projections from an ensemble of global climate models through the application of the “Delta-method” (see
description on next page) to obtain estimates of the probability of occurrence for climate parameters. Additional
complementary estimation techniques (i.e. regional climate models, statistical downscaling, climate analogues)
were also employed to evaluate several complex climate events (e.g. freezing rain, ice storms, high intensity
rainfall, lightning, tornadoes), as well as to validate or refine the results obtained from the “Delta-method”
approach. These tasks are summarized in the following section while more details can be found in Appendix B.
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Establishing Historical Climate Baseline

The probability of occurrence of climate parameters under historical climate conditions was established in Phase |
of this study. Phase 2 reviewed and further refined them in order to serve as a baseline for climate change
projections.

Historical climate conditions were established based on Environment Canada’s climate station network, the most
reliable and highest quality long-term climate record in Canada. While there are numerous climate stations in and
around the City of Toronto, detailed hourly weather data are usually only available from airport locations. Thus,
the majority of historical climate information used in this analysis is based on records from Pearson International
Airport, with further contributions from Buttonville and Toronto Island Airports. Toronto is also the location of the
climate station with the longest period of record in Canada, located at its City Centre location, a separate site
which provided further perspective on longer term historical climate.

In the case of extreme, very localized, or complex climate events (e.g. tornadoes, freezing rain, ice storms,
lightning storms), authors employed alternative methods (e.g. using averaging periods greater than 30 years) or
consulted alternative data sets (e.g. the historical tornado database) to establish a historical baseline because this
information was not directly available from weather station data.

Future Projections

The climate projection data which serves as a basis for this study was sourced principally from global climate
models (GCMs). The latest International Panel on Climate Change (IPCC) 5" Assessment Report (AR5) provided
results from 40 GCMs, produced and operated by modeling centres from around the globe. These models provide
many of the basic parameters used in developing projections, as well as providing the “boundary conditions” for
more detailed assessments, such as downscaling studies. The availability of multiple models also allows for the
use of climate model “ensembles,” which use multiple models for the development of projections, rather than
employing the results of a single model which may contain biases affecting the accuracy of results. The use of
ensembles is considered by the IPCC as a best practice for climate analyses, and therefore has been the
dominant method used for climate projections in Phase 2.

GCMs require “emissions scenarios” as inputs for the calculation of climate projections. The latest IPCC AR5 has
introduced a new method of describing future changes in emissions. Representative Concentration Pathways, or
RCPs, describe explicitly the expected increase in energy generated by increases in greenhouse gases. The
most pessimistic emissions scenario, RCP 8.5, indicates an increase of 8.5 watts per square meter of additional
energy under future climate conditions. It is referred to as the “business as usual” emissions scenario, provides
the best fit based on historical trends in global emissions, and was the scenario used for Phase 2. Further details
on IPCC findings, GCMs, RCPs, and other aspects of climate change projections, can be found in Appendix B.

Applying the “Delta-Method”’

Individual GCMs contain inherent biases when attempting to recreate historical climate, for example being either
too cool or warm compared to historical averages. To compensate for this effect, the “Delta-method” was
employed. First, GCMs were evaluated to determine changes from their own respective baselines. This difference
between model baseline and projected conditions is then applied to the observed historical climate baseline. For
example, if the GCM ensemble indicated an average increase of 2 degrees between the baseline period and the
2050’s, and a given station shows an average annual temperature of 3°C, then the projected annual average
temperature for that location for the 2050’s becomes 5°C. This represents the “delta”, or the change in climate
parameter based on the difference projected by the GCM ensemble applied to historical baseline data.

Treatment of Complex Climate Events

To validate the results obtained from the GCM — “Delta-Method” for some of the climate parameters, three other
complementary estimation techniques were also used, regional climate modeling, statistical downscaling
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techniques and climate analogues. Furthermore, some complex climate events tend to occur on much smaller
spatial and temporal scales than are covered by GCMs (e.g. tornadoes, freezing rain, ice storms, lightning). Use
of these three complementary estimation techniques was necessary to develop projections for these kinds of
climate parameters.

It should be noted, however, that even with the availability of specialized methods, there remain highly localized
atmospheric events which cannot be projected with confidence, and the effects of climate change on these types
of events are still being researched by the climate research community. See Appendix B for further discussion of
developing projections for complex climate events.

Estimating the Probability of Occurrence of Climate parameters

The methodology used for determining climate parameter probabilities for Phase 2 was somewhat modified from
standard PIEVC Protocol based studies. The Protocol (Engineers Canada, 2012) indicates that the probability of
a climate parameter occurring should be based on the probability of occurrence during the full time period of the
study, which is typically the life cycle and long-term planning considerations of the infrastructure under study. For
Phase 2, a period of 35 years between 2015 and 2050 was chosen. However, in recognition that response to
these hazards can include both asset hardening/replacement cycles (long-term measures) as well as
maintenance and management considerations (short term measures), a second set of probabilities based on
annual occurrence was also determined. Examining both annual and study period probabilities was useful for
understanding vulnerabilities based on climate parameters that would occur on an annual basis (e.g. high
temperature) against those which would occur less than annually, but with the potential to cause significant
impacts sometime during the 35 year study period (e.g. ice storms, high winds, tornadoes).

Annual probabilities are expressed as the number of occurrences per year for historical and (where available)
projected estimates for the 2030’s and 2050’s, or more specifically for 30 year periods centred on those future
decades. The so-called “study period” or “lifecycle” probability of occurrence is then expressed as a percentage
(i.e. given those annual frequencies, what is the overall probability that an event will occur during the entire

35 year time horizon?).

The probability of occurrence of a climate parameter considered in this project is, in most cases, representative of
a “point” probability (i.e. historical probability values based on measurements at a single location). However, the
lightning and tornado climate parameters were also evaluated using different “target” sizes to illustrate the effects
of changing this perspective, as well as to better correspond with field conditions and associated response. More
detailed information about how the probabilities of individual climate parameters were determined can be found in
Appendix B. The results of this work are listed in Table 3-2 at the end of this chapter.

3.1.3 Assigning a PIEVC Score to Climate parameter Probabilities

The probability of occurrence for climate parameters both annual and during the study period were converted into
PIEVC probability scores (i.e. 0-7) for the risk assessment, following the quantitative “Method B” approach
indicated in the Protocol (Engineers Canada, 2012) (see Table 3-1). For example, the annual probability of
occurrence of high temperatures above 40°C was estimated to occur approximately 0.01 times per year in the
historical period (last 100 years), or 1 % probability of occurring each year (PIEVC score 1). Similarly the annual
probability for this parameter was 0.3 to 2 times per year for the 2030s, which signifies a 30 % to >100 %
probability of occurring each year (PIEVC scores 4 to 7 respectively). This climate parameter is estimated to
occur between 1 to 7 days per year by the 2050s, such the annual probability of occurrence is >100% (PIEVC
score 7).
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Table 3-1 PIEVC Version 10 Probability Scores based on Method B
0 <0.1% <1in 1,000
1 1% 1in 100
2 5% 1in 20
3 10 % 1in 10
4 20 % 1in5
5 40 % 1in 2.5
6 70 % 1in 1.4
7 > 99 % >1in 1.01
3.2 Summary of Results

AECOM

24 climate parameters covering temperature, precipitation, wind and lightning hazards were considered within the
climate analysis. However, four of them were not carried forward in the vulnerability assessment due to data
availability issues or relevance™. Table 3-2 provides a summary of the climate data results. Relevant climate
parameters and infrastructure thresholds (climate parameters) to be used in this study are listed. For these
climate parameters, historical and future probabilities of occurrence, as well as PIEVC probability scores for
annual and study period probabilities are presented.

Table 3-2

Daily Maximum
Temperatures

High Daily Avg
Temperature

Heat Wave

High Night time
Temperatures

Extreme
Rainfall

Climate Parameters and Thresholds, Occurrence Probabilities and PIEVC Scoring

25°C
30°C
35°C
40°C
30°C
35°C

3 days max temp
over 30°C
Nighttime low
>23°C

100 mm in <1
day + antecedent

66 per year; 84 per year, 106 per
year
16 per year; 26 per year, 47 per
year
0.75 per year; 3 per year, 8 per
year
~0.01 per year'®; 0.3 to 2 days per
year, 1-7 days per year
0.07 per year'®; N/A, 1.2 days per
year
Zero occurrences historically; zero
occurrences projected

0.88 per year; >1 for both

0.70 per year; 7 per year, 16 per
year
0.04 per year; extreme
precipitation expected 1,
percentage unknown

100%

100%

100%

~100%

~100%

0%

100%

~100%

~75%-85%

Historical

7

7

2030’s & Study

2050’
7

S Period

7

" The climate parameters not evaluated in the vulnerability assessment were high daily average temperature above 35°C (relevance), 6 hr+
freezing rain (relevance, as no ice accretion threshold was known), Minor ice accretion and deicing agents (complex interaction, no

projection data available) and tree growth, pest and disease (complex interaction, no data available).
'® Based on data from Toronto City Center station rather than Pearson Airport.
'® Based on 4 occurrences since 1961 at Pearson Airport; see discussion in text for further details.
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Historical AIED S & iy
2050’s Period
15 mm (tree 0.11 per year; >0.13 per year, o
branches) >0.16 per year >09% 3 3 7
25mm=125 0.06 days per year; >0.07 per o
mm radial year, >0.09 per year >05% 2 3 7
lce High Risk:
. 0.007 events per year; >0.008 per
gt:i;]m/Freezmg 60 mm = 30 mm year; >0.01 per year High: ~25% 0-1 0-1 24
radial Low Risk: Low: ~8%
0.002 events per year; > 0.0023
per year; 0.003 per year
6 hours + 0.65 days per year; ~0.75 per o
freezing rain year, ~0.94 per year 100% 5 6 7
70 km/h+ (tree 21 days per year; N/A, 24 to 26 100% 7 7 7
branches) per year 0
High Winds 90 km/h 2 days per ye;\; L\I/A, >2.5 per 100% 7 7 7
~0.05 days per year; likely 1, but _aco .
120 km/h % unknown 85% or higher 2 2 7
EF1+ 1-in-6,000; Unknown, no ~0.6% 0 0 1
Tomado T1n-12.000; Unkne
-in-12,000; Unknown, no N 20
EF2+ consensus 0.3% 0 0 0
. 1.12 to 2.24 per year per km?; —EL700 . X _
Lightning'” ErI:skr;ngensny per Expected increase, % change ~15 g_ 278(;) ((Lsgn)]) é‘g} _20 n/a IS_?n _g
unknown °
1.5 days per year; Trend o
Snowfall Days w/>10 cm decreasing but highly variable 100% Y 7 Y
5 days per year; Trend o
Days w/> 5¢cm decreasing but highly variable 100% Y 7 7
229 frost free days; 249 frost free o
Frost days, 273 frost free days 100% Y 7 7
Complex Minor ice
Intergctions accretion + Projections unavailable N/A N/A
deicing agents
Complex Changes in tree
Inter;)ctions growth, disease Projections unavailable N/A N/A
conditions
3.3 Data Sufficiency and Recommendations

The primary sources of information used in this climate data work were:

e Environment Canada Weather Station Data;
IPCC AR5 quality controlled GCM output;
e TRCA environmental data and observations (TRCA 2014).

The climate data available for this study was judged to be sufficient to cover the majority of climate related
stresses to electrical distribution systems (stemming from temperature, precipitation and wind). The study area of
the City of Toronto also benefited from having good quality, long-term climate data that covered most areas of the
city for these types of climate parameters. While further studies, in-depth analyses, and data quality
improvements can be made (see Chapter 7), the climate data that was available was sufficient to support the risk
assessment.

" Note that “Lg” and “Sm” refer to large and small transformer stations, see Appendix B for more details.
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4 Vulnerability Assessment Methodology

The vulnerability of the electrical system to climate parameters was initially completed by employing a screening
level risk based methodology (risk assessment) to identify low, medium and high risk interactions. The level of risk
was evaluated based on the probability of occurrence of a climate parameter coupled with the severity
(consequence) of the impact on the system and on electrical service provision. Low risk level interactions were
generally judged as not being a significant issue for Toronto Hydro. Medium level risks were evaluated through a
further engineering analysis to determine whether the interaction resulted in vulnerabilities (or part of a general
pattern of vulnerability). Finally high risk level interactions were deemed as vulnerabilities for Toronto Hydro.

The general procedure for the risk assessment is described in Step 3 of the Protocol. However, study specific
considerations (e.g. the systems level approach), adaptations and guidance for completing the risk assessment
are described in the following chapter. Completion of the risk assessment follows the “Consultant Option” of the
Protocol'®. Notably in this option, AECOM completed the risk matrix through internal meetings with its own
electrical engineers. This information was then validated with Toronto Hydro staff in a workshop held on
October 10, 2014, at Toronto Hydro’s offices.

4.1 Risk Tolerance Thresholds

The risk tolerance thresholds employed within this analysis conform with the proposed thresholds of the Protocol
as given in the table below. These thresholds were validated with Toronto Hydro at the workshop.

Table 4-1 Risk Tolerance Thresholds
<12 Low Risk Monitoring or no further action necessary
12— 36 Medium Risk Vulr?erab.ility may bfe present. Action may be required, TBD through
engineering analysis
> 36 High Risk Vulnerability present, action required
4.2 Yes/No Analysis

The first consideration of the risk assessment is to identify whether a climate parameter will interact with the
infrastructure system under consideration. A Yes/No analysis column for each of the 20 climate parameters is
included in the risk assessment matrix presented in Appendix D. A “No (N)” result means that there is no
interaction between the climate parameter and infrastructure system, while a “Yes (Y)” result means that there
may be an interaction. The severity assessment is conducted only for “Yes” interactions.

4.3 Infrastructure Performance Responses - Systems Level Approach

As mentioned in the introduction, this study adopts a systems level approach to the analysis of climate change
impacts on Toronto Hydro electrical distribution infrastructure due to the extensive, complex and interdependent
nature of the electrical system. The severity of impact is evaluated based on the consequences of the interaction
of different weather events with the systems and subsystems under study.

The relevant infrastructure performance responses remain the same as presented in the pilot case study. Notably,
they are:

e Structural design - Structural integrity, cracking, deformation, foundation anchoring, etc.

'8 This approach, rather than the facilitated option, was adopted in this study because it was more efficient; the learnings gained from the pilot
case study provided AECOM with the necessary insight to complete the risk assessment on its own prior to validation with Toronto Hydro.
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e Functionality - Effective load capacity, efficiency, etc.

e Serviceability - Ability to conduct maintenance or refurbishment, etc.

e Operations, maintenance and materials performance - Occupational safety, worksite access, operations and
maintenance practices (frequency and type), etc.

o Emergency Response - Planning, access, response time

¢ Insurance Considerations (Toronto Hydro perspective) - claimable for repair, cause 3" party payment, affect
insurance rates

e Policy and Procedure Considerations - Planning, public sector, operations, maintenance policies and
procedures, etc.

e Health and Safety - Injury, death, health and safety of Toronto Hydro employees, the public, etc.

e Social Effects - Use and enjoyment, access, commerce, damage to community assets (buildings), public
perception, etc.

e Environmental Effects - Release or harm to natural systems (air, water, ground, flora, fauna)

It is clear that within a systems level approach, weather interactions with infrastructure systems can solicit a range
of different performance responses, as well as responses of differing degrees (i.e. intensity) from different
components. In other words, some components within a system are more sensitive to certain types of weather
events than others (e.g. heat affects the operation of transformers more than it affects the wooden pole on which
the transformer is attached).

In order to conduct a logical, structured analysis, the proposed systems level approach identifies the infrastructure
performance response stemming from the component (e.g. pole, transformer, power line, switch, etc.) which
constitutes the weakest link in the system category for a given weather parameter. The component whose
functionality, capacity, structural integrity or operation is affected or compromised the most, which in turn may
cause other interdependent components or the entire system to cease to operate, fail, or lose capacity,
constitutes the weakest link in the system. For example, the failure of a station power transformer due to high
temperature and load may cut off electricity service, irrespective of what the heat may do to other equipment and
structures. The station power transformer is thus considered to be the most sensitive and weakest link under high
heat conditions.

As the primary role of Toronto Hydro’s electrical distribution infrastructure is to provide electricity, one primary
guiding criteria was used to determine which component(s) within the major systems categories constituted its
weakest link: the component which, due to an interaction with a weather event, resulted in damage/failure of that
component, which in turn compromised the ability of the system to deliver electricity to customers safely and
securely. The risk assessment matrix presented in Appendix D contains a column named “consequence” which
identifies the weakest link component and the anticipated infrastructure performance response.

431 Consideration of Redundancy and Station Capacity

While a component malfunction or failure may compromise the system’s ability to provide electricity safely and
securely, a systems level approach allows system design characteristics to mitigate this impact. Two notable
characteristics of electrical systems are considered by this study: redundancy and station capacity.

Redundancy is the duplication of equipment and systems that afford an alternative way to deliver electrical
services in the event of equipment damage or failure. In electrical systems, redundancy is provided through the
presence of similar or identical equipment operating in parallel or kept on standby, and is a key component of
essential infrastructure services such as electricity provision. Station capacity indicates that a station possesses
capacity in excess of normal demand (i.e. under normal circumstances).

Redundancy and station capacity are characteristic of the different types of electrical systems under study. As
redundancy and station capacity can mitigate component failures (i.e. allow systems to continue to provide
electricity despite equipment failure in one area), they are used as mitigating factors which can attenuate severity
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scores. The explanation of how redundancy and station capacity are evaluated for each of the major systems
categories is in presented in the sections below.

Transmission Stations

A station’s ability to mitigate the system’s vulnerability to climate is most usefully considered with respect to high
temperatures. During high temperatures, stations with greater excess capacity will be able to continue to supply
electricity despite increased demand, while stations with less excess capacity may have to reduce demand (e.g.
shed load through temporary forced outages) in order to operate station equipment acceptably (e.g. to avoid
overheat and burnout).

Transmission station capacity is based on the load projection exercise completed by Toronto Hydro for this
project. This study is briefly described in Appendix F (Also see Chapter 2, Load projections, for more
information). Station capacity is rated as low or good based on the load cut-offs shown in the table below. If the
station capacity is rated as low by the end of the study period (2050’s), its severity evaluation for high temperature
parameters is increased by ”+1”.

It is possible that excess station capacity can also be considered as a mitigating factor in the event of freezing
rain, flooding, high winds, etc. For example, if a high wind event causes flying debris to damage an outdoor
station, an adjacent station can help by picking up some of the load. In this case, it is the capacity of adjacent
stations which helps determine the vulnerability of a service area. In the horseshoe area, station and feeder ties
between service areas allow some of the load to be transferred’®. However, this factor is not considered in the
present study because adjacent stations can only take on a small portion of a faulted station’s load (i.e. no station
is designed to take the full load of an adjacent station, otherwise it would be overdesigned), nor are there
sufficient feeder or station ties to allow the complete transfer of the load. Thus, large portions of a service area
may still be susceptible to an outage at its transmission station in spite of the fact that an adjacent station has
excess capacity.

Table 4-2 Severity Rating Based on Station Capacity by the 2050’s
Low (+1) 2 95 % (Toronto) and 2100% Horseshoe Area
Good (no change) <95 %

Municipal Stations

The redundancy of the municipal stations is based on geography, and only considered for high temperature
parameters for the same reasons as listed above under transmission stations. According to Toronto Hydro, if a
municipal station is located in the Former Toronto area, it is generally considered that the station has less transfer
capability than a station located in the horseshoe area. Severity ratings for all municipal stations in the Former
Toronto area are increased by “+1” to reflect the low station transfer capacity in the event of a problem. This
severity increase for former Toronto area municipal stations does not apply to other climate events such as
freezing rain or wind because these stations are generally located indoors in the Former Toronto area.

The Toronto Hydro to Private ownership stations are dedicated to the owner. There are no transfer capacities to
another station. A “+1” is added to the severity rating for high temperature parameters.

¥ Recall that at present, there are no station ties between station service areas in the Former Toronto area. The addition of station ties in this
area is constrained by the fact that infrastructure is older, located in a dense built urban environment, and generally underground. At
present, Toronto Hydro is considering the addition of station ties in the Former Toronto area, but this is not considered in this risk
assessment due to its preliminary nature of this idea. In the horseshoe area, station ties allow stations to provide some load relief to
adjacent service areas when required.
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Underground Feeders

The redundancy of the underground feeders is based on the configuration of the feeder and its location in the city.
Dual radial and residential feeders in the Former Toronto area are considered to have the lowest redundancy and
capacity because structures are older, more stressed by higher loads, and are installed with less space between
the conductors. The arrangement of the conductors is important because the ampacity of conductors are sensitive
to the heat generated by nearby conductors. Severity ratings for these feeders are increased by “+1” as a result
(Table 4-3).

Table 4-3 Severity Rating Based on Feeder Configuration
Low (+1) Dual Radial & URD : Former Toronto
Moderate (no change) Dual Radial & URD : Horseshoe
Good (no change) Compact Loop Design
Best (no change) Network

Overhead Feeders

The redundancy of the overhead feeders is considered between two configurations: radial or loop. Radial lines
cannot be backed-up in the event of a fault, while loop configurations could allow electricity to be brought in
through the “other side” of the loop. For this purpose, the severity ratings for radial feeder configurations are
increased by “+1”.

Communications Systems

The redundancy evaluation is not considered for the communications systems, as they do not mitigate
circumstances of loss of electrical service provision.

Civil Structures

Historically, infrastructure built for the distribution of electricity in the City of Toronto were concentrated in the
downtown core and inner city and later extended to the horseshoe area. Part of the electrical equipment was
replaced over time but much of the civil structures (e.g. underground vaults) remain in place due to their expected
lifespan (35 - 60 years). It is thus assumed that the civil structures in the Former Toronto area are older and more
degraded than the structures in the Horseshoe Area. A “+1” severity scoring is added to the Former Toronto civil
structures.

4.4 Scoring Severity

The severity scoring exercise is conducted using the scoring scale defined by the Protocol, method D. Examples
of impacts on different equipment were developed in the course of this analysis. In addition to the guidance
provided by the Protocol on severity scoring, this study provides a further, electrical system specific consideration
in severity scoring. Two complementary, severity scoring scales were developed for this study to reflect the
severity scoring differences between stations and feeder systems. As stations represent major nodes in the
distribution of electricity, an affected or disabled station could result in a loss of service on all downstream feeder
systems and customers. However, if a feeder branch or sub-branch is affected, only the customers on the branch
or sub-branch may be affected. Thus, the impacts on station equipment are judged to be more severe than
impacts on feeder systems. The severity scoring scale employed in this study, as presented below, reflects this
general consideration.
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Table 4-4 Severity Scoring Scale for Electrical Distribution Systems
Method D Descriptive Examples Descriptive Example
0 No Effect Negligible or N/A Negligible or N/A
1 Measurable Very Low - Some Some loss of Arrestor failure, overheating
measurable change serviceability & capacity, cables, salt deterioration of
no loss of function civil/electrical equipment
2 Minor Low - Slight loss of Station battery — lifespan  Some loss of capacity &  Overheating transformer
serviceability shortened function from high load
3 Moderate Moderate loss of Station transformer Moderate loss of Broken spring in
serviceability, some loss  heating up, but function underground switchgear,
of capacity, but no loss possibility of meeting distribution transformer out
of function demand from another (must replace), cable
station
4 Major Major loss of Station transformer Major loss of function of ~ Transformer and switchgear
serviceability, some loss  heating up, need to do multiple equipment — out (replace multiple
of capacity & function load shedding localized equipment)
5 Serious More loss of capacity & Station transformer Major loss of function of ~ Transformer and
function heating up, need to do multiple equipment — Switchgear out
load shedding for longer  wide area Flooded vault that cannot
duration be pumped
6 Hazardous Major - Loss of Function  Loss of CT/VT Major loss of function of ~ Leaning pole/downed line
transformer, battery multiple equipment —
assets wide area
7 Catastrophic ~ Extreme — Loss of Asset  Station trans. failure Major loss of function of ~ Downed pole, line and
multiple equipment — transformer
wide area
4.5 Mapping Risks

Due to the sheer number of similar assets and their distribution across the city, study authors and Toronto Hydro
have elected to map climate change risks to the electrical distribution system in the City of Toronto. It was
decided that two main asset classes would be included in the risk map: stations and feeders. The risks to
supporting infrastructure, such as communication systems and civil structures, were difficult to represent on such
a large scale. Furthermore, the risks to these systems are generally associated with, and can be adequately
illustrated by, the risks to the stations and feeder systems.

The risk mapping exercise was completed using the geographic information systems (GIS) resources provided by

Toronto Hydro. AECOM provided the final risk assessment matrix results to Toronto Hydro’s GIS team. Each of
the station and feeder assets in the risk assessment matrix were identified on GIS maps. Stations were illustrated
as polygons representing the stations’ service areas rather than as points where stations are located. This was
done in order to illustrate the fact that faults at a station can affect an entire service area. Feeder systems were
illustrated as line vectors on the map. Next, the low, medium or high classification of station or feeder risks were
represented by colouring the assets class representations (polygons or lines) in yellow, orange or red to denote
low, medium and high risks respectively. Where there were no interactions between climate and infrastructure,
asset representations were coloured in grey. Finally, white spaces within the City of Toronto generally indicate
where no electrical service is provided. Results of the risk mapping exercise are presented in Chapter 5 and in
Appendix E.
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5 Assessment Results

This chapter presents a summary of anticipated impacts from the interaction of climate events with electrical
distribution system infrastructure resulting in low, medium and high risk interactions. In addition, special case risks
are also presented.

51 Low Risk Interactions
High Temperature

SCADA systems may be affected by ambient air temperatures above 40°C. According to equipment design
specifications (S&C manufacturer, 2011), such temperatures constitute unusual conditions for the interrupters
within the SCADA system. At high temperatures over 40°C, the accuracy of power line current and voltage
sensors, as well as the ability to provide DC voltages for the control of the switch, are not assured. SCADA
system equipment are tested to operate between -40°C to +40°C. However, other components of the SCADA
system like the communication and control unit can operate at temperatures up to +70°C. A low risk score was
given considering that the SCADA switch is able to operate in temperatures above 40°C, but its performance
(accuracy of sensors) may decrease.

Extreme Rainfall

Extreme rainfall poses a low risk to certain underground feeder systems in the horseshoe area. Underground
feeder systems with some equipment located in above ground vaults or on padmounts may be affected by
localized flooding due to extremely rainfall. This creates an issue in terms of accessing equipment.

Some transmission stations in the Former Toronto area currently have batteries and switchgear located below
grade. This equipment could be damaged if flooding occurred. Toronto Hydro is currently moving its battery
assets above grade when they reach the end of their lifecycle (typically 10 — 12 years). By the 2030’s, it is
expected that all station batteries will be moved above grade. Some of the switchgear equipment will also be
moved above grade, although stations in the Former Toronto area may face space constraints to moving all
equipment above grade. As such, it is likely that some switchgear will still be located below grade by the 2030s.
However, stations are equipped with multiple sump pumps which can evacuate water that flows into the
basements. According to a Toronto Hydro representative, there have been no flooding incidents to Toronto Hydro
stations owing to heavy precipitation over the last several decades due to the pump and drainage systems found
in stations. Based on expected work to relocate batteries and certain switchgear, and continued adequacy of
sump pumps, the risk of flooding from extreme rainfall for transmission stations in the Former Toronto area was
rated as a low risk.

Freezing Rain

For stations, 15 mm or less of freezing rain are not expected to create sufficient ice loads to cause structural
problems. Freezing rain could cause some delays in accessing equipment (e.g. ground or equipment encrusted
with a layer of ice), although this was judged to be of low risk by workshop participants

Snow

Snow accumulation and snow fall, especially for days with >10 cm of snow, can also cause visibility and access
issues. Access to padmounted transformers and switches, as well as underground vaults may be hampered by
snow pushed aside from road and sidewalk snow clearing equipment, thereby lengthening the time needed to
access equipment. However, access issues from snow were judged to be of low risk by workshop participants.
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Frost

Frost may cause the displacement of the ground (frost heave) and compromise the stability of the foundations of
poles, vaults and cable chambers. Frost heave events are generally localized, and do not tend to disrupt electrical
service. Furthermore, the number of frost free days are expected to increase by 2050 due to increases in annual
temperatures. For these reasons, frost was judged to be of low risk. Civil structures located in the former Toronto
area were given a slightly higher (+1) severity rating (and therefore risk rating) because the infrastructure is
generally older than those found in the horseshoe area.

5.2 Medium Risk Interactions
High Temperature

High ambient air temperatures starting at 25°C and above are responsible for the majority of medium risks
evaluated within this study. Unless stated, the temperatures presented below exclude consideration of humidity
on felt temperature (i.e. humidex). From an electrical equipment point of view, it is the ambient air temperature,
not humidity, which impacts the structural integrity or lifespan of equipment. Humidity, coupled with high ambient
air temperatures may result in higher felt temperatures by people, which in turn can increase the demand for air-
conditioning. However, risks posed by high temperatures to infrastructure are evaluated in terms of their design
and performance characteristics (ability to shed heat or cool down), which are not affected by humidity levels.
High humidity was considered when evaluating the risks to Toronto Hydro personnel.

High temperatures affect the lifespan of station batteries. Where the air temperature of rooms that house station
batteries exceeds 25°C, the lifespan of the batteries will begin to degrade. This will result in the long-term in the
replacement of batteries sooner than expected. The buildings containing the rooms where batteries are stored
afford some protection from changes to external air temperatures. This means that an external air temperature of
25°C may not immediately trigger the premature degradation of batteries. However, rooms where batteries are
stored are not temperature regulated, and the impacts to battery lifespan will increase as external air
temperatures increase above 25°C. Heat impacts on station battery lifespan were judged to be of medium risk.

As maximum daily air temperatures exceed 35°C, station power transformers will be the most critical pieces of
equipment to be affected. First, the use of air-conditioning will increase, thereby increasing the electrical load on
transformers. Transformers will heat up, but warm ambient air temperatures also reduce the effectiveness of
natural or mechanical cooling. Stations with low projected excess capacities by the 2030’s and 2050’s will be less
able to meet additional demand during periods of high temperature because of higher existing base load. These
include transmission stations located in downtown areas, as well as Bathurst station, Sheppard, Leaside,
Rexdale, Woodbridge, Manby and Horner. These were judged to be slightly more at risk (+1 severity) as
compared to other stations in the East and Northwest sub-service areas.

Heat waves, when the daily maximum temperature during three consecutive days exceeds 30°C, as well as warm
nights (minimum temperatures = 23°C) both constitute medium risks for station power transformers. High night
time temperatures will result in continued electrical use for air-conditioning, and also decrease the potential for
transformers to cool down overnight. However, overall electrical demand is lower at night than during the daytime,
and Toronto Hydro staff did not consider high night time temperatures to be as significant a concern as high
daytime temperatures or heat waves from an electrical system point of view (Workshop 2).

High temperatures above 40°C, average temperatures over 30°C on a 24h basis, heat waves and high night time
temperatures were also judged to be a medium risk for underground and overhead feeder systems due to high
electrical demand for cooling and high ambient temperatures. Cables and power transformers were the two most
vulnerable parts of these feeder systems in terms of heat. Under high demand, underground conducting wires
and their housing undergo thermal expansion. This affects the structural integrity of the housing by causing wear
and potentially leading to microfractures that are susceptible to water infiltration. Underground cables laid in close
proximity or side by side, as is the case for underground feeders in the denser Former Toronto area, are also
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more susceptible to these expansion effects than underground feeders in the horseshoe area. Adjacent cables
tend to heat one another up, and the increased heat reduces the cables’ electrical transmission capacity. In
overhead systems, cables under high demand will also lead to cable expansion and conductor sag. While this sag
is generally accounted for in tree trimming and object clearance around power lines, excessive sag may be more
prone to contacting objects and causing an electrical fault.

Feeder system power transformers are affected in a similar manner as their station counterparts. High ambient
temperatures place additional demand from air-conditioning on transformers, while also affecting their ability to
effectively cool. Overheating overhead transformers may fail or catch fire and will have to be replaced. In terms of
relative risk, it should be noted that an overheating feeder line power transformer is less critical than an
overheating station transformer, as the former serves fewer clients than the latter.

Underground dual radial, URD, compact loop and network systems afford increasing levels of redundancy for
clients, due to their ability to supply electricity in the event of an outage through a different branch, loop or conduit
of the feeder system. In this study, dual radial and URD feeders in the Former Toronto area were considered to
be less able to cope with high electrical demand and mitigate outages than similar electrical feeder types in the
horseshoe area. This is due to the fact that feeders in the Former Toronto area are already under high base load
(denser environment), their equipment is generally older and cables running side by side increase the heat load
and reduce their maximum capacity. Therefore, underground feeders in the Former Toronto area are considered
to be slightly more at risk (+1 severity) to heat impacts as compared with similar feeder types in the horseshoe
area.

Overhead feeder systems were judged to be slightly more at risk (+1 to +2 severity) than underground systems to
temperatures above 40°C and to average temperatures above 30°C on a 24h basis. While electrical load
demands may be similar for underground and overhead transformers, direct solar radiation and exposure to high
ambient air temperatures can reduce the ability of overhead transformers to disperse heat. On the other hand,
overhead transformers were judged to be less vulnerable to high night time temperatures than underground
systems, due to increased circulation of cooler nighttime air around overhead transformers as compared to those
located in underground vaults.

High ambient air temperatures were also judged to be medium-low risks for protection and control systems. Like
station batteries, high temperatures will degrade the expected lifespan of batteries used to power the feeder
protection and control systems in the event of a power failure.

Extreme Rainfall

The most significant medium risks from extreme rainfall events are related to the flooding of non-submersible
vault-type electrical components kept below grade. Vaults below grade are usually equipped with either passive
drainage systems or active pumping drainage systems to keep them from flooding. However, under extreme
rainfall conditions, it is possible that the sewers to which these drainage systems are connected may themselves
be at capacity, and without the ability to evacuate the water, some vaults may flood. In flooded vaults, non-
submersible electrical equipment could be damaged, and an outage may occur. This is also a concern in some
network type feeders in downtown Toronto, where old network protection equipment are not housed in
submersible enclosures. Toronto Hydro is gradually installing submersible equipment in all below-grade vaults,
but non-submersible equipment is still expected to be in present by the end of the study period. Furthermore, the
equipment in flooded vaults cannot be accessed until the water is evacuated, creating a delay in responding to
electrical incidents.

While not exclusively a problem related to heavy rainfall events, water infiltration into the ground and moisture
around underground cables can lead to water treeing20 and cracking of cable insulation. Deterioration of cable
housing could lead to electrical faults if cracks become sufficiently large to allow ground moisture to serve as a
pathway for electricity to ground.

% Tears in the cable’s insulating layer caused by the presence of moisture and an alternating current’s (AC) electric field.
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It was noted in the workshop that extreme rainfall can be beneficial to overhead feeder systems. Salt residues
from the wintertime and dust throughout the year can accumulate on electrical insulators. Moist conditions such
as fog, mist or light rainfall can cause these accumulations to serve as conduits to ground, causing flashovers and
potential pole fires and outages. Heavy rainfall events, especially in the early spring, are in fact beneficial for
washing off the salt and dirt residues from insulators. Note that 27.6 kV and 13.8 kV lines are more prone to
flashovers due to their higher voltages. It was noted in the workshop that 27.6 kV systems in particular may
require more frequent cleaning than is currently the case in order to prevent flashovers, while flashovers do not
tend to occur with 4.16 kV equipment.

High Winds

High winds over 70 km/h (but less than 90 km/h) were considered a medium risk to overhead power lines. While
lines and poles are designed to withstand such wind speeds, it has been found that tree branches may begin to
break at these thresholds and fall onto lines. Overhead conductors may also flail in the wind and contact
branches. At the least, these tree contacts may cause momentary interruptions to electrical service. At the worst,
tree branches and limbs may fall on and damage or sever power lines, potentially causing outages, fires and
public safety hazards.

Lightning

Lightning strikes on overhead feeder systems was rated as a medium risk. Lightning arrestors installed on
overhead power lines are designed to direct lightning surge currents to ground and protect pole mounted
equipment such as transformers, switches and SCADA equipment. However, failure of the lightning arrestors can
result in damaged equipment from lightning strikes and potentially lead to a localized outage.

Human Resources

Most of the human resource interactions with climate parameters (high heat, heavy precipitation, 15 mm of
freezing rain, high wind, tornadoes, lightning and snowfall) were judged to be of medium risk. High heat conditions
can make it dangerous to work on outdoor and overhead equipment for extended periods of time. For
underground systems, high ambient temperatures can exacerbate hot conditions in vaults (heated by transformer
operation), thereby also making it unsafe to work on equipment for extended periods of time. Workers tend to
defer work under high heat conditions until temperatures above ground or within vaults cool sufficiently to allow
safe continuous access. This may however cause a delay in the response to incidents on the electrical system.

Heavy precipitation, freezing rain and snowfall may make it difficult for all employees to travel to and from work,
while also making it dangerous for field workers to get to equipment. During severe events such as high winds,
tornadoes and lightning, workers apply their judgement and generally delay accessing equipment until the severe
weather event has passed. Interestingly, the severity scoring of high winds at 70 km/h were slightly higher than
scores for higher wind speeds (90 km/h, 120 km/h or tornadoes). This is because unsafe work conditions are very
clear under extreme high wind events. However, at lower wind speeds, work conditions may appear to be
acceptable, and workers may decide that the threat is reasonable given the need to restore electrical service.
However, sudden, abrupt wind gusts could momentarily jeopardize worker safety.

As Toronto Hydro has occupational health and safety policies and procedures in place, the consequence of
severe weather on workers tends to be delaying access and work on equipment until weather conditions, road
access improves, and worksites are declared to be safe.

5.3 High Risk Interactions

The highest risks found in this study are related to structural damage and failure of electrical systems and
components. In general, station equipment and overhead feeder systems were the two main system infrastructure
categories susceptible to climate interactions that yield high risk interactions.
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High Temperature

Days with peak temperatures above 40°C and days where average ambient temperatures exceed 30°C on a 24h
basis are the two significant climate parameters rated as high risk for transmission and municipal stations. Days
with peak temperatures above 40°C are currently a very rare occurrence, but are expected to occur on an almost
annual basis by the 2030’s and on an annual basis by the 2050’s. Similarly, high ambient temperatures exceeding
30°C on a 24h basis are currently a rare occurrence, but may occur on an annual basis by the 2050’s. In both
cases, high electrical demand, coupled with loss of cooling efficiency, will cause station power transformers to
overheat. In the most severe of cases, demand cannot be maintained without damaging station power
transformers, which have an average replacement cost of around $500 K2 A coping mechanism employed by
electrical utilities is to shed electrical load (load shedding), which entails instituting temporary outages in various
sectors of the city in order to reduce load demand. For buildings and residents dependent on air-conditioning for
cooling purposes, this represents a significant public health risk at a time of extreme heat events.

This high risk is especially relevant for transmission and municipal stations with low excess capacity by the 2030’s
and 2050’s. As such, during periods of high demand, these stations have less excess capacity with which to meet
electrical demand.

Freezing Rain and Ice Storms

There are three significant thresholds to consider for freezing rain and ice storm effects on the electrical
distribution system. First, preliminary forensic analyses of outages from freezing rain indicate that 15+ mm of
freezing rain is a trigger for the breaking of tree branches and limbs. These pose a threat to overhead feeder
systems, and these freezing rain amounts have resulted in widespread outages in Toronto in the past due to tree
contacts. The next threshold is 25 mm of freezing rain, which is the CSA design requirement for overhead
electrical systems. Theoretically, overhead feeder systems, as well as the overhead exit lines at stations are
supposed to withstand 25 mm of freezing rain (12.5 mm of radial ice accretion). However, such quantities of
freezing rain and ice accretion on overhead infrastructure bring them to their structural design limits, which are
further exacerbated by breaking tree branches and wind. Finally at 60 mm of freezing rain, the weight of ice
accretion on overhead lines and station exit lines exceeds their design limit, and will likely cause them to collapse.

It should be noted that the high risk ratings for 15 mm and 25 mm of freezing rain on overhead feeder systems
and station exit lines is based on probability of occurrence for the study period (probability scores of 7, event will
occur during the study period)zz. From an annual probability perspective, freezing rain events at 15mm and 25mm
of freezing rain would actually result in medium risk ratings. As can be seen from Table 3-2 in Chapter 3, the
current annual probability of occurrence of 15 mm of freezing rain is 0.11 days / year (1 in 9 year return period),
and is projected to increase to 0.16 days / year (1 in 6 year return period) by the 2050’s. The current annual
probability of 25 mm of freezing rain is 0.06 days / year (1 in 17 year return period), and is projected to increase to
0.09 days per / year (1 in 11 year return period) by the 2050’s.As the projected trend for 15 mm and 25 mm
freezing rain events is increasing in the future, the interaction of these two climate parameters with overhead
feeder systems and station exit lines are maintained as a high risk.

Similarly, it was found that 60 mm freezing rain events would actually fall into a medium risk category (study
period probability of 4, annual probability of 1, severity score of 7). However, major ice storms are part of a pattern
of risk that is similar to 25 mm freezing rain events. For this reason, it is maintained in the high risk category

High Winds

High winds and wind gusts at 90 km/h and 120 km/h were judged to be a high risk to overhead feeder systems.
These wind speeds reach and exceed the design limits of conductor connections to support poles, and the poles

2! Estimate provided through correspondence with Toronto Hydro staff.
Zp comparison for freezing rain/ice storm lasting at least 6hr+ based on annual probability versus study period probability does not change
the high risk rating.
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themselves. Further compounding impacts is the potential for flying debris, such as broken tree branches and
limbs, to further bring down overhead feeder systems.

The threats from high winds and gusts above 120 km/h were judged to be high risk due to wind forces on station
overhead exit lines (exceeding design standard for poles). Furthermore, there is the potential for flying debris to
damage station equipment at outdoor stations.

As is the case for freezing rain, it should be noted that the high risk ratings wind over 120 km/h were on overhead
feeder systems and station exit lines is based on probability of occurrence for the study period (probability scores
of 7, event will occur during the study period)23. However, from an annual probability perspective, events
producing 120 km/h high winds would actual result in low and medium-low risk ratings for station and overhead
feeder systems respectively. This is because the current annual probability of 120 km/h wind events is 0.05 days
per year (1 in 20 year return period). This frequency is expected to increase during the study horizon, although
the projected value is not known. These significant wind events are similar to the case of tornadoes, in that they
are infrequent but can lead to significant damage to large areas of the distribution system if they occur (low
probability, high severity events). As they are however expected to be more frequent than tornadoes, the

120 km/h wind — overhead systems interaction is maintained as high risk in this study.

Lightning

Lightning strikes on station equipment, notably power transformers, were rated as a high risk. Lightning arrestors
at stations are designed to direct lightning surge currents to ground and protect electrical equipment. However,
failure of the lightning arrestors can result in damaged equipment from lightning strikes and potentially causing an
outage to an entire service area.

Human Resources

Heavy freezing rain events constitute a high risk for Toronto Hydro personnel. First, slippery surfaces make travel
to and from work, and out to worksites dangerous for field crews. Second, field crews also have to contend with a
layer of ice over electrical equipment, trees, and other overhead structures such as buildings. As such, the risk of
injury to workers from freezing rain events remain even after the storm has passed due to the continuous ice
loads on overhead power lines and trees, which may cause them to break without warning.

5.4 Special Cases — High Severity, Low Probability Events
Tornadoes

Tornadoes represent a high severity, low probability event. As mentioned in Chapter 3, while the likelihood of a
tornado event touching down at a specific point or location is extremely small, the likelihood of a tornado occurring
somewhere in the City of Toronto over study period (2015 — 2050) is in fact considerable. Furthermore, due to the
lake breeze effect, northern portions of the city tend to have a high probability of seeing a tornado event, although
it does not preclude an occurrence closer to the lakeshore. Tornadoes were judged to have catastrophic
consequences on all above ground infrastructure, while underground infrastructure may become inaccessible due
to windblown debris.

z A comparison for freezing rain/ice storm lasting at least 6hr+ based on annual probability versus study period probability does not change
the high risk rating.
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5.6 Special Cases — Low Severity, High Probability Events
Snowfall and freezing rain

The degradation of concrete and corrosion of steel materials (at grade and underground feeder systems) is a
case of high probability, low severity events. These processes are accelerated by the application of de-icing salts
during snowfall and freezing rain events. The application of salts can accelerate the corrosion of metal housing
and enclosures of electrical equipment, resulting in shorter lifespans. It also affects the steel and concrete of
vaults and cable chambers (civil equipment). Future warming associated with climate change is expected to
decrease the number of days without snowfall, but the trend for freezing rain is expected to increase.
Nonetheless, snowfall is expected to continue to be an annual event throughout the time horizon of this study. As
such, degradation of civil structures will continue to be an issue for Toronto Hydro over the study period.

Underground electrical feeder equipment and civil structures located in the Former Toronto area received a
slightly (+1) higher severity rating (and a medium-low risk rating) because the infrastructure is generally older than
those found in the horseshoe area. It was found that older equipment and structures are more susceptible to
degradation if corrosion had already begun (e.g. protective layers of paint may be worn off). Furthermore, older
equipment may not be as resistant to corrosion as newer equipment due to the advancement of enclosure design
and testing over time (Nema standard).

Some of this salt is dispersed by the moisture in the air, and can accumulate through the winter season on
insulators on poles. These salt accumulations can cause electrical short circuits that could result in pole fires.
Loop feeder systems are judged to be of lower risk than radial systems in the event of a short circuit or fire due to
the potential to provide power temporarily through another loop of the feeder.

5.7 Mapping Risk Results

The mapping of risks provides complementary information to the risk assessment matrix, and facilitates a spatial
understanding of low, medium and high risk interactions, and vulnerabilities (i.e. the medium and high risk
interactions). For example, maps can provide an indication of the areas of vulnerability of overhead and
underground infrastructure with respect to different kinds of weather events. Furthermore, the mapping exercise
actually provides a new set of information on how vulnerabilities stemming from stations can combine with
vulnerabilities to feeder systems. In some cases, vulnerabilities stem primarily from station assets (e.g. 120km/h
wind and underground feeder assets), while in other cases, both station and feeder vulnerabilities to weather
events contribute to an area of greater vulnerability within the city (i.e. freezing rain affecting both station and
overhead feeder assets). The following section provides some spatial observations about the four climate
parameters affecting electrical distribution infrastructure. All mapping results are provided in Appendix E.
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Figure 5-1 Risk Map, High Temperature Above 40°C, 2050's
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Vulnerabilities from high heat events stem primarily from projected available station capacity by the 2050s, as this
study did not find that vulnerabilities varied significantly (all rated medium risk) for feeder assets. Vulnerabilities to
high heat events are more heavily concentrated in the Former Toronto area, although several horseshoe area
stations would also be vulnerable during high heat events (Figure 5-1).

In terms of potential heavy rainfall risks to Toronto Hydro infrastructure, underground feeder systems that may be
subject to flooding are located largely in the Former Toronto area and northeastern sections of the horseshoe
(Figure 5-2). Some transmission station service areas in the Former Toronto area are marked as low risk due to
the presence of some switchgear equipment that will likely remain in basements through the study period. Note
however that sump pumps in stations make the probability of flood damage in stations from heavy precipitation
less likely.

Figure 5-2 Risk Map, Extreme Rainfall, 100 mm in less than 24h, 2050's
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Toronto Hydro has a significant quantity of overhead distribution systems which are at vulnerable to extreme
freezing rain, ice storms, high wind and tornado events. These feeder vulnerabilities combine with the fact that
stations in the horseshoe area have station exit lines that are outdoors. This combination makes certain portions
of the horseshoe particularly vulnerable to heavy freezing rain events and ice storm. Figure 5-3 shows the areas
of vulnerability stemming from 25 mm of freezing rain, and is indicative of extreme precipitation/wind related
vulnerabilities to overhead systems across Toronto.

Figure 5-3 Risk Map, 25 mm Freezing Rain, 2050's
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Lightning strike vulnerabilities are largely concentrated in the horseshoe area, where both outdoor station
equipment and overhead feeder systems are predominant. However, overhead feeder systems in the the Former
Toronto area are also vulnerable (Figure 5-4).
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Figure 5-4 Risk Map, Electrical Distribution Systems Potentially Affected by Lightning Strikes
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There are several caveats that should be mentioned with respect to interpreting mapping results, due in large part
to the fact that risk ratings were evaluated based on general system characteristics. Localized site characteristics
that may mitigate or worsen risk ratings were not adequately captured in the mapping exercise. They include:

Local geographic characteristics, assets and features. There may be local site characteristics such the tree
canopy cover, types of trees, presence of buildings or other overhead structures, which may exacerbate
weather events (e.g. wind) or shelter infrastructure from impacts. The presence of low lying areas (e.g. bowls,
flood plains) was also not considered. This level of detail, provided by a full site inspection and digital terrain
mapping, were not available for this project. Such information would be useful in refining the risk ratings and
mapping for extreme rainfall, freezing rain and wind;

Areas with lower drainage capacity due to configuration of city storm drainage infrastructure. This type of
information requires a very detailed understanding of city infrastructure, which was not available for this study.
Furthermore, this level of data is most useful when combined with digital terrain mapping in order to identify
low lying areas with problematic drainage. Finally, future projections as to how city infrastructure might evolve
over time were also not available for this project;

The moderating effect of Lake Ontario. As noted in Chapter 3, the lake can play a significant role in
influencing temperature and humidity along the lakeshore. For example, the lake effect can moderate
temperatures during heat waves and can reduce the possibilities of freezing rain or snow falling on areas
closer to the lakeshore. The extent and intensity of the lake effect can vary depending on the event and
weather conditions. It was not possible to estimate the geographic extent of the lake effect, or by how much
the probability scoring for certain climate parameters may be affected. As such, the lake effect’'s moderating
influence was not taken into account sufficiently in the risk assessment and mapping exercise;

Local electrical configurations and characteristics. There are likely cases where location specific electrical
equipment may make certain feeder or station systems inherently more robust or redundant than would be
the case of the general class of equipment. For example, additional feeder ties, loops or circuits could make
certain feeders more redundant in the event of a downed power line. The age of equipment, their future
replacement schedule will also have an effect on their risk rating. This level of detail is not captured at level of
analysis undertaken in this study;
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e For the extreme rainfall risk map, it should be noted that the mapping of transmission stations includes all
stations. Information identifying the location of the stations whose batteries and switchgear are located below
grade was not available. Further analysis is required to identify the precise locations of transmission with
below grade assets in order to get a better mapping of flood related risks.

In spite of these shortcomings, the mapping exercise represents a useful first approximation of spatial nature of
electrical system vulnerabilities to climate change. Furthermore, this mapping information can be more easily
combined with other layers of information such as technical hazard information (e.g. flood mapping), physical
locations (e.g. emergency resource centres, hospitals, transportation networks) and social vulnerability indices
(e.g. age, income, population density, etc.) from other sources (e.g. TRCA, City of Toronto) to produce further
mapping studies and in depth analyses to suit the needs of other policy makers.
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6 Engineering Analysis

This chapter presents the results of the Step 4 of the Protocol, the Engineering Analysis. The purpose of
Engineering Analysis is to conduct a further assessment of the system-climate interactions that were rated as a
medium risk (interactions scoring between 14 and 35). For these interactions, the engineering analysis attempts
to evaluate whether the infrastructure is vulnerable to a changing climate. To do so, the various factors that affect
the load and the capacity of the infrastructure for the study time horizon are calculated. However, quantitative
calculations of load and capacity were not always possible to make due to a lack of data to support such an
analysis. For this reason, professional judgment is also applied in the engineering analysis. Infrastructure which is
found to be vulnerable is passed to Step 5, while those which were not were discarded from further consideration.

In total, nineteen medium risk interactions were analyzed. Fifteen of them were deemed vulnerable and passed to

Step 5, while 4 were discarded from further analysis. The following table summarizes the results of the
engineering analysis. A brief description of the reasoning behind the results for each of the medium risk
interactions is presented in this chapter, while the full engineering analysis can be found in Appendix G.

Table 6-1

Municipal and Transmission Stations and Communications Systems

Engineering Analysis Results

1. Transmission and municipal stations High temperature above 25°C and above 30°C Yes
Protection and control systems All temperatures
2. Transmission stations High temperature above 35°C Yes
3. Transmission stations High temperature above 40°C and average Yes
temperature > 30°C
4. Transmission stations Heat wave and high nighttime temperatures Yes
5.  Transmission and municipal stations Freezing rain, ice Storm 60 mm Yes
6. Municipal stations High temperature Yes
Underground and Overhead Feeders
7. Underground feeders High temperature maximum above 35°C & above Yes
40°C, average temp >30°C, heat wave and high
nighttime
8. Underground feeders Extreme rainfall a. Feeders/water treeing: Yes
b. Nun submersible vault: Yes
c. Above ground stations: No
d. N/W feeders: Yes
9. Padmount stations High winds 120 km/h No
10. Overhead feeders (radial and loop) High temperature maximum above 35°C & above Yes
40°C, average temp >30°C and heat wave
11. Overhead feeders (radial) High nighttime temperatures No
12. Overhead feeders (loop) Freezing rain, ice Storm 15 mm Yes
13. Overhead feeders (radial and loop) Freezing rain, ice Storm 60 mm Yes
14. Overhead feeders (radial and open loop) Lightning Yes
and SCADA system
15. Overhead feeders (radial) Snow > 5 cm and snow > 10 cm No
Civil Structures
16. Civil structures: underground feeders Extreme rainfall, freezing rain/ice storm 15 mm & 25 Yes
(Former Toronto ) mm & 6hrs+ (combination of events)
17. Civil Structures: underground feeders Snow > 5 cm and snow > 10 cm No, but combinations of climates
(Former Toronto ) need additional study.
18. Civil structures Frost Yes
19. Human resources All climate parameters Yes
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6.1 Municipal and Transmission Stations and Communications Systems

Further action recommended. Under higher temperatures, battery life expectancy (e.g. around 10 years) may
decrease. Toronto Hydro has already encountered problems with some batteries failing prior to their expected
lifespan..

Further action recommended, conclusions for high temperature and power transformers also apply (see
Chapter 7). Transmission station designers will need to take into account the significant increase in days with
maximum temperatures above 35°C, which reduces station capacity while, on the other hand, experiences an
increased load demand. At the moment, no load growth rate for the period of this study was estimated. The
recommendations given in Chapter 7 for transmission stations and maximum temperature above 40°C / average
temp above 30°C also apply to this interaction.

Further action recommended. Most of the transmission stations considered in this study were judged to be
vulnerable (high risk rating) to high temperatures. The stations in the Horseshoe received a medium-high risk
score (35) due to the application of the concept of excess capacity, which is qualitative and notional (refer to the
Appendix F). As such, it is recommended that transmission stations receiving a medium-high risk score be
considered vulnerable to extreme high temperatures as part of a consistent pattern of risk. This will also help
Toronto Hydro to adopt a consistent approach in the design, operations and maintenance of stations.

Further action recommended. Power transformers are vital equipment in the distribution of electricity and high
temperatures have a significant impact on the capacity of the transformers. For these reasons, the conclusion of
this report for temperature above 40°C and for high daily average temperature > 30°C are also relevant to the
heat wave and high nighttime temperature parameters.

Further action recommended. This interaction is part of a similar pattern of vulnerability as 25 mm freezing rain
events. Therefore, solutions for 25 mm events are also relevant to mitigating heavy freezing rain events of ~
60 mm.

Further action recommended. High temperature and combinations of high temperature, high average
temperature, high nighttime temperature and high load demand will have consequences on the capacity of the
power transformers and cables.

6.2 Underground and Overhead Feeders

Further action recommended. Toronto Hydro replaces cables based on asset life replacement cycles or
premature failures. However, it is projected that climate change related high temperatures could create higher
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demand for cooling, and may place greater stress on cables and lead to increasing occurrences of cable failures.
Therefore, high heat impacts on cable was deemed to be a vulnerability.

a. Feeders: Water treeing of the cables, flooding

Further action recommended. Climate change related stresses (i.e. higher temperature, higher loading,
flooding from extreme rainfall) will continue to stress underground cables and constitute a vulnerability for Toronto
Hydro.

b. Non-submersible equipment failure in vault type stations below ground in the Horseshoe Area (Former Toronto
has a high risk result)

Further action recommended. While Toronto Hydro is gradually replacing vault type non-submersible
equipment with submersible versions, non-submersible vault type equipment is likely to remain in the system over
the study period.

c. Above ground vault stations, access to the vault station and to the station equipment could be limited due to
localized flooding of streets around the vault station, or at the station itself

No further action required. This impact does not relate to station load or capacity. The consequence is that the
access to the vault stations or the stations equipment could be temporarily impeded. Impact is localized and
temporary, and was not judged to warrant further action beyond current practices.

d. Network feeders: old N/W protectors are not submersible

Further action recommended. The old N/W protector may not operate properly if flooded. However, failure of
the N/W protector will not automatically result in an interruption to the customer, since network systems are highly
redundant. Toronto Hydro is installing new N/W protectors that are submersible, but there may still be older non-
submersible N/W protectors in the systems, particularly in downtown over the study period. Further study could be
undertaken to evaluate the cost of replacing old network protectors prior to the end of their expected lifecycle
against the frequency and consequence of old N/W protectors being flooded.

No further action required. The damaged equipment will result in an overall or some loss of service capacity
and function. However, it is judged that flying debris is too much of a random occurrence to warrant further action.

Further action recommended. Higher temperatures will have impacts on the overall capacity of the power lines.
In the downtown area, there are critical, constrained areas (i.e. built up zones) where added
conductor/transformer capacity may be difficult to implement.

No further action required. Night time temperatures with minimum = 23°C in and of itself is not a significant
concern for Toronto Hydro in terms of electrical service provision as peak demand has subsided. However, it is
important to note that high daily temperatures in combination with high night time temperatures are a concern.
This has been considered under different climate-infrastructure interaction, average temperature over 30°C on a
24 h basis, so this particular interaction does not warrant further action.
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Further action recommended. The risk assessment of radial systems resulted in a high risk rating for this
interaction. In overhead loop systems, it was hypothesized that their more redundant configuration would reduce
customer interruptions, affect fewer clients or cause outages of shorter durations, thus yielding a high-medium
risk rating of 35. However, the frequency of freezing rain events are projected to increase slightly by the end of
the study horizon compared to present day (see table 3-2). The tree canopy may also be weakened by increased
disease threats. Finally, freezing rain events tend to be widespread, and there is no reason to believe that both
branches of an overhead loop circuit might not be equally susceptible to damage. For all of these reasons, all
overhead power lines, irrespective of electrical configuration, were deemed as vulnerable.

Further action recommended. See explanation for freezing rain and stations (item 5 above).

Further action recommended. It is difficult to predict the increase of lightning strikes for the study period;
however it is interesting to note that the probability of a lightning strike in an area of 0,015 km? anywhere within
the City of Toronto is very high for the study period. At the moment, lightning strike intensity, the number of
lightning arrestors/km and arrestor performance are not monitored by Toronto Hydro. Given this uncertainty, and
since lightning strikes are currently a frequent source of outages, lightning strikes were judged to be a continued
vulnerability.

No further action required. The number of snow days is highly variable. The trend seems to be decreasing, but
snow days will still occur annually. During the workshop, Toronto Hydro mentioned having problems regarding
insulator tracking leading to pole fires especially at higher voltages (13.8 kV and 27.6 kV) and switch failures.
However, Toronto Hydro is already monitoring and dealing with this issue.

6.3 Civil Structures

Further action recommended. Vaults and chambers already suffering from degradation issues will deteriorate
more rapidly over time. From THESL (Toronto Hydro, 2014a): As below-grade structures age, the greatest
concern becomes structural strength. Structural deficiencies affecting vaults include degradation of concrete and
corrosion of supports such as beams and rebar. Once degradation and corrosion sets in, conditions can
deteriorate rapidly and in many cases from one season to the next. Of particular concern is the winter season
when moisture and water enter in below-grade structures, freezes and thaws, and carries with it salt that has
been used at grade to melt ice and snow.

While maintenance can reduce the rate of deterioration, incidence of extreme rainfall, snowfall, freezing rain and
the application of road salt will persist throughout the study period and continue to contribute to the premature
aging of civil structures. While, it could not be determined in the study whether premature aging of civil structures
will be exacerbated by a changing climate, this issue will persist over the study period and is therefore judged as
an on-going vulnerability

No further action required, but combinations of climates events require additional study. As days with
snow will probably decrease, the snow days alone were not judge to be a significant vulnerability. However, snow
days will still occur over the study period, and in combination with extreme rainfall, freezes and thaw, freezing
rain, and the continued application of road salt, premature degradation of civil structures was judged to be an

46 6031-8907 AECOM



AECOM Toronto Hydro-Electric System Limited Climate Change Risk Assessment

ongoing vulnerability for Toronto Hydro.

Further action recommended. While the threat of frost is decreasing over the study period, it is noted that frost
penetration will still occur with occasional extreme cold weather. Since Toronto Hydro already experiences
problems with frost and its civil infrastructure, frost impacts are judged to be a vulnerability.

6.4 Human Resources

Further action recommended. While occupational health and safety procedures will continue to be in place in
the future, human resources will continue to be vulnerable to climate change related weather events due to the
need to travel, access, and work on equipment in spite of the weather.
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7 Conclusions

The Phase 2 study presents a climate change based vulnerability assessment of electrical distribution
infrastructure. It seeks to inform future investigations, planning and investment decisions on system and
component vulnerabilities, and to support efforts to enhance the resilience of the electrical system. This chapter
presents Step 5 of the Protocol and covers electrical distribution system vulnerabilities within the City of Toronto,
adaptation options and areas of further study.

7.1 Vulnerabilities to a Changing Climate

The Phase 2 employed a high level risk based screening methodology to determine where infrastructure
vulnerabilities to climate change may be present. All high risk infrastructure-climate parameter interactions, as
well as medium risk interactions assessed as vulnerable through the engineering analysis comprise the
vulnerabilities identified for Toronto Hydro’s electrical distribution system to a changing climate. These
vulnerabilities can be divided into five groups based on how climate parameters affect the system. The following
paragraphs summarize these vulnerabilities, while table 7-1 provides more detailed information by infrastructure-
climate parameter interactions.

High Ambient Temperatures — Station and Feeder Assets

High ambient temperatures create problems for the distribution system because of the compounding effect of high
demand (e.g. for cooling) and high ambient temperature affecting equipment cooling and electrical transmission
efficiency. Two specific climate parameters were of most significant concern, daily peak temperatures exceeding
40°C (excluding humidity) and daily average temperatures exceeding 30°C. In these cases, the climate analysis
found that such extreme temperatures have occurred only rarely in the past, but are projected to occur on an
almost semi-annual to annual basis by the 2030’s and 2050’s respectively. Through preliminary demand and
supply growth projections completed for this study, these vulnerabilities were identified based on the notion that
extreme heat will generate electrical demand for cooling in areas where station excess capacity is projected to be
marginal. Furthermore, such temperature extremes may cause equipment, notably power transformers, to
operate beyond their design specifications and increases the likelihood of failure. It is anticipated that vulnerability
to high heat events will be concentrated in the Former Toronto area, although there are several horseshoe station
service areas which would also be vulnerable.

Freezing Rain, Ice Storms, High Wind and Tornadoes — Overhead Station and Feeder Assets

Freezing rain, ice storms, high wind and tornado events cause immediate structural issues for overhead
distribution assets, as they have the capacity to exceed the design limits of equipment and their supports.
Outages may result from damage to equipment arising from direct forces applied by climate parameters

(e.g. wind, weight of ice) or by other objects (e.g. tree branches, flying debris). These kinds of events affect
outdoor station and feeder assets, which are largely concentrated in the horseshoe service area. It is important to
emphasize that Toronto Hydro has experienced problems related to freezing rain, ice storms (up to 25 mm) and
high winds (up to 90 km/h) in the past. These events are projected to continue in the future, but continue to occur
on a less than annual or even decadal frequency. More severe ice storms (60 mm), high winds (over 120 km/h)
and tornadoes (EF1+) have been extremely rare in the past, and while there is a lack of scientific consensus on
projected future frequencies for these extreme events, they are likely to remain rare in the future. Nevertheless,
the damages caused by these kinds of events can be severe. Therefore, they were judged as ongoing and future
vulnerabilities for Toronto Hydro.

Extreme Rainfall — Underground Feeder Assets

Extreme rainfall events may potentially flood underground feeder assets, which are largely concentrated in the
Former Toronto and northeastern horseshoe areas. Toronto Hydro is aware of these issues in relation to its
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assets and has programs to replace non-submersible equipment with submersible type equipment, to relocate
equipment where possible. However, due to the large quantity of underground feeder assets across the city,
replacement and reinforcement of underground assets will be a gradual and ongoing activity for Toronto Hydro
over the study period. As such, some underground feeder assets may remain an area of vulnerability for Toronto
Hydro.

Snowfall, Freezing Rain - Corrosion of Civil Structures

The degradation of civil structures (i.e. concrete and steel), which is accelerated by humidity and the presence of
de-icing salts, was identified as a potential area of vulnerability to climate change. Corrosion is already an
ongoing issue for Toronto Hydro and current assets have a design lifespan which accounts to a great extent for
corrosion issues. However, it is not clear from this study whether the climate change stresses will exacerbate the
problem. While snowfall days are generally expected to decrease with a warming climate, they will continue to
occur annually through to the 2050’s. As a result, and in combination with freezing rain events, the application of
de-icing salts will also be applied annually through the study horizon. Nonetheless, it should be emphasized that
corrosion represents a long-term and on-going vulnerability for Toronto Hydro.

Lightning — Overhead Feeder Assets

Based on workshop feedback and an examination of Toronto Hydro’s ITIS outage data, Toronto Hydro recognizes
that lightning impacts are a significant source of outages on the distribution system today. While there have been
advances in predicting lightning activity, there was insufficient data available on lightning strike intensity and
arrester performance to suggest how future lighting activity may affect the electrical system. For these reasons,
this study suggests that lightning activity will continue to be an area of vulnerability.

7.2 Adaptation Options

Adaptation options are suggested for all the infrastructure-climate parameter interactions identified as
vulnerabilities. The Protocol classifies adaptation options in four possible categories:

remedial engineering actions which aim to strengthen or upgrade the infrastructure;
management actions to account for changes in the infrastructure capacity;
continued monitoring of performance of the infrastructure and impacts; and

further study required to address gaps in data availability and data quality.

Adaptation options by infrastructure-climate parameter interaction are presented in Table 7-1.

Table 7-1 Vulnerabilities and Adaptation Options by Infrastructure Asset, Climate Parameter

Stations, Communications and Protection Systems

1. Transmission High temperature Further study required Toronto Hydro has experienced problems with station batteries
stations, above 25°C failing short of expected lifespans (i.e. approximately 10 years).
municipal Operating batteries in rooms where the ambient temperatures
stations, increases above 25°C is a contributing factor to premature battery
protection and failure (Toronto Hydro, 2014c). As battery rooms are not
control systems temperature controlled, Toronto Hydro could monitor how ambient

temperatures of rooms within stations housing batteries fluctuate

Critical component: during the warmer summer months and evaluate whether

batteries additional measures are needed (e.g. review of battery technical

specifications, including aging factor) to reduce battery
degradation.
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2. Transmission
stations,
municipal
stations

Critical component:
power transformers

3. Transmission
stations: only
outdoor stations

4. Municipal
stations:
Horseshoe area
outdoor stations

Critical component:
Overhead exit lines
(for freezing rain
and high winds
parameters)

Arresters (for
lightning parameter)

High temperature
above 35°C, 40°C

Average daily
temperature > 30°C

Heat wave

High nighttime
temperatures

Freezing rain/ice
storm : 25 mm, 60
mm

High winds : 120
km/h and tornadoes

Lightning

Further study required

Management actions
and further study
required

Monitoring activities

Toronto Hydro-Electric System Limited Climate Change Risk Assessment

Given the increased frequency of high heat conditions in the future,
coupled with continued demand growth, infrastructure owners
(Toronto Hydro and Hydro One), could conduct a could conduct a
further study evaluating the technical and financial feasibility of
installing transformers with a higher capacity, or installing more
transformers at stations (shared load) where space permits.
Another possibility is to evaluate the technical and financial
feasibility of increasing the design standard for current power
transformer equipment, for example, by designing to a daily
average ambient temperature higher than 30 °C (35 °C) and
maximum temperature with a higher temperature than 40°C (45
°C).

Finally, these measures should be complemented by continued
demand side management /energy conservation programs.

Major freezing rain, ice storm, high wind and tornado events are
not expected to be an annual occurrence in the future, but will still
likely occur over the study period. Station exit lines, either
overhead ones or where underground cables surface, are a
particular point of vulnerability, as downed exit lines can sever
power supply to the entire service area. Toronto Hydro could
monitor the frequency of damage to station exit lines and poles
across a range of potential weather threats (freezing rain, high
winds) to evaluate whether this critical portion of the distribution
network requires strengthening. Toronto Hydro could also consider
a station by station study of surroundings to identify areas around
stations susceptible to generating flying debris (e.g. trees,
buildings).

Emphasis should also be placed on optimizing the emergency
response and restoration procedures to reduce system down time.
Note that Toronto Hydro is already undertaking a review and
enhancement where necessary of response planning, dispatching
operations, prioritization of restoration activities, coordination with
other utilities, response team training and preparation.

Lightning events and strikes are difficult to predict, but are likely to
increase in frequency and intensity. However, lightning strike
intensity and arrester performance is not currently monitored.
Given the importance of lightning strikes as a cause of outages, it
is recommended that the lightning activities (e.g. frequency,
intensity), soil resistivity (i.e. decreased soil moisture from longer
and hotter summers) and impacts on the system could be more
closely monitored to provide more information regarding the risks
of lightning strikes.

For example, where high voltage arresters are installed, counters
(if not already present) could also be installed to check if a
particular phase or transmission line suffers from an exceptionally
high number of overvoltages leading to arrester operation.
Lightning strikes on the building housing stations could be
investigated to determine whether they resulted in any overvoltage
impacts.

If further studies on lightning activity result in a better definition of
lightning characteristics and impacts, or if monitoring indicates a
higher rate of failure, a review of actual design practices could be
undertaken.
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5. Underground
feeders

Critical component:
cables and power
transformers

6. Underground
feeders :
Submersible
type

Critical component:
cables

7. Underground
feeders: Vault
type — Below
ground

Critical component:

non-submersible

equipment

8. Underground
feeders: 13.8 kV
Network
systems

9. Overhead
feeders (Radial
and loop)

Critical component:
power transformers
and conductors

10. Overhead
feeders (Radial
and loop)

Critical component:

conductors

11. Overhead :
Radial and Loop

Critical component:
poles

High temperature
above 35°C, 40°C

Average daily
temperature > 30°C

Heat wave

High nighttime
temperatures

Extreme rainfall:
100 mm <1 day +
antecedent

Extreme rainfall:
100 mm <1 day +
antecedent

Extreme rainfall:
100 mm <1 day +
antecedent

High temperature
above 35°C

High temperature
maximum above
40°C

Average daily

temperature > 30°C

Heat wave

Freezing Rain/Ice
storm: 15 mm and
high winds 70 km/h

Freezing rain/ice
storm: 25 mm

High winds: 90
km/h and 120 km/h,
tornadoes

Monitoring activities

Monitoring activities

Remedial engineering
actions

Remedial engineering
actions

Monitoring activities

Management actions
and

remedial engineering
actions

Management actions
and further study
required

AECOM

Feeders, Communication and Protection Systems

For power transformers, see discussion above on station power
transformers (see row 2).

For cables, increased temperature operation tends to reduce the
dielectric strength of the cables. Toronto Hydro is currently trialing
cable diagnostic testing techniques as a method of detecting
vulnerabilities in cables. If cable testing techniques prove reliable in
detecting potential failures, Toronto Hydro could consider
extending diagnostic techniques to all cables to monitor heat stress
impacts on cables to evaluate whether high design standards or
more frequent replacement is required.

The presence of water can lead to an electrical failure of the cables
(water treeing) and/or reduce the dielectric strength of cables.
Cable diagnostic testing can be employed to monitor the
degradation of underground cables. This study also supports
Toronto Hydro’s program to replace and renew older cable assets
with moisture and tree resistant underground conductors such as
TRXLPE cables. The development of flood risk mapping, coupled
with historical registry of flood related equipment failures could
enhance the identification of areas for priority intervention.

Toronto Hydro is currently upgrading non-submersible equipment
located in below grade vaults with submersible equipment, or
relocating them above grade. The development of flood risk
mapping, coupled with historical registry of flood related equipment
failures could enhance the identification of areas for priority
intervention.

Many old network protectors are not submersible, particularly in the
downtown area. The current Toronto Hydro standard is to use
submersible network protectors when replacing old equipment.
Further study could be undertaken to evaluate the benefit and cost
of replacing old network protectors prior to their end of life versus
replacement at their end of life (i.e. potential for flood damage and
outages prior to replacement).

Climate change is projected to increase the frequency of high heat
conditions in the future. Coupled with continued demand growth,
this is projected to increase heat stresses on overhead distribution
feeder assets. However, unlike the case with station transformers,
where projected heat and capacity reveal a clear vulnerability in
terms of supply capacity, it is not clear whether high temperatures
will have the same impact across the distribution feeder system
(i.e. are there bottlenecks to supplying electricity during periods of
high heat at certain stations or across the grid?). Toronto Hydro
should continue to monitor key grid operational indicators for
distribution transformers, such as load currents, billing data,
transformer oil and ambient temperatures. This information can be
used to help evaluate whether distribution line capacities are
sufficient to handle increased electrical loads.

Toronto Hydro is already experiencing outages caused by tree
contacts and is planning to increase its vegetation management
activities. This study supports the need for increased tree trimming
practices around overhead power lines and use of tree proof
conductors in areas where outages due to tree contacts have been
frequent.

See recommendations for stations above on freezing rain and
tornadoes (see row 3).
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12. Overhead Lightning
power lines
(radial and open
loop) and
SCADA system

13. Civil structures: Extreme rainfall,

Underground freezing rain/ice

feeders (Former storm 15 mm & 25

Toronto ) mm & 60 mm
(combination of
events)

14. Civil structures: Frost
transmission
and municipal

Monitoring activities

Toronto Hydro-Electric System Limited Climate Change Risk Assessment

See recommendations for stations above on lighting (see row 3).

Civil structures

Further study required

Further study required

While maintenance can mitigate the risks of civil structures
deterioration, changing climate conditions (e.g. freezing rain,
rainfall, freeze-thaw) may exacerbate premature degradation
issues. However, it could not be determined in this study whether
current design standards are sufficient to withstand future climate -
salt and moisture related degradation. Further study could be
undertaken to estimate salt/moisture corrosion effects in relation to
climate change.

The nature of the frost heave impacts to civil structures was not
sufficiently evaluated within this study. Further study can be
undertaken to identify whether there are any specific location,
ground condition and structure combinations which contribute to
frost heave impacts.

Human Resources

stations,
underground
feeders
15. Human Heat, freezing rain, Management actions
Resources wind and tornadoes
7.3 Other Areas of Study

Toronto Hydro applies an occupational health and safety manual.
Toronto Hydro is already conducting a review of its procedures in
light of future extreme events to determine whether modifications in
procedure or training are needed.

Additional climate and infrastructure related areas of further study that can be used to enhance the understanding
of electrical system vulnerabilities to climate change are listed below.

Climate

¢ Increase monitoring of important climate parameters across the city. For both the climate assessments and
forensic analyses, a lack of observational data made understanding climate risk challenging and introduced
uncertainties, particularly for specific climate parameters such as wind gusts, hourly rainfall measurements,
and freezing precipitation accumulations. New monitoring would provide important benefits, including:
0 Addressing gaps in historical data;
o Facilitating comparisons between sites across the city;
o0 Improving the spatial resolution of the climate monitoring network, increasing the likelihood of

capturing important meteorological events; and,

o Providing additional data to assist in detecting new and emerging trends sooner than would be
possible using the current network.
e Enhance details about weather impacts contained in the ITIS database. Although information contained within
the database was extremely useful and yielded important insights, there were still gaps in the details of
weather related outages which limited the evaluation of impacts;
¢ Refine and expand forensic investigations (see Appendix C) completed in this Phase 2 study. Several
climate parameters, individual climate events and impacts were not investigated thoroughly due to the scope
of the present study. In particular, further analyses could be done on:

0 Lake modified air and lake breeze influences on atmospheric hazards, especially extreme
temperatures, ice accretion events, and severe thunderstorms (including extreme rainfall,
downbursts/microbursts, and tornadoes);

o December 2013 ice storm and other ice accretion events, particularly to help refine understanding of
apparent variations in impacts between different sections of the city.
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o0 Temperature gradients across the city during periods of extreme heat. For example, why do some
days show greater temperature gradients across the city than others, and what impact does this have
on the system?

Monitor and study the complex interaction between changes in tree growth, pest and disease conditions and
resultant changes in risk to overhead systems. This could include investigating

0 The extent to which accelerated tree growth affects tree strength, and specifically resistance to wind
and ice accretion loading;

o Emerging and/or worsening tree pest and disease conditions which could reasonably be expected
within the City of Toronto in the coming decades, and what potential changes in risk these will pose to
overhead systems.

Infrastructure

Site specific electrical configuration and area characteristics were not collected due to the scope of this study
and scale of infrastructure system being analyzed (e.g. land use changes, high rise and condo development,
population growth, terrain elevation, sewers, storm sewers, roads, tree canopy and tree type, buildings).
Specific site characteristics, equipment age, or unique or uncommon equipment can alter sensitivity and
vulnerabilities. Further study approaches could adopt a smaller spatial scale (e.g. station service areas,
neighbourhoods) to reduce these scope and level of effort challenges and identify more site specific
vulnerabilities;

The scope of study and level of effort did not permit a detailed analysis of system performance and outage
management (i.e. simulations of power rerouting or contingencies under different outage scenarios to various
parts of the system). Further study approaches could adopt a smaller spatial scale (e.g. station service areas,
neighbourhoods) to reduce these scope and level of effort challenges and permit a more detailed study and
understanding of system performance and outage management;

Smart Grid Data: Toronto Hydro has recently begun collecting information about outages from its grid based
on smart grid feedback. Data history was short and not reviewed in this analysis. Further study examining
smart grid data can be used to identify problem areas due to high load demand.

54
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Toronto Hydro Legal Disclaimer

The information in these materials is based on information currently available to Toronto Hydro Corporation and
its affiliates (together hereinafter referred to as “Toronto Hydro”), and is provided for information purposes only.
Toronto Hydro does not warrant the accuracy, reliability, completeness or timeliness of the information and
undertakes no obligation to revise or update these materials. Toronto Hydro (including its directors, officers,
employees, agents and subcontractors) hereby waives any and all liability for damages of whatever kind and
nature which may occur or be suffered as a result of the use of these materials or reliance on the information
therein. These materials may also contain forward-looking information within the meaning of applicable securities
laws in Canada ("Forward-Looking Information"). The purpose of the Forward-Looking Information is to provide
Toronto Hydro’s expectations about future results of operations, performance, business prospects and
opportunities and may not be appropriate for other purposes. All Forward-Looking Information is given pursuant to
the "safe harbour" provisions of applicable Canadian securities legislation. The words "anticipates”, "believes",
"budgets”, "could", "estimates"”, "expects", "forecasts"”, "intends", "may", "might", "plans", "projects”, "schedule",
"should”, "will", "would" and similar expressions are often intended to identify Forward-Looking Information,
although not all Forward-Looking Information contains these identifying words. The Forward-Looking Information
reflects the current beliefs of, and is based on information currently available to, Toronto Hydro’s management.
The Forward-Looking Information in these materials includes, but is not limited to, statements regarding Toronto
Hydro’s future results of operations, performance, business prospects and opportunities. The statements that
make up the Forward-Looking Information are based on assumptions that include, but are not limited to, the future
course of the economy and financial markets, the receipt of applicable regulatory approvals and requested rate
orders, the receipt of favourable judgments, the level of interest rates, Toronto Hydro's ability to borrow, and the
fair market value of Toronto Hydro's investments. The Forward-Looking Information is subject to risks,
uncertainties and other factors that could cause actual results to differ materially from historical results or results
anticipated by the Forward-Looking Information. The factors which could cause results or events to differ from
current expectations include, but are not limited to, the timing and amount of future cash flows generated by
Toronto Hydro's investments, market liquidity and the quality of the underlying assets and financial instruments,
the timing and extent of changes in prevailing interest rates, inflation levels, legislative, judicial and regulatory
developments that could affect revenues, and the results of borrowing efforts. Toronto Hydro cautions that this list
of factors is not exclusive. All Forward-Looking Information in these materials is qualified in its entirety by the
above cautionary statements and, except as required by law, Toronto Hydro undertakes no obligation to revise or
update any Forward-Looking Information as a result of new information, future events or otherwise after the date
hereof.
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Appendix B: Background Information for Developing Climate Data

B.1 Introduction

The following Appendix provides additional details about the methods used to develop the climate data
used in the Toronto Hydro PIEVC Climate Change Risk Assessment. The development of climate data to
support this study involved three main activities.

e |dentify climate parameters (e.g. temperature, precipitation, wind) and threshold values at which
infrastructure performance would be affected (i.e. climate hazards);

¢ Project the probability of occurrence of climate hazards for future climate; and,

e Convert projected probability of occurrence of future climate parameters into the seven point
scoring scale employed by PIEVC studies to support the risk assessment.

This appendix provides more detailed information about the first two activities, namely the identification of
relevant climate hazards and the estimation of their probability of occurrence in the future. The conversion
of this probability information into PIEVC scores is not covered here, as it is already explained in the
PIEVC Protocol V. 10.

B.2 Identification of Climate Parameters and Infrastructure Thresholds

In this study, the identification of relevant climate parameters and infrastructure impact thresholds (i.e.
climate hazards) involved a combination of the three methods:

e Literature review;
e Practitioner consultation; and,

e Forensic analyses.
B.2.1 Literature Review

Design values in codes and standards generally provide an excellent “first guess” to determine
infrastructure impact thresholds, providing information on not only baseline climatic design values, but on
safety factors, load combinations, and so on. Codes and standards can also provide an understanding of
changing thresholds depending on the age of infrastructure and therefore applicable code or standard.
These values can also be used as a basis for discussion with practitioners, to determine if there are local
modifications for in-field infrastructure. The occasional review and updating of codes and standards also
tends to generate discussion and papers in the published literature, which can further provide background
on why changes were made, how climatic data was processed, and when these changes became
effective.

B.2.2 Practitioner Consultation

Discussion and consultation with practitioners is invaluable. Practitioners can describe important historical
events and their impacts, relevant logistical and operational elements of the system, and new and
emerging problems which may not be documented elsewhere. More generally, practitioners can provide
guidance on where problematic interactions tend to arise and what can be done to reduce those impacts
(i.e. adaptation measures).



This project included two workshops in which assumptions regarding climate elements and infrastructure
breakdown were evaluated, discussed and modified. The first workshop played a significant role in re-
evaluating climate elements which had been identified under Phase |. For example, in light of recent
severe weather events (see Appendix C), extreme rainfall and freezing rain were given somewhat higher
priority under Phase Il. Following a preliminary climate analysis, several thresholds were removed,
modified, or refined at the second workshop, and the discussion of complex interactions confirmed
findings from the forensic.

B.2.3 Forensic Analyses

Forensic analysis is the evaluation of past events through the application of scientific techniques and
understanding to establish facts. It is meant to diagnose the causes of, and contributing factors to, a given
infrastructure failure incident. These analyses can be used to refine our understanding of not only what
caused a given failure, but also how to prevent or reduce the risks of similar failures in the future. In the
context of extreme weather, we can evaluate the meteorological conditions associated with an incident
and compare those to impacts produced (i.e. what was damaged, how was it damaged, etc.) and the
supposed design capacity of that system (i.e. what was it designed for, do field conditions match design
requirements).

Forensic analysis first requires the identification of important historical climatic events. In this case this
was provided by Toronto Hydro’s ITIS database, and further augmented by newspaper and press release
searches. These events were then compared to all available observational data, including both
Environment Canada’s climate network and as well as data provided by TRCA (TRCA 2014) for several
specific events. A full report containing analyses of several different events in the GTA is provided in
Appendix C. These results were then compared to the literature and were also presented to practitioners
for further scrutiny. Findings included the apparent impact of tree canopies on wind resistance of trees
(resulting in subsequent secondary impacts on overhead systems), as well as regional differences in
impacts from freezing rain, likely the result of a combination of local meteorological conditions
(temperature regimes) and regional differences in canopy cover and tree health.

B.3 Establishing the Probability of Occurrence of Climate Hazards

The following section provides information necessary to project the future probability of occurrence of
climate hazards. Information about the development of a historical climate baseline, the sourcing and use
of future climate projection data, and the treatment of complex variables is presented.

B.3.1 Historical Climate Observations

Environment Canada is the authoritative source of climate information in Canada. In the Toronto region
many observations stations have been in place and subsequently closed (see Figure B.1). In most
cases stations only have observations for a few years — too short to establish a ‘climatology’. The most
recent normals period established by the World Meteorological Organization (WMO) was 1981-2010.
Although 30 years is the accepted minimum, Environment Canada has calculated normals for stations
which have at least 10 years of data within this period.



Figure B.1 All Historical Environment Canada Stations
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To establish reliable statistics on the frequency of events, long term records are preferred and with this
area, there are some stations available. It is generally accepted that to establish a ‘normal’ climate, a
minimum of 30 years of data as required. This supposedly ensures that short term natural variability is
averaged out. Detailed hourly observations are usually only available at airport locations such as Toronto
Pearson, Buttonville and Toronto Island. These airport locations are also typically the only source of
variables other than temperature and precipitation (such as wind or weather observations). Of these,
Toronto Pearson has the lengthiest reliable data record. Those regional stations for which normals data
was calculated for 1981-2010 are shown in Figure B.2.



Figure B.2 Environment Canada 1981-2010 Normals Locations
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B.3.2 Future Projections
B.3.2.1 Global Climate Models

These variables will consider both the historical period frequencies observed in the region and the
corresponding projections used in the most recent Intergovernmental Panel on Climate Change (IPCC)’s
Fifth Assessment Report (AR5). The suite of models used in AR5 is from the Fifth Coupled Model
Intercomparison Project (CMIP5), coordinated by the World Climate Research Program, and was
retrieved from the following data portal:

http://cmip-pcmdi.llnl.gov/cmip5/guide to cmip5.html.

Since the second IPCC Assessment released in 1995, the number of contributing international climate
modelling centres, models, and their complexity, have increased significantly — from 11 models to the
current 40. With increased computing power, better refinement of atmospheric phenomena have been
incorporated, and model spatial and temporal resolution has improved (Kharin et al. 2013). An important
outcome of this increase in model availability is the ability to produce projections of future climate based
upon an ‘ensemble’ of many models versus the use of single or only a few models. In this report, all
available AR5 model runs (many models have more than a single projection available) were used. The
use of multiple models to generate a ‘best estimate’ of climate change is preferred over a single model
outcome. Research has indicated that the use of multi-model ensembles is preferable to the selection of
a single or few individual models since each model can contain inherent biases and weaknesses (IPCC-
TGICA, 2007, Tebaldi and Knutti, 2007). The use of the ensemble projection from the family of global
modelling centers is likely the most reliable estimate of climate change projections on a large scale
(Gleckler et al, 2008).

A full list of the climate models and their country of origin is presented in Table B.1.



Table B.1 List of CMIP5 Global Climate Models (GCMs) Used for this Study

Model Name Organization Country  Organization Details

ACCESS1-0 CSIRO-BOM Australia  CSIRO (Commonwealth Scientific and Industrial Research
Organisation, Australia), and BOM (Bureau of Meteorology, Australia)

ACCESS1-3 CSIRO-BOM Australia  CSIRO (Commonwealth Scientific and Industrial Research
Organisation, Australia), and BOM (Bureau of Meteorology, Australia)

BCC-CSM1-1  BCC China Beijing Climate Center, China Meteorological Administration

BCC-CSM1- BCC China Beijing Climate Center, China Meteorological Administration

1-M

BNU-ESM GCESS China College of Global Change and Earth System Science, Beijing Normal
University

CanESM2 CCCma Canada  Canadian Centre for Climate Modelling and Analysis

CCSM4 NCAR us National Center for Atmospheric Research

CESM1-BGC  NSF-DOE- us National Science Foundation, Department of Energy, National Center

NCAR for Atmospheric Research

CESM1- NSF-DOE- us National Science Foundation, Department of Energy, National Center

CAM5 NCAR for Atmospheric Research

CMCC-CESM CMCC Italy Centro Euro-Mediterraneo per | Cambiamenti Climatici

CMCC-CM CMCC Italy Centro Euro-Mediterraneo per | Cambiamenti Climatici

CMCC-CMS CMCC Italy Centro Euro-Mediterraneo per | Cambiamenti Climatici

CNRM-CM5 CNRM- France Centre National de Recherches Meteorologiques / Centre Europeen

CERFACS de Recherche et Formation Avancees en Calcul Scientifique

CSIRO-Mk3- CSIRO- Australia  Commonwealth Scientific and Industrial Research Organisation in

6-0 QCCCE collaboration with the Queensland Climate Change Centre of
Excellence

FGOALS-g2 LASG-IAP China LASG, Institute of Atmospheric Physics, Chinese Academy of
Sciences

FGOALS-s2 LASG-IAP China LASG, Institute of Atmospheric Physics, Chinese Academy of
Sciences

FIO-ESM FIO China The First Institute of Oceanography, SOA, China

GFDL-CM3 NOAA GFDL us Geophysical Fluid Dynamics Laboratory

GFDL- NOAA GFDL us Geophysical Fluid Dynamics Laboratory

ESM2G

GFDL- NOAA GFDL us Geophysical Fluid Dynamics Laboratory

ESM2M

GISS-E2-H NASA GISS us NASA Goddard Institute for Space Studies

GISS-E2-H- NASA GISS us NASA Goddard Institute for Space Studies

cC

GISS-E2-R NASA GISS us NASA Goddard Institute for Space Studies

GISS-E2-R- NASA GISS us NASA Goddard Institute for Space Studies

cC

HadCM3 MOHC UK MetOffice Hadley Centre (additional HadGEM2-ES realizations
contributed by Instituto Nacional de Pesquisas Espaciais)

HadGEM2- MOHC UK MetOffice Hadley Centre (additional HadGEM2-ES realizations

AO contributed by Instituto Nacional de Pesquisas Espaciais)

HadGEM2- MOHC UK MetOffice Hadley Centre (additional HadGEM2-ES realizations

CcC contributed by Instituto Nacional de Pesquisas Espaciais)

HadGEM2-ES MOHC UK MetOffice Hadley Centre (additional HadGEM2-ES realizations
contributed by Instituto Nacional de Pesquisas Espaciais)

INMCM4 INM Russia Institute for Numerical Mathematics

IPSL-CM5A- IPSL France Institut Pierre-Simon Laplace

LR

IPSL-CM5A- IPSL France Institut Pierre-Simon Laplace

MR

IPSL-CM5B- IPSL France Institut Pierre-Simon Laplace

LR

MIROC-ESM MIROC Japan Japan Agency for Marine-Earth Science and Technology, Atmosphere




Model Name Organization Country  Organization Details
and Ocean Research Institute (The University of Tokyo), and National
Institute for Environmental Studies

MIROC-ESM- MIROC Japan Japan Agency for Marine-Earth Science and Technology, Atmosphere

CHEM and Ocean Research Institute (The University of Tokyo), and National
Institute for Environmental Studies

MIROC4h MIROC Japan Atmosphere and Ocean Research Institute (The University of Tokyo),

National Institute for Environmental Studies, and Japan Agency for
Marine-Earth Science and Technology

MIROC5 MIROC Japan Atmosphere and Ocean Research Institute (The University of Tokyo),
National Institute for Environmental Studies, and Japan Agency for
Marine-Earth Science and Technology

MPI-ESM-LR ~ MPI-M Germany Max Planck Institute for Meteorology (MPI-M)
MPI-ESM-MR ~ MPI-M Germany Max Planck Institute for Meteorology (MPI-M)
MRI-CGCM3 MRI Japan Meteorological Research Institute
NorESM1-M NCC Norway Norwegian Climate Centre

NorESM1-ME NCC Norway Norwegian Climate Centre

B.3.2.2 Representative Concentration Pathways

A new initiative in the IPCC ARS is the introduction of RCPs (Representative Concentration Pathways;
see Figures B.3 and B.4). They represent a range of possible projection outcomes which depend upon
different degrees of atmospheric warming. The lowest RCP 2.6, represents an increase of 2.6 W/m? to
the system, while the highest RCP 8.5 represents an increase of 8.5 W/m? of energy. This range
encompasses the best estimate of what is possible under a small perturbation situation (2.6) and under a
large increase in warming (8.5). It is unknown which of the RCPs will apply in the future. However, it is
important to note that historically, the GHG emissions have followed the highest (8.5) pathway. In the
absence of a global agreement on GHG reduction, this trend is expected to continue which would support
this pathway going forward. Nevertheless, in this report, 4.5 (moderate) and 8.5 (high) projected change
are presented. The number of models used for the ensemble varies with the RCP selected since not all
international modelling centres generated model runs for all RCPs.

Figure B.3 Representative Concentration Pathways used for AR5
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Figure B.4 Global GHG Emissions and their Relationship with Representative Concentration
Pathway Assumptions
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influencing the RCP include population growth, economic growth, degree of urbanization, land
nge, use of green versus carbon-based energy sources and any future international agreements

on greenhouse gas (GHG) emissions, among others.

B.3.2.3 Important IPCC Findings

The full

IPCC AR5 Working Group 1 Report was released in September 2013 and provides general

details of the IPCC position on climate change. It can be found here: http://www.ipcc.ch/report/ar5/wgl/

Some of the main findings of this report are summarized in the Summary for Policymakers and are
reproduced below:

Warming of the climate system is unequivocal, and since the 1950s, many of the observed
changes are unprecedented over decades to millennia. The atmosphere and ocean have
warmed, the amounts of snow and ice have diminished, sea level has risen, and the
concentrations of greenhouse gases have increased.

Each of the last three decades has been successively warmer at the Earth’s surface than any
preceding decade since 1850.

Over the last two decades, the Greenland and Antarctic ice sheets have been losing mass,
glaciers have continued to shrink almost worldwide, and Arctic sea ice and Northern Hemisphere
spring snow cover have continued to decrease in extent.

The atmospheric concentrations of carbon dioxide (CO2), methane, and nitrous oxide have
increased to levels unprecedented in at least the last 800,000 years.

Human influence on the climate system is clear. This is evident from the increasing greenhouse
gas concentrations in the atmosphere, positive radiative forcing, observed warming, and
understanding of the climate system.



Human influence has been detected in warming of the atmosphere and the ocean, in changes in
the global water cycle, in reductions in snow and ice, in global mean sea level rise, and in
changes in some climate extremes. This evidence for human influence has grown since AR4. It is
extremely likely that human influence has been the dominant cause of the observed warming
since the mid-20th century.

Observational and model studies of temperature change, climate feedbacks and changes in the
Earth’s energy budget together provide confidence in the magnitude of global warming in
response to past and future forcing.

Climate models have improved since the AR4. Models reproduce observed continental-scale
surface temperature patterns and trends over many decades, including more rapid warming since
the mid-20th century and cooling immediately following large volcanic eruptions.

Global surface temperature change for the end of the 21st century is likely to exceed 1.5°C
relative to 1850 to 1900 for all RCP scenarios except RCP2.6. It is likely to exceed 2°C for
RCP6.0 and RCP8.5, and more likely than not to exceed 2°C for RCP4.5. Warming will continue
beyond 2100 under all RCP scenarios except RCP2.6. Warming will continue to exhibit
interannual-to-decadal variability and will not be regionally uniform.

Changes in the global water cycle in response to the warming over the 21st century will not be
uniform. The contrast in precipitation between wet and dry regions and between wet and dry
seasons will increase, although there may be regional exceptions.

Continued emissions of greenhouse gases will cause further warming and changes in all
components of the climate system. Limiting climate change will require substantial and sustained
reductions of greenhouse gas emissions.

With each subsequent report, the evidence of climate change builds and increasingly points towards
greater confidence that human-kind is having and will continue to influence our future climate, from
warming, to extreme events, to sea-level rise to melting sea-ice. Among the most recent IPCC reports
was the addition of a separate document on climate extremes, the IPCC SREX document (SREX-IPCC,
2012). So in addition to changes in the mean climate, extreme climate events will also be impacted, and
in many cases the changes in the extremes are expected to be greater than mean changes.

Of particular interest are some conclusions from the extremes report (SREX-IPCC, 2012):

It is virtually certain that increases in the frequency and magnitude of warm daily temperature
extremes and decreases in cold extremes will occur in the 21st century at the global scale.

It is very likely that the length, frequency, and/or intensity of warm spells or heat waves will
increase over most land areas

It is likely that the frequency of heavy precipitation or the proportion of total rainfall from heavy
falls will increase in the 21st century over many areas of the globe

Extreme events will have greater impacts on sectors with closer links to climate, such as water,
agriculture and food security, forestry, health, and tourism

Attribution of single extreme events to anthropogenic climate change is challenging

An example from the report is shown below for changes in temperature, which demonstrate how greater
likelihood of extremes is possible through changes in mean, variability and symmetry.



Figure B.5 How Changes in Temperature Distributions can affect Extremes (IPCC, 2012)
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Confidence wording in the IPCC documents are characterized by the use of specific terms such as ‘very
likely’ or ‘virtually certain’, where in previous reports changes may have been referred to as ‘likely’. There
has been a gradual increase in confidence of the projections from climate models over time. A summary
of the confidence terminology used in the official reports is shown below (SREX-IPCC, 2012):



Figure B.6 IPCC Confidence Terminology

The following terms indicate the assessed likelihood:

ok permai Term* Likelihood of the Outcome
| Virtually certain 99-100% probability
g | Modumagreement | pctom arecoment | ik mesne Very likely 90-100% probability
g Likely 66—-100% probability
E- S . 1w About as likely as not 33-66% probability

Limited evidence | Medium evidence |  Robust evidence Confidence Unlikely 0-33% probability

Very unlikely 0-10% probability
Evidence (type. amount. quality, consistency) === Exceptionally unlikely 0-1% probability

*

A depiction of evidence and agreement statements and their relationship to Additional terms that were used in limited circumstances in the Fourth

confidence. Confidence increases toward the top-right corner as suggested by the Assessment Report (extremely likely: 95—100% probability, more likely than
increasing strength of shading. Generally, evidence is most robust when there are not: >50-100% probability, and extremely unlikely: 0~5% probability) may
multiple, consistent independent lines of high-quality evidence. also be used when appropriate.

With each report there are more and higher quality observations of the changing climate and
improvements in the models equations/parameterizations, and their spatial and temporal detail. The
IPCC reports continue to provide the best science-based information on projected climate change
assembled from the best climate researchers worldwide. Climate change projections for this report are
based upon the same new models used for guidance in the IPCC ARS report recently released.

B.3.3 Climate Projection Methodology
B.3.3.1 The Delta-Method Applied to the Ensemble

The use of the CMIP5 ensemble not only allows for the calculation of an average projection of future
climate which represents the consensus of all independent models, but it also allows for the estimation of
projection uncertainty and statistical distributions which could not be determined from a single model.
The projections for the variables in this report represent the ‘best estimate’ available — and are more
indicative of the general expectations of climate change over any single model.

The ability of the CMIP5 ensemble to reproduce the historical temperature gives us confidence that the
newest models used in this report are reliable and when grouped can provide accurate estimates. This
would imply that reliable historical climatology should lead to reliable future projections.

This study uses a so-called ‘delta’ approach (sometimes also called ‘climate change factor approach’), to
obtain future estimates of climate variables. It is generally comprised of the following tasks.

1. Obtain a baseline climate condition (or ‘average’ climate).

2. Using an ensemble of all available CMIP5 models (‘CMIP5 ensemble’), we obtain the model
average climate for this same period — the average of all models for the grid covering Peel region.
However, each modeling center does not use the same grid alignment and resolution, so a first
step before obtaining the average of all the models is to regrid them all to a common resolution.
This regridding typically uses a scale representative of the resolution of the models, in this case
approximately 200 by 200 km.

3. The CMIP5 ensemble future climate is obtained for this same cell for each of the required future
periods. In this case, every 10 years starting in the year 2011 and ending in the year 2100. From
this we will have average future conditions of all the models for ten 10 year periods.



4. The difference (or ‘delta’) between the CMIP5 baseline and CMIP5 future periods are obtained —
this represents the change in climate condition. Ten climate deltas are produced, for example,
the delta between the baseline (1981-2010) and the 2051-2060 period is one of the deltas.

5. The final step is to then apply this delta value to the baseline period.

B.3.3.2 Complex Climate Events: Regional Climate Models and other projection techniques

The delta method applied to an ensemble of GCMs is not the only method available for climate change
studies. Instead of using a delta ensemble approach, the delta approach could also be applied to single
model, but the projection estimates would therefore only rely on ones assumption that the single model
employed was the ideal choice. In climate science there are tradeoffs between model complexity and
expediency.

It should be noted that many high impact atmospheric events tend to occur on much smaller spatial and
temporal scales than are covered by GCMs (e.g. lightning, freezing rain, ice storms, tornadoes). Two
main strategies have been developed to help address this, the use of regional climate models (RCM’S)1
and statistical downscaling studies. Both strategies were used in Phase 2 for several of the more
localized and shorter duration climate elements analyzed. For one set of climate hazards (e.g extreme
temperatures), the technique of employing a climate analogue was also used to validate the “delta-
method” for determining these climate hazard probabilities.

Regional Climate Models

Another approach for obtaining specific climate projection information is to run a very high resolution
model once over the area of interest (so called ‘dynamical downscaling’). In the simplest of terms one
can either have ‘many model runs at a coarse resolution’ or ‘few model runs at high resolution’. These
high resolution models are called ‘Regional Climate Models’ (RCMs). There are RCMs available, but this
data can be difficult to obtain and they still require a coarser resolution CMIPS or earlier model to act as a
precursor. Over North America, the North American Regional Climate Change Assessment Program
(NARCCAP) has assembled less than a dozen RCMs for various time periods
(http://www.narccap.ucar.edu/). As these models have a high temporal and spatial resolution (i.e. hours
and tens of kilometers), there are fewer RCMs available than the CMIP5 Global Climate Model collection.
In addition there are far fewer model runs from which to obtain an average climate change value. For this
study, the decision was to use many coarser models from which to obtain the climate change signal
rather than fewer higher resolution models. However, some of the probability results for one set of climate
hazards in Phase 2 (extreme temperatures) were generated using the CANRCM4 model, and a
discussion of associated uncertainties can be found under the specific descriptions for those climate
hazards found below.

Statistical Downscaling

Statistical downscaling studies attempt to solve the spatial challenges by developing statistical links
between GCM scale climate conditions and localized, short duration events (e.g. freezing rain/ice
accretion and wind gusts). Historical, point location climate data is compared with conditions on the scale
of GCM grids. Statistical links, so called “transfer functions”, are then developed based on these
relationships. After GCM projections are developed for a given future period, these transfer functions are
then used to “downscale” GCM projection back down to local scales. Although much less computationally
intensive than RCMs, individual statistical downscaling studies still require significant expertise and time
for proper execution.

' These are sometimes referred to as “dynamical downscaling” methods, to provide an analogous term to alternative “statistical
downscaling” methods.



The main drawback of this technique is that climate projections can then only be obtained from specific
observation station locations which have sufficiently long data records. This method calibrates historical
climate observed at an observation station (for example Toronto Pearson Airport), with historical model
data at a coarse scale (called ‘predictors’), to obtain a statistical relationship. For example, perhaps the
daily temperature observed is related to the modeled upper atmosphere wind direction. If one provides
the future upper atmosphere wind direction from a climate change model, it could then be used as one of
the variables to predict the future temperature. The difficulty with this process even with pre-constructed
software is that spurious associations based on pure statistics and not climatology can be applied which
would produce unrealistic future conditions. Certainly some expertise in the statistical software is
required. Additionally, this method requires specially formatted input statistical climate model data which
is only available for a few models — and for few model runs and RCPs. This procedure would have to be
repeated for all station locations for which there was long term reliable station observation data to
produce estimates of climate change for only those specific locations.

An IPCC document entitled “Guidelines for Use of Climate Scenarios Developed from Statistical
Downscaling Methods” (Wilby et al, 2004) further discusses these procedures.

Phase 2 made use of previously published statistical downscaling studies to support future climate
change projections (Cheng, Li and Auld 2011, Cheng 2014).

Climate Analogues

In the case of extreme temperatures (i.e. average temperature over 30 and 35 C, extreme over 40C)
climate change projections were also compared to a “climate analogue.” Climate analogues refer to
locations in other geographical areas which possess historical climates which resemble in many respects
the future climate of the study area. The future temperature regime for the 2050’s for the City of Toronto
is very similar to the current and historical climate of northern Kentucky. While not an exact comparison —
there are significant differences in regional geographical characteristics, for example — rough, “order of
magnitude” comparisons can be made to help further determine if climate change projections are in fact
realistic and represent potentially “real” climates.

B.4 Determining the Probability of Occurrence of Specific Climate Hazards

Based on the general methodology presented above, the probability of individual climate hazards were
determined. The following sections describe in detail how they were estimated.

Extreme Temperatures

Temperatures and temperatures related indices are the most basic and reliable of climate elements, and
therefore associated trends and projected changes to temperatures have the greatest confidence.
Thresholds are based on previous consultation work from Phase |, IEEE standards for switching and
transformer equipment, with some additional consideration from impact studies found in the literature - for
example, see (McEvoy, Ahmed et Mullett 2012). The lowest thresholds generally address load
forecasting and related factors, while higher temperatures begin to consider direct impacts to equipment.

Historical values were assessed using observations for Pearson Airport for the 1981-2010 normals
period. Climate projections were then developed using the AR5 ensemble and RCP 8.5 emissions
scenario. For temperature related thresholds which require information of daily temperature information,
such as heat waves, 40°C maximum daily temperature, or the 35°C average daily threshold, required
special treatment and were developed using projections from the CanRCM4 regional climate model
(RCM), again using the RCP 8.5 scenario. The “Delta method” was then used to apply the modeled
changes in frequency of those days applied to historical averages. It should also be noted that the range
indicated for the 40°C threshold is the result of applying two methods, RCM and GCM based estimates,



since RCMs are again potentially prone to overestimates due to numerical instabilityz, while the GCM
method may under-estimate the frequency of extremes due to averaging from large spatial scales. These
results were further checked against climate analogues in northern Kentucky, again to serve as a
consistency check against model projections to determine if these projected increases were realistic.

Extreme Daily Averaged and Maximum Temperatures

Manufacturers of electrical distribution equipment specify both maximum one day average and peak
ambient temperatures for the operation of transformers and other components. With global warming, it is
unsurprising that all thresholds show an increase in event frequency. High temperatures which already
occur several times per year increase further in frequency, and a few extreme temperatures which are
currently less than annual occurrences (e.g. daily average temperature of 30°C) are projected to become
annual events.

The most striking results were noted with some of the highest temperature thresholds. For example, days
with peak temperatures of 40°C or greater are extremely rare, with only one incident on record for
Toronto’s Downtown station®, and no events reported at Pearson Airport during its entire period of record.
However, indications are that these extreme heat days may become an annual or near-annual
occurrence by the 2050’s. Similarly, days with 24 hour average temperatures of 30°C or higher are also
extremely rare but may become, on average, annual occurrences. However, as with the historical
behaviour of lower threshold values, there will likely be some years with several days over the “new”
threshold, while other years will have none.

Multi-Day Heat Events and “Warm” Nights

Other measures of extreme heat have been proposed as having a potential impact on electrical
infrastructure.

While heat waves, defined as three or more days with maximum temperatures above 30°C, are currently
slightly less than annual events, these are expected to increase in frequency to just over 1 per year, on
average, into the 2030’s and 2050’s. The length of a given heat wave may also increase into the future.
Regional climate model results suggest that for the 2030’s, an average of approximately four (4)
consecutive days over 30°C will occur every year, and by the 2050’s the estimate is as high as six (6)
consecutive days over 30°C per year.

So-called “warm nights” have also been implicated in excessive stress on electrical infrastructure
(McEvoy, Ahmed et Mullett 2012) through increases in nighttime electrical customer use (i.e. need for
continuous use of air conditioning systems), combined with an inability for equipment to sufficiently cool
under warm nighttime ambient temperatures. These have increased substantially in recent years, with
average of greater than one event per year in the most recent 15 year period of record at Pearson Airport.
This includes a record of five (5) warm nights in 2005, as well as the warmest overnight temperature ever
recorded in 2006 at 26.3°C. However, while the literature has indicated that the latter element may be
important for combined impacts and stress to the electrical system, most workshop participants were
indeed quite skeptical that warm nights were an important measure for electrical system impacts,
indicating they considered extreme daytime temperatures and electrical use as the dominant cause for
impacts to distribution systems, rather than warm nights.

2 Estimated increases in frequency from CanRCM4 were indeed so striking that they were checked against GCM based estimates
for consistency. However, even when considering spatial and temporal averaging which will occur with the larger grid spacing and
time steps inherent in GCMs, the ensemble still indicated significant increases in extreme heat days well beyond anything within
historical experience.

® Three (3) consecutive days in July 1936 showed maximum temperatures reaching 40.6°C.



Spatial Geographical Variability

Mapping of extreme temperature days (Appendix C) indicate important temperature differences across
the city, with temperature differences of 3-5 degrees between the shores of Lake Ontario and northern
portions of the city. This is a direct result of the presence of Lake Ontario and its lake breeze, with cooler
air from the lake keeping the shoreline and nearby areas cooler than parts of the city further north.

Extreme Short Duration Rainfall

The July 8, 2013 flash flood event in the GTA provided an example of the vulnerability of underground
infrastructure to atmospheric events. While this particular case impacted Hydro One infrastructure, it is
indicative of possible impacts to similar infrastructure owned and operated by Toronto Hydro. It was also
an example of the importance and potential impacts generated by the loss of 3rd party infrastructure on
which Toronto Hydro relies, emphasizing the interconnectedness of the electrical grid.

The threshold of “100 mm + antecedent” is based on rainfall accumulations estimated near the failure
sites from the July 8th, 2013 event as well as other cases (see Appendix C), although workshop
participants felt this threshold might indeed be as low as 60 mm of rainfall. This threshold is in specific
reference to high-intensity, localized rainfall events, characteristic of severe thunderstorms during the
warm season. These generally last only a few hours in total, with the majority of that rain (over 50%)
falling within a 1 hour time period. However, in every case, there was also antecedent rainfall in the
preceding week which likely contributed to the overland flooding.

While these events are very difficult to predict even in short term forecasts, historical analyses on global
precipitation extremes indicate that, in general, they will increase in intensity with climate change.
However, the magnitude of this change, particularly for specific geographical regions, is not well
understood (Kunkel, et al. 2013). Extreme, localized rainfall events represent an event type which cannot
be modeled directly by GCM or even RCM output, and unfortunately no statistical downscaling studies for
extreme thunderstorm rainfall exists for the GTA or nearby regions. However, global trends of historical
increases in extreme rainfall are so significant that the climate team chose to increase annual probability
score by one to account for this clear increase in thunderstorm extreme rainfall risk

Ice Storms and Freezing Rain Ice Accretions

Damage thresholds were also based on previous forensic work on freezing rain impacts, most notably
Klaassen et al. (2003), as well as design requirements in codes and standards (CSA 2010a). These
include thresholds for tree damage (15 mm) and for minimum CSA design (25 mm totals = 0.5 inch
radial). Freezing rain events represent an example of meteorologically complex events which require
special treatment, and hence future projections presented here are based on tailored statistically
downscaled results from published studies. Customized data specifically developed for Pearson
International Airport were provided courtesy of C. Cheng (2011), using the same methodology employed
in Cheng et al. (2011, 2014). Downscaled projections are expressed in duration rather than accumulation
amounts due to the nature of the analysis methods used for downscaling. Climate projections of the
parent large scale weather patterns (so-called “synoptic map typing”) are based on the patterns and
conditions which produce ice storms. For the downscaling work, these weather patterns were linked to
the duration of freezing precipitation and not amounts, since total precipitation accumulation can vary
significantly depending on available moisture. The duration threshold is also quite low (6 hours+) due to
sample size, since storms of this magnitude or greater are infrequent.

However, these projections can be applied to other measures of ice storm severity given the following
considerations:

1. Storms producing amounts on the order of 15 and 25 mm are of part of this “6 hour+” population,
and we can therefore use results for the 6 hour+ storms as guidance for what will happen with 15
and 25 mm events; and,



2. Chengetal. (2011, 2014) consistently showed greater increases in frequency for higher
thresholds, hence storms with higher thresholds are expected to increase in frequency as much
as or more than storms at lower thresholds;

Hence, changes in 6 hour+ event frequency are expressed as particular values, whereas the greater
accumulation events are expressed as “greater than” some value.

Regional Differences in Severity

The severity of freezing rain events, specifically in terms of total ice accretion, tend to be lower for areas
closest to Lake Ontario. In contrast to the summer, the lake acts to keep temperatures warmer during the
early winter, an effect that appears to have been a factor during the December 2013 ice storm (see
Appendix C). However, there are also indications from the forensic analyses that older portions of the
city, particularly areas with a combination of significant, mature tree canopy cover and older overhead
electrical distribution equipment, may be more sensitive to ice storms and are therefore more susceptible
to smaller ice accretions.

It is very difficult to determine the return period or annual frequency of the extreme cases, since no events
producing greater than 40 mm of total ice accretion have been reported in the GTA. The CSA standard
for transmission line design (CSA 2010b) contains return period estimates for radial ice accretion for
various locations®. Depending ones location within the City of Toronto, estimates for 30 mm ice accretion
event (roughly 60 mm of total ice) indicate anywhere from a 1-in-150 to a 1-in-500 year return period
event, termed “high” and “low” risk values, respectively, in table 3-2 in the main report. When increases in
frequency of large ice storms is taken into account, these produce 35 year study period/’lifecycle”
probability estimates of ~25% and ~8%, respectively5. However, these values are based on estimated
return periods for extremely rare events, and the period of record on which they are based is far shorter
than the return periods assigned to these ice accretion values.

Complexity of Freezing Rain Accretion versus Impacts

A myriad of measurements are given for freezing rain ice accretion due its complexity. Accumulations
from airports, for example, represent total freezing rain amounts and not the thickness of accretions on
overhead lines and structures, and hence certain freezing rain amounts can result in very different levels
of ice accretion on infrastructure depending on numerous other factors (e.g. time, wind speeds, ambient
temperatures). We also note that a significant majority of damage from the December 2013 ice storm was
due to tree contacts at accretion thresholds lower than design requirements (Appendix C), hence the
inclusion of the 15 mm threshold.

High Winds

High winds can be produced by a variety of storm types and vary greatly in scale, intensity and duration.
Design wind speeds found in codes and standards are based on large scale (synoptic) storms, while
cases of extreme localized damage tend to occur with thunderstorm winds, including microbursts and
tornadoes. This complexity introduces significant challenges when attempting to determine wind speed
return periods for engineering design using historical data (Lombardo, Main et Simiu 2009), let alone the
challenge of understanding how these might change under future climate conditions. Much like ice
storms, wind gusts tend to also be affected by highly localized meteorological and geographical factors,
and so meaningful projections cannot be directly extracted from GCMs or even RCMs.

* The values provided in the CSA standard (CSA 2010b) are themselves based on the Chainé ice accretion model. These were felt
to be accurate enough to provide estimates of extreme ice storms in the GTA for this study.

® Based on climate design table, highest risk locations are Etobicoke and North York, with the lowest risk is in Scarborough (CSA
2010a), the former not surprisingly representing areas which are slightly further away from the lake.



The 70 and 90 km/h thresholds are based on practitioner consultation from Phase | as well as forensic
analyses conducted for Phase Il (Appendix C). The highest threshold, 120 km/h, is based on IEEE
design standards for switch gear and transformers, as well as other impact thresholds work, for example
the EF-scale and McDonald and Mehta (2006). Climate change projections for the 70 and 90 km/h
thresholds were obtained from statistically downscaled results in the published literature (Cheng, Li et Li,
et al. 2012, Cheng 2014) using statistical downscaling methods similar to those used for freezing rain,
while projections for 120 km/h threshold were not available.

The statistically downscaled results indicate increases for both thresholds analyzed here. Cheng et al.
(2012, 2014) also indicated that increases in frequency of wind gusts were consistently greater as
thresholds also increased (e.g. 80 km/h gusts increased more than 70 km/h gusts), but did not conduct
analyses for thresholds greater than the 90 km/h due to small sample size.

Tornadoes

Tornadoes are small scale, isolated events, and hence the only available historical data are records of
observations of their occurrence and/or resulting damage. Probability scores for EF1 and EF2 tornadoes
were calculated based on historical records of occurrence within the City of Toronto from the most
recently available 70 years of observational data. Historical data prior to this was deemed too unreliable
to contribute to statistics in a meaningful fashion. This inconsistency also renders historical trend
detection nearly impossibIeG. Their localized and complex nature also prevents the development of
meaningful climate projections through any of the methods described here, including GCM or RCM output
as well as statistical downscaling.

As with extreme temperatures, lightning and ice accretion, the northern portions of the city such as the
North York and Rexdale (northern Etobicoke) areas exhibit a higher risk of tornadoes historically, again
mainly due to the effects of the Lake Ontario lake breeze, but this does not exclude the occurrence of
tornadoes in and around the downtown core.

Two different intensity levels were chosen due to important differences in their impacts. Research on
historical events indicated that concrete utility poles and other more resilient infrastructure only fail in EF2
or stronger tornadoes, and hence these were investigated separately to determine relative risk.

High Impact/Low Probability Events: Probability Estimates and Their Interpretation

Tornado probabilities were subject to further analyses beyond those used for most other climate
elements. Probability scores in Table 3-2 of the main report reflect the probability of occurrence for a
single point; however, since these values are extremely small, a different statistical perspective was
needed to better represent the type of risk posed by tornadoes. The City of Toronto has recorded five (5)
F-2” tornadoes on two separate days since 1900, with a possible sixth case in 1976 in North York. Hence,
over the 35 year life cycle study period, there is a 46% to 61% chance that a weather event producing
one or more EF-2 tornadoes will strike somewhere within the City of Toronto. While the probability of a
direct impact to a specific point or location is extremely small, the likelihood of a significant event
somewhere in the city between 2015 and 2050 is in fact considerable, and could entail catastrophic
impacts to a portion of the city’s infrastructure.

Lightning

As with all other climate elements, lightning can vary significantly in intensity, with the same storm
producing different lightning strikes with amperage values varying by several orders of magnitude. Even

® However, some very recent work in the United States may finally be revealing changes in tornado climatology potentially
associated with climate change in the form of increased variability in occurrence® (Brooks, Carbin et Marsh 2014).

" The so-called “Enhanced” Fujita, or EF-Scale, has only been used in Canada as the official replacement to the F-scale since 2013;
however, the EF-scale is intended to be compatible with F-scale ratings in the historical record, and so references to tornadoes
using the F-scale can, for the purposes of this report, simply be considered as storms of equivalent intensity.



for a single thunderstorm event, there now exists a great deal of data currently available for use in
analyses and even forecasting of lightning occurrence, particularly following the establishment of the
North American lightning detection network in the late 1990’s, and more recent “total lightning” detection
networks being installed in the GTA for meteorological monitoring for the upcoming 2015 PanAm games.
It is suggested that Toronto Hydro investigate this data to better understand how lightning interacts with
the electrical distribution system, such as investigation of significant lightning events (e.g. July 21 & 22,
2002) to determine why and how they generated so many impacts.

Investigation of New Probability Scoring Methodology

Lightning probability scores differ from Phase | due the changes in the method used to calculate
probability values. The annual average frequency of cloud-to-ground lightning strikes varies across the
city from under 1.12 to over 2.24 lightning strikes per square kilometer. The highest frequencies are seen
in the northwest portions of the city, while the lowest are seen in southern Etobicoke (see Figure B-7).
However, each individual strike will only affect a very small area. Hence, the probability of impact was
estimated using representative “target sizes” (i.e. areas which represent the usual footprint of a given
piece of infrastructure). A further assumption was tested assuming that lightning strikes would need to be
within 25 meters of a piece of overhead infrastructure to produce negative impacts. The resulting
probability scores were felt to be more representative of field conditions, particularly when considering the
frequency of lightning impacts reported by Toronto Hydro (see Appendix C). These were also weighed
against mounting evidence that lightning occurrence will increase in frequency with climate change, for
example (Romps, et al. 2014), but by an uncertain amount®.

Using two different “target” sizes provided by AECOM representing large (0.015 km?) and small municipal
(0.0001 km2) transformer stations, probability of impact were calculated and compared, with and without
the assumption of a 25 meter radius of impact. The results are provided in Table B-2 below.

Figlére B-7 Lighting Distribution in Greater Toronto Area for 1999 — 2008 period, Lightning Strikes /
/km®eyr)

® Romps et al. (2014) indicated a potential increase of ~50% in total lightning strikes in the continental United States by the end of
the century. However, while their methodology proved to be quite robust when compared to observational data, there was no
assessment of GCM error in recreating the indices which drove this increase. Their index and model also appear to have difficulty
with lake breeze related convection, which is of great importance for Toronto’s lightning climatology. Hence, the RSI climate team
chose to not apply these percentages as there remains too much uncertainty in how global climate change will impact lightning
frequency in the Toronto area specifically.
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Table B.2 Lightning Strike Probabilities Transformer Stations

Target Type Annual Lightning Annual Study/” Lifecycle” Period

Frequency (km™?) Probability Score Probability Score (2015-
(2050's) 2050)

Large Transformer Station 1.12 1 5
Large Transformer Station 2.24 2 6
Municipal Transformer 1.12 0 2
Station
Municipal Transformer 224 0 3
Station
Snow

Snowfall thresholds were chosen following the second workshop and are intended to address “nuisance”
events, such as those which require the application of deicing agents (5 cm+) and those leading to
restricted to site access (10 cm+). The group chose to focus upon nuisance events at the “lower end” of
the snowfall accumulation spectrum, rather than extreme snowfall events, since overhead systems were
not considered by workshop participants as being sensitive to direct snow loading. Historical data indicate
that the total number of days exceeding these thresholds are decreasing, as expected with global
warming, but not at all rapidly enough to consider snow a “disappearing” hazard. In addition to this, and in
contrast to days with small snowfall totals, days with extreme snowfall will continue to occur well into the
future, and may in fact increase in intensity with further warming (Kunkel, et al. 2013). Hence, days in
which snow will pose a hazard to infrastructure will continue well into the coming decades, even with
continued warming.

Frost

Participants at the second workshop also indicated frost depth as being a concern for civil infrastructure,
particularly following the extreme cold experienced during the 2013-14 winter season. As with other cool
season hazards, the frost free period is expected to increase in length, which will result in less frost
penetration on average, although occasional extremely cold winters will continue to occur well into the
future. Frost depth calculations were not conducted for this project due to time and resource constraints,
as well as significant variability associated with frost depth under the same atmospheric conditions. The
latter is impacted by soil moisture, thermal conductivity, snow cover, and several other factors which vary
greatly across the city. However, if frost heave is considered an important risk, further study could be
conducted, using the 2013-2014 winter season as an example case study.

Complex Interactions

Complex interactions are generally defined as interactions which generate negative or unwanted impacts
to infrastructure but which are the result of a sequence of events involving both climate and human
factors. For the sake of simplicity, we have considered most climate elements in isolation. As the forensic
analyses indicate, however, most real-world climate impacts are often attributed to one dominant element
but with additional impacts from other simultaneously occurring hazards.

High Humidity Near-Zero Winter Environments

This complex interaction type was identified through both workshops and forensics work, and their
occurrence appears to result from a sequence of events involving a combination of minor ice accretions
followed by the application of de-icing agents. These are characterized by multi-day periods in which
temperatures are near zero degrees, often “crossing” the zero degree line multiple times, and include



multiple periods of freezing or frozen precipitation. Ice accretion may be from a combination of freezing
rain, wet snow or rain-on-snow “re-freezing”, with possible additional accretion from fog which is often
present between periods of precipitation. These very moist conditions are then coupled with de-icing
agents to cause short circuits, resulting in pole top fires and other incidents associated with short
circuiting of insulators and switch gear.

Such a complex events entail the sequential occurrence of several meteorological factors coupled with
human factors and are therefore impossible to project using the current set of climate change projection
techniques. However, having identified these conditions, their occurrence could be monitored and even
anticipated several days in advance using a combination of current conditions and short term weather
forecasts, allowing for the mobilization of operational resources. The January 31 to February 3" 2003
event described in Appendix C, and a similar event which was identified for the transmission sector
“sister” PIEVC study (January 2000) can be used to form the basis of pattern recognition for future events
of a similar nature.

Tree Growth, Disease and Pests: Implications for Overhead Infrastructure

The second important complex interaction identified by our analysis entails the impacts of environmental
changes affecting tree growth and health, affecting their resiliency to climatic loading. Higher average
temperatures are expected to extend the growing season. This will likely result in faster tree growth and
necessitate more spending on right-of-way maintenance, as well as possibly increasing tree vulnerability
to wind and ice loading. The impacts of new and/or exacerbated disease and pest conditions can also
increase tree vulnerability to damage, with the December 2013 ice storm and impacts on emerald ash
borer infested trees being an example of this increased vulnerability. The complex interaction between
accelerated growth rates, disease and pest regimes, and the resulting changes in vulnerability to adjacent
infrastructure have only recently been identified and are not well understood, but should be subject to
further study.
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Brief Forensic Analyses of Weather Related
Power OQutage Events

C.1 Introduction

To better understand the nature and magnitude of climatic and meteorological events responsible for
impacts to Toronto Hydro’s electrical distribution system, as well as neighboring LDCs, RSI staff
conducted forensic analyses of events generating significant impacts to the system. Information on the
nature and extent of those impacts was compared to meteorological data to understand the nature and
magnitude of atmospheric loads and conditions associated with these impacts. The analyses below
consist of what can be termed either “single incident” or “cross-incident analyses,” the former
consisting of a “deep dive” into an individual events (listed in Table C.1), while the latter consists of the
inter-comparison of numerous similar events to help determine commonalities.

In particular, events that were deemed meteorologically complex or multi-causal in nature, as well as
meteorological events representing instances of impact thresholds, were selected for further
assessment under “single incident” analysis to help refined our understanding of the thresholds at which
impacts begin to occur, and what the causes and drivers of those impacts might be. Winter storms
(including freezing rain events), summer thunderstorms, and a high heat case were evaluated for more
detailed analyses. Other cases, such as fall season high winds, were evaluated under “cross-incident”
analyses, for the purpose of evaluating and cross-checking thresholds determined from other sources
(e.g. literature and practitioner interviews).

Several data sources were consulted for both meteorological and infrastructure impacts information.
The former included data from Environment Canada’s national climate data archive, Toronto Region
Conservation Authority (2014) precipitation data, consultant reports (Cole Engineering 2013), as well as
remote sensing data where appropriate. Impacts data were provided directly by Toronto Hydro, as well
as outage incident press releases, newspaper accounts, and internal report (where available). Events
which underwent detailed analyses are listed below in Table C.1.

C.1.1 Event Types and Relation to Impacts

Any number of climate and weather related events are capable of producing unwanted interactions with
power distribution infrastructure. Direct impacts from severe winds, ice accretion, heavy/wet snow,
extreme heat and lightning can directly overload support structures and conductors, as well as adjacent
vegetation, which is also prone to failure, causing secondary impacts. Underground infrastructure is
sensitive to flooding and longer term processes, such as enhanced corrosion through seepage and
penetration of deicing agents. For each hazard, there are generally a small sub-set of mechanisms which
can produce them. High winds during the warm season are associated with severe thunderstorms
(including downbursts, microbursts and tornadoes), which tend to be intense but localized, whereas
should season and winter severe winds are associated with large scale low pressure systems (so-called
“synoptic lows”). Winds associated with these events are more widespread and can last for several



hours to more than a day. Similarly, precipitation events are generally associated with thunderstorms
during the warm season and low pressure systems in the cool season (snow storms, ice storms, etc.). It
should become quickly apparent that several event types can occur simultaneously, resulting in multiple
cause power outage events.

Identification of event type is critical in understanding what types of impacts to expect at different times
of year, including duration of the event, potential challenges for response and maintenance, presence of
simultaneously occurring hazards, and for some event types what antecedent conditions to monitor to
help anticipate or forecast weather related impacts. During the late spring and summer, for example, a
number of significant thunderstorm events tend to be proceeded by high temperature and humidity
combinations which themselves may have generated impacts on the system. While individual events are
indeed complex, infrastructure operators can begin to understand the antecedent conditions to help
increase readiness for such events.

Event type identification is also critical to climatological analyses and the development of adaptation
responses. More localized, short duration events present significant challenges for assessing future
climate vulnerability and risk, but less complex climate elements, such as temperature, are far less
difficult to analyze, and confidence in both the consistency of historical data as well as certainty in
projected trends are much greater.

Adaptation responses, particularly those regarding maintenance and operations, must take into account
the nature of the events generating impacts. How much lead time can one expect for storm warnings, if
any? What hazards may be posed to repair crews, or restrict access to damage locations? For example, a
number of recent press releases indicated that full repair efforts have been postponed based on the
timing of high winds, with crews waiting for the “worst to pass” before executing major restoration
efforts (see “Superstorm Sandy” analysis below). More sophisticated operations and management
actions such as these are critical to optimizing response to severe weather events.

C.1.2 Brief Note on Impacts Data

Staff at Toronto Hydro kindly provided outage incident data for this analysis, which proved invaluable
for determining the types and magnitude of events which were responsible for significant power outage
events. However, this type of cross-disciplinary forensic analysis was not the original intent of the failure
database, and as such there were a number of challenges which presented themselves when using the
data.

Most notably, it became clear that data collection was inconsistent throughout the period of record.
While the database contains events from the years 2000 to 2013 inclusive, earlier events have dozens of
reports per date, while more recent major outage events do not. In 2013, the July 8" flood and
December 21%-22" ice storm, which Toronto Hydro staff indicated were among the worst in their
history, have very few listings in the database. This is likely due to changes in reporting practices, which
apparently began in 2007 judging from the frequency of weather events with 20+ reports each, but this
requires confirmation Toronto Hydro staff.



This emphasizes the need for the standard forensic practice of consulting and comparing multiple
sources of data. For example, impacts data can be used to indicate if event intensity, such as high winds,
could have been significantly higher than meteorological measurements may indicate. Conversely,
meteorological data can be used to either guide and/or refine the search for impacts data, or even
correct coding or other errors in impacts data.

C.2 Toronto Hydro Outage Data
As indicated above, outage data from Toronto Hydro were interrogated to identify significant outage
events which could be used for further study. Days with 20 or more reports were identified, and these
were further refined by checking for potentially related reports on days before and after identified event
dates. While it is fairly clear that data from 2007 to 2013 were collected under different reporting
requirements, 2000-2006 appear to be consistent, and so data for this period will be evaluated here.

A total of 46 weather events were identified with this methodology. Just over half (54%) of these events
occurred over fairly extended periods of 12 to 48 hours; this has implications for maintenance and
repair response measures. For fall wind storms and winter precipitation events, this quite literally meant
several consecutive hours of either high winds or precipitation generating impacts, while for summer
events this likely represents two or more episodes of thunderstorm activity within a one to two day
period.

C.2.1 “Worst” Years
In terms of the “worst” years, we have two measures; total number of events, total number of damage
reports for these events, and number of damage reports per event. The years 2000 and 2005 are tied for
the most events in a given year (9). In terms of total reports for all events combined, 2000 has the
highest at 6—followed by 2003. In terms of average event severity, the total number of reports was
divided by the number of events in a given year as a rough measure of “average” severity for a given
year. The year 2003 had the highest average, with an average of just over 84 reports per event. Even
though 2000 and 2005 contain single major events, their averages fall well below those seen in 2003, 69
and 56 reports per event respectively.

The year 2000 followed two main themes. A series of severe winter storms in February were responsible
for multiple reports and were characterized by either freezing rain or heavy wet snow and rainfall
combinations, both characteristic of “warm” winter storms producing heavy precipitation at
temperatures near or at 0°C". This was followed by late spring to summer severe thunderstorm events,
including the May 12-13, 2000 event, as well as a thunderstorm event on July 14, 2000, which generated
over 100 reports through mainly lightning related damage.

The year 2005 was characterized by high heat and humidity during the summer months, which either
directly contributed to infrastructure underperformance as well as severe thunderstorm events, most

' At temperatures at or just below freezing, atmospheric water content is at its highest while still being able to
support ice formation; hence temperatures near zero are associated with either freezing rain or high density, wet
snow capable of physically coating and loading overhead lines and trees.



notably the August 19", 2005 storm. This was followed in the fall by a series of wind storms which
produced scattered outages throughout the GTA, which was among several areas across Ontario which
were impacted by intense fall windstorms (e.g. over 100,000 Hydro One customers lost power during
the November 6, 2005 synoptic storm; Hydro One 2005).

Finally, in 2003, Toronto Hydro was impacted by a similar combination of event types, with two winter
storms in rapid succession in February, followed by severe thunderstorm activity during the late spring
and summer, followed by large scale wind events from late September to mid-November.

All of the so-called “worst” years identified here have the following in common:

e Repeated events, often with only days between similar types of incidents
e Two or three “modes” of high impact weather events in the same year, specifically:
0 “warm” winter storms, meaning they were associated with temperatures at or just
below 0°C with some combination of heavy snow, freezing rain or even rainfall mid-
winter;
0 Severe thunderstorms and high heat and humidity during the summer;
0 Multiple fall season large scale (synoptic) wind storms;
e One major event which produced over 150 damage reports

These findings can help with better planning and anticipation of particularly high impact years. For
example, periods of very high heat and humidity should be watched closely, as they are occasionally
followed by severe thunderstorm events when the heat “breaks” with the passage of a cold front or
other air mass change. Fall and spring large scale wind storms will occasionally occur in series, as
occurred between September 29" and November 13" 20052, repeatedly impacting the same area.
These findings appear to be consistent with recent experiences; in 2013, Toronto Hydro suffered two
major weather related outage events, one in the summer from a severe thunderstorm event producing
extreme rainfall, followed in the winter by a freezing rain event.

It may also be possible to anticipate a particularly severe damage year since the “major” events
producing over 150 reports tend not to occur in isolation but usually occur in years with a number of
less severe but still significant events, although the consistency of this pattern requires further research.

C.2.2 “Worst” Events for 2000 to 2006 Period
The two events with the greatest number of reports, May 12-13, 2000 and August 19, 2005, were both
subject to detailed analyses. Another three events (Jan 31-February 4, 2003; July 14, 2000 and July 21-
22, 2002) produced over 100 reports, with September 19, 2003 coming very close at 99 reports.

What is of particular interest is the number of severe thunderstorm related reports which were
accompanied by mainly lightning related outages. Even for storms which included extreme rainfall and
high winds related impacts, lightning appeared to be the dominant factor in producing outages. The July

% A fourth synoptic storm occurred on November 15 to 16, 2005 but did not cause significant impacts to Toronto
Hydro’s infrastructure, instead tracking to the north east and affecting Georgian Bay and the “Nickel Belt,” causing
over 50,000 Hydro One customers to lose power.



21-22, 2002 event is particularly noteworthy. Although we do not have detailed lightning information,
such information is available from the national lightning detection network, and the frequency and
amperage of lightning experienced during this thunderstorm series could be investigated to determine
what made this particular lightning storm so damaging to the system in comparison to any number of
other events. A summary of all events identified through this method is provided in Table C.2.

C.3 Fall and Winter Storms

C.3.1 December 20-22, 2013 Ice Storm

The December 2013 ice storm in south central Ontario has been deemed the worst ice storm in Toronto
Hydro’s history in terms of impacts to the city’s distribution system. It is estimated that at the peak of
event during the overnight hours between December 21* and 22" ~300,000 customers were without
power. The most recent estimates of total damage incurred by Toronto Hydro’s distribution system has
been placed at nearly $15 million, specifically for restoration and repair (Toronto Star: March 31, 2014).

The storm also impacted several other adjacent LDC’s, including:

e Enersource (Mississauga), 91,000 customers affected (Mississauga.ca 2014);

e Hydro One Brampton, 15,500 customers (Brampton Guardian, Dec 30, 2013);

e PowerStream (York Region®) 92,000 customers (Markham Economist and Sun, December 31,
2013);

e Veridian (Pickering/Ajax/Port Hope) 40,000 (Veridan Connections Press Release, Dec 22, 2013);

e  Whitby 13,000 (Oshawa This Week, Dec 22, 2013)

e  Oshawa Public Utilities Company ~30,000; and,

e Rural areas of Clarington (Hydro One) ~46,000 (Ajax News Adviser, Dec 23, 2013)

Meteorological data from both Environment Canada and Toronto Region Conservation Authority
stations were analyzed to estimated ice accretion totals and rates in and around the GTA, which were
then compared to impacts on electrical distribution infrastructure in the area.

C.3.1.1 Impacts and Meteorological Conditions: City of Toronto
Figure C.1 compares estimated ice accretion values at Pearson and Buttonville Airports with the total
number of customers affected reported by Toronto Hydro. While ice accretion values were not directly
reported by any of the stations evaluated, they can be estimated by combining hourly observations of
precipitation type with daily rainfall totals. Freezing rainfall and drizzle totals were estimated by first
determining the fraction of precipitation falling as freezing rain or drizzle (since liquid rainfall and snow
were also reported on some days). Accretion rates were then weighted by precipitation type (1 for rain,
0.5 for moderate rain, and 0.1 for drizzle, based relative accretion rates from Klaassen et al. 2003),
which were then further developed into estimated hourly average accretion rates. These were then
summed for each day between December 20" and December 23 for both Pearson Airport and

* PowerStream also suffered the complete outage of their website, which had not been designed to receive the
traffic volumes which it encountered during the event (Markham Economist and Sun, December 31, 2013).



Buttonville Airports, the only locations near the City of Toronto for which hourly observations of
precipitation type were available. Given that several locations experienced both above zero
temperatures and liquid precipitation during the multi-day period under analysis, and that ice accretion
on overhead structures, lines and trees is further affected by wire or branch diameter and surface
characteristic, it is likely that estimated multi-day ice accretion estimates are over-estimates of true
accretion values. This will be taken into account during the discussion of impacts.

Ice accretion totals for the 3 day period are over 30 mm for Pearson Airport and nearly 35 mm at
Buttonville. A review of hourly temperatures at both airport for the same time period (not shown) also
indicate that Pearson Airport was above zero for several hours longer than Buttonville, implying that less
freezing precipitation accretions may have been retained there than at Buttonville. A comparison of
photographs taken following the storm, both of ice accretions on different objects, as well as the
apparent severity of tree damage to areas near the two airports provide evidence that ice accretions
immediately north of the City of Toronto incurred ice accretion amounts several millimeters greater
than those experiences in northern portions of the city (Figure C.2).

The relative impacts of temperature regimes become readily apparent, however, when ice accretion
estimates are isolated to include only freezing rain totals beginning late morning on December 21%,
excluding accretion contributions from the December 20" to 21 overnight precipitation episode. Ice
accretion values become only 13 mm for Buttonville and 25 mm for Pearson. This implies to important
elements for understanding how ice accretion values evolved in different portions of the GTA,
particularly:

e Higher than 13mm ice accretion values for municipalities north of Toronto cannot be explained
without including precipitation amounts from the earlier December 20"-21° episode;

e Lower than 25 mm ice accretion values near Pearson Airport likely cannot be explained without
considering periods of >0°C temperatures, combined with the effects of liquid (non-freezing)
rain and drizzle

Estimate ice accretion values on the order of ~20 mm were present when outages began, with amounts
of 18 and 23 mm at Pearson and Buttonville respectively just prior to first report of 8,500 outages. Press
releases indicate that this initial damage was indeed focused in northern and northeastern portions of
the city (Toronto Hydro Press Release; December 21, 11:58 PM); accretion values estimated from these
airports are likely representative of those experienced in the first areas suffering from widespread
power outages. Rounding down to allow for some ice accretion losses due previously discussed factors,
a range of 15-20 mm are likely responsible.

To better understand conditions in and near the downtown core versus surrounding portions of the city,
hourly temperatures at the Downtown meteorological station (located at the University of Toronto
campus on Bloor Street) and Toronto Island’s Billy Bishop airport, were compared to those at Pearson
Airport (Figure C.3). Radar imagery (Figure C.4) indicates that precipitation elements were moving very
rapidly (over 100 km/h) during the freezing rain event, hence hourly precipitation reports at Pearson
Airport are likely representative of the occurrence or non-occurrence of precipitation conditions at



stations located less than 20 km to the ESE, where manned observations of precipitation type are not
available. Precipitation reports from Pearson Airport were therefore superimposed on temperature
plots to indicate when precipitation was occurring, and more importantly to imply whether or not
precipitation was falling as liquid rain or freezing rain for downtown locations for a given hour.

Figure C.4 shows hourly temperatures at the three Toronto locations, implying that the city’s downtown
core likely received much less freezing rain than surrounding areas (the so-called “horseshoe” of former
suburbs), and that accretions from December 20" and most of December 21° would have been unable
to remain on exposed surfaces. However, a period of particularly heavy precipitation overnight between
December 21 and 22™ correspond with temperatures below freezing, with both downtown stations
falling below 0°C between 10 and 11 PM on the night of the 21°".

Toronto Island Airport reported 17.7 mm on December 21* and 13.9 mm on December 22 and the
Downtown station reported 17.0 mm and 14.3 mm, respectively. Assuming the majority of precipitation
on December 22" fell as freezing rain, with some additional contributions from precipitation late in the
evening on December 21, ice accretion values in the downtown core were likely on the order of ~15
mm, compared to estimated values in excess of 25-30 mm or more estimated for northern portions of
the city and adjacent municipalities. The implication, however, is that severely impacted portions of the
city of Toronto near the downtown core may have seen significantly smaller ice accretion values than
other parts of the city but still suffered from multi-day power outages.

Estimates of ice accretion rates at Pearson and Buttonville airports, along with the severity of impacts in
the downtown core, which likely only saw ~15 mm, suggest that the final hours of the freezing rain
event produced much more rapid ice accretion rates than earlier phases. Between 11 PM December 21°*
(when downtown stations were below 0°C) and 9AM the following morning, only 7 hours of freezing rain
was observed at Pearson Airport. Even with significant averaging inherent in ice accretion rate estimates
calculated in Figure C.1 for Pearson and Buttonville airports, freezing rain ice accretion rates peaked
during the early morning hours of December 22"", estimated at 2.13 mm/h at Pearson and 1.25 mm/h at
Buttonville, compared to estimated hourly rates on preceding days (0.79 and 0.95 mm/h for Pearson;
0.92 and 1.19 mm/h for Buttonville). A review of radar imagery for that time period (Figure C.3)
indicates that a particularly heavy area of precipitation, associated with a small scale meteorological
feature, tracked over the GTA and surrounding areas in the early morning hours of December 22" This
corresponded with the rapid increase and peak in reported outages, and was likely responsible for a
large portion, if not the majority, of ice accretions experienced in and around the downtown core.

Immediately following the ice storm, one spokesperson for Toronto Hydro indicated the worst damage
appeared to be following highway 401, but this was prior to knowing full extent of damage in
Scarborough (Toronto Star; December 23, 2013). Outage maps of the city the following day showed a
clear delineation of much less severe impacts south of Bloor Street versus areas north and east of the
downtown core, however a lack of both detailed impacts data and/or meteorological observations,
particularly for Scarborough and East York, complicate better diagnoses of the reasons for these
differences. At these scales, there could be a complex interplay between local topography,
infrastructure characteristics, tree canopy extent and/or health, as well as small scale meteorological



elements (e.g. there may have been marked small scale differences in temperature gradients or locally
enhanced precipitation). Without higher resolution data, all potential causes for these boundaries
remain speculative.

C.3.1.2 Impacts and Atmospheric Conditions: Durham Region LDCs
Analyses of impacts to LDC’s east of the city of Toronto are complicated by a lack of both detailed
impacts information as well as aforementioned meteorological observation data. Only daily
precipitation totals and hourly temperature data are available for Oshawa Airport, and only a small
number of TRCA stations were available to provide temperature data for the Ajax and Pickering areas,
but did feature high sampling rates (5 and 15 minute intervals). However, given the characteristics of
damage reported by the press, it can be easily surmised that a significant amount of ice accretion
occurred in the region.

A review of hourly temperature data for Oshawa Airport indicate that for the 72 hour period beginning
at 4 PM on December 20", there were only ~4 hours in which temperatures were at or just slightly
above 0°C, specifically between 11 PM December 22" and 2 AM December 23" This suggests that the
majority of the precipitation on December 21* and 22™ with daily totals of 17.6 mm and 10.3 mm,
respectively, was likely freezing rain. Accretions could have also included some of the 8.1 mm reported
on December 20", where temperatures remained below 0°C after 4 PM. Similarly, temperature data
from a TRCA weather station at Bayly and Church in Ajax (Figure C.6) indicate ~3.5 hours mid-day on
December 21%, for which temperatures were above 0°C for the same time period, as do temperature
data for the Brock West Landfill site, north of Pickering, for ~3.3 hours (TRCA 2014). The overnight
temperature spike indicated at Oshawa Airport on December 21* and 22" also shows up clearly for
these two stations, but remains below freezing. Temperatures remained below 0.5°C for all three sites,
even with sampling rates of 15 and 5 minutes for the two TRCA sites. Hence, when considering
temperature conditions associated with the event, freezing rainfall totals in the ~25-35 mm range are
likely for portions of southern Durham region.

Restoration times were checked in local newspapers and available press releases from LDCs (mainly

Veridian) to ascertain how quickly Durham region LDCs recovered from the event when compared to
Toronto Hydro. A rough benchmark of 90% restoration was used to compare the LDCs and using the
morning of December 22™ as a start time for full restoration efforts:

e Veridian (Ajax, Bowmanville, Newcastle, Port Hope), restored by 8 PM December 24" 2.5 days;
e Oshawa PUC, restored mid-day December 23”’, ~1 day;
e Whitby Hydro, fully restored by December 24™, 1-2 days;

These are compared to Toronto Hydro, which required more than 5 days to restore power to 90% of
customers affected by the event. The effects of scale on Toronto Hydro’s distribution system, as well as
increased vulnerability from aged infrastructure, aged trees adjacent to overhead lines, and difficulty
servicing and accessing equipment cannot be underestimated. There are also likely differences in the
ratio of response capacity (e.g. number of personnel versus number of customers) as well as shear
geographical area to be covered. Significant differences in recovery time appear to be an excellent



example of how logistical challenges for larger metropolitan LDCs can result in marked difference in
vulnerability when compared to much smaller LDCs servicing small cities and rural areas, in spite of the
fact that Durham Region appears to have, on average, been impacted by similar to possibly higher ice
accretions than large portions of the City of Toronto. Overall, at least in the case of the December 2013
ice storm, larger LDCs appear to be more susceptible to ice storms than smaller ones, likely due to a
combination of factors.

Veridian indicated that by noon on December 26™ only ~1,700 of the original 40,000 customers who
had lost power remained without service (DurhamRegion.com, Dec 27, 2013), and that these mainly
consisted of particularly difficult to repair elements, such as backyard supply lines. Similar comments
were made by Toronto Hydro staff regarding back-lots which needed to be serviced and which were
quite common in some parts of the city, although indications are that these will be eventually phased
out.

Tree impacts were again named explicitly as the cause of much of the damage in Durham Region (Ajax
News Adviser; December 23, 2013). On December 26™ Oshawa PUC continued to report problems with
tree branches falling on lines generating new damage, and on the same day a statement by utilities
officials in Whitby indicated that recent snowfalls had added more weight to ice covered tree limbs, and
warned of an increasing the risk of breakage and the potential for new damage (Durham Region.com,
December 26, 2013). These concerns are again similar to those expressed by Toronto Hydro and indicate
an aspect of ice storm damage which should be considered in response and recovery methods.

C.3.1.3 Case Specific Findings December ’'13 Ice Storm:
While ice accretion values likely approached or even slightly exceeded minimum CSA design
requirements (CSA 2010) for overhead systems for small portions of the city of Toronto, Durham Region,
and other areas, it appears that the vast majority of damage inflicted on overhead distribution lines
during the ice storm was due to the impacts from falling tree limbs. Immediately following the ice storm,
tree damage was indicated as “worse than originally anticipated” (TH Press Release, Dec 23, 2014, 3 PM)
in spite of what has since been termed aggressive tree trimming programs in place prior to this event. At
least two municipalities, Brampton and Whitby, also indicated concerns that emerald ash borer (EAB)
affected trees posed particular risks due to their weakened state. Tree impact damage continued for
several hours to several days after significant ice accretion ceased. One line worker described how
falling tree limbs continued to damage lines even during maintenance, and that repairs had to be
redone at some locations (Toronto Star: December 23, 2013). This is also consistent with continued tree
fall observed by one of the authors (S. Eng) during the mid and late-afternoon of December 22" in
central Etobicoke area, again several hours after significant ice accretions had ceased.

It is hypothesized that continued damage may have been due to both continued light freezing and
frozen precipitation which continued periodically at various locations through December 22" and 23",
and gradual loss of fiber strength from prolonged loading.

During the recovery effort, there were notable. increases in estimated restoration times as efforts
progressed. Estimates in earlier press releases indicated restoration times of 12-16 hours were



expected, while eventual restoration times, particularly for the remaining 10% of customers to be
restored, were in excess of 5 days.

Total ice accretion amounts for areas surrounding the City of Toronto were likely much higher than
those experienced in the downtown core and surrounding areas. In areas within Durham and York
Regions, temperatures generally remained cold enough to maintain freezing rain ice accretions which
began as early as the afternoon of December 20", As one approached the downtown core of the City of
Toronto, the event transitioned to one better characterized as a relatively short duration but fairly
intense period of freezing rain, the majority of ice accretions and impacts occurring during the overnight
and early morning hours between December 21* and 22" rather than multi-day ice accretions apparent
in areas surrounding the city. These characteristics of the freezing rain event need to be understood
when considering differences in both impacts and vulnerability of Toronto Hydro’s distribution network
when compared to LDCs in adjacent municipalities.

Press releases in the days following the event placed a clear emphasis on electrical stand pipe damage
to individual homes in Toronto Hydro press releases. It is hypothesized that, as ice accretion amounts
increase, more and more elements of the electrical system are damaged, hence repairs become
exponentially more difficult to execute, as impacts progress from isolated large branches on lines to
entire trees, and as a higher percentage of individual residences suffer damage, as indicated by the
widespread damage to individual residential standpipes suffered in the Toronto Area. Similar impacts
were noted during the January 1998 ice storm in Quebec, where all not only transmission corridors were
severely damaged, but also individual residential lines, making recovery especially challenging due to
numerous repairs on the individual customer level.

A lack of manned observations of precipitation type south and east of Pearson Airport was found to be
frustrating to the investigation, particularly for Toronto City Center and Island Airport stations as well as
Oshawa Airport. While useful findings were developed based on precipitation estimates and proxy
analyses (e.g. use of temperatures to imply precipitation type), manned observations confirming
precipitation type and accumulation rates would greatly assist with diagnoses of conditions in
downtown Toronto as well as for Durham Region LDCs. Impacts data in the form of outage timelines and
descriptions of damage could then be combined with more representative meteorological data to
compare relative sensitivities of adjacent LDCs to ice storm conditions. A lack of any meteorological
observations for East York and Scarborough were particularly frustrating, given apparent (and as of yet
unexplained) boundaries in impact severity for these portions of the city.

Similar problems were encountered with TRCA data. While some locations provide precipitation data
during the winter, all were well north and west of both Toronto’s downtown core, as well as populations
centers in Durham Region impacted by the storm. This indicates the need for improved monitoring of
winter precipitation in populated areas of the GTA, since differences in impact severity between
different municipalities is difficult without detailed observational data on precipitation characteristics.

A significant meteorological component of the event, especially for areas in and around Toronto’s
downtown core, appears to have been a particularly heavy episode of precipitation during the early



morning hours of December 22" associated with a small scale meteorological feature. This implies that
for high impact winter events, even those associated with large scale processes, difficult to forecast
smaller scale® meteorological phenomenon, perhaps only a few dozen kilometers in physical extent and
affecting a given location for only a few hours, may still play an important role in generating impacts.
This emphasizes the need for continued monitoring of weather forecasts and meteorological remote
sensing data such as radar, since the onset of impacts from these types of phenomenon can be quite
rapid and are akin to severe thunderstorm events during the warm season.

In addition to Toronto Hydro, several other LDCs also indicated marked differences in the severity and
extent of impacts within individual municipalities. Enersource outage maps, for example, showed
particularly severe impacts in the northwestern portion of Mississauga. Veridian indicated that
southeastern portions of Ajax suffered more damage and were more difficult to restore, mainly due to
aged trees characteristic of the area (Ajax News Adviser; Dec 23, 2013), and similar reports of
particularly heavily affected areas were also noted for Pickering (DurhamRegion.com; Dec 24, 2014),
although a specific cause for these difficulties was not given. More detailed studies of these localized
disparities in impacts would be extremely informative. These would likely consist of surveys and could
include a review of individual incident reports and the collection of visual materials, as well as an
assessment of contributing factors such as tree species and canopy cover maps, infrastructure age and
characteristics, and so on.

C.3.2 Other Winter Storms
For comparison to the December 2013 event, other ice storms were reviewed to determine if thresholds
from previous research (Klaassen et al. 2003) were directly applicable to the City of Toronto and to also
determine the severity of impacts from less severe and widespread storms. Klaassen et al. (2003)
indicated that ice storms with as little as 15 mm of total ice accumulation have resulted in widespread
power outages, mainly due to tree limb impacts, and while this agrees well with analyses from the
December 2013 storm, other events should also be interrogated.

C.3.2.1 January 31st to February 4t, 2003: Complex Winter Event

The period between January 31% and February 4™, 2003 saw multiple types of precipitation and a variety
of conditions impacting the Toronto Hydro distribution system, and resulted in over 50,000 customers
being affected at various time by power outages (ITIS data). Some 160 incidents were reported in the
ITIS database beginning on the evening of January 31 through to February 4™, including blown
transformers and current limiting fuses, tracking problems, and some instances of galloping and tree
contacts. On the night of February 3, 2003, “hundreds” of car accidents and numerous power outages
were blamed on a combination of freezing rain and high winds, mainly across Scarborough and North
York (Toronto Star, February 4, 2003). These impacts were the result of a complex weather event which
involved two large scale low-pressure systems, several different types of precipitation, and significant
associated temperature variations over the course of 5 days.

*In meteorology, these are termed “meso-scale” weather phenomenon, which tend to occur on spatial scales
smaller than distances between important surface observation stations, and on sub-daily (less than 24 hour)
temporal scales.



A low pressure system which had originated in Alberta impacted southern Ontario on January 31* and
February 1%, followed by a second low pressure system which had originally formed over Texas and
Oklahoma, impacting Toronto on February 3™ and 4™. In addition to impacts to Toronto Hydro’s system,
power outages were also reported in Richmond Hill and Markham (Toronto Star Feb 4, 2003).

Impacts on February 1° were almost exclusively restricted to 27.6 kV equipment (except for one report),
and, save for a few downed wired and tree contacts, were generally characterized generally consisted of
tracking, electrical shorts and blown fuses associated with ice accretions. Beginning at around 10:30 am
on February 1% through to the morning of February 3™, several reports of electrical shorts and salt
covering equipment were received, likely associated with attempts at deicing following the January 31°%-
February 1% storm. On February 3" freezing rain related reports began anew at ~5 PM and continued
until 6 AM one February 4™. For this episode of severe weather, winds had been forecast to reach 70
km/h on February 3" maximum gusts would eventually be measured at 78 km/h (Pearson Airport) and
85 km/h at (Toronto Island Airport) the following day.

Conditions at Pearson Airport indicate that for the entire period between January 31% and February 4™
the atmosphere was near or at saturation, with fog and haze being reported in conjunction with and
between bouts of freezing rain, drizzle or light snow, however a total of only four hours of freezing rain
were reported at Pearson Airport during that period. Temperatures crossed the 0°C boundary no less
than eight times during this time period (Figure C.7).

The types of impacts, where descriptions were available, were quite different than those indicated for
the December 2013 ice storm. Reports during the first portion of the event, mainly on February 1%,
involved blown current limiting fuses and tracking problems. During the “break” in precipitation
between February 1% and 3" 14 instances of salt related problems were addressed. Following this, a
second round of precipitation, including the only reported freezing rain at Pearson Airport, combined
with increasingly strong winds into February 4", brought the first reports of galloping (mainly in
Etobicoke) and only 4 reported instances of tree contacts, in addition to more blown fuses and pole top
fires from icing related electrical shorts.

A separate storm over the Atlantic coast during the same time period, impacting the Maritimes on
February 2™ and 3™ and producing 40-60 mm of ice accretion knocking out power to over 63,000
customers and causing other very significant damage, including roof collapses of barns and other
storage buildings (EC 2003). By February 5™ 27,000 customers remained without power in New
Brunswick (Toronto Star, Feb 5, 2003). The majority of repairs to the electrical system lasted for 5 days,
and several locations had to be repaired twice or three times due to continued falling of ice laden trees,
which was further exasperated by winds of ~75 km/h following the freezing rain (EC 2003). Massive ice
accretions associated with this storm were at least partially due to the proximity of the storm to its
source of moisture. Hence, while it produced similar wind speeds to the February 3" and 4" low
pressure system that affected southern Ontario, ice accretion amounts were far greater.



C.3.2.2 Case Study Specific Findings for January 31st-Febraury 4t

Galloping was indicated during the second storm, mainly in Toronto’s west end, from what were likely a
combination of ice accretions of on the order of 10 mm or less, but with winds gusting to the 70 to 80
km/h range. This is fairly close to the “15mm + 70 km/h” wind threshold indicated in previous work (CSA
2010), but may have been associated with lower ice accretion values but higher wind speeds. Additional
cases would be needed to understand if galloping due to combined ice-wind loads occur in a range of
wind speed and ice accretion combinations, but this case does indicate the potential for forecasting such
problems when combined with monitoring of ice accretion.

Additional ice accretion, from either drizzle or light snow, coupled with several hours of reported fog or
haze, is also highly likely for this event, but additional date related to this event is needed to diagnose
actual accretion amounts and their causes. One should also consider that heavier precipitation may
have occurred further east in North York and Scarborough, where the majority of ice accretion related
impacts were reported. Indeed, several ITIS damage reports from those locations indicated ongoing
snow and/or freezing rain for times when conditions at Pearson did not indicate any ongoing
precipitation (e.g. two reports of snow in North York on the night of January 31* correspond with
reports of “haze” at Toronto Pearson for the same time period). High wind and galloping conditions are
likely better captured by records at Pearson Airport, since many of those incidents were reported much
closer in Etobicoke.

When considering the types of impacts reported for this even, it is suggested that fog ice accretion may
have slightly different characteristics than freezing rain ice accretion, which may result in slightly
different impacts; i.e. when ice accretes due to fog and light drizzle in a humid environment, does it coat
equipment differently than more rapidly accreting freezing rain? Did this lead to more localized
problems associated with shorts and arching, in contrast to failures associated with direct physical
impacts from ice loading and tree contacts? The role temperature fluctuations during and following
periods of precipitation should also be investigated further. The degree of temperature variability for
this event was much greater for this even when compared to the December 2013 ice storm, which again
may have affected the type and degree of impacts (see Table C.3).

C.3.3 Large Scale Wind Storms

Large scale wind storms were identified through the Toronto Hydro Outage data for the 2000-2006
period. The maximum wind gusts reported during these storms were then compared to the number of
outage events reported in the ITIS database and were also compared to the cause description, mainly
identifying whether or not tree contacts were mentioned. The results of this comparison are described
in Table C.4 and illustrated in Figure C.8. Large scale, long duration wind events associated with low
pressure systems were chosen instead of summer severe wind events associated with severe
thunderstorms, since wind measurements at Pearson and Island airports were more likely to be
representative of wind conditions at the damage sites for the large scale storms.

For the majority of events, a threshold wind speed of around 90 km/h emerges. A recent event on
November 1, 2013, described in Toronto Hydro press releases but not well captured in ITIS, bears this



out, in which 3,500 customers lost power during a wind storm which produce gusts up to 91 km/h at
Pearson Airport.

It is notable that one of the most significant events, September 19, 2003 with 99 damage reports, also
had the lowest reported gust at 72 km/h and is a pronounced outlier on the graph (bottom bar in Figure
C.8), and the only other event which occurred in September shows the 2™ lowest wind speed value at
78 km/h.

To further investigate this wind speed relationship, the month of November 2005 was “back checked” to
see how well a threshold of ~90 km/h was able to predict impacts to the Toronto Hydro system (Table
C.5 and Figure C.9). A total of 53 outage incidents were reported in ITIS for this month, with the largest
number reported on November 6™ and into the early morning hours of November 7" (35 reports). As
indicated in Table C.4, these correspond with gusts of up to 89 km/h. Incidents were reported on 6
other days, with the second greatest number occurring on November 9" (9 reports). That day saw snow
during the morning hours, followed by severe thunderstorm activity which resulted in one tornado in
the City of Hamilton. Damage from thunderstorms is expected to be localized and therefore low wind
speeds measured at Pearson airport are not surprising. The day with the third greatest number of
reports also shows the second highest gust reported that month.

There are a number of potential reasons for this apparent seasonal difference between wind speed
thresholds, most likely the effects of deciduous trees being still in full leaf, but, other considerations,
such ground softness due temperatures remaining above freezing, must be considered given the very
small sample size present here. However, data do appear indicate that threshold winds for damage
increased from ~70 km/h during early fall up to ~90 km/h for late fall and winter windstorm events, and
the causes listed for these impacts hint at a relationship to tree contacts.

We should mention that spring low pressure systems are also capable of producing high winds, but
these do not seem to be as significant as fall season large scale wind storms. Spring severe wind storms
also tend to have embedded thunderstorms, which act to further localize winds and complicate efforts
to determine the representativeness of measurements. Examples of this event type include the April 20
to 21, 2000 and April 12, 2001 storms. March 9-10, 2002 is the only significant spring wind storm in the
2000-2006 period, but this event was also accompanied by severe thunderstorm activity which
produced much more significant impacts in other parts of Ontario, including the loss of multiple Hydro
One electrical transmission towers.

C.3.3.1 Superstorm Sandy: October 29-30, 2012

So-called “Superstorm” Sandy, responsible for major devastation in several major east coast cities in the
United States, also produced impacts in Canada, including one fatality from windblown debris. Toronto
Hydro estimated about 60,000 customers had lost power during the storm (T.H. Press Releases, Toronto
Star 2012). Adjacent LDE Enersource reported approximately 6,000 customers lost power during the
event, with 6 crews beginning restoration efforts at around 6PM on October 29" (Mississauga News
2012). Causes for these outages included the loss of three hydro poles. ORNGE air crews had also been
grounded at 2 pm October 29" due to high winds (Toronto Star 2012).



Toronto Hydro had been initially criticized for not immediately declaring Level 3 status for this event and
beginning repairs; however, the vice president of grid management indicated attempting repairs during
the storm would have been futile and dangerous for repair crews (Toronto Star 2012). “There’s nothing
we could have done between 2 am and 6 am.” Press releases issued as early as 6 PM on October 29"
warned customers that repairs may be impossible during high winds.

A map depicting impacts and rainfall measurements for the event is provided in Figure C.10.
Unfortunately, outage incident data appears to be incomplete for this time period (the event having
occurred after 2006), and media reports for the city of Toronto lack specific damage and failure location
descriptions. This is in sharp contrast to media reports from the City of Mississauga (Mississauga News
2012), the source of all media damage reports indicated in Figure C.10.

With the exception of one incident, wind damage reports from ITIS all appear in the southern half of the
City of Toronto, and these also correspond very well with media reports of wind damage in Mississauga,
as well as the difference in measured severity between Pearson (80 km/h max gust) and Toronto Island
(91 km/h). There are simply too few available rain related damage reports to determine if important
thresholds were reached for direct overland flooding related damage, and a comparison between
Buttonville and Pearson to determine if antecedent rainfall played an important role appears to be
negative. Both areas experienced similar amounts of antecedent rainfall on October 28", followed by
wind gusts of similar magnitudes on October 29" however, only areas located southwest and southeast
of Pearson reported any notable wind damage.

Toronto Hydro press releases, including those issued as early as 9:30 PM on October 29" before the
peak of the storm, in indicated trees and tree limb contact with overhead wires as the main cause of the
outages (T.H. 2012). The October 30" 10:39 PM press release specifically indicated, “Toronto Hydro
estimates that more than 85 per cent of outages were caused by tree contacts with power line[s]”
Further indicating that repairs are expected to exceed $1 million and that other jurisdictions, which have
far less tree cover, were not expected to be as heavily impacted. On the evening of October 30" the
worst affected area was roughly bounded by “Talwood Drive (north), Eglinton Ave E (south), Bayview
Ave (west) and Don Mills Rd (east)”

The preponderance of tree and tree related damage in the southern portions of Toronto and Peel,
coupled with the transition from wind gust regimes from 80 km/h to 90 km/h, further supports the
findings from the analysis of large scale wind storms indicating wind speed thresholds of 90 km/h, again
likely related to tree contacts. Budget and time limitations prevent further analysis of this event (e.g.
search for impacts in Durham region) for the time being, but further research is strongly indicated.

C.4 Severe Summer Thunderstorm Events

C.4.1 July 8, 2013 Extreme Rainfall Event

“Little India resident Kurt Krausewipz, said the ‘thick heavy sheets of rain,” reminded him of monsoon
season in Southeast Asia.” (Toronto Star, July 9, 2013)

The flash flood event on July 8", 2013 was responsible for the largest 24 hour rainfall amount ever
reported at Pearson Airport. The event was notable for a number of important impacts, including the
stranding hundreds of GO transit commuters for 5 hours on a flooded train in the Don Valley (Toronto



Star, July 9, 2013), as well as an eventual tally of nearly $1 billion in insured damages (CBC.ca 2014),
mainly resulting from basement flooding. It also resulted in a significant power outage event for Toronto
Hydro, with approximately 300,000 customers losing power for several hours® (Toronto Hydro Press
Release, July 9, 2013). The outage event was mainly triggered by the failure of critical infrastructure
located below grade® at two transformer stations linking Toronto’s distribution system with Ontario’s
electrical transmission system.

To understand the magnitude of the event, and to assist with developing a threshold for this type of
failure, maps depicting rainfall amounts across the city (Cole Engineering Group, 2013) were compared
with media reports of damage, as well as the locations of the two transmission stations which suffered
failures during the event (Hydro One, 2014). See Figure C.11 for station locations relative to rainfall
accumulation amounts.

The extreme rainfall event began around 4 PM and produced eventual failures at Manby and Richview
transformer stations, with Hydro One declaring a “Level 2 Transmission Emergency” (Hydro One 2014).
Both are located within and near the area of greatest rainfall accumulations recorded for the event,
located roughly along and on either side of the Etobicoke-Mississauga border (Cole Engineering Group,
2013). A rainfall total of 126 mm was reported at Pearson International Airport, with a maximum 1 hour
total of 74 mm (EC 2014); however, this was roughly within the western edge of what municipal rain
gauge networks indicate as a “bull’s-eye” centered slightly E of Pearson International, which contained
accumulations of over 130 mm of rain (Cole Engineering Group, 2013). Richview TS is located in the
immediate center of this area of extreme precipitation. Manby TS is located several kilometers to the
south and was subject to far less rainfall in its immediate vicinity, located nearly on and just north of the
80 mm rainfall contour. It is not clear how much additional flooding at Manby TS was the result of runoff
from areas further north, or if the design and characteristics of Manby TS may have made it more
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vulnerable to flooding than other stations. Hydro One’s system officially returned to “normal” status at

2:44 PM July 15" (Hydro One 2014).

“Level 2 remained in effect until 5:34 p.m. on July 12" as Hydro One worked to reinforce the system
with restored transmission connections between Richview TS and its remote terminal stations: Trafalgar
TS, Cherrywood TS, Parkway TS and Claireville TS. This provided redundant supplies and vastly improved
network security.” (Hydro One, 2014)

It is notable that stations located near a secondary maximum over downtown Toronto (particularly
Leaside TS), did not suffer the same impacts as Richview and Manby. Rainfall in the core of the
downtown maximum approaching 100 mm. Toronto’s climate station at the U of T campus reported
96.8 mm of rain (EC 2014), but Leaside TS is located approximately 3-4 km to the NW of the core of this

> In contrast to the Dec 2013 ice storm, however, the nature of the failures allowed for ~90% restoration for
distribution customers by the early hours of the following morning (TH Press Release, July 9, 2013).

® Interviews by RSI with practitioners at the OPA for the “sister” transmission case study indicated that placement
of critical infrastructure in below grade locations may have also played a critical role in the failures experienced in
this case.



much smaller maximum subject to an estimated 65-70 mm rainfall, and was also not “down-stream”
from another maximum as was the case for Manby TS.

Rainfall data from Pearson International also indicate possible antecedent rainfall conditions, since 26.6
mm of rain were recorded on July 7, the day prior to the event, and a total of 31.4 mm of rain was
recorded in the full week prior to the rainfall event (EC 2014). Similarly, Toronto’s downtown climate
station reported 38.1 mm of rainfall on July 7" and a total of 48 mm during the week preceding the July
8" flood.

“Since June 1, downtown has seen 165 mm of rain, about double the average of 87 mm.” (Toronto Star
July 9, 2013)

As with the Superstorm Sandy case, outage data appeared to also be lacking in the ITIS data, with only
one listing indicated for this event. However, the clear cause in this case was the direct impact to
transmission infrastructure, reducing the need for similar analyses conducted for other cases in which
outage causes were more local and directly related to physical impacts to the distribution system.

C.4.1.1 Case Specific Findings July 8t Flood
Rainfall in excess of 100 mm in less than 24 hours, and indeed within the span of only a few hours,
appears to have been required to cause the types of failures experienced at the two western Toronto
stations. Antecedent rainfall may have also played a role in the flooding, generating more runoff than
would have otherwise occurred. Topography and associated runoff patterns may have also played a
role, particularly for Manby TS, but conclusive evidence of this would require further investigation.

This may also be a case of extreme rainfall rates under the “sub-daily” category, given that both this
case and August 19, 2005 saw the majority of rainfall occur within a few hours, with a majority of the
total 24 hour rainfall occurring within approximately one (1) hour. Extreme rainfall rates should be
directly correlated with runoff efficiency and design requirements (e.g. pumping rates for mitigation,
flash flood peaks, etc.) and may be important in determining how such events generate severe impacts
to these systems.

While the main infrastructure that failed was indeed owned by Hydro One, these findings have direct
implications of great importance to Toronto Hydro Infrastructure. Toronto Hydro was still directly and
severely impacted by the failure of 3" party infrastructure. The PIEVC process includes 3" party
infrastructure among the needed elements for review and consideration, and this is particularly relevant
for the highly interconnected electrical grid as a whole. While this was not the case in this particular
event, similar infrastructure owned by Toronto Hydro may be susceptible to extreme rainfall conditions.
These locations and infrastructure elements should be explicitly identified and evaluated for their
vulnerability.

C.4.2 August 19, 2005 Finch Washout Event

A large “supercell” thunderstorm produced significant impacts across a swath of south-central Ontario
on August 19, 2005. Perhaps the most well-known and publicized impacts from the event consisted of

the complete washout of a section of Finch Avenue at Black Creek in North York. In addition to this,



however, there were numerous reports of basement flooding in Toronto and York region, several
vehicles being swept off of roads or submerged, in addition to several thousand homes in Toronto
suffering power outages, mainly in Etobicoke and Scarborough areas (Toronto Star, August 20", 2005).
The specific causes for these outages were not provided by media reports, however ITIS incident
reports, coupled with the location of reported damage, indicate that outages were mainly related to
flooding. Preceding the impacts in the GTA, the supercell storm produced two large, F2 tornadoes west
of the city in the Listowel and Fergus areas, severely impacting farming and cottage communities.

A map of reported impacts is provided in Figure C.12, combining ITIS and media damage reports with
meteorological measurements for comparison. A fairly clear pattern emerges in which a corridor of
extreme rainfall with embedded amounts in excess of 100 mm corresponds quite well with the majority
of extreme rainfall related outage incidents, indicated by red and orange circles superimposed with an
“X” in a band extending from central North York ESE to Scarborough. Extreme rainfall amounts to the
immediate north of Toronto were also associated with significant basement flooding in York region. A
second more isolated patch of extreme rainfall may be indicated in north Etobicoke, but could also be
illusory due to the suspect reading (only 24.7 mm) located north of the Finch Washout.

Interestingly enough, tree contact and wind related damage reports are generally located south of the
corridor of extreme precipitation; this is consistent with the storm type. While impacting Toronto and
the GTA, the storm produced a swath flooding rainfall and large hail under as a core of heavy
precipitation tracked across the city, while winds gusting to ~70 km/h or more were present south of
this core and were responsible for several minor tree contact related damage reports’. A comparison
between wind measurements at different locations, however, could not be conducted, as wind gust
data are not available for this date for Toronto’s Island airport.

C.5 Extreme Heat Days
While it is generally common knowledge that during hot and humid days during the summer, air
temperatures are much cooler along the shores of Lake Ontario than they are in other parts of the city,
the potential impact this temperature difference may have on electrical system response is not often
considered.

Table C.6 provides a comparison between three stations to determine temperature differences across
the City of Toronto on days in which high heat impacts on the distribution system were indicated (see
Table C.2 for greater details). These stations are located on or very near the western, southern and
northern boundaries of the City of Toronto and provide an excellent measure of the temperature
differences experienced across the city. Temperature differences of between 2.6 and 5.7 degrees are
evident, while the locations of impacts strongly indicate a preference for impacts to infrastructure in
Etobicoke. The number of incident reports appear to be correlated to the maximum temperature,
although sample size is extremely small. The average temperature difference between Pearson Airport

’ Had the storm produced a tornado while over the city, it would have been located at the southern edge of the
heavy precipitation core. Luckily, the storm changed characteristics when approaching the GTA and appears to
have been no longer tornadic when impacting the area.



and Toronto Island Airport is 4.1 degrees for the four high heat days, and the difference between North
York Climate Station and Toronto Island is slightly less at 3.1 degrees.

Figure C. 13 shows an example of a high heat day (July 16, 2006) in which impacts began to be reported
in North York at two different transformer stations. Interestingly enough, two of the four reports are
listed as “Adverse Weather/Tree Contacts”, and we are unsure of the nature of these reported causes.
Either they have been mistakenly coded, or tree contacts may have occurred due to line sag, but details
on the specific impact characteristics are lacking. The small number of reports indicated in North York
for this date and the inter-comparison in Table C.6, coupled with results from the literature review and
discussions with practitioners, provide additional evidence that negative impacts to the distribution
system begin to appear as temperatures approach ~35°C.

This case, however, provides an excellent example of the temperature gradient often present across the
City of Toronto during extreme heat days, with slightly higher temperatures occurring further from the
lake. During the summer, the temperature difference between land and lake often result in the
production of a lake breeze, in which cooler, heavier air over the lake flows inland, the leading edge of
that air often acting as a miniature cold front. This can result in notable temperature gradients across
the city, and can also trigger and/or enhance thunderstorm activity at the boundary between lake air
and air further inland.

Although time and resources did not allow for more detailed assessment, a greater number of days in
which extreme heat impacted the Toronto Hydro distribution system should be further investigated to
help refine this threshold further. Further analysis is also needed to ensure that the impacts of other air
mass boundaries (i.e. large scale fronts) are not skewing the results presented here, as similar
temperature gradients can be produced through other mechanisms unrelated to the effects of the lake.

C.6 Final Conclusions
In summary, the forensic analyses resulted in the following conclusions:

e Although data sufficiency and time allotted to the project prevented the thorough investigation
of many of the events identified through this forensic analysis, several avenues of future
research were identified which could lead directly to improved operational maintenance and
management measures, including improved forecasting of climatic impacts to assist in
anticipation and preparation for significant events.

e |n some cases, it was clear that Toronto Hydro operations and maintenance crews were making
effective use of forecasts to help plan and optimize repair and response, such as allowing severe
weather conditions to pass before full repair operations were initiated.

e In most cases, and particularly for those in which localized differences in impact severity were
evident, further analysis was stymied by a lack of observational data. Even with the inclusion of
additional observational data provided by TRCA (2014), spatial gaps in observations prevented
the assessment and diagnosis of conditions in certain locations (e.g. December, 2013 ice storm



damage in Scarborough lacking ice accretion or temperature measures; August 19, 2005 severe
thunderstorm wind speed measurements in southern portions of the city).

e The majority of power outage events identified in the 2000-2006 period were extended events
lasting up to 48 hours, representing the need for sustained operational response, but the
characteristics of these events differed depending on season:

0 Extended warm season events consisted of 2 or more acute weather events in quick
succession, and were a combination of related hazards producing impacts (e.g. extreme
heat followed by thunderstorm activity)

0 Cool season and shoulder season events tended to last several hours; when storms
occurred in succession, they tended to be separated by periods of one or more days

O The years with the greatest reported impacts to the distribution system were
characterized by multiple moderate to major outage events occurring in different
seasons (e.g. significant severe thunderstorm event during the summer followed by one
or more wind storms during the fall season)

e Thresholds determined for wind speed and ice storm damage agree well with previous work and
research, and these also appear to be directly related to tree contact related impacts rather
than direct climatic loading of infrastructure through wind or ice accretion.

0 The 70 km/h threshold for wind gusts, originally provided by Toronto Hydro staff during
Phase |, appears to be correlated with tree damage, particularly during the warm
portions of the year when deciduous trees are in full leaf, resulting in secondary impacts
to the distribution system; further research is needed to confirm this relationship

0 The 90 km/h threshold appears to be both related to the baseline climatic loading used
in design of civil infrastructure components (see CSA 2010) as well as tree damage after
deciduous trees have shed their leaves

0 The lower bound of 15 mm for freezing rain totals resulting in tree contacts with
overhead systems agree well with the findings from Klaassen et al. (2003)

0 Freezing rain totals of less than 15 mm, however, may cause impacts when combined
with high humidity environments near the 0°C boundary. This can specifically result in
flashovers and other related impacts. While not as severe as direct damage to overhead
lines and other equipment, these types of impacts can be numerous, widespread, and
localized, presenting particular challenges for restoration efforts

e Overall, larger metropolitan LDCs appear to be more vulnerable to climatic events than smaller
LDCs, particularly when considering overall restoration times; this is likely due a culmination of
factors, not the least of which include the state and age of equipment, difficulty of access for
system repair in an urban environment, and the relative proportion of staff available with
respect to total number of customers and the size of a geographical area of responsibility.

e Certain regions within the city appear to be more susceptible to weather related power outages;
potential regional differences in vulnerability should be investigated further. It is not clear at this
time if these vulnerabilities are due to aging infrastructure, proximity to aged canopies, difficult
to access infrastructure (e.g. back-lots) or some other combination of factors.



There were several cases in which events tended to follow one-another in series, with either the
restoration following a major event being hampered by subsequent smaller events, or several
moderate events resulting in prolonged, multi-day outage cases where new damage occurred
immediately following recovery from previous events

Extreme rainfall impacts are worst with warm season severe thunderstorms. These were
characterized by highly localized events impacting only a portion of the City, generating rainfall
accumulations of over 100 mm, the majority of which (>50%) falling on during a period of one
hour. Rainfall impacts with longer the longer duration, larger scale events investigated here (e.g.
“Superstorm Sandy”) appeared to be minor.

Changes in tree health conditions such as disease and pests may also be playing a role in
increasing sensitivity to damage, as suggested by analyses of the December 2013 ice storm.
These represent very complex interactions, since the extent of certain disease and pests will also
be affected by changing climate regimes, and their interaction with the structural integrity of
trees and limbs is still unknown.

Even for winter events, which are ostensibly much less localized in nature than warm season
storms, localized differences in infrastructure impacts were evident, and without additional
data, the causes for these disparities were not entirely clear. In one case (December 21-22,
2013) a small scale weather feature was explicitly identified as having very likely been a major
contributor to the case overall, and similar findings are expected if similarly in-depth analyses
are conducted of other high impact winter storms.

Differences in impacts due to storm structure and other localized meteorological factors were
evident in some cases (e.g. separation of precipitation and wind related impacts Aug 19, 2005).
While these are to be expected, they may also assist in response to events when combined with
remote sensing data, such that response crews may be better informed as to the type of
impacts they may encounter following a severe storm.

Events were not only characterized by impacts to the distribution system, but tended to consist
of multiple, often severe impacts to other buildings and infrastructure, including transportation,
and communication infrastructure. These impacts compounded effects on the distribution
system by further complicating operational response.

Smaller events which barely generated more than 20 damage reports, such as July 1, 2001
(lightning and rainfall) or April 28, 2002 (high winds), should be studied to understand where the
lower damage thresholds may lie and/or which areas within the city or infrastructure
types/categories are the most vulnerable

The presence of Lake Ontario directly impacts the behaviour of certain weather hazards,
generating differences in risk across the city; it generally moderates temperatures, warming
areas adjacent to the lake during the cool season and cooling areas near the lake during the
summer. This effect either mitigates or exacerbates the severity of hazards depending on the
type of hazard (e.g. areas downtown are kept cooler during extreme heat days, but the leading
edge of the lake breeze also plays a role in enhancing severe thunderstorm hazards for other
portions of the city).



e The interconnectivity of Ontario’s electrical grid is vital to understanding the potential impacts
from atmospheric hazards; coordination between transmission providers and LDCs in risk
assessment analyses may be pivotal in understanding and addressing these risks.
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Table C.1: Events subject to detailed investigation.

Date(s) Event Hazard Type(s)

January 31* to Multi-day ice accretion event; complex interactions

February 4™, 2003

August 19, 2005 Flash flooding; lightning, some winds (tree contacts)

July 16, 2006 Extreme Heat; threshold/borderline event

October 29-30, 2012 | Superstorm Sandy; winds, possible rainfall impacts

July 8, 2013 Flash Flooding; failure of 3" party underground infrastructure
December 21-22, Ice Storm; mainly tree contacts

2013

Table C.2: Toronto Hydro Events Outage Events 2000-2006 with 20 or more incident reports.




Medium to High Impact Events T.H.

Failure Database Event Type Number of Reports
February 23 to 25, 2000 | rain and snow 49
February 3 to 4, 2000 | freezing rain 37
February 16, 2000 | snow and
freezing rain 72
high winds and
4/20/2000 and 4/21/2000 | rainfall 42
May 12 to 13, 2000 | wind, rain and
lightning 157
lightning and
"adverse
6/14/2000 and 6/15/2000 | weather" 58
14-Jul-00 | lightning 121
lightning, some
high winds,
7/17/2000 and 7/18/2000 | extreme heat 88
5-Jan-01 | snow 28
12-Apr-01 | high winds 33
1-Jul-01 | rain and high
wind 21
4-Jul-01 | rain, lightning,
and wind
21
7/22/2001 and 7/23/2001 and | lightning
7/24/2001 53
8/7/2001 to 8/9/2001 | heat and
humidity 72
25-0ct-01 | high winds 20
1-Feb-02 | high winds 29
March 9 to 10, 2002 | "adverse
weather" 78
28-Apr-02 | high winds, rain 21
7/21/2002 to 7/22/2002 | lightning, some
heat and
humidity 107
9/20/2002 to 9/21/2002 | rain and
lightning 23
1/31/2003 to 2/1/2003 | snow and
freezing rain 155
2/3/2003 to 2/4/2003 | freezing rain 71
5/5/2003 and May 6, 2003 | lightning 45
8/21/2003 and 8/22/2003 | lightning, high
winds and rain 58




19-Sep-03 | high winds 99
10/15/2003 and 10/16/2003 | high winds 81
11/12/2003 and 11/13/2003 high Winds 80
4-Jul-04 | lightning, rain 43
23-Dec-04 | Freezing rain 27
2/6/2005 and 02/07/2005 fog 25
lightning, some
6/13/2005 and 6/14/2005 "tree contacts” 42
28-Jun-05 | lightning 30
lightning, some
4-Jul-05 | wind and rain 68
heat and
July 11 to 12, 2005 | humidity 39
extreme rainfall,
high winds and
lightning;
DETAILED
8/19/2005 and 8/20/2005 | ANALYSIS 162
29-Sep-05 | high winds 42
6 to 7-Nov-05 | high winds 35
2/17/2006 and 2/16/2006 high winds 49
31-May-06 | lightning 24
lightning, rain
6/28/2006 and 6/29/2006 | extremes 88
10-Jul-06 | rain, lightning 24
lightning, heat
and humidity,
7/17/2006 & 7/18/2006 | some wind 66
8-Sep-06 | rain, lightning 24
lightning and
10/4/2006 and 10/3/2006 high winds 30
29-Oct-06 | high winds 28

Table C.3: Comparison of ice accretion events with reported impacts.

Dates
Accretion

Estimated Total Ice

Total # Hours Freezing
Rain and Drizzle

Impacts

January 31-February 4,
2003

complex
temperature
regime and
multiple

Est. ¥10-12 mm
(difficult given

Pearson: 4 hours (Feb
3"); no freezing
drizzle reported, but
snow, drizzle, fog and
haze reported at
various times

Most damage from shorted
and blown fuses, tracking, few
downed lines, galloping during
high winds following 2™
period of precipitation; high
humidity and multiple




precipitation

temperature changes about

types) 0°C
December 20-22, 2013 Est. <15 mm Pearson: 4, 16 and 6, Mainly due to tree impacts,
Downtown and 2, 5 and 10; greater periods of

mm York and

Toronto to 25-35

Durham Regions

Buttonville: 8, 13 and
8,and 1, 5 and 10;
Total hours for
December 20™, 21,
and 22", respectively

temperatures above 0C and
liquid precipitation for
locations closer to downtown
Toronto, significantly reducing
ice accretion totals for full 3
day period

Table C.4: Comparison of highest wind gusts with large scale outage events.

Date

Peak Measured Gusts
(km/h)

Cause Description®

25-Oct-01

Pearson: 91; Toronto
Island: 82

Tree contacts 8/20

19-Sep-03

Pearson: 72; Toronto
Island: 80

Tree contacts 32/99; other causes included “driving

rain”, “auto reclose” of breaker due to high winds

15 to 16-Oct-03

Pearson: 91; Toronto
Island: 89

Tree contacts 30/81; remainder mainly “high
wind/adverse weather”, one report of “fuse fell open in
high wind”

12 to 13-Nov-03

Pearson: 93; Toronto
Island: 96

Tree contacts 16/64; remainder simply indicated as
“high wind/adverse weather”, some lightning

29-Sep-05

Pearson: 78

Tree contacts 28/42, rest related to high winds,
including broken insulator

6 to 7-Nov-05

Pearson: 89

Tree contacts 13/35

Tree contact: 8/13 (16™) & 12/34 (17"); also some
freezing rain reported on both dates, remaining® were

16 to 17-Feb-06 | Pearson: 91 generally listed as high winds, incl. one broken insulator
29-0Oct-06 | Pearson: 96 Tree contact: 12/28 reports
1-Nov-13 | Pearson: 91 Tree contacts: 3/7 reports

Table C.5: Comparison of all impact reports for November 2005 to maximum gust speed.

Date Gust Speed Number of Reports; Notes
(Pearson Airport)
Nov 6™ 89 35; 2 early morning Nov 7" considered same event
Nov 9™ 59 9; same day F1 Tornado, Hamilton, ON; morn report include

8

Tree contacts were counted both when coded as cause, as well as cases where cause was coded as “adverse
weather” but description of impacts indicated tree contacts were responsible.
° One report of a “temperature extreme” causing a failure at -3°C ambient temperatures appears to be a coding

error.




snow, thunderstorms mid-day and evening, wind caused
limbs on wires 3 reports, lightning related outages 3 others

Nov 11% 35 1; rain indicated as cause

Nov 16™ 83 4; three high wind reports, one “no cause”, “switch fell
open”

Nov 17% 59 1; large tree on line, rain indicated

Nov 24" 78 2; winds indicated as cause, possible duplicate report of one
incident

Nov 25™ 48 1; conditions indicated as “clear” no specific cause given

Table C.6: Comparison of maximum temperatures (°C) for high and extreme heat days.

Date Impacts (# heat related Pearson Airport | Toronto Island North York
reports) Airport Climate Station

July 17,2000 | Minor; only 2 in Etobicoke 28.6 24.4 27.0

Aug 8, 2001 33 total; 18 in Scarborough, 37.9 34.7 37.5
10 Etobicoke

July 11, 2005 | 19 total; 10 Etobicoke, 7 35.5 29.8 34.0
North York

July 12,2005 | 18 total; 7 Etobicoke, 7 34.7 31.4 34.5
North York
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Figure C.1: Estimated ice accretion rates using observations at Pearson and Buttonville Airports. Peak
outages (300,000 customers) is represented a long black bar since the exact time period in which this
number of customers were without electrical service was not given and indeed may not be known.



Figure C.2: Ice accretion measurements on similar objects are compared between locations in central
Etobicoke (A and B), located ~5 km SE of Pearson airport, and Richmond Hill (C and D), ~9 km NW
Buttonville Airport. Ice accretions on car side mirrors are measured at 6 and 15 mm and for branches of
similar diameter at 10 and 23 mm, for Etobicoke and Richmond Hill locations, respectively. While
measurements are not exactly equivalent in terms of exposure and accretion surface and shape
characteristics, they do provide evidence that ice accretion amounts were appreciably higher for
municipalities north of the City of Toronto in comparison to locations near Pearson Airport. Photos by
RSl team members H. Auld (Thornhill) and S. Eng (Etobicoke).
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Figure C.3: King City radar imagery; panel tim

= —— L {

es (left to right)correspond to 11 PM December 21%, 1 AM
December 22" and 3 AM, December 22", 2013. A small scale meteorological feature appears to have
been responsible for an area of particularly heavy precipitation which tracked across the GTA in early
morning hours, corresponding with the highest ice accretion rate estimates for the entire event.
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Figure C.4: Comparison of hourly temperatures between Pearson International Airport and stations
located in downtown, accompanied by hours with reported precipitation. It is likely that precipitation
occuring before 11 PM on December 21* did not contribute to any important ice accretion, but still
resulted in significant impacts to many neighbourhoods in and around the downtown core.
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Figure C.5: Toronto Hydro outages map valid for 11 AM December 23"™. Note clear boundaries to north

of Bloor and east of Woodbine/Don Valley. Unfortunately, both detailed impacts data and
meteorological observations prevent better diagnoses of causes for these differences in system
response to the event for areas like East York and Scarborough. Image retreived 11:50 AM December
23" 2013.

TRCA Station: Bayly & Church (Ajax)
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Figure C.6: Temperature Data from Bayly and Church in Ajax. When considered in conjunction with
temperature and precipitation measurements from Oshawa Airport, these temerpatures indicate
likelyhood that the majority of precipitation experienced between December 21* and December 23™




was in the form of freezing rain, suggesting ice accretions in Ajax were likely similar to other portions of
Durham Region. Data courtesy of Toronto Region Conservation Authority.

Temperatures At Pearson Internation Airport
January 31 to February 4, 2003
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Figure C.7: Hourly temperatures at Pearson Airport between January 31* and Febraury 4™ 2003,
corresponding with a complex winter event that produced a total of 160 incident reports as well as
outages for over 50,000 Toronto Hydro customers. Temperatures “crossed” the 0°C line no less than 8
times during the 5 day period of unsettled weather.
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Figure C.8: Max gusts for outage events plotted by month indicate a potential relationship which
deserves further study.
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Figure C.9: Number of reports versus max gust reported for November 2005. Note the one apparent
outlier, circled in red, is November 9”‘, in which localized impacts are expected and conditions at
Pearson Airport are expected to be less representative of conditions producing impacts at a given site.
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Figure C.10: Map comparing reported impacts with meteorological data for “Superstorm” Sandy.
Meteorological data are for October 28", 29" and 30" and help illustrate the progression of events.
Precipitation and wind values are a combination of both EC and TRCA (2014) observational data.
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Figure C.11: Contoured 24 hour rainfall totals for the City of Toronto with the locations of Richview and
Manby TS superimposed (black dots) added. High resolution PDF map of rainfall totals is available
online: http://coleengineering.ca/wordpress/wp-content/themes/Evolution/pdf/2013-articles/rainfall-
map.pdf (Cole Engineering Group, 2013)
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Figure C.12: August 19, 2005 severe thunderstorm event. Map of impacts combining impact types from
ITIS and media reports with meteorological data.
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Figure C.13: July 16, 2006, maximum surface temperature (°C) for Toronto and surrounding areas. Data
from Cangrd gridded data set.






Appendix D
Risk Assessment Matrix






Toronto Hydro Climate Change Risk Assessment Workshop

Study Period

Infrastructure Class or Category

Evaluation Other Comment 1 High Temperature 2 High Temperature 3 High Temperature 4 High Temperature 5 Average temperature >30°C 6 Heat Wave 7 High Nighttime Temperatures 8 Extreme Rainfall 9 Freezing Rain/Ice Storm
Load Projections/ Capacity / Maximum temp above 25 °C Maximum temp above 30 Maximum temp above 35 °C Maximum temp above 40 ° Average temp. Over 30°C on a 24h basis 3 days with max temp. above 30 °C Min temp > 23°C 100 mm <1 day + antecedent 15 mm (tree branches)
Y/N| P | Consequence(qual) | S | FS | R |Y/N| P | Consequence (qual) s Fs| R {WN| P Consequence (qual.) s | s YN| P Consequence (qual.) s | Fs YN| P Consequence (qual.) s | Fs YN| P Consequence (qual.) s | Fs YN| P Consequence (qual.) s | Fs YN| P Consequence (qual.) s | Fs YN| P Consequence (qual.) s|Fs|R

1.1 Former Toronto
Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload -

111 Downtown core stations station capacity by 2050 : tations are indoors Y | 7 |Batteries: lifespan 23 Y | 7 |[Batteries: lifespan 2+ 3 Y | 7 |Power transformer : 3+ |4 Y | 7 |shedding 5+ | 6 Y | 7 |shedding 5+ | 6 Y | 7 |shedding a5 Y | 7 |toad shedding 3+ |4 Y2 2 N7
Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload - in stations, § stations have ||

1.12 Downtown outer stations w/o a station  [station capacity by 2050 : Istations are indoors Y | 7 [atteries: lifespan 2|3 Y | 7 [Batteries: lifespan 2+ 3 Y | 7 [power transformer : 34| 4 Y | 7 |shedding s+l 6 Y | 7 |shedding s+l 6 Y | 7 |shedding a5 Y | 7 |Load shedding 34| 4 y | g [Paneresfsuitchgearin basement, but |, 2| N7
Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload -

1.13 Station (13.8 kV) Station capacity by 2050 : |outdoor station Y | 7 |Batteries: lifespan 2|3 Y | 7 |Batteries: lifespan 2+ 3 Y | 7 |power transformer : 3+ |4 Y | 7 [shedding 5+ | 6 Y | 7 |shedding 5+ | 6 Y | 7 |shedding a5 Y | 7 |oad shedding 3+ a Y | 2 [inbasement 1+ | 2 Y | 7 |Access to station equipment 1)1

1.2 Horseshoe Area
Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload -

121 Station station capacity by 2050 : Low  [stations are outdoor stations Y | 7 |Batteries: lifespan 23 Y | 7 |[Batteries: lifespan 2+ 3 Y | 7 |powertransformer : Overload 3+ )4 Y | 7 |shedding 5+ |6 Y | 7 |shedding 5+ |6 Y | 7 |shedding s Y | 7 |Load shedding 3+ |4 N Y | 7 [Access to station equipment 1)1
Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload -

122 Station station capacity by 2050 : Good  [stations are outdoor stations Y | 7 |Batteries: lifespan 2|2 Y | 7 |Batteries: lifespan 2 2 Y | 7 |powertransformer : Overload 3|3 Y | 7 |shedding 5|5 Y | 7 |shedding 5|5 Y | 7 |shedding a|a Y | 7 |toad shedding 3|3 N |6 Y | 7 [Access to station equipment 1)1
Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload -

123 East stations station capacity by 2050 : Good  [stations are outdoor stations Y | 7 |Batteries: lifespan 2|2 Y | 7 |Batteries: lifespan 2 2 Y | 7 |powertransformer : Overload 3|3 Y | 7 |shedding 5|5 Y | 7 |shedding 5|5 Y | 7 |shedding a|a Y | 7 |toad shedding 3|3 N |6 Y | 7 [Access to station equipment 1)1
Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload -

124 Station station capacity by 2050 : stations are outdoor stations Y | 7 |Batteries: lifespan 23 Y | 7 [Batteries: lifespan 2+ 3 Y | 7 |Power transformer : 3+ )4 Y | 7 |shedding 5+ |6 Y | 7 |shedding 5+ |6 Y | 7 |shedding s Y | 7 |Load shedding 3+ |4 N Y | 7 [Access to station equipment 1)1
Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload -

125 Station (27.6 kV) Station capacity by 205 stations are outdoor stations Y | 7 |Batteries: lifespan 23 Y | 7 |Batteries: lifespan 2+ 3 Y | 7 |Power transforme 3+ |4 Y | 7 |shedding 5+ | 6 Y | 7 |shedding 5+ | 6 Y | 7 |shedding a5 Y | 7 |toad shedding 3+ |4 N6 Y | 7 |Access to station equipment 1)1
Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload -

126 Station station capacity by 2050 : Good  [stations are outdoor stations Y | 7 |Batteries: lifespan 2|2 Y | 7 |Batteries: lifespan 2 2 Y | 7 |powertransformer : Overload 3|3 Y | 7 |shedding 5 Y | 7 |shedding 5|5 Y | 7 |shedding a|a Y | 7 |toad shedding 3|3 N |6 Y | 7 [Access to station equipment 1)1

[ [ [ [ [ | |Power transformer: Overload - Load| | |Power transformer: Overload - Load | |Power transformer: Overload - Load | |Powertransformer: Overload - | | [ |

127 Northwest stations station capacity by 2050 : Good  [stations are outdoor stations Y | 7 |Batteries: lifespan 2|2 Y | 7 |Batteries: lifespan 2 2 Y | 7 |powertransformer : Overload 3|3 Y | 7 |shedding 5 Y | 7 |shedding 5|5 Y | 7 |shedding a|a Y | 7 |toad shedding 3|3 N |6 Y | 7 [Access to station equipment 1)1
Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload -

128 2 Stations station capacity by 2050 : Low  [stations are outdoor stations Y | 7 |Batteries: lifespan 23 Y | 7 [Batteries: lifespan 2+ 3 Y | 7 |powertransformer : Overload 3+ |4 Y | 7 |shedding 5+ | 6 Y | 7 |shedding 5+ | 6 Y | 7 |shedding a5 Y | 7 |Load shedding 3+ |4 N6 Y | 7 [Access to station equipment 1)1
Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload -

129 Southwest stations station capacity by 2050 : Low [stations are outdoor stations Y | 7 |Batteries: lifespan 2+ | 3 Y | 7 |[Batteries: lifespan 2+ 3 Y | 7 |powertransformer : Overload 3+| 4 Y | 7 [shedding 5+ | 6 Y | 7 |shedding 5+ | 6 Y | 7 |shedding 4| s Y | 7 |Load shedding 3+ a N6 Y | 7 |Access to station equipment 1)1

2.1 Toronto Hydro to Toronto Hydro & Private owner Ship

Most stations are located indoors Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload - No batteries in basement by
211 Former Toronto (indoor/outdoor) Low i buildings 7 |Batteries: lifespan 23 Y | 7 |Batteries: lifespan 2+ 3 Y | 7 |powertransformer : Overload 3+ |4 Y | 7 |shedding 5+ | 6 Y | 7 |shedding 5+ | 6 Y | 7 |shedding a5 Y | 7 |toad shedding 3+ |4 N |6 20306 6|6 N7
Most stations are located Power transformer: Overload - Load| Power transformer: Overload - Load Power transformer: Overload - Load Power transformer: Overload - N No batteries in basement by
2.1.2 Horseshoe Area (indoor/l)utdl)or ) Good |outdoors Y 7 |Batteries: lifespan 2 2 Y 7 |Batteries: lifespan 2 2 Y 7 |Power transformer : Overload 3 3 Y 7 |shedding 5 5 Y 7 |shedding 5 5 Y 7 |shedding 4 4 Y 7 |Load shedding 3 3 6 30s 6 6 Y 7 |Access to station equipment 0 0 ]
Power transformer: Overload
2.1.3 Toronto Hydro to Private owner ship n/a - no transfer possible |Stations are indoors N 7 2 N 7 Y 7 |Power transformer : Overload 3+ | 4 Y 7 |Power transformer : Overload 5+ | 6 Y 7 |Power transformer: Overload 5+ | 6 Y 7 |Power transformer: Overload 3+ | 4 Y 7 3+ | 4 N 6 N 7

3.1 Horseshoe Area: Dual Radial System (underground) &
moderate / usually serves multiple | Ability to access service High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and Water treeing, flooding, Salt corrosion - electrical metal
311 type customers N7 N | 7 |(see human resources) Y 2|2 v|7 3 Y7 2|2 Y7 33 Y7 3|3 Y | 6 |reduced diel 3|3 Y | 7 [enclosures, access 11
3.1.2 Vault type:
imoderate / usually serves 1 High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and ‘demand: Stressed cables and
- Above ground customer N7 N | 7 [idem Y7 2|2 v|7 3|3 Y7 2|2 Y7 3|3 Y7 3|3 Y | 6 |Access 1)1 N7
moderate / usually serves 1 High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and Al electrical components (not Salt corrosion - electrical metal
- Below ground customer N|7 N | 7 |idem A 2|2 \ 3 Y |7 2|2 Y |7 3|3 Y |7 3|3 A +2ifpumpsfails | 5 | 5 Y | 7 [enclosures, access 1|1
moderate / usually serves multiple Pad mount transformers Pad mount transformers Pad mount transformers Pad mount transformers Pad mount Salt corrosion - electrical metal
3.1.3 Padmount station customers N 7 N 7 |idem Y 7 |overheating, cables stressed 2 2 Y 7 |overheating 3 3 Y 7 |overheating 3 3 Y 7 |overheating 3 3 Y 7 |overheating 3 3 Y 6 |Access 1 1 Y 7 |enclosures, access 1 1
3.2 Former Toronto : Dual Radial System (underground) &
low/ usually serves multiple |ngh demand: Stressed cables and ‘ngh demand: Stressed cables and |ngh demand: Stressed cables and |ngh demand: Stressed cables and |ngh demand: Stressed cables and Water treeing, flooding, salt corrosion - electrical metal
321 type customers N 7 N 7 |idem Y 2+| 3 7| 3+ 2+ | 3 Y 3+ | 4 Y 3+ | 4 Y 6 |reduced dielectric strength 3+ | 4 Y 7 |enclosures, access 1+ | 2
322 Vault type:
High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and
- Above ground low / usually serves 1 customer N|7 N | 7 |idem Y |7 2+| 3 7 3+ 7 2+ 3 Y |7 3+ 4 Y |7 3+ 4 Y | 6 [Access 1+ 2 N|7
High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and ‘demand: Stressed cables and All electrical components (not Salt corrosion - elect
- Below ground low / usually serves 1 customer N7 N | 7 [idem Y 23 3+ 2|3 Y 3+ |4 Y |7 3+ |4 Y +21f pumps fails | 5+ | 6 Y | 7 [enclosures, access 1+ 2
low / usually serves multiple Pad mount transformers Pad mount transformers Pad mount transformers Pad mount transformers. Pad mount Salt corrosion - elect
3.23 Padmount station customers N7 N | 7 [idem Y | 7 [overheating, cables stressed 2| 3 7 |overheating, cables stressed 3+ 7 |overheating, cables stressed 34| 4 Y | 7 [overheating, cables stressed 34| 4 Y | 7 [overheating, cables stressed 34| 4 Y | 6 |Access | 2 Y | 7 [enclosures, access 1+ 2
3.3 Compact Loop Design (underground)
High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and igh demand: Stressed cables and Water treeing, flooding, Salt corrosion - electrical metal
33.1 Former Toronto: Subway type Moderate to good N7 N | 7 [idem Y | 7 |transformers 2|2 Y | 7 |transformers 3|3 Y | 7 |transformers 2|2 Y | 7 |transformers 3|3 Y | 7 |transformers 3 Y | 6 |reduced dielectric strength 3|3 Y | 7 |enclosures, access 1)1
3.4 13.8KkV Network
High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and High demand: Stressed cables and 0ld N/W protectors are not Salt corrosion - electrical metal
341 Former Toronto Best N7 N | 7 [idem Y | 7 |transformers 2|2 Y | 7 |transformers 3 Y | 7 |transformers 2|2 Y | 7 |transformers 3|3 Y | 7 |transformers 3 Y | 6 |submersible 5|5 Y | 7 [enclosures, access 11
3.5 Overhead
Radial
Note: severity score for light
(Onan power transformers, lOnan power transformers, (Onan power transformers, (Onan power transformers, rainfall. Mist + humidity =
351 4.16 kV Low / less affected N 7 N 7 Y 7 |conductors 2+| 3 Y 7 |conductors 4+ | 5 Y 7 |conductors 4+ | 5 Y 7 |conductors 3+ | 4 Y 7 |Onan power 1+ | 2 N 6 |Visibility. 1+ | 2 Y 7 |Conductors (tree contacts) 5+| 6
Severity score for light rainfall.
Onan power transformers, |Onan power transformers, Onan power transformers, Onan power transformers, Mist + humidity = Visibility.
352 13.8kV Low / more affected N 7 N 7 Y 7 |conductors 2+| 3 Y 7 |conductors 4+ | 5 Y 7 |conductors 4+ | 5 Y 7 |conductors 3+ | 4 Y 7 |Onan power 1+ | 2 N 6 |Light rainfall + di flashover | 3+ | 4 Y 7 |Conductors (tree contacts) 5+| 6
|Onan power transformers, |Onan power transformers, |Onan power transformers, |Onan power transformers,
353 27.6kV Low / more affected N7 N7 Y | 7 |conductors 2| 3 Y | 7 |conductors 4|5 Y | 7 |conductors 4|5 Y | 7 |conductors 34| 4 Y | 7 |onan power transformers |2 N idem. 34| 4 Y | 7 |conductors (tree contacts) 5+| 6
Loop
Note: severity score for light
Onan power transformers, |Onan power transformers, Onan power transformers, Onan power transformers, rainfall: Mist + humidity =
354 4.16 kV Good / less affected N 7 N 7 Y 7 |conductors 2 2 Y 7 |conductors 4 4 Y 7 |conductors 4 4 Y 7 |conductors 3 3 Y 7 |Onan power transformers 1 1 N 1 1 Y 7 |Conductors (tree contacts) 5 5
Severity score for light rainfall.
Onan power transformers, |Onan power transformers, Onan power transformers, Onan power transformers, Mist + humidity = Visibility.
355 13.8kV Good / more affected N 7 N 7 Y 7 |conductors 2 2 Y 7 |conductors 4 4 Y 7 |conductors 4 4 Y 7 |conductors 3 3 Y 7 |Onan power transformers 1 1 N Light rainfall + di 3 3 Y 7 |Conductors (tree contacts) 5 5
|Onan power transformers, |Onan power transformers, |Onan power transformers, |Onan power transformers,
356 27.6 kV Good / more affected N7 N7 Y | 7 |conductors 2|2 Y | 7 |conductors a|a Y | 7 [conductors a|a Y | 7 [conductors 3|3 Y | 7 |onan power transformers 1)1 N | 6 [idem 3|3 Y | 7 |conductors (tree contacts) 5|5
Batteries will be moved to
4.1 Protection and control systems Y | 7 |Batteries: lifespan 2|2 Y | 7 |Batteries: lifespan 2 2 Y | 7 |Batteries: lifespan 2|2 Y | 7 |Batteries: lifespan 2|2 Y | 7 |Batteries: lifespan 2|2 Y |7 2|2 Y | 7 |Batteries: lifespan 2|2 N | 6 |ground floor by 2030s 6| 6 N|7
Interrupters: Unusual condi
4.2 SCADA + Wireless network N/A N| 7 N| 7 N| 7 Y | 7 |with temp over 40°C 1|1 N| 7 N |7 N |7 N |6 N7
5.1 Tr ission & Municipal Stations
Outdoor
511 support N7 N7 N7 N7 N7 N7 N7 Y | 6 |comrosion o| o N7
512 Gantry N |7 N |7 N |7 N7 N |7 N |7 N |7 Y | 6 |corrosion ol o N7
5.2 Underground feeders : Former Toronto
|Accelerated corrosion of |Accelerated corrosion of
reinforcing bars and reinforcing bars and degradation
5.2.1 Reinforced concrete cable rs Low N|7 N|7 N|7 N7 N|7 N|7 N|7 Y f concrete |2 Y | 7 |of concrete 1+ 2
[Accelerated corrosion of [Accelerated corrosion of
reinforcing bars and reinforcing bars and degradation
5.22 Concrete vaults (reinforced) Low N |7 N |7 N |7 N |7 N |7 N |7 N |7 Y | 6 |degradation of concrete 1+ | 2 Y | 7 |of concrete 1+ 2
523 Underground cable ducts Low N7 N7 N7 N7 N7 N7 N7 N6 N7
5.3 [Underground feeders : Horseshoe Area
[Accelerated corrosion of [Accelerated corrosion of
reinforcing bars and reinforcing bars and degradation
531 Reinforced concrete cable chambers moderate N |7 N |7 N |7 N |7 N |7 N |7 N |7 Y | 6 |degradation of concrete 1)1 Y | 7 |ofconcrete 101
|Accelerated corrosion of |Accelerated corrosion of
reinforcing bars and reinforcing bars and degradation
5.3.2 Concrete vaults (reinforced) moderate N |7 N |7 N |7 N |7 N |7 N |7 N |7 Y ion of concrete 1)1 Y | 7 |of concrete 1)1
5.33 Underground cable ducts moderate N |7 N |7 N |7 N |7 N |7 N |7 N |7 Nl N |7

Emergency Response

7 |healthissue

7 |health issue

7 |health issue

access to site, delays, rain to
stop

7 safe access to site
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Toronto Hydro Climate Change Risk Assessment Workshop

Debris could impact the

Building and equipment can

10 Freezing Rain/Ice Storm 11 Freezing Rain/Ice Storm 12 High Winds 13 High Winds 14 High Winds 15 Tornadoes 16 Tornadoes 17 Lightning 18 Snow 19 Snow 20 Frost (ground)
25 mm (design threshold) 60 mm(major outages) 70 km/h+ (tree branches) 90 km/h (min design value; TH 120 km/h EF1+ EF2+ poles, Days with >5 cm Days with >10 cm Extreme cold weather
Y/N| P | Consequence(qual) | S | Fs YN| P | Consequence(qual) | S [Fs YN| P | Consequence(qual) | S |Fs YN| P | Consequence(qual) | S [Fs YN[ P Consequence (qual) | S [Fs | R [VN| P | Consequence(qual) | S |Fs YN| P | Consequence(qual) | S [FS| R |¥/N| P | Consequence(qual) | S | Fs | R [Y/N| P | Consequence(qual) | s |Fs Y/N| P | Consequence(qual) | S |Fs YN| P | Consequence(qual) | S [Fs| R

Debris could impact the

Building and equipment can

N7 N4 N7 N7 N7 Y | 1 |building 707 Y | 0 |bedamaged 707]ofnN|s N7 N7 N7
Debris could impact the Building and equipment can

N7 N4 N7 N7 N7 Y | 1 |building 707 Y | 0 |bedamaged 707]ofnN|s N7 N7 N7
Exit lines, and flying debris All equipment can be Building and equipment can If arresters don't work , failure

Y | 7 [Gantry + exitlines 6|6 Y | 4 |Gantry + exitlines 7|7 N7 N Y | 7 |could impact the equipement 7 Y | 1 |damaged 707 Y | 0 |bedamaged 77 0| Y| 6 |ofthetranst. 6|6 N7 N7 N7
Exit lines, and fiying debris All equipment can be |All equipment can be If arresters don't work , failure

Y | 7 [Gantry + exitlines 6|6 Y | 4 |Gantry + exitlines 7|7 N7 N7 Y | 7 |couldimpact the equipement | 7 | 7 Y | 1 |damaged 717 Y | 0 |damaged 77| 0| Y| 6 |ofthetranst. 6|6 N7 N7 N7
Exit lines, and fiying debris All equipment can be |All equipment can be If arresters don't work , failure

Y | 7 [Gantry + exitlines 6|6 Y | 4 |Gantry + exitlines 7|7 N7 N7 Y | 7 |couldimpact the equipement | 7 | 7 Y | 1 |damaged 707 Y | 0 |damaged 77| 0| Y| 6 |ofthetranst. 6|6 N|7 N7 N7
Exit lines, and fiying debris All equipment can be |All equipment can be If arresters don't work , failure

Y | 7 [Gantry + exitlines 6|6 Y | 4 |Gantry + exitlines 7|7 N7 N7 Y | 7 |couldimpact the equipement | 7 | 7 Y | 1 |damaged 717 Y | 0 |damaged 77| 0| Y| 6 ofthetranst. 6|6 N|7 N7 N7
Exit lines, and fiying debris All equipment can be |All equipment can be If arresters don't work , failure

Y | 7 [Gantry + exitlines 6|6 Y | 4 |Gantry + exitlines 7|7 N7 N7 Y | 7 |couldimpact the equipement | 7 | 7 Y | 1 |damaged 717 Y | 0 |damaged 77| 0| Y| 6 |ofthetranst. 6|6 N7 N7 N7
Exit lines, and fiying debris All equipment can be |All equipment can be If arresters don't work , failure

Y | 7 [Gantry + exitlines 6|6 Y | 4 |Gantry + exitlines 7|7 N7 N7 Y | 7 |couldimpact the equipement | 7 | 7 Y | 1 |damaged 707 Y | 0 |damaged 77| 0| Y| 6 |ofthetranst. 6|6 N|7 N7 N7
Exit lines, and fiying debris All equipment can be |All equipment can be If arresters don't work , failure

Y | 7 [Gantry + exitlines 6|6 Y | 4 |Gantry +exitlines 7|7 N7 N7 Y | 7 |couldimpact the equipement | 7 | 7 Y | 1 |damaged 707 Y | 0 |damaged 77| 0| Y| 6 |ofthetranst. 6|6 N|7 N7 N7
Exit lines, and fiying debris All equipment can be |All equipment can be If arresters don't work , failure

Y | 7 [Gantry + exitlines 6|6 Y | 4 |Gantry + exitlines 7|7 N7 N7 Y | 7 |couldimpact the equipement | 7 | 7 Y | 1 |damaged 707 Y | 0 |damaged 77| 0| Y| 6 |ofthetranst. 6|6 N|7 N7 N7
Exit lines, and fiying debris All equipment can be |All equipment can be If arresters don't work , failure

Y | 7 [Gantry + exitlines 6|6 Y | 4 |Gantry + exitlines 7|7 N7 N7 Y | 7 |couldimpact the equipement | 7 | 7 Y | 1 |damaged 707 Y | 0 |damaged 77| 0| Y| 6 |ofthetranst. 6|6 N|7 N7 N7
Exit lines, and fiying debris All equipment can be |All equipment can be If arresters don't work , failure

Y | 7 [Gantry + exitlines 6|6 Y | 4 |Gantry + exitlines 7|7 N |7 N7 Y | 7 |couldimpact the equipement | 7 | 7 Y | 1 |damaged 717 Y | 0 |damaged 7| 7] 0| Y| 6 |ofthe transf. 6|6 N7 N |7 N7

N7 N|a N7 N7 N7 Y | 1 |building 707 Y | 0 |bedamaged 707]ofnN|s N7 N7 N7
Exit lines, and flying debris
lcould impact the equipement All equipment can be |All equipment can be If arresters don't work , failure
Y |7 6|6 Y|a 7|7 N |7 N7 Y| 7 6 Y | 1 |demaged 717 Y | 0 |damaged 7|7 Y | 6 |ofthe transf. 6|6 N7 N7 N7
N |7 N |4 N |7 N7 N| o7 N1 N|o N |6 N7 N7 N7
Salt corrosion - electrical Salt corrosion - electrical Salt corrosion - electrical Salt corrosion - electrical
Y | 7 |metal enclosures, access 11 Y | 4 |metal enclosures, access 1)1 N7 N7 N7 N1 N|o N |6 v|7 metal enclosures 1)1 Y | 7 | metalenclosures, Access | 1 | 1 N7
N7 N|a 7 N7 N7 N1 N|o N |6 N7 N7 N7
Salt corrosion - electrical salt corrosion - electrical Salt corrosion - electrical Salt corrosion - electrical
Y | 7 |metal enclosures, access 1)1 Y | 4 |metal enclosures, access 1)1 7 N|7 N7 N1 N|o N6 Y7 metal enclosures 1)1 Y | 7 | metalenclosures, Access | 1 | 1 N7
Salt corrosion - electrical alt corrosion - electrical Debris could impact the Pad mount equipment can be Pad mount equipment can be Salt corrosion - electrical Salt corrosion - electrical
Y | 7 |metal enclosures, access 11 Y | 4 |metal enclosures, access 1)1 N7 N|7 vl 7 i 1|1 Y | 1 |damaged 2|2 Y | 0 |damaged 2(2|ofnN|s Y7 metal enclosures 1)1 Y | 7 | metalenclosures, Access | 1 | 1 N7
Salt corrosion - electrical alt corrosion - electrical Salt corrosion - electrical Salt corrosion - electrical
Y | 7 |metal enclosures, access 1+ 2 Y | 4 |metal enclosures, access 1| 2 N |7 N|7 N7 N1 N|o N6 Y7 metal enclosures | 2 Y | 7 | metalenclosures, Access | 1+ | 2 N7
N7 N |4 N7 N7 N7 N1 N|o N |6 N7 N7 N7
Salt corrosion - electrical Salt corrosion - electrical Salt corrosion - elec Salt corrosion - electrical
Y | 7 |metal enclosures, access 1+ 2 Y | 4 |metal enclosures, access |2 N7 N7 N7 N1 N|o N |6 v|7 metal enclosures w2 Y | 7 | metalenclosures, Access | 1+ | 2 N7
Salt corrosion - electrical Salt corrosion - electrical Debris could impact the Pad mount equipment can be Pad mount equipment can be Salt corrosion - elec Salt corrosion - electrical
Y | 7 |metal enclosures, access 1+ 2 Y | 4 |metal enclosures, access 4 2 N7 N7 | 7 4| 2 Y | 1 |damaged 2| 3 Y | 0 |damaged 2#[3|0o|N|6 Y |7 metal enclosures | 2 Y | 7 | metalenclosures, Access | 1+ | 2 N7
Salt corrosion - electrical salt corrosion - electrical Salt corrosion - electrical Salt corrosion - electrical
Y | 7 |metal enclosures, access 11 Y | 4 |metal enclosures, access 1)1 N N N N N N v|7 metal enclosures 1)1 Y | 7 | metalenclosures, Access | 1 | 1 N
Salt corrosion - electrical salt corrosion - electrical Salt corrosion - electrical Salt corrosion - electrical
Y | 7 |metal enclosures, access 11 Y | 4 |metal enclosures, access 11 N |7 N7 N 7 N |1 N o N |6 v|7 metal enclosures 11 Y | 7 | metalenclosures, Access | 1 | 1 N7
Y
Poles & conductors downed, Poles & conductors downed, If arresters don't work, a | deposit of salt on insulator deposit of salt on insulator Foundations for concrete,
Y | 7 [saltsContaminati 6+ | 7 Y|4 i + | 7 Y | 7 |conductors (tree contacts) | 4+ | 5 Y | 7 |poles & conductors 6| 7 Y| 7 |Poles 707 Y | 1 |Allstructures 707 Y | 0 |Allstructures 77| 0| Y| 6 [localizeoutage can occur 4| s Y | 7 |can create afailure | 2 Y | 7 |can create a failure |2 Y | 7 |steel poles, frost heave | 2
Poles & conductors downed, Poles & conductors downed, If arresters don't work, a | deposit of salt on insulator deposit of salt on insulator Foundations for concrete,
Y | 7 [salt+Contamination 717 Y | 4 [saltsContamination 7|7 Y | 7 |conductors (tree contacts) | 4+ | 5 Y | 7 |poles & conductors 6| 7 Y| 7 |Poles 7|7 Y | 1 |Allstructures 717 Y | 0 |Allstructures 77| 0| Y| 6 [localizeoutage can occur 4| s Y | 7 |can create afailure | 2 Y | 7 |can create a failure |2 Y | 7 |steel poles, frost heave | 2
Poles & conductors downed, Poles & conductors downed, If arresters don't work, a |deposit of salt on insulator deposit of salt on insulator Foundations for concrete,
Y | 7 |[salt+contamination 7|7 Y | 4 |saltscontamination 7|7 Y | 7 |conductors (tree contacts) | 4+ | 5 Y | 7 |Poles & conductors 6+ | 7 Y| 7 |poles 7|7 Y | 1 |Alstructures 7|7 Y | 0 |Allstructures 7|7 0] Y| 6 [ocalize outage can occur 4| s Y | 7 |can create a failure w2 Y | 7 [can create a failure |2 Y | 7 [|steel poles, frost heave w2
Poles & conductors downed, Poles & conductors downed, If arresters don't work, a | deposit of salt on insulator deposit of salt on insulator Foundations for concrete,
Y | 7 [salt+Contamination 6|6 Y | 4 [saltsContamination 6|6 Y | 7 |conductors (tree contacts) | 4 | 4 Y | 7 |poles & conductors 6|6 Y| 7 |Poles 707 Y | 1 |Alstructures 717 Y | 0 |Allstructures 77| 0| v |6 ol outage can occur a4 Y | 7 |can create afailure 1)1 Y | 7 |can create afailure 11 Y | 7 |steel poles, frost heave 11
Poles & conductors downed, Poles & conductors downed, If arresters don't work, a | deposit of salt on insulator deposit of salt on insulator Foundations for concrete,
Y | 7 [salt+Contamination 717 Y | 4 [saltsContamination 7|7 Y | 7 |conductors (tree contacts) | 4 | 4 Y | 7 |poles & conductors 6|6 Y| 7 |Poles 7|7 Y | 1 |Allstructures 717 Y | 0 |Allstructures 77| 0| Y |6 [localizeoutage can occur a4 Y | 7 |can create afailure 1)1 Y | 7 |can create a failure 11 Y | 7 |steel poles, frost heave 11
Poles & conductors downed, Poles & conductors downed, If arresters don't work, a | deposit of salt or deposit of salt on insulator Foundations for concrete,
Y | 7 |[salt+Contamination 7|7 Y | 4 |saltscontamination 7|7 Y | 7 |conductors (tree contacts) | 4 | 4 Y | 7 |poles & conductors 6|6 Y| 7 |poles 7|7 Y | 1 |Allstructures 707 Y | 0 |Allstructures 7| 7] 0| Y| 6 [localize outage can occur 4|4 Y | 7 |can create afailure 1)1 Y | 7 [can create a failure 11 Y | 7 |steel poles, frost heave 11
N7 N |4 N7 N7 N7 N1 N|o N |6 N7 N7 N7
Equipment could fai
Y| 7 |Access 11 Y| 4 |access 11 N |7 N7 N7 N1 N|o Y | 6 [protection won't work 3|3 N7 N7 N7
N7 N|a N |7 N7 Y | 7 [TC&CVT structures o v |1 |Alsupports 717 Y | 0 |Allsupports 7l7]ofnN]s N7 N7 Y | 7 |Foundations, frost heave 2|2
Y | 7 |Gantry + exitlines 1)1 v|a Gantry + exit lines 717 N7 N |7 N| o7 Y | 1 |Gantry 717 Y | 0 |Gantry 7l7]ofnN]6 N7 N7 Y | 7 |Foundations, frost heave 22
| [Accelerated corrosion of [Accelerated corrosion of
reinforcing bars and reinforcing bars and salt corrosion - concrete and Salt corrosion - concrete and
\2 f concrete 1+ 2 Y of concrete ]2 N7 N7 N7 N1 N|oO N |6 v |7 steel | 2 7 steel, access w2 Y | 7 |Foundations, frost heave | 2
[Accelerated corrosion of [Accelerated corrosion of
reinforcing bars and reinforcing bars and Salt corrosion - concrete and Salt corrosion - concrete and
Y | 7 |degradation of concrete ]2 v|a of concrete |2 N |7 N7 N7 N |1 N o N |6 v |7 steel w2 7 steel, access w2 Y | 7 |Foundations, frost heave w2
N7 N4 N7 N7 N o7 N1 N|o N6 N7 N7 Y | 7 |Foundations, frost heave | 2
[Accelerated corrosion of ‘Accelerated corrosion of
reinforcing bars and Salt corrosion - concrete and Salt corrosion - concrete and
Y | 7 |degradation of concrete 1)1 Y | 4 | degradationofconcrete | 1 | 1 N7 N7 N7 N1 N o N |6 v |7 steel 11 vl|7 steel, access 1 Y | 7 |Foundations, frost heave 1)1
[Accelerated corrosion of [Accelerated corrosion of
reinforcing bars and reinforcing bars and salt corrosion - concrete and Salt corrosion - concrete and
\2 ion of concrete 11 Y ion of concrete 1)1 N7 N7 N7 N1 N|o N6 v |7 steel 1)1 |7 steel, access 1 Y | 7 |Foundations, frost heave 1)1
N7 N|a N |7 N |7 N7 N |1 N o N |6 N7 N7 Y | 7 |Foundations, frost heave 1)1
access, location has to be [access, location has to be [access, location has to be access, location has to be [access, location has to be
|7 safe access to site 6|6 Y|4 safe access to site 6|6 Y | 7 |declare safe 22 Y | 7 |declare safe 2|2 Y | 7 |declare safe 2|2 Y | 1 |declare safe 22 Y | 0 |declare safe 22| 0| Y| 6 |stffsecurity 34| 4 Y | 7 |Access, staff security 12| 2 Y | 7 |Access, staff security 33 N7
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Appendix E
Risk Maps






PIEVC Phase 2 Climate Change Risk Map by 2050

1. High Temperature Maximum Above 25 C
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PIEVC Phase 2 Climate Change Risk Map by 2050

2. High Temperature Maximum Above 30 C
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PIEVC Phase 2 Climate Change Risk Map by 2050

3. High Temperature Maximum Above 35 C
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PIEVC Phase 2 Climate Change Risk Map by 2050

4. High Temperature Maximum Above 40 C
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PIEVC Phase 2 Climate Change Risk Map by 2050

5. Average Temperature Above 30 C for 24 Hours
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PIEVC Phase 2 Climate Change Risk Map by 2050

6. Heat Wave 3 Day with Maximum Temperature Above 30 C

T2 i SN mgmimg s

o, V3% e 1

LIS

% T |

1% a
B Feis
YT
%'\ - A
s =
=) %,
4 %
£y
k— s ~ A
=:
E3 == -
11
I el S 3 +
7 MLl A== L -
:I 1] ‘T%E& I —‘:,__é:
T B ] B w 4 i =
= fﬂé‘?—- :H"qﬁﬁ"_
= B A k4 H
h‘-h H L. Ie= ﬁ[ il 0 E 3
[H}T ! 1] )é
. :}I —:g:r %}
ET[L 1 s - : ' e = ﬁl.‘
e 3 \ "Emﬁc AT T Legend
NS TR % L _K?nv&
- %u'n_ ”p.rr i LT, rf ) ﬂﬁ Feeder Risk Categories
, s o (Vi L T' Alnti
LSS ¥ > = - :
i T £l No Risk
1 ” Ijlj_ig ¥ : Low Risk
Ik py . _——
= 41 =T . # Medium Risk
o M s = =
1 I)l!{‘ B e High Risk
mg?ﬁ - Station Service Area Risk Categories
A No Risk
Low Risk
Medium Risk
High Risk
2 4 6 8 10




PIEVC Phase 2 Climate Change Risk Map by 2050

7. High Night Time Temperature Minimum Above 23 C
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PIEVC Phase 2 Climate Change Risk Map by 2050

8. Extreme Rainfall 200mm in Less than 24 Hours
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PIEVC Phase 2 Climate Change Risk Map by 2050

9. 15mm Freezing Rain/lce Storm
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PIEVC Phase 2 Climate Change Risk Map by 2050

10. 25mm Freezing Rain/Ilce Storm
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PIEVC Phase 2 Climate Change Risk Map by 2050

11. 60mm Freezing Rain/Ilce Storm
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PIEVC Phase 2 Climate Change Risk Map by 2050

12. High Winds Greater Than 70km/h
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PIEVC Phase 2 Climate Change Risk Map by 2050

13. High Winds Greater Than 90km/h
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