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DISCLAIMER

This Regional Infrastructure Plan (“RIP”) report was prepared for the purpose of developing an electricity
infrastructure plan to address needs identified in previous planning phases and also any additional needs
identified based on new and/or updated information provided by the RIP Working Group.

The preferred solution(s) that have been identified in this report may be reevaluated based on the findings
of further analysis. The load forecast and results reported in this RIP report are based on the information
provided and assumptions made by the participants of the RIP Working Group.

Working Group participants, their respective affiliated organizations, and Hydro One Networks Inc.
(collectively, “the Authors™) make no representations or warranties (express, implied, statutory or
otherwise) as to the RIP report or its contents, including, without limitation, the accuracy or completeness
of the information therein and shall not, under any circumstances whatsoever, be liable to each other, or to
any third party for whom the RIP report was prepared (“the Intended Third Parties”), or to any other third
party reading or receiving the RIP report (“the Other Third Parties”), for any direct, indirect or
consequential loss or damages or for any punitive, incidental or special damages or any loss of profit, loss
of contract, loss of opportunity or loss of goodwill resulting from or in any way related to the reliance on,
acceptance or use of the RIP report or its contents by any person or entity, including, but not limited to,
the aforementioned persons and entities.
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EXECUTIVE SUMMARY

THIS REGIONAL INFRASTRUCTURE PLAN (“RIP”) WAS PREPARED BY HYDRO
ONE AND THE WORKING GROUP IN ACCORDANCE WITH THE ONTARIO
TRANSMISSION SYSTEM CODE REQUIREMENTS. IT IDENTIFIES
INVESTMENTS IN TRANSMISSION FACILITIES, DISTRIBUTION FACILITIES, OR
BOTH, THAT SHOULD BE DEVELOPED AND IMPLEMENTED TO MEET THE
ELECTRICITY INFRASTRUCTURE NEEDS WITHIN THE KITCHENER-
WATERLOO-CAMBRIDGE-GUELPH (“KWCG”) REGION.

The participants of the RIP Working Group included members from the following organizations:
e (Cambridge and North Dumfries Hydro Inc.
e Centre Wellington Hydro
e Guelph Hydro Electric System Inc.

e Halton Hills Hydro One

e Hydro One Distribution

e Hydro One Transmission

e Independent Electricity System Operator
e Kitchener Wilmot Hydro Inc.

e Milton Hydro

e  Waterloo North Hydro Inc.

e  Wellington North Power Inc.

This RIP provides a consolidated summary of needs and recommended plans for the KWCG Region for
the near-term (up to 5 years) and mid-term (5 to 10 years). No long term needs (10 to 20 years) have been
identified at this time.

This RIP is the final phase of the regional planning process and it follows the completion of the KWCG
Integrated Regional Resource Plan (“IRRP”) by the IESO in April 2015.

The major infrastructure investments planned for the KWCG Region over the near and mid-term,
identified in the various phases of the regional planning process, are given in the table below.

No. | Project In-Service Date Cost
1 | Guelph Area Transmission Reinforcement May 2016 $95 M
2 | Arlen MTS: Install Series reactors May 2016 $0.95M
3 | M20D/M21D — Install 230 kV In-line Switches May 2017 $6 M
4 | Waterloo North Hydro: MTS #4 2024 TBD
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In accordance with the Regional Planning process, the Regional Plan should be reviewed and/or updated
at least every five years. The Region will continue to be monitored and should there be a need that
emerges due to a change in load forecast or any other reason, the next regional planning cycle may be
started earlier to address the need.
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1. INTRODUCTION

THIS REPORT PRESENTS THE REGIONAL INFRASTRUCTURE PLAN
(“RIP”) TO ADDRESS THE ELECTRICITY NEEDS OF THE KWCG REGION.

The report was prepared by Hydro One Networks Inc. (“Hydro One”) and documents the results of the
joint study carried out by Hydro One, Kitchener-Wilmot Hydro Inc. (“Kitchener-Wilmot Hydro™),
Waterloo North Hydro Inc. (“WNH”), Cambridge & North Dumfries Hydro Inc. (“CND”), Guelph Hydro
Electric Systems Inc. (“Guelph Hydro”), Hydro One Distribution and the Independent Electricity System
Operator (“IESO”) in accordance with the Regional Planning process established by the Ontario Energy
Board (“OEB”) in 2013.

Halton Hills|

Milton

Hamilton

[East Zorfa-Tavistock

. e

Kitchener-Waterloo-Cambridge-Guelph

Transmission Line

M5k 7 3.5 0 7 * D
N N T

230 kV
500 kV Kilometers
®  Transmission Stations

Figure 1-1 KWCG Region

The KWCG Region covers the cities of Kitchener, Waterloo, Cambridge and Guelph, portions of Oxford
and Wellington counties and the townships of North Dumfries, Puslinch, Woolwich, Wellesley and
Wilmot. Electrical supply to the Region is provided from eleven 230 kV and thirteen 115 kV step-down
transformer stations. The summer 2015 coincident regional load was about 1240 MW. The boundaries of
the Region are shown in Figure 1-1 above.
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1.1 Scope and Objectives
This RIP report examines the needs in the KWCG Region. Its objectives are:

e To identify new supply needs that may have emerged since previous planning phases (e.g. Needs
Assessment, Scoping Assessment, Local Plan, and/or Integrated Regional Resource Plan)

e To assess and develop a wires plan to address these needs

e To provide the status of wires planning currently underway or completed for specific needs

e To identify investments in transmission and distribution facilities or both that should be
developed and implemented on a coordinated basis to meet the electricity infrastructure needs
within the region.

The RIP reviews factors such as load forecast, transmission and distribution system capabilities along
with any updates with respect to local plans, conservation and demand management (“CDM?”), renewable
and non-renewable generation development, and other electricity system and local drivers that may
impact the need and alternatives under consideration.

The scope of this RIP is as follows:

e A consolidated report of all the needs and relevant plans to address near and mid-term needs
(2015-2025) identified in previous planning phases (Needs Assessment, Scoping Assessment,
Local Plan or Integrated Regional Resource Plan)

e Identification of any new needs over the 2015-2025 period and a wires plan to address these
needs based on new and/or updated RIP phase information

e Develop a plan to address any longer term needs identified by the Working Group

The IRRP or RIP Working Group did not identify any long term needs at this time. If required, further
assessment will be undertaken in the next planning cycle because adequate time is available to plan for
required facilities.

1.2 Structure
The rest of the report is organized as the follows:

e Section 2 provides an overview of the regional planning process

e Section 3 describes the region

e Section 4 describes the transmission work completed over the last ten years

e Section 5 describes the load forecast and study assumptions used in this assessment

e Section 6 describes the results of the adequacy assessment of the transmission facilities and
identifies the needs

e Section 7 summarizes the Regional Plan to address the needs

e Section 8 provides the conclusions and next steps

14
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2. REGIONAL PLANNING PROCESS

2.1 Overview

Planning for the electricity system in Ontario is done at essentially three levels: bulk system planning,
regional system planning, and distribution system planning. These levels differ in the facilities that are
considered and the scope of impact on the electricity system. Planning at the bulk system level typically
looks at issues that impact the system on a provincial level, while planning at the regional and distribution
levels looks at issues on a more regional or localized level.

Regional planning looks at supply and reliability issues at a regional or local area level. Therefore, it
largely considers the 115 kV and 230 kV portions of the power system that supply various parts of the
province.

2.2 Regional Planning Process

A structured regional planning process was established by the Ontario Energy Board in 2013, through
amendments to the Transmission System Code (“TSC”) and the Distribution System Code (“DSC”). The
process consists of four phases: the Needs Assessment' (“NA™), the Scoping Assessment (‘SA™), the
Integrated Regional Resource Plan (“IRRP”), and the Regional Infrastructure Plan (“RIP”).

The regional planning process begins with the NA phase which is led by the transmitter to determine if
there are regional needs. The NA phase identifies the needs and the Working Group determines whether
further regional coordination is necessary to address them. If no further regional coordination is required,
further planning is undertaken by the transmitter and the impacted local distribution company (“LDC”) or
customer and develops a Local Plan (“LP”) to address them. These needs are local in nature and can be
best addressed by a straight forward wires solution.

In situations where identified needs require coordination at the regional or sub-regional levels, the IESO
initiates the SA phase. During this phase, the IESO, in collaboration with the transmitter and impacted
LDCs, reviews the information collected as part of the NA phase, along with additional information on
potential non-wires alternatives, and makes a decision on the most appropriate regional planning
approach. The approach is either a RIP, which is led by the transmitter, or an IRRP, which is led by the
IESO. If more than one sub-region was identified in the NA phase, it is possible that a different approach
could be taken for different sub-regions.

The IRRP phase will generally assess infrastructure (wires) versus resource (CDM and Distributed
Generation (“DG”)) options at a higher or more macro level but sufficient to permit a comparison of
options. If the IRRP process identifies that infrastructure options may be most appropriate to meet a need,
the RIP phase will conduct detailed planning to identify and assess the specific wires alternatives and
recommend the preferred wires solution. Similarly, resource options which the IRRP identifies as best

! Also referred to a Needs Screening

15
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suited to meet a need are then further planned in greater detail by the IESO. The IRRP phase also includes
IESO led stakeholder engagement with municipalities and establishes a Local Advisory Committee in the
region or sub-region.

The RIP phase is the final stage of the regional planning process and involves: confirmation of previously
identified needs; identification of any new needs that may have emerged since the start of the planning
cycle; and development of a wires plan to address the needs where a wires solution would be the best
overall approach. This phase is led and coordinated by the transmitter and the deliverable of this stage is a
comprehensive report of a wires plan for the region. Once completed, this report can be referenced in rate
filing submissions or as part of LDC rate applications with a planning status letter provided by the
transmitter. Reflecting the timeliness provisions of the RIP, plan level stakeholder engagement is not
undertaken at this stage. However, stakeholder engagement at a project specific level will be conducted as
part of the project approval requirement.

To efficiently manage the regional planning process, Hydro One has been undertaking wires planning
activities in collaboration with the IESO and LDCs for the region as part of and/or in parallel with:

e Planning activities that were already underway in the region prior to the new regional planning
process taking effect

o The NA, SA, and LP phases of regional planning

e Participating in and conducting wires planning as part of the IRRP for the region or sub-region

Figure 2-1 illustrates the various steps of the regional planning process (NA, SA, IRRP and RIP) and their
respective phase trigger, lead, and outcome.

Note that as the KWCG Region was identified as a “transitional” region at the onset of the OEB defined

Regional Planning process in 2013, the Needs Assessment and Scoping Assessment phases were deemed
complete and the region was placed into the IRRP phase of the process.

16
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2.3 RIP Methodology
The RIP phase consists of four steps (see Figure 2-2) as follows:

1) Data Gathering: The first step of the RIP phase is the review of planning assessment data collected in
the previous stages of the regional planning process. Hydro One collects this information and
reviews it with the Working Group to reconfirm or update the information as required. The data
collected includes:

e Net peak demand forecast at the transformer station level. This includes the effect of any
distributed generation or conservation and demand management programs.

e Existing area network and capabilities including any bulk system power flow assumptions.

e Other data and assumptions as applicable such as asset conditions; load transfer capabilities, and
previously committed transmission and distribution system plans.

2) Technical Assessment: The second step is a technical assessment to review the adequacy of the
regional system including any previously identified needs. Additional near and mid-term needs may
be identified at this stage.

3) Alternative Development: The third step is the development of wires options to address the needs and
to come up with a preferred alternative based on an assessment of technical considerations,
feasibility, environmental impact and costs.

4) Implementation Plan: The fourth and last step is the development of the implementation plan for the
preferred alternative.

~N
* Review and confirm regional demand load forecast
* Review and confirm CDM and DG
* Review existing area network, equipment condition and capabilities, approved
Data Gathering expansion plans, etc.
Y
~N
* Transmission adequacy (primarily based on ORTAC)
hnical * Confirmation of regional needs
Technica * Identification of additional regional needs
Assessment )
~N
* Develop wire alternatives to address regional needs
* Compare alternatives and select preferred alternative
Alternatives
7
)
* Develop implementation plan for preferred alternative
« |dentify accountabilities
« Initiate project work and/or regulatory process as required
J

Figure 2-2 RIP Methodology
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3. REGIONAL CHARACTERISTICS

THE KWCG REGION COMPRISES OF THE CITIES OF KITCHENER,
WATERLOO, CAMBRIDGE AND GUELPH, PORTIONS OF OXFORD AND
WELLINGTON COUNTIES AND THE TOWNSHIPS OF NORTH DUMFRIES,
PUSLINCH, WOOLWICH, WELLESLEY AND WILMOT AS SHOWN IN
FIGURE 3-1.

The main sources of electricity into the KWCG Region are from four Hydro One stations: Middleport TS,
Detweiler TS, Orangeville TS and Burlington TS. At these stations electricity is transformed from 500 kV
and 230 kV to 230 kV and 115 kV, respectively. Electricity is then delivered to the end users of LDCs
and directly-connected industrial customers by 24 step-down transformer stations. Figure 3-2 illustrates
these stations as well as the four major regional sub-systems: Waterloo-Guelph 230 kV sub-system,
Cambridge-Kitchener 230 kV sub-system, Kitchener-Guelph 115 kV sub-system and South-Central
Guelph 115 kV sub-system. Appendix A lists all step-down transformer stations in the KWCG Region,
Appendix B lists all transmission circuits in the KWCG Region and Appendix C lists LDCs in the KWCG
Region.
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Figure 3-1 Geographical Area of the KWCG Region with Electrical Layout

*CTS relocated to the distribution system as part of the GATR project
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4. TRANSMISSION FACILITIES COMPLETED
OVER LAST TEN YEARS OR CURRENTLY
UNDERWAY

OVER THE LAST 10 YEARS A NUMBER OF TRANSMISSION PROJECTS
HAVE BEEN COMPLETED BY HYDRO ONE, OR ARE UNDERWAY, AIMED
AT IMPROVING THE SUPPLY TO THE KWCG REGION.

These projects were identified as a result of joint planning studies undertaken by Hydro One, IESO and
the LDCs; or initiated to meet the needs of the LDCs; and/or to meet Provincial Government policies. A
brief listing of the completed projects is given below.

For transmission voltage level transformation capacity needs:
e 250 MVA 230/115 kV autotransformer T4 at Burlington TS replaced in 2006

e 250 MVA 230/115 kV autotransformer T6 at Burlington TS replaced in 2009

For distribution voltage level transformation capacity needs:
o Kitchener MTS#9 connected to replace the Detweiler TS DESN in 2010

e Arlen MTS connected in 2011

For reactive and voltage support needs:
e a 13.8 kV shunt capacitor bank installed at Cedar TS in 2006

e 2230 kV shunt capacitor bank installed at Detweiler TS in 2007

e 2230 kV shunt capacitor bank installed at Orangeville TS in 2008
e 2230 kV shunt capacitor bank installed at Burlington TS in 2010
e a 115 kV shunt capacitor bank installed at Detweiler TS in 2012

For transmission circuit capacity needs:
e M20D/M21D circuit sections capacity increased by sag limit mitigation in 2014

For transmission load security needs:
e Freeport SS installed to sectionalize circuits D7G/D9G (Detweiler TS by Cedar TS) in 2008

For transmission load restoration needs:
e 250 MVA 230/115 kV autotransformer T2 installed at Preston TS in 2007

The following projects are underway:

e Guelph Area Transmission Reinforcement (GATR) project that entails the extension the 230kV
circuits D6V/D7V to Cedar TS; the installation of two new 250MVA, 230/115kV
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autotransformers at Cedar TS; and the installation of two 230 kV in-line switches onto circuits
D6V/D7V at Guelph North Junction. This project reinforces the Kitchener-Guelph and South-
Central Guelph 115kV sub-systems as well as improves restoration capability to the Waterloo-
Guelph 230 kV sub-system. This project is identified in the IESO KWCG IRRP, reference [1].

o The installation of a 13.8 kV series reactor to mitigate short circuit levels at Arlen MTS. This
project was identified in the RIP phase.

o The installation two new 230kV in-line switches onto circuits M20D/M21D near Galt Junction to
improve restoration capability in the Cambridge-Kitchener 230 kV sub-system. This project is
identified in Hydro One’s KWCG Adequacy of Transmission Facilities & Transmission Plan
2016-2025 report, reference [2]/Appendix F as well as reference [1].

23
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5. FORECAST AND OTHER STUDY ASSUMPTIONS

5.1 Load Forecast

The load in the KWCG Region is forecast to increase at an average rate of approximately 1.7% annually
between 2015 and 2025. The growth rate varies across the Region with most of the growth concentrated
in the cities of Waterloo and Guelph, each at an average rate of 2.5% over the next ten years.

Figure 5-1 shows the KWCG Region’s planning load forecast (summer net, regional-coincident extreme
weather peak). The regional-coincident (at the same time) forecast represents the total peak load of the 24
step-down transformer stations in the KWCG Region. By 2025 the forecasted coincident regional peak
load is approximately 1765 MW.
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Figure 5-1 KWCG Region’s Planning Forecast

The KWCG 2015 RIP planning load forecast is provided in Appendix D and is based upon the KWCG
IRRP planning load forecast prepared by the IESO and was reaffirmed by the Working Group upon
initiation of the RIP phase. In the IRRP phase, the LDC’s provided the IESO with a 10 year gross, normal
weather, regional-coincident, peak load forecast in MW. The IESO adjusted the forecast by subtracting
the effective CDM capacity, applying an extreme weather factor and then subtracting the effective DG
capacity. Further details regarding the CDM and connected DG are provided in reference [1]. The RIP
forecast is identical to the IRRP forecast except as otherwise noted in Appendix D.
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5.2

Other Study Assumptions

The following other assumptions are made in this report.

1)
2)

3)

4)

5)

6)

The Study period for the RIP assessment is 2015-2025.

All planned facilities for which work has been initiated and are listed in Section 4 are assumed to
be in-service.

Summer is the critical period with respect to line and transformer loadings. The assessment is
based therefore based on summer peak loads.

Station capacity adequacy is assessed by comparing the non-coincident peak load with the
station’s normal planning supply capacity, assuming a 90% lagging power factor for stations
having no low-voltage capacitor banks and 95% lagging power factor for stations having low-
voltage capacitor banks.

Normal planning supply capacity for Hydro One transformer stations in this Region is
determined by the summer 10-Day Limited Time Rating (LTR), while some LDCs use different
methodologies for determining transformer station LTR.

Adequacy assessment is done as per the Ontario Resource and Transmission Adequacy Criteria
(“ORTAC”).
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6. ADEQUACY OF FACILITIES AND REGIONAL
NEEDS OVER THE 2015-2025 PERIOD

THIS SECTION REVIEWS THE ADEQUACY OF THE EXISTING
TRANSMISSION SYSTEM AND DELIVERY STATION FACILITIES
SUPPLYING THE KWCG REGION AND LISTS THE FACILITIES REQUIRING
REINFORCEMENT OVER THE NEAR AND MID-TERM.

Within the current regional planning cycle two regional assessments have been conducted for the KWCG
Region. The findings of these studies are input to the RIP. The studies are:

1) IESO’s KWCG Integrated Regional Resource Plan — dated April 28, 2015

2) Hydro One’s Adequacy of Transmission Facilities and Transmission Plan 2016-2025 — dated
April 1, 2015 with revision 1 — dated October 30, 2015 (please see Appendix F)

The IRRP identified a number of regional needs to meet the forecast load demand over the near to mid-
term. Due to the immediate nature of the needs the Guelph Area Transmission Reinforcement (GATR)
project was initiated to provide adequate load supply capability to the KWCG area while the IRRP study
was still underway. A detailed description and status of the GATR project and other work initiated or
planned to meet these needs is given in Section 7.

This RIP reviewed the loading on transmission lines and stations in the KWCG Region assuming the

GATR project is in-service. Sections 6.1-6.4 present the results of this review and Table 6-1 lists the
Region’s needs identified in both the IRRP and RIP phases.
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Table 6-1 Near and Medium Term Regional Needs

Type | Section | Needs Timing
Needs Identified in the IRRP ! and the Adequacy Report !
South-Central Guelph 115 kV sub-system- .
7.1 Capacity of 115kV circuits BSG/B6G Immediate
Transmission Circuit Capacity Kitchener—Guelph 115 kV sub-system —
7.1.2 Capacity of 115kV circuits D7F/D9F and Immediate
F11C/F12C
7.1.3 Waterloo-Guelph 230 kV sub-system Immediate
Load Restoration
7.2.1 Cambridge-Kitchener 230 kV sub-system Immediate
Step-down Transformation Capacity 7.3.1 Waterloo North Hydro Inc. 2018
Additional Needs identified in RIP Phase
Station Short Circuit Capability 7.4.1 Arlen MTS: Short Circuit capability 2016
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6.1 230 kV Transmission Facilities

All 230 kV transmission circuits in the KWCG Region are classified as part of the Bulk Electricity
System (“BES”). They connect the Region to the rest of the Ontario’s transmission system and are also
part of the transmission path from generation in Southwestern Ontario to the load centers in the Hamilton,
Niagara and GTA areas. These circuits also serve local area stations within the Region and the power
flow on them depends on the bulk system transfer as well as local area loads. These circuits are as follows
(refer to Figure 3-2):

1) Detweiler TS to Orangeville TS 230 kV transmission circuits D6V/D7V — supplies Fergus TS,
Campbell TS, Waterloo North MTS#3 and Scheifele MTS

2) Detweiler TS to Middleport TS 230 kV transmission circuits M20D/M21D — supplies Kitchener
MTS #6, Kitchener MTS # 8, Cambridge MTS #1, Galt TS, Preston TS and Customer #1 CTS

3) Detweiler TS to Buchanan TS 230 kV transmission circuits D4W/D5W — supplies Kitchener
MTS#9.

The RIP review shows that based on current forecast station loadings and bulk transfers, all 230 kV
circuits are expected to be adequate over the study period. Refer to section 3.4.2 of Appendix F for the
detailed analysis.

6.2 500/230 kV and 230/115 kV Transformation Facilities

Bulk power supply to the KWCG Region is provided by Hydro One’s 500 kV to 230 kV and 230 kV to
115 kV autotransformers. The number and location of these autotransformers are as follows:

1) Two 500/230 kV autotransformers at Middleport TS
2) Four 230/115 kV autotransformers at Burlington TS
3) Three 230/115 kV autotransformers at Detweiler TS
4) Two 230/115 kV autotransformers at Cedar TS
5) One 230/115 kV autotransformer at Preston TS

The RIP review shows that based on current forecast station loadings and bulk transfers, the auto-
transformation supply capacity is adequate over the study period. Refer to section 3.4.1 of Appendix F for
the detailed analysis.

6.3 Supply Capacity of the 115 kV Network

The KWCG Region contains five pairs of double circuit 115 kV lines. This 115 kV network serves local
area load. These circuits are as follows (see Figure 3-2):
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1) Detweiler TS to Freeport SS 115 kV transmission circuits D7F/D9F — supplies Wolverton DS,
Kitchener MTS #3, Kitchener MTS#7

2) Freeport SS to Cedar TS 115 kV transmission circuits F11C/F12C — supplies Kitchener MTS#5
and Cedar T1/T2 transformers

3) Burlington TS to Cedar TS 115 kV transmission circuits BSG/B6G — supplies Puslinch DS, Arlen
MTS, Hanlon TS, Customer #2 CTS and Cedar T7/T8 transformers

4) Detweiler TS 115 kV radial transmission circuit D11K/D12K — supplies Kitchener MTS#1 and
Kitchener MTS#4

5) Detweiler TS to Seaforth TS/Hanover TS 115 kV transmission circuit DSS/D10H with Normally
Open (N/O) points — supplies Rush MTS and Elmira TS

The RIP review shows that based on current forecast station loadings and bulk transfers, the supply
capacity of the 115 kV network is adequate over the study period. Refer to section 3.4.3 of Appendix F
for the detailed analysis.

6.4 Step-down Transformer Stations

There are 24 step-down transformer stations within the KWCG Region. Twenty-two supply electricity to
LDCs and two are transmission-connected industrial customer stations. These stations are listed within
the load forecast in Appendix D. Of those 24 stations, 15 of them are owned and operated by the LDCs.

As part of the IRRP, step-down transformation station capacity was reviewed and resulted in the IRRP
forecast which was reaffirmed by the Working Group for use in the RIP phase. According to the load

forecast, Waterloo North Hydro anticipates requiring additional step-down transformation capacity in
2018.

6.5 Other Items Identified During Regional Planning

6.5.1 Customer Impact Assessment for the GATR project

Based on the Customer Impact Assessment ! for the GATR project, Guelph Hydro identified the need to

mitigate short circuit levels at Arlen MTS in order to ensure the short circuit levels remain within the TSC
limits and equipment ratings. The project need date is May 2016 so as to correlate with the completion of

the GATR project.

6.5.2 System Impact Assessment for the GATR Project

A System Impact Assessment (“SIA”) ! was performed for Hydro One’s application to the IESO for the
Guelph Area Transmission Reinforcement (GATR) project.

Several findings emanated from the SIA report due to conservative assumptions made for the Bulk Power
System. The Working Group has reviewed these findings and recommends that the assumptions be
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looked at in greater detail within a Bulk Power System study. If the Bulk Power System study results in
regional needs then an early trigger of the next Regional Planning cycle may occur.

6.5.3 Load Restoration to the Cambridge area

The IRRP recommended Hydro One to continue to explore options with Cambridge and North Dumfries
Hydro (“CND”) to further improve the load restoration capability to the Cambridge area. During the RIP
phase Hydro One presented to CND a detailed explanation of its capability to restore power to
transformer stations that service the Cambridge area. Based on this discussion, CND and Hydro One have
agreed that, at this time, no additional infrastructure is required and the restoration capability afforded by
the GATR project and the 230 kV in-line switches at Galt Junction is acceptable for the study period.

6.6 Long-Term Regional Needs

The IRRP examined high-growth and low-growth scenarios to identify long-term needs. Under the high-
growth scenario, there is sufficient transmission capacity afforded by the GATR project to meet demand
in the long-term; however the need for additional step-down transformation capacity may arise. LDC’s to
closely monitor their load to determine the timing of potential step-down transformation needs. Under the
low-growth scenario, no needs were identified in the long-term.

Consistent with the IRRP, the Working Group did not identify any additional long-term needs during the

RIP phase. If new long-term needs were to arise, there is sufficient time to assess them in the next
planning cycle which can also be started earlier to make timely investment decisions..
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7. REGIONAL PLANS

THIS SECTION DISCUSSES THE ELECTRICAL SUPPLY NEEDS FOR THE
KWCG REGION AND SUMMARIZES THE REGIONAL PLANS FOR
ADDRESSING THE NEEDS. THESE NEEDS ARE LISTED IN TABLE 6-1 AND
INCLUDE NEEDS PREVIOUSLY IDENTIFIED IN THE IRRP AS WELL AS
THE NEEDS IDENTIFIED DURING THE RIP PHASE.

7.1 Transmission Circuit Capacity and Load Restoration
7.1.1 South-Central Guelph 115 KV Sub-system

The South-Central Guelph area is supplied by the 115 kV double circuit line BSG/B6G. As per section
6.2.1 of the IRRP, historical peak demand on the BSG/B6G line has already exceeded the 100 MW line
Load Meeting Capability (“LMC”).

7.1.2 Kitchener-Guelph 115 kV Sub-system

The Kitchener-Guelph area is supplied by two 115 kV double-circuit lines D7F/D9F and F11C/F12C
supported by 230/115 kV autotransformers at Detweiler TS and Preston TS. As per section 6.2.1 of the
IRRP, the planning forecast peak demand in the Kitchener-Guelph 115 kV sub-system will exceeded the
260 MW line LMC by summer 2014.

7.1.3 Waterloo-Guelph 230 KV Sub-system

As per section 6.2.2 of the IRRP, the transmission infrastructure supplying load in the Waterloo-Guelph
230 kV sub-system does not meet reliability requirements to quickly restore supply in the event of a
major outage involving the loss of both transmission circuits, D6V and D7V.

7.1.4 Recommended Plan and Current Status

To address the transmission circuit capacity needs for the South-Central Guelph 115 kV sub-system and
the Kitchener-Guelph 115 kV sub-system, the IRRP Working Group recommended reinforcement of the
115 kV transmission system by introducing a new 230 kV — 115 kV injection point. The new injection
point is to be located at Cedar TS using two new 230 kV/115 kV autotransformers in conjunction with a 5
km extension of the existing 230 kV double-circuit transmission line, D6V/D7V from Campbell TS to
Cedar TS. This reinforcement is covered under the GATR project.

To address the load restoration need of the Waterloo-Guelph 230 kV sub-system, the IRRP Working
Group’s preferred alternative is to install two new 230 kV in-line switches near Guelph North Junction.
The switches will enable Hydro One to quickly isolate a problem and allow the resupply of load to occur
expeditiously. This work is also covered under the GATR project.
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Current Status of the GATR Project

Hydro One initiated construction on the GATR project in fall 2013 following the OEB approval in
September 2013. The project has three components:

e Campbell TS x Cedar TS: Extend the 230 kV D6V/D7V tap from Campbell TS to Cedar TS.
This requires replacing approximately a 5 km section of the existing 115 kV double circuit
transmission section between CGE Junction and Campbell TS with a new 230 kV double circuit
transmission line,

e Cedar TS: Install two new 230/115 kV autotransformers and associated 115 kV switching
facilities at Cedar TS. Connect 115 kV switching facilities to the existing BSG/B6G line and the
F11C/F12C at Cedar TS.

e  Guelph North Junction: Install two in-line 230 kV switches at Guelph North Jct.

This investment will provide for sufficient 230/115 kV autotransformation capacity beyond the study
period. The current in-service date of the project is May 2016.

The cost of this project is approximately $95 million. The project is a transmission pool investment as the
autotransformers provide supply to all customers in the Region.

7.2 Load Restoration

7.2.1 Cambridge-Kitchener 230 kV Sub-system

As per section 6.2.2 of the IRRP and the section 3.4.8 of the Adequacy of Transmission Facilities report,

transmission infrastructure supplying load in the Cambridge-Kitchener 230 kV sub-system does not meet
reliability requirements to quickly restore supply in the event of a major outage involving the loss of both
transmission circuits, M20D and M21D.

7.2.2 Recommended Plan and Current Status

To address the load restoration need of the Cambridge-Kitchener 230 kV sub-system, the IRRP Working
Group’s preferred alternative is to install two new 230 kV in-line switches on the M20D/M21D line near
Galt Junction. The switches will enable Hydro One to quickly isolate a problem and allow the resupply of
load to occur expeditiously. This work is covered under the M20D/M21D Install 230 kV In-line Switches
project.

Current Status of the 230 kV In-Line Switches near Galt Junction

Hydro One has established a project to install the two 230 kV in-line switches onto the M20D/M21D
double circuit line. One set of switches to be installed onto each circuit. One set of switches to be installed
north of the Junction while the other to be installed south of Galt Junction. The switches will enable
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Hydro One to quickly isolate a problem on either side of the junction and initiate the restoration of load to
the Cambridge-Kitchener 230 kV sub-system.

The project is currently in the detailed design and estimation phase which also includes real estate

negotiations. The cost of this project is approximately $6 million and it will be a transmission pool
investment. The planned in-service date is May 2017.

7.3 Step-down Transformation Capacity
7.3.1 Waterloo North Hydro

The RIP/IRRP planning load forecast indicates that additional step-down transformation capacity is
required by 2018, specifically Waterloo North Hydro’s MTS #4.

7.3.2 Recommended Plan and Current Status

To address step-down transformation capacity needs of Waterloo North Hydro, Waterloo North Hydro
will, wherever possible, manage load growth by maximizing the utilization of existing stations by
increasing distribution load transfer capability between those stations and will continue to explore
opportunities for CDM and DG. In addition Waterloo North Hydro will also explore, with other LDCs,
opportunities to coordinate possible joint use and development of step-down transformer stations in the
Region over the long term. With this in mind, additional step-down transformation capacity is not
anticipated prior to 2024. This need will be reviewed in the next cycle of regional planning.

7.4 Station Short Circuit Capability

7.4.1 Arlen MTS

Arlen MTS is a 115/13.8 kV step-down transformer station owned by Guelph Hydro. As a result of the
new 230/115 kV injection point afforded by the GATR project, the short circuit levels at Arlen MTS’s
13.8 kV bus will exceed the TSC limit and equipment capability.

7.4.2 Recommended Plan and Current Status

To address the station short circuit capability need at Arlen MTS, Guelph Hydro will install series
reactors to bring station short circuit levels within TSC limits and within equipment ratings.

Current Status of Short Circuit Mitigation

Guelph Hydro has initiated a project to install series reactors to bring station short circuit levels within
TSC limits and equipment ratings. The cost of this project is $0.95 million and the expected completion
date is May 2016 so as to correlate with the completion of the GATR project.
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8. CONCLUSIONS

THIS REGIONAL INFRASTRUCTURE PLAN REPORT CONCLUDES THE
REGIONAL PLANNING PROCESS FOR THE KWCG REGION. THIS REPORT
MEETS THE INTENT OF THE PROCESS DESCRIBED IN SECTION 2 WHICH
IS ENDORSED BY THE OEB AND MANDATED IN THE TSC AND DSC.

Six near and mid-term needs were identified for the KWCG Region. They are:

I.  Transmission capacity in the South-Central Guelph 115 kV sub-system
II.  Transmission capacity in the Kitchener-Guelph 115 kV sub-system
III.  Load restoration capability in the Waterloo-Guelph 230 kV sub-system
IV.  Load restoration capability in the Cambridge-Kitchener 230 kV sub-system
V.  Step-down transformation capacity for Waterloo North Hydro
VI.  Station Short Circuit Capacity at Arlen MTS

This RIP report addresses all six of these needs. Next Steps, Lead Responsibility, and Timeframes for
implementing the wires solutions for the near and mid-term needs are summarized in the Table 8-1 below.

Table 8-1 Regional Plans — Next Steps, Lead Responsibility and Plan In-Service Dates

. Lead Needs
No. | Project Next Steps Responsibility I/S Date Cost Mitigated
. Construction
1 GuF: Iph Area Transmission in the final Hydro One May 2016 [ $95M I 1L, III
Reinforcement
stages
Mitigate Short Circuit Construction
2 Levels at Arlen MTS underway Guelph Hydro | May 2016 | $0.95M VI
Transmitter

M20D/M21D — Install 230
3 IV In-line Switches to carry out Hydro One May 2017 $6M v

this work
LDC to
4 Waterloo North Hydro: monitor Waterloo North 2024 TBD Vv
MTS #4 Hydro
growth

In accordance with the Regional Planning process, the Regional Plan should be reviewed and/or updated
at least every five years. The region will continue to be monitored and should there be a need that
emerges due to a change in load forecast or any other reason, the next regional planning cycle will be
started earlier to address the need.
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Appendix A. Step-Down Transformer Stations in the KWCG

Region
Station Voltage (kV) | Supply Circuits
Waterloo-Guelph 230 kV sub-system
Fergus TS 230 kV D6V/D7V
Scheifele MTS 230 kV D6V/D7V
Waterloo North MTS #3 230 kV D6V/D7V
Campbell TS 230 kV D6V/D7V
Cambridge-Kitchener 230 kV sub-system
Kitchener MTS #6 230 kV M20D/M21D
Kitchener MTS #8 230 kV M20D/M21D
Cambridge MTS #1 230 kV M20D/M21D
Preston TS 230 kV M20D/M21D
Galt TS 230 kV M20D/M21D
Customer #1 CTS 230 kV M21D
Kitchener—Guelph 115 kV sub-system
Wolverton DS 115kV D7F/D9F
Kitchener MTS #3 115kV D7F/D9F
Kitchener MTS #7 115kV D7F/D9F
Kitchener MTS #5 115kV F11C/F12C
Cedar TS (T1/T2) 115kV F11C/F12C
South-Central Guelph 115 kV sub-system
Puslinch DS 115kV B5G/B6G
Arlen MTS 115kV B5G/B6G
Hanlon TS 115kV B5G/B6G
Cedar TS (T8/T7) 115kV B5G/B6G
Customer #2 CTS 115kV B5G
Other Stations in the KWCG Region
Kitchener MTS #9 230 kV D4W/D5W
Rush MTS 115kV D8S/D10H
Elmira TS 115kV DI10OH
Kitchener MTS #1 115kV D11K/D12K
Kitchener MTS #4 115kV D11K/D12K
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Appendix B. Transmission Lines in the KWCG Region

Location Circuit Designations Voltage (kV)
Detweiler TS — Orangeville TS D6V/D7V 230 kV
Detweiler TS - Middleport TS M20D/M21D 230 kV
Detweiler TS - Buchanan TS D4W/D5W 230 kV
Detweiler TS - Freeport SS D7F/D9F 115kV
Freeport SS - Cedar TS F11C/F12C 115kV
Burlington TS - Cedar TS B5G/B6G 115kV
Detweiler TS — Kitchener MTS #4 DI11K/D12K 115kV
Detweiler TS — Palmerston TS D10H 115kV
Detweiler TS — Seaforth TS DS8S 115kV
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Appendix C. Distributors in the KWCG Region

December 15,2015

Distributor Name Station Name Connection
Type
Cambridge and North Dumfries Hydro Inc. Cambridge NDum MTS#1 Tx
Galt TS Tx
Preston TS Tx
Wolverton DS Dx
Centre Wellington Hydro Ltd. Fergus TS Dx
Guelph Hydro Electric System - Rockwood Division | Fergus TS Dx
Guelph Hydro Electric Systems Inc. Arlen MTS Tx
Campbell TS Tx
Cedar TS Tx
Hanlon TS Tx
Halton Hills Hydro Inc. Fergus TS Dx
Hydro One Networks Inc. Fergus TS Tx
Elmira TS Tx
Puslinch DS Tx
Wolverton DS Tx
Galt TS Dx
Kitchener-Wilmot Hydro Inc. Kitchener MTS#1 Tx
Kitchener MTS#3 Tx
Kitchener MTS#4 Tx
Kitchener MTS#5 Tx
Kitchener MTS#6 Tx
Kitchener MTS#7 Tx
Kitchener MTS#8 Tx
Kitchener MTS#9 Tx
Milton Hydro Distribution Inc. Fergus TS Dx
Waterloo North Hydro Inc. Elmira TS Dx
Tx
Fergus TS Dx
Rush MTS Tx
Scheifele MTS Tx
Waterloo North MTS #3 Tx
Preston TS Dx
Kitchener MTS#9 Dx
Wellington North Power Inc. Fergus TS Dx
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Table D-1 RIP Planning Demand Forecast (MW)

December 15,2015

Appendix D. KWCG Regional Load Forecast (2015-2025)

Station LDC 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Cambridge MTS #1 Cambridge & North Dumfries Hydro | 92.3 | 93.8 | 95.6 | 98.1 | 99.7 | 102.7 | 101.8 | 102.1 | 102.4 | 102.2 | 101.6
Galt TS Cambridge & North Dumfries Hydro | 108.1 | 109.5 | 112.3 | 113.7 | 116.1 | 119.0 | 122.8 | 127.9 | 134.8 | 141.9 | 148.8
Preston TS " Cambridge & North Dumfries Hydro | 108.0 | 100.3 | 102.0 | 104.4 | 1059 | 108.7 | 109.6 | 111.8 | 111.9 | 111.5 | 111.8
Kitchener MTS #6 Kitchener-Wilmot Hydro 72.8 | 72.8 | 73.0 | 73.0 | 72.4 | 72.1 | 71.7 | 71.6 | 71.5 | 71.1 | 71.1
Kitchener MTS #8 Kitchener-Wilmot Hydro 442 | 37.6 | 403 | 43.1 | 453 | 38.6 | 41.1 | 43.5 | 46.0 | 48.2 | 50.6
Kitchener MTS #3 Kitchener-Wilmot Hydro 543 | 644 | 66.5 | 673 | 67.5 | 77.0 | 77.5 | 78.1 | 78.7 | 79.0 | 79.6
Kitchener MTS #7 Kitchener-Wilmot Hydro 449 | 45.1 | 459 | 46.0 | 45.6 | 45.6 | 45.6 | 457 | 39.9 | 39.8 | 39.9
Wolverton DS Hydro One Distribution 212 | 214 | 21.6 | 21.6 | 21.6 | 21.6 | 21.6 | 21.7 | 21.8 | 21.7 | 21.9
Cedar TS T1/T2 Guelph Hydro 723 | 749 | 758 | 774 | 783 | 79.5 | 79.8 | 82.2 | 84.6 | 855 | 87.9
Cambridge MTS #2 @ | Cambridge & North Dumfries Hydro | 0.0 | 0.0 | 00 | 00 | 00 | 0.0 | 0.0 | 00 | 00 | 0.0 | 0.
Kitchener MTS #5 Kitchener-Wilmot Hydro 739 | 73.8 | 746 | 745 | 73.8 | 73.5 | 73.2 | 73.1 | 78.8 | 783 | 782
Cedar TS T7/T8 Guelph Hydro 30.2 | 32.0 | 32.0 | 32.8 | 323 | 33.0 | 33.7 | 33.4 | 342 | 348 | 355
Hanlon TS Guelph Hydro 29.8 | 30.7 | 31.6 | 32.5 | 33.0 | 33.7 | 344 | 351 | 349 | 355 | 353
Puslinch DS Hydro One Distribution 356 | 362 | 36.8 | 37.3 | 37.5 | 37.9 | 383 | 38.7 | 39.2 | 39.5 | 39.9
Arlen MTS Guelph Hydro 30.0 | 33.0 | 37.0 | 40.9 | 333 | 37.9 | 41.4 | 43.0 | 446 | 459 | 475
Campbell TS Guelph Hydro 131.9 | 136.3 | 139.0 | 1402 | 141.2 | 142.8 | 144.4 | 148.4 | 1522 | 156.2 | 160.1
Scheifele MTS Waterloo North Hydro 169.0 | 166.0 | 170.7 | 150.3 | 151.2 | 152.7 | 154.3 | 156.2 | 158.1 | 153.4 | 155.4
Waterloo North MTS #3 | Waterloo North Hydro 61.9 | 70.8 | 72.7 | 753 | 793 | 64.6 | 58.0 | 753 | 76.8 | 76.9 | 78.4
MTS #4? Waterloo North Hydro 00 | 00 | 0.0 | 306 | 352 | 509 | 603 | 619 | 644 | 65.6 | 68.1
Fergus TS Hydro One Distribution 108.9 | 108.8 | 109.5 | 109.7 | 108.5 | 108.3 | 108.2 | 108.5 | 108.7 | 108.3 | 108.7
Kitchener MTS #1 Kitchener-Wilmot Hydro 29.1 | 29.6 | 31.1 | 31.6 | 31.8 | 32.1 | 324 | 329 | 333 | 33.5 | 339
Kitchener MTS #4 Kitchener-Wilmot Hydro 67.8 | 682 | 69.1 | 69.3 | 69.0 | 69.0 | 689 | 692 | 69.3 | 69.1 | 69.3
Kitchener MTS #9 Kitchener-Wilmot Hydro 33.7 | 339 | 343 | 34.6 | 345 | 347 | 349 | 350 | 353 | 354 | 355
Elmira TS © Waterloo Norj[h P.Iyd?o/

Hydro One Distribution 38.0 | 32.6| 33.5| 333| 348 354| 36.0| 36.8| 384| 39.0| 40.6
Rush MTS Waterloo North Hydro 549 | 638 | 657 | 674 | 674 | 67.8 | 69.1 | 53.0 | 53.6 | 60.7 | 61.3
Customer #1 CTS ¥ Customer Station 55 | 55 | 55 | 55 | 55 | 55 | 55 | 55 | 55| 55| 55
Customer #2 CTS Customer Station (Assumed Values) | 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
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Table D1 -is based upon KWCG 2015 IRRP Planning Load Forecast except as noted.

(1)

(2)

(3)
(4)

Cambridge and North Dumfries Hydro (“CND”) has confirmed 9.2 MW of cogeneration at a large customer to be accounted for in the Preston TS forecast starting year 2016. The
generation plant is expected to run most of the time and would offset the customer's load. This cogeneration was not factored into the KWCG 2015 IRRP Planning Load Forecast.
Both CND and Waterloo North Hydro (“WNH?”) are monitoring the load closely to determine the timing of potential transformation needs. For planning purposes, WNH has moved
back the in service date of MTS #4 from 2018 to 2024. WNH is closely monitoring the need for additional transformation capacity to determine if the load growth indicated at MTS
#4 in the forecast can be managed through a combination of improving transformer station interties, CDM and DG in the Waterloo Region. Where possible, these LDCs are exploring
opportunities to coordinate possible joint use and development of step-down transformer station facilities in the KWCG Region over the long term.

Updated to include Hydro One Distribution load

Based on information provided by the transmission-connected customer
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Appendix E. List of Acronyms

Acronym Description

A Ampere

BES Bulk Electric System

BPS Bulk Power System

CDM Conservation and Demand Management
CIA Customer Impact Assessment

CGS Customer Generating Station

CTS Customer Transformer Station

DESN Dual Element Spot Network

DG Distributed Generation

DSC Distribution System Code

GS Generating Station

GTA Greater Toronto Area

HV High Voltage

IESO Independent Electricity System Operator
IRRP Integrated Regional Resource Plan

kV Kilovolt

LDC Local Distribution Company

LP Local Plan

LTE Long Term Emergency

LTR Limited Time Rating

LV Low Voltage

MTS Municipal Transformer Station

MW Megawatt

MVA Mega Volt-Ampere

MVAR Mega Volt-Ampere Reactive

NA Needs Assessment

NERC North American Electric Reliability Corporation
NGS Nuclear Generating Station

NPCC Northeast Power Coordinating Council Inc.
NUG Non-Utility Generator

OEB Ontario Energy Board

OPA Ontario Power Authority

ORTAC Ontario Resource and Transmission Assessment Criteria
PF Power Factor

PPWG Planning Process Working Group

RIP Regional Infrastructure Plan

ROW Right-of-Way

SA Scoping Assessment

SIA System Impact Assessment

SPS Special Protection Scheme

SS Switching Station

TS Transformer Station

TSC Transmission System Code

UFLS Under Frequency Load Shedding
ULTC Under Load Tap Changer

UVLS Under Voltage Load Rejection Scheme

December 15,2015
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Appendix F.  KWCG Adequacy of Transmission Facilities and
Transmission Plan 2016-2025
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EXECUTIVE SUMMARY

In 2010 an integrated regional planning study was initiated to assess the electricity supply and reliability
over a twenty year period for the Kitchener-Waterloo-Cambridge-Guelph (KWCG) areas and continues to
be conducted by a Working Group led by the Ontario Power Authority (OPA) and includes staff from the
Independent Electricity System Operator (IESO), Hydro One Networks Inc., Kitchener-Wilmot Hydro,
Waterloo North Hydro, Cambridge & North Dumfries Hydro, Guelph Hydro Electric Systems Inc. and
Hydro One Distribution.

The early results of the integrated regional planning study identified the need to reinforce supply capacity
for the South-Central Guelph and the City of Cambridge over the near and medium term. It also identified
the need to minimize the impact of double circuit interruptions in the area'. As a result, the Working
Group recommended two transmission projects in conjunction with conservation and distributed
generation:

1. The Guelph Area Transmission Reinforcement (GATR) project — comprising a new 230/115kV
autotransformer station at Guelph Cedar TS, upgrading the circuit section between Campbell TS
and CGE Junction to 230 kV and in-line switching on the Orangeville TS x Detweiler TS 230kV
circuits D6V/D7V — to reinforce supply to South Central Guelph,

2. The Preston TS Autotransformer Project — comprising the installation of a second 230/115kV
autotransformer at Preston TS - to reinforce supply to the City of Cambridge.

Work on the GATR project was started in 2014 following approval from the Ontario Energy Board and
the Ministry of Environment. The project’s planned in-service date is June 2016.

For the Preston project, the OPA issued Hydro One a hand off letter to develop a “Wires” solution to
improve the supply to the Cambridge area and to facilitate the connection of a future Cambridge and
North Dumfries Hydro transformer station by 2018.

This report presents the results of Hydro One led “Wires” study of the adequacy of supply to the City of
Cambridge and the wider KWCG area based on the planned in-service of the GATR project in summer
2016. The main conclusions of the report are as follows:

e The supply capability to the KWCG 115kV area has been significantly increased to meet
all 2025 forecast loads by the addition of the GATR project. The need for the Preston
autotransformer can be deferred to beyond 2025.

e There is inadequate load restoration capability for load connected to Middleport TS x
Detweiler TS 230kV double circuit line M20D and M21D

This report recommends that the most cost effective plan to improve load restoration capability for load
connected to circuits M20/21D is to install 230 kV in-line switches onto circuits M20/21D.

1 OPA Submission to the OEB for the GATR Project - Document EB-2013-0053 dated March 8, 2013 entitled,
“Kitchener-Waterloo-Cambridge-Guelph Area
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1.0 INTRODUCTION

This transmission adequacy assessment focused on the electrical supply to the municipalities of
Kitchener, Waterloo, Cambridge and Guelph and their surrounding areas of Ontario, collectively referred
to as the KWCG area in this report. Its primary focus was to confirm the near and mid-term transmission
needs for the area and to provide a 10-year transmission plan in order satisfy those Needs.

Geographically, the KWCG area consists of 4 municipalities — Kitchener, Waterloo, Cambridge, Guelph
and portions of two counties - Perth and Wellington. Hydro One Networks Inc. is the sole high voltage
transmitter in the KWCG area; however the low voltage distribution of electricity in the KWCG area is
carried out by Cambridge and North Dumfries Hydro Inc., Guelph Hydro Electric System Inc., Hydro
One Distribution, Kitchener-Wilmot Hydro Inc., and Waterloo North Hydro. A geographic map of the
area is shown in Appendix A, Map 1 while an electrical map of the area is shown in Appendix A, Map 2.

The KWCG area is a major regional load centre in Ontario. The area has a well-established history in
manufacturing and technology. The area peak load is approximately 1400 MW.

This report presents the results of the Hydro One led “Wires” study of the adequacy of supply to the City
of Cambridge and the wider KWCG area based on the planned in-service of the GATR project in summer
2016.
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2.0 EXISTING TRANSMISSION INFRASTRUCTURE
2.1 TRANSMISSION IN KWCG

Electrical Supply in this area is provided through 230 kV and 115 kV transmission lines and step down
transformation facilities (transmission stations, TS) as show in Appendix A, Map 2.

The main sources of electricity into the KWCG Region are Middleport TS, Detweiler TS, Orangeville TS,
Cedar TS and Burlington TS. At these stations electricity is transformed from 500 kV and 230 kV to 230
kV and 115 kV, respectively. The KWCG Region transmission system is connected as follows:

e Two 230 kV circuits (D6V/D7V) that run North-East from Detweiler TS to Orangeville TS that
supply five load serving stations;

e Two 230 kV circuits (M20/21D) that run South-East from Detweiler TS to Middleport TS that
supply five load serving stations and one transmission-connected customer;

o Two 230 kV circuits (D4W/D5W) that run South-West from Detweiler TS to Buchanan TS (in
the “London area”) that supply one load serving station;

e Four 115 kV circuits (D7F/D9F, F11C/F12C) that run East-West: D7/9F from Detweiler TS to
Freeport SS that supply three load serving stations and F11/12C from Freeport SS to Cedar TS
that supply one load serving station;

e Two 115 kV circuits (B5G/B6G) that run North-West from Burlington TS to Cedar TS that
supply three load serving stations and one transmission-connect customer;

e Two 115 kV radial circuits (D11K/D12K) emanating East from Detweiler TS that supply two
load serving stations; and,

e Two 115 kV circuit (D8S and D10H) emanating North from Detweiler TS that supply two load
serving stations in the KWCG area.

Voltage support is provided in the area by:

e Four high voltage shunt capacitor banks and one SVC at Detweiler TS

e Four high voltage shunt capacitor banks at Middleport TS

e Three high voltage shunt capacitor banks at Burlington TS

e One high voltage shunt capacitor bank at Orangeville TS

e 43.2 MVar low voltage station shunt capacitor at Galt TS

e 21.6 MVar low voltage station shunt capacitors at Campbell TS

e 59.81 MVar low voltage station shunt capacitors at Cedar TS

e 9.92 MVar low voltage station shunt capacitors at Elmira TS

e Low voltage feeder shunt capacitors were lumped at: C&ND MTS#1, Waterloo North Hydro
MTS #3, Scheifele MTS

All stations in the KWCG Region were considered in the analysis to determine the adequacy of the
existing transmission system. Transformation capacity at individual load serving stations was previously
analyzed by the OPA as part of the Integrated Regional Resource Plan (IRRP). The result of that analysis
was a load forecast that included proposed new stations, as shown in Appendix C. Therefore,
transformation capacity at individual load serving stations was not considered in this study.

7
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2.2 TRANSMISSION-CONNECTED GENERATION

There are no existing large-scale transmission-connected generation plants in the KWCG area; however
two contracted renewable transmission-connected wind farms were included in the study area and are
listed in Appendix B.

3.0 ADEQUACY OF EXISTING TRANSMISSION INFRASTRUCTURE IN KWCG AREA
3.1 STUDY ASSUMPTIONS

Assumptions were made in order to assess the effects of contingencies to verify the adequacy of the
transmission system. The assumptions used in the study were:

1. A 10 year load forecast: years 2016 to 2025; shown in Appendix C

2. Forecasted loads were provided by the LDC’s in MW. The MVAR portion of the load was set to
40% of the MW load which is a reasonable assumption to achieve a power factor of 0.9 at the
defined meter point of load serving transformer stations (TS, CTS, MTS)

3. A summer assessment was performed as the KWCG area is summer load peaking while the
equipment is at its lowest rating during summer ambient conditions. This was deemed to be the
most conservative approach;

4. Equipment continuous and Limited Time Ratings (LTR) were based on an ambient temperature
of 35°C for summer and a wind speed of 4 km/hour;

5. The Guelph Area Transmission Reinforcement (GATR) project would be in-service in June 2016;

6. Circuits M20D and M21D are assigned their updated long-term emergency rating (LTE) based on
a maximum temperature of 127°C;

7. Simulation of year 2025 load forecast was performed as it was the maximum loading of the area
for the duration of the study period; year 2016 was simulated as necessary;

8. Waterloo North Hydro’s Snider MTS #4 (MTS #4) will connect to 230 kV circuit D6/7V between
Scheifele MTS and Guelph North Jct., projected in-service date 2024 (refer to Note 2 in
Appendix C, Table C1)

9. The flows on Ontario’s major internal transmission interfaces were assumed as follows:

e FETT ~ 4500 MW

e FS~1250 MW

e FABCW ~ 5800MW

e NBLIP ~ 1650 MW (the slightly high NBLIP was offset by the lower FABCW)
e QFW ~ 1550 MW

3.2 STUDY CRITERIA

The adequacy of the transmission system is assessed as per the IESO Ontario Resource and Transmission
Assessment Criteria, Issue 5.0.
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3.3 LOAD FORECAST

The load forecast used in this assessment is the KWCG 2015 RIP forecast as shown in Appendix C. This
summer forecast is an extreme weather, area coincident, net, peak load forecast.

The KWCG 2015 RIP forecast is based upon the KWCG 2015 IRRP forecast. The LDC’s provided the
IESO with a 20 year gross, normal weather, area coincident, peak load forecast in MW. The IESO
adjusted the forecast by subtracting the effective conservation and demand management (CDM) capacity,
applying an extreme weather factor and then subtracting the effective Distribution Generation (DG)
capacity.

34 SuUPPLY CAPACITY NEEDS

Single element contingencies were considered in assessing the adequacy and reliability of the local
transmission system that serves the KWCG area. Figure 1 summarizes the local KWCG area Needs for
the 10-year period under study. Appendices D, F and G detail the technical study and results.

At stations, within the KWCG area, classified as NPCC Bulk Power System (BPS) additional
contingencies were considered to establish their impact to the local KWCG area. Appendix E details the
technical study and results.

3.4.1 AUTO-TRANSFORMATION SUPPLY CAPACITY

There is no major generation station in the KWCG area. Hence, the majority of supply to the load is
provided by Hydro One’s 500 kV to 230 kV and 230 kV to 115 kV auto-transformers. The number and
location of these auto-transformers are as follows:

e Two 500/230 kV autotransformers at Middleport TS
e Four 230/115 kV autotransformers at Burlington TS?
e Three 230/115 kV autotransformers at Detweiler TS
o Two 230/115 kV autotransformers at Cedar TS
o One 230/115 kV autotransformer at Preston TS

Single autotransformer contingencies were performed to assess the adequacy of the transmission system
to supply bulk power into the KWCG area via the autotransformers for year 2025 loading.

The results indicate that there are no thermal overloads and no voltage violations for the loss of a single
autotransformer.

? The loading of the autotransformers at Burlington TS is mainly driven by the load connected in the Burlington to
Nanticoke area. Only a small percentage of the autotransformer load is due to local Guelph load and as such,
analysis of the Burlington TS autotransformers was undertaken in the ‘Burlington to Nanticoke’ Regional
Infrastructure Plan.
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3.4.2 SUPPLY CAPACITY OF THE 230 KV NETWORK

The KWCG area contains three pairs of double circuit 230 kV lines: M20D/M21D, D6V/D7V and
D4W/D5W.

Single circuit contingencies were performed to assess the adequacy of the local 230 kV transmission
system for year 2025 loading’.

As indicated in Appendix D there are no thermal overloads and no voltage violations for the loss of a
single 230 kV circuit.

3.4.3 SUPPLY CAPACITY OF THE 115 KV NETWORK

The KWCG area contains five pairs of double circuit 115 kV lines: D7F/D9F, F11C/F12C, B5G/B6G,
D11K/D12K and D8S/D10H.

Single circuit contingencies were performed to assess the adequacy of the local 115 kV transmission
system for year 2025 loading.

As indicated in Appendix D there are no thermal overloads and no voltage violations for the loss of a
single 115 kV circuit. Appendix H details supply capacity on circuit D8S and D10H as request by the
LDC.

3.4.4 VOLTAGE PERFORMANCE

Single circuit contingencies as well as single element HV shunt capacitor bank contingencies were
performed to determine the overall voltage performance of the KWCG area for year 2025 loading.

As indicated in Appendix D there are no thermal overloads and no voltage violations for these
contingencies. Appendix H details voltage performance at Elmira TS and Rush MTS as request by the
LDC.

3.4.5 LOAD SECURITY ANALYSIS

The most stringent load security criterion that applies to the KWCG area states that with any two
elements out of service:

e Voltage must be within applicable emergency ratings and equipment loading must be within
applicable short-term emergency ratings;

e Load transfers to meet the applicable long-term emergency ratings must be able to be made in
the time afforded by short-time ratings;

e Planned load curtailment or load rejection in excess of 150 MW is not permissible (except for
local generation outages) and;

3 Note, if another element such as an autotransformer, circuit or capacitor bank shared the same “switching position”
and/or zone of protection with the circuit under contingency, both were removed from service.

10
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e Not more than 600 MW of load may be interrupted by configuration and by planned load
curtailment or load rejection excluding voluntary demand management with any two
transmission elements out of service.

There are three pairs of 230 kV double circuit lines and five pairs of 115 kV double circuit lines in the
KWCG area. While one circuit of a double circuit line is out of service, the loss of the companion circuit
in the pair would result in the loss of all load stations connected to the pair by configuration. Tables F1
and F2 in Appendix F illustrate the load lost due to configuration in both years 2016 and 2025.

There are five stations in the KWCG area that have autotransformers. Overlapping autotransformer
contingencies were taken and Table F3 in Appendix F illustrates any load transfer requirements due to
two overlapping autotransformer outages.

As seen in Appendix F, the load forecasted on all circuit pairs is less than 600 MW within the 10-year
study period and the loss of two autotransformers within this local area does not result in equipment
loading beyond their applicable emergency ratings; therefore there is no concern with Load Security in
the KWCG area for the study period.

3.4.6 LOAD RESTORATION CAPABILITY ANALYSIS

The load restoration criteria requires that the transmission system be planned such that following local
area design criteria contingencies, the affected loads can be restored within the restoration times indicated
below”:

e All load lost must be restored within 8 hours;
e Load lost in excess of 250 MW must be restored within 30 min; and
o [ oad lost between the amount of 150 MW and 250 MW must be restored within 4 hours.

Each pair of double circuit 230 kV and 115 kV lines were assessed to verify their load restoration
capability. This assessment is detailed in Appendix G.

The results indicated the existing transmission system can adequately restore load to each circuit pair with
the exception of M20/21D. Therefore, improvement to the restoration capability of load connected to
circuits M20D and M21D is required.

3.4.7 IMPACT OF CONTINGENCIES ON THE BPS TO THE KWCG AREA

Northeast Power Coordinating Council (NPCC) Bulk Power System stations in the KWCG area are:

e Middleport TS 500 kV bus
e Middleport TS 230 kV bus
e Detweiler TS 230 kV bus

* As per ORTAC: “These approximate restoration times are intended for locations that are near staffed centres. In
more remote locations, restoration times should be commensurate with travel times and accessibility.”

11
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All elements connected to BPS buses are considered BPS facilities. Elements refer to circuit breakers,
transmission lines, generators, transformers and reactive devices (e.g. SVC or capacitor bank).

Appendix E: Technical Results-Bulk Power System Considerations provides a list of BPS contingencies
and the results. A limited number of BPS contingencies were performed in order to establish the impact of
contingencies on the BPS to the local KWCG area.

Three NPCC Directory 1 contingency events were utilized in this study:

1. Simultaneous loss of two adjacent transmission circuits on a multiple circuit tower
2. Loss of any element with delayed fault clearing (a.k.a. Breaker Failure)
3. Loss of a critical element, followed by system adjustment, then loss of a critical element.

These BPS contingency events were applied to BPS buses only. The results can be summarized as
follows:

e Asper Table E3 and E5 when two of the three auto-transformers at Detweiler TS are not
available the remaining auto-transformer may become overloaded. Since the loading of the
remaining auto-transformer is within its 15-minute Short-Term Emergency Rating (STE)
operational control actions can be taken to reduce the loading to within acceptable limits.
Control actions could entail isolation of the faulted element e.g. circuit breaker, bus or
transformer, and placing back in-service a healthy auto-transformer (at Detweiler TS and/or
Preston TS). Another control action could entail opening of 115kV breakers at Freeport SS to
redirect flows through the Cedar TS autotransformers.

3.4.8 SUMMARY OF NEEDS

Figure 1 illustrates the Needs timeline for the KWCG region.

M20/21D
Insufficient Load
Restoration Capability

MNeed

Year

2016 2025

Figure 1: Transmission Needs in the KWCG Area
4.0  OPTIONS TO ADDRESS THE NEED

Options were considered to address the insufficient load restoration capability for loads connected to
circuits M20D and M21D. These options are shown in Table 1. Although there are several metrics that
can be utilized to measure and compare options, the simple metric “initial capital cost/MW of load
restored” was selected because it compares the unit costs of remedial measures. This was deemed
sufficient in order to select the preferred option

12
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Table 1: Options to Improve M20/21D Load Restoration

October 30, 2015

Initial 1y ial Capital
. . . Fault on the Main Line — Fault on the Tap — Capital
Option Options to Improve Restoration Restorable Load (Note 1) Restorable Load (Note 1) Cost Cost/ MW Load
Restored
(Note 3)
. 100 MW 100 MW
B Existing (Benchmark) (Preston TS only) (Preston TS only) 0 $OMW
230 kV in-line switches on M20/21D 100 MW 100 MW
! at Preston Junction (C&ND load only-Note 2) (C&ND load only-Note 2) $6M $60k/MW
o . 234 MW
230 kV in-line switches on M20/21D T $12k/MW to
2 at Galt Junction (main linc) 368 MW - 484 MW (100 MW VIZ lelz;;tmg Preston $6M $26/MW
One 230 kV cap bank at Preston TS
S . 140 MW (Note 4) 140 MW (Note 4)
3 plus 230 kV 1n-111‘1e switches on MxD (C&ND load only-Note 2) (C&ND load only-Note 2) $11M $79k/MW
at Preston Junction
2nd autotransformer at Preston TS
L . 200 MW (Note 4) 200 MW (Note 4)
4 plus 230 kV 1n—11‘ne switches on MxD (C&ND load only-Note 2) (C&ND load only-Note 2) $21M $105kK/MW
at Preston Junction
2nd autotransformer at Preston TS
5 plus 230 kV in-line switches on MxD 280 MW (Note 4) 280 MW (Note 4) $31M S111K/MW
at Preston Junction plus two 230 kV (C&ND load only-Note 2) (C&ND load only-Note 2)
cap banks at Preston TS

NOTE 1 Restorable load values are approximate values only as the actual amount of restorable load will depend on the prevailing system conditions and Operating/Control Centre
protocols and priorities

NOTE 2 “C&ND load only” means that only those customers connected to Galt TS, C&ND MTS#1 and Preston TS will benefit. Cambridge and North Dumfries Hydro customers
are the sole customers of these three stations.

NOTE 3 All prices are based on historical data: taxes extra, overhead extra, no escalation considered, no assumptions are made to feasibility or constructability, no assumptions
made as to space requirements, real estate and environmental cost extra

NOTE 4 Restoration of 230 kV load (Cambridge and North Dumfries load ) via the Preston TS auto-transformer may require operational measures on the 115 kV system to secure
the transmission system to handle a subsequent contingency e.g. open the low voltage bus-tie breakers/switches at 115kV connected stations

13
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5.0 DISCUSSION OF PREFERRED OPTIONS
5.1 PREFERRED OPTION TO IMPROVE RESTORATION TO M20/21D LOAD

Currently, loads connected to circuits M20/21D do not meet the restoration criteria.

Of the five options, option #2: 230 kV in-line switches on M20/21D at/near Galt Junction is the preferred
option to satisfy the Need as it will provide the capability to restore the most load supplied from
M20/21D.

Not only does Option #2 allow for more load to be restored, it provides for better operational flexibility;
and is the most economical solution. As option 2 substantially meets the need by significantly improving
the existing restoration capability, it is therefore the preferred option.

6.0 DEVELOPMENT PLAN

The transmission infrastructure development plan for the KWCG area is as followings:

1) Immediate Action: Install 230 kV In-Line Switches

Install 230 kV Load Interrupter type in-line switches on circuits M20D and M21D on the main line near
Galt Junction. Note that load interrupter type switches cannot be used to interrupt fault current.

7.0 CONCLUSIONS

The following conclusions can be reached from the analysis performed by this study.

Local Area Performance

1. Improvement to the load restoration capability of transmission-connected customers on circuits
M20D and M21D is required. The preferred option can be implemented by summer 2017.

BPS Performance

2. Autotransformer T2 at Detweiler TS is expected to be at 104.4% of LTE loading for year 2016
for the following contingency:
i.  Detweiler T4 outage plus Detweiler T3 with M20D (includes Preston T2 via Preston
SPS). Since the post-contingency flow is below the auto-transformer STE, operational
control actions can be taken to reduce loading to within the LTE rating.
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8.0 RECOMMENDATIONS

The following recommendations are to address the transmission infrastructure deficiencies within the
study period for the KWCG area. These recommendations are:

1. Hydro One Networks to install a set of 230 kV in-line switches onto the main line of circuits
M20D and M21D near Galt Junction as soon as possible.

2. Hydro One Networks, the LDCs and the IESO to review the KWCG local area in 2019 with
updated KWCG load forecasts to decide on appropriate actions to meet longer-term needs as they
emerge.
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APPENDIX A: KWCG MAPS

October 30, 2015
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Map 1: Geographical Area of KWCG with Electrical Layout
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APPENDIX B: TRANSMISSION-CONNECTED GENERATION IN THE KWCG AREA

Name Installed | Peak Capacity Location Existing or
Capacity Contribution® Contracted
Dufferin Wind 97 13.6 Orangeville TS Existing
Farm
Conestoga Wind 67 10.8 DI10H Contracted
Farm (future i/s date
unknown)

5 Percentage of installed capacity is 14 % for wind generation

18



10-Year Transmission Plan for the KWCG area October 30, 2015
APPENDIX C: KWCG CUSTOMER & LDC LOAD FORECASTS
Table C1: KWCG 2015 RIP Load Forecast*

TS LDC Load Forecast 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Cambridge MTS #1 Cambridge & North Dumfries Hydro Planning Demand 92.3 93.8 95.6 98.1 99.7 102.7 101.8 102.1 102.4 102.2 101.6
Galt TS Cambridge & North Dumfries Hydro Planning Demand 108.1 109.5 | 1123 | 113.7 | 116.1 119.0 | 1228 | 1279 | 134.8 | 1419 | 148.8
Preston TS-Note 1 Cambridge & North Dumfries Hydro Planning Demand 108.0 100.3 102.0 104.4 105.9 108.7 109.6 111.8 111.9 111.5 111.8
Cambridge MTS # 2-Note Cambridge & North Dumfries Hydro Planning Demand 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kitchener MTS #6 Kitchener-Wilmot Hydro Planning Demand 72.8 72.8 73.0 73.0 72.4 72.1 71.7 71.6 71.5 71.1 71.1
Kitchener MTS #8 Kitchener-Wilmot Hydro Planning Demand 44.2 37.6 40.3 43.1 453 38.6 41.1 43.5 46.0 48.2 50.6
Kitchener MTS #3 Kitchener-Wilmot Hydro Planning Demand 54.3 64.4 66.5 67.3 67.5 77.0 77.5 78.1 78.7 79.0 79.6
Kitchener MTS #7 Kitchener-Wilmot Hydro Planning Demand 44.9 45.1 459 46.0 45.6 45.6 45.6 45.7 39.9 39.8 39.9
Kitchener MTS #5 Kitchener-Wilmot Hydro Planning Demand 73.9 73.8 74.6 74.5 73.8 73.5 73.2 73.1 78.8 78.3 78.2
Detweiler TS Kitchener-Wilmot Hydro Planning Demand 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kitchener MTS #4 Kitchener-Wilmot Hydro Planning Demand 67.8 68.2 69.1 69.3 69.0 69.0 68.9 69.2 69.3 69.1 69.3
Kitchener MTS #9 Kitchener-Wilmot Hydro Planning Demand 33.7 33.9 343 34.6 34.5 34.7 349 35.0 353 354 35.5
Kitchener MTS #1 Kitchener-Wilmot Hydro Planning Demand 29.1 29.6 31.1 31.6 31.8 32.1 324 32.9 33.3 33.5 33.9
Wolverton DS Hydro One Distribution Planning Demand 21.2 214 21.6 21.6 21.6 21.6 21.6 21.7 21.8 21.7 21.9
Fergus TS Hydro One Distribution Planning Demand 108.9 | 108.8 | 109.5 | 109.7 | 108.5 | 108.3 | 108.2 | 108.5 | 108.7 | 108.3 | 108.7
Puslinch DS Hydro One Distribution Planning Demand 35.6 36.2 36.8 37.3 37.5 37.9 38.3 38.7 39.2 39.5 39.9
Cedar TS T1/T2 Guelph Hydro Planning Demand 72.3 74.9 75.8 77.4 78.3 79.5 79.8 82.2 84.6 85.5 87.9
Cedar TS T7/T8 Guelph Hydro Planning Demand 30.2 32.0 32.0 32.8 323 33.0 33.7 334 34.2 34.8 35.5
Hanlon TS Guelph Hydro Planning Demand 29.8 30.7 31.6 32.5 33.0 33.7 344 35.1 34.9 35.5 353
Arlen MTS Guelph Hydro Planning Demand 30.0 33.0 37.0 40.9 333 37.9 414 43.0 44.6 45.9 47.5
Campbell TS Guelph Hydro Planning Demand 1319 | 136.3 139.0 | 140.2 | 141.2 | 1428 1444 | 1484 | 1522 | 156.2 | 160.1
Scheifele MTS Waterloo North Hydro Planning Demand 169.0 | 166.0 | 170.7 | 150.3 151.2 | 152.7 | 154.3 156.2 | 158.1 1534 | 1554
Waterloo MTS #3 Waterloo North Hydro Planning Demand 61.9 70.8 72.7 75.3 79.3 64.6 58.0 75.3 76.8 76.9 78.4
Snider MTS-Note 2 Waterloo North Hydro Planning Demand 0.0 0.0 0.0 30.6 35.2 50.9 60.3 61.9 64.4 65.6 68.1
Bradley MTS-Note 2 Waterloo North Hydro Planning Demand 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Elmira TS Waterloo North Hydro Planning Demand 30.4 25.1 26.0 25.8 27.4 28.1 28.8 29.6 31.3 31.9 33.6
Rush MTS Waterloo North Hydro Planning Demand 54.9 63.8 65.7 67.4 67.4 67.8 69.1 53.0 53.6 60.7 61.3
Customer #1 CTS-Note 3 Customer Tx Stations Planning Demand 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Customer #2 CTS Customer Tx Stations (Assumed values) Planning Demand 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Planning demand (MW) = ((Gross-CDM) x Extreme Weather Factor) — DG

*Based upon KWCG 2015 IRRP Planning Load Forecast except where otherwise noted.
Note 1: The LDC has confirmed 9.2 MW of cogeneration at a large customer to be accounted for in the Preston TS forecast starting year 2016. The generation plant is expect to run most of the time and would offset the customer's
load. This cogeneration was not factored into the KWCG 2015 IRRP Planning Load Forecast.
Note 2: The LDC has confirmed that additional transformation capacity (Snider/Bradley TS) would not be required until after 2024. The exact location and timing of these TS's have not been determined at this time. The load

growth indicated at Snider and Bradley in the forecast can be managed by existing TS's/impact of CDM/DG in the Waterloo Region. LDCs are monitoring the load closely to determine the timing of potential transformation needs.

Where possible, these LDCs are exploring opportunities to coordinate use and development of TS facilities in the KWCG Region over the long term. Cambridge #2 is assumed to be supplied off the KWCG 115kV system
Note 3: Slight modification from KWCG 2015 IRRP Planning forecast based on information provided by the transmission-connected customer
Note: Guelph CTS 1 forecast was removed as the LDC confirmed the load was already accounted for within their forecast
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APPENDIX D: TECHNICAL RESULTS — LOCAL AREA ANALYSIS

Single element contingencies were considered in order to determine the presence of thermal overload
and/or voltage violations.

Table D1: Single Element Contingencies (single zone of protection)

Loss of a Single Circuit (N-1)

D11K DI12K D8S DI10H D7F DOF

F11C F12C B5G B6G D4W D5W

M20D* M21D** D6V*** D7VH*E*

Loss of a Single Autotransformer (N-1)

Detw. T2 | Detw. T3+ Detw. T4¢¢ | Cedar T3¢¢¢ | Cedar T4¢+++ | Preston T2**

Middleport T3¢¢¢¢e Middleport T6¢¢eeee

Loss of a Single HV Reactive Element (N-1)

Detweiler 230 kV cap. Middleport 230 kV cap. | Orangeville 230 kV Burlington 230 kV cap.

bank bank(K1D1) cap. bank bank

Detweiler 230 kV SVC Middleport 230 kV cap. | Detweiler 115 kV cap Burlington 115 kV cap
bank(K2D2) bank bank

*M20D (includes Detweiler T3 and Preston T2 via Preston Special Protection Scheme)

**M21D (includes Preston T2)

***D6V (includes Detweiler T4 and Cedar T3)

*¥#**¥D7V (includes Cedar T4)

¢Detweiler T3 (includes circuit M20D and Preston T2 via Preston SPS)

¢+Detweiler T4 (includes circuit D6V and Cedar T3)

¢++Cedar T3 (includes circuit D6V and Detweiler T4)

¢+++Cedar T4 (includes circuit D7V)

¢++seMiddleport T3 (includes circuit NS80M and V586M due to Line End Open)

¢+ ++++Middleport T6 (includes circuit N581M and M585M due to Line End Open)

Results: Thermal Overload and Voltage Violations

Table D3: Thermal Analysis (>100% LTE), year 2025

Element

Contingency

| %LTE

All circuits and auto-transfers are within ratings

Table D4: Voltage Analysis, year 2025

Element |

Contingency

| % YVoltage Decline | Voltage kV

All voltages are within criteria
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APPENDIX E: TECHNICAL RESULTS — BULK POWER SYSTEM CONSIDERATIONS

Applicable contingencies were considered on BPS elements to establish their impact on the local area.

Table E1: N-2 Contingencies

Loss of a Double Circuit Line (N-2) emanating from a BPS station

B22D and B23D D4W and D5W M20D and M21D
D6V and D7V -- --
Breaker Failure (B/F) Contingencies at BPS station (N-2)
Detweiler TS 230 kV bus B/F of AL6 Loss of: D6V, Cedar T3, Detw
T4, M21D, Preston T2
B/F of AL7 Loss of: D7V, Cedar T4, M21D,
Preston T2
B/F of L7120 Loss of: D7V, Cedar T4, M20D,
Detw T3, Preston T2
B/F of HT1A Loss of: M21D, Preston T2,
SVC1
B/F of ACS21 Loss of : M21D, Preston T2,
SC21
B/F of HL20 Loss of: M20D, Detw T3, D5W,
SC22
B/F of T2SC21 Loss of: Detw T2, SC21
B/F of HT2 Loss of: Detw T2, SC21, DSW
B/F of DL22 Loss of: B22D, D6V, Cedar T3,
Detw T4
Middleport TS 500 kV bus Covered under Loss of Middleport T3 and T6 autotransformers for
the local area analysis (Appendix D)
Middleport TS 230 kV bus There are no B/F conditions that would be critical to the supply to the
KWCG area.

Table E2: N-1-1 Contingencies

Loss of a Critical Element, System Adjustment, Loss of a Critical Element (N-1-1)

Loss of: Detw T4 plus Detw T3 (plus M20D by configuration which also includes the loss of Preston T2
via Preston SPS)

Loss of: Preston T2 plus D7V (plus Cedar T4 by configuration)

Note that during the simulations no System Adjustment was afforded; this is considered a conservative approach.
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Results: Thermal Overloads and Voltage Violations

As per Table E3 and E5: Detweiler TS 230/115 kV autotransformer T2 will become overloads when
Detweiler TS autotransformer T4 is out-of-service followed by the loss of Detweiler TS autotransformer
T3 in conjunction with circuit M20D by configuration. Preston TS autotransformer T2 is also removed
from service via the Preston SPS.

Table E3: Thermal Analysis (>95% LTE), year 2016

Element Contingency %LTE
Detweiler TS T2 autotransformer Detweiler T4 plus Detweiler T3 with M20D 104.4
(includes Preston T2 via Preston SPS) (74.2%
STE*)
%

*STE rating of Detweiler T2 auto-transformer is 396 MVA.

Table E4: Voltage Analysis, year 2016

Element | Contingency | % Voltage Decline | Voltage kV

All voltages are within criteria

Table E5: Thermal Analysis (>95% LTE), year 2025

Element Contingency %LTE
Detweiler TS T2 autotransformer Detweiler T4 plus Detweiler T3 with M20D 114.2
(includes Preston T2 via Preston SPS) (81.4%STE*)

*STE rating of Detweiler T2 auto-transformer is 396 MVA.

Table E6 Voltage Analysis, year 2025

Element | Contingency | % Voltage Decline | Voltage kV

All voltages are within criteria
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APPENDIX F: LOAD SECURITY ANALYSIS

Load connected to each circuit pair that is lost by configuration following an [N-2] double circuit
contingency is:

Table F1: Load Lost Due to Configuration, year 2016

Circuit Pair MW
M20/21D 420
D6/7V 482
D4/5W 34
D7/9F 131
F11/12C 74
B5/6G 105
D11/12K 98
D8&S/D10H 89

Table F2: Load Lost Due to Configuration, year 2025

Circuit Pair MW
M20/21D 489
D6/7V 571
D4/5W 36
D7/9F 141
F11/12C 78
B5/6G 128
D11/12K 103
D8S/D10H 95°

Table F1 illustrates that none of the double circuit contingencies result in more than 482 MW of load lost
in year 2016.

Table F2 illustrates that none of the double circuit contingencies result in more than 571 MW of load lost
in year 2025.

® D8S and D10H emanate out of Detweiler TS as a double circuit line however after ~ 5 km they each become a
single circuit 115 kV line. Based on their N/O open points, the loss of the double circuit line within the 5 km span
| out of Detweiler TS, will results in approximately 95 MW of load lost.
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Table F3: Two Elements Out of Service

Loss of a Double Circuit Line
D7F and D9F Fl11Cand F12C B5G and B6G
D4W and D5W M20D and M21D DI11K and D12K
D6V and D6V
Loss of Two Autotransformers’
Station Detweiler Preston Auto Cedar Auto Burlington Auto
Auto
Detweiler Auto N/A Detweiler T3 + Cedar T3 + Burlington T6 +
Preston T2 Detweiler T4 Detweiler T3
Preston Auto Detweiler T3 N/A Cedar T4 + Burlington T6 +
+ Preston T2 Preston T2 Preston T2
Cedar Auto Cedar T3 + Cedar T4 + Cedar T3 + Burlington T6 +
Detweiler T4 Preston T2 Cedar T4 Cedar T3
Burlington Auto | Burlington T6 | Burlington T6 | Burlington T6 + N/A
+ Detweiler + Preston T2 Cedar T3
T3

Results: Thermal Overload and Voltage Violations

Table F5: Thermal Analysis (>100% STE), year 2025

Element | Contingency | %STE
All circuits and auto-transfers are within ratings
Element | Contingency | %LTE

All circuits and auto-transfers are within ratings

Table F6: Voltage Analysis (> emergency ratings), year 2025

Element | Contingency | % YVoltage Decline | Voltage kV

All voltages are within criteria

7 For stations that have three or more autotransformers connected in parallel typical operating practice after the loss
of one autotransformer is to make load transfers to other interconnected autotransformer station(s) such that the
remaining load at the affected station would be at or below the station’s reduced Limited Time Rating (LTR). It is
assumed the in this case that sufficient time between single autotransformer contingencies is available for
such load transfers to be carried out by operator response.
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APPENDIX G: LOAD RESTORATION ANALYSIS

Restoration of Load Connected to M20/21D

October 30, 2015

By year 2025 the total forecasted load connected to circuits M20/21D is 489 MW. Loss of this double
circuit line would result in the loss of all 489 MW. In order to restore load to these stations at least one

circuit would have to be placed back in service, noting that to restore Customer #1 CTS circuit M21D
must specifically be placed back in service due to the customer’s single-circuit transmission-connection

Based on criteria:

Load Required to be Restored Duration
239MW 30 min.

100 MW Within 4 hrs.
150 MW Within 8 hrs.

Existing infrastructure allows for only the restoration of 100 MW of load in approximately 30 min. This
can be accomplished by opening the M20/211D line disconnect switches at Preston TS and back-feed

Preston TS T2 230-115 kV autotransformer to supply load at Preston TS only.

Therefore, the existing restoration capability to loads connected to M20/21D does not meet criteria for the

duration of the study period.

Restoration of Load Connected to D6/7V

By year 2025 the total forecasted load connected to D6/7V is 571 MW. Loss of this double circuit line
would result in the loss of all 571 MW. As part of the Guelph Area Transmission Reinforcement project,
two 230 kV in-line switches will be installed in year 2016 on the main line between Detweiler TS and
Orangeville TS at Guelph North Junction. To restore load to these stations, the operator will utilize these

switches to isolate the problem and return to service the remaining healthy circuit sections. These
switches allow for more flexibility to restore load to the affected stations in a timely fashion.

Based on criteria:

Load Required to be Restored Duration
321IMW 30 min.
100 MW Within 4 hrs.
150 MW Within 8 hrs.
Depending on:

1. the severity of the double circuit contingency;

2. the prevailing system conditions and
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3. the relative distance from the nearest field maintenance centre®

the load restoration criterion is substantially met. Therefore, no additional transmission restoration
capability is warranted at this time.

Restoration of Load Connected to D4/5W

By year 2025 the total forecasted load connected to D4/5W is 36 MW. Loss of this double circuit line
would result in the loss of all 36 MW. To restore load to this station at least one circuit would have to be
placed back in service.

Based on criteria:

Load Required to be Restored Duration
36 MW Within 8 hrs.
Depending on:

1. the severity of the double circuit contingency;
2. the prevailing system conditions and
3. the relative distance from the nearest field maintenance centre

the load restoration criteria can be met. Therefore, no additional transmission restoration capability is
warranted at this time.

Restoration of Load Connected to D7/9F

By year 2025 the total forecasted load connected to D7/9F is 141 MW. Loss of this double circuit line
would result in the loss of all 141 MW. To restore load to these stations at least one circuit would have to
be placed back in service.

Based on criteria:

Load Required to be Restored Duration
141 MW Within 8 hrs.
Depending on:

1. the severity of the double circuit contingency;
2. the prevailing system conditions and
3. the relative distance from the nearest field maintenance centre

the load restoration criteria can be met. Therefore, no additional transmission restoration capability is
warranted at this time.

8 The KWCG area is considered an urban area and as such, access to transmission facilities, repair materials and
personnel in order to make a repair within 8 hours is realistic. A Hydro One field maintenance centre is located in
Guelph.
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Restoration of Load Connected to F11/12C

By year 2025 the total forecasted load connected to F11/12C is 78 MW. Loss of this double circuit line
would result in the loss of all 78 MW. To restore load to these stations at least one circuit would have to
be placed back in service.

Based on criteria:

Load Required to be Restored Duration
78 MW Within 8 hrs.
Depending on:

1. the severity of the double circuit contingency;
2. the prevailing system conditions and
3. the relative distance from the nearest field maintenance centre

the load restoration criteria can be met. Therefore, no additional transmission restoration capability is
warranted at this time.

Restoration of Load Connected to B5/6G

By year 2025 the total forecasted load connected to B5/6G is 128 MW. Loss of this double circuit line
would result in the loss of all 128 MW. To restore load to Enbridge Westover CTS’s circuit BSG must be
placed back in service due to the CTS’s single-circuit transmission connection. To restore load at the
other stations at least one circuit would to be placed back in service.

Based on criteria:

Load Required to be Restored Duration
128 MW Within 8 hrs.
Depending on:

1. the severity of the double circuit contingency;
2. the prevailing system conditions and
3. the relative distance from the nearest field maintenance centre

the load restoration criteria can be met. Therefore, no additional transmission restoration capability is
warranted at this time.

Restoration of Load Connected to D11/12K

The total forecasted load serviced by radial circuits D11/12K will not exceed 103 MW by 2025. Loss of
this double circuit line would result in the loss of all 103 MW. To restore load to these stations at least
one circuit would have to be placed back in service.
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Based on criteria:

Load Required to be Restored Duration
103 MW Within 8 hrs.
Depending on:

1. the severity of the double circuit contingency;
2. the prevailing system conditions and
3. the relative distance from the nearest field maintenance centre

the load restoration criteria can be met. Therefore, no additional transmission restoration capability is
warranted at this time.

Restoration of Load Connected to D8S/D10H

The total forecasted load serviced by these radially operated 115 kV circuits will not exceed
approximately 95 MW by year 2025. Loss of this double circuit line would result in loss of all 95SMW. To
restore Rush MTS either circuit can be placed back into service or the station could possibly be fed via
circuit L7S out of Seaforth TS; however to restore Elmira TS circuit D10H must be placed back in service
due to Elmira TS’s single-circuit transmission-connection.

Based on criteria:

Load Required to be Restored Duration
95 MW Within 8 hrs.
Depending on:

1. the severity of the double circuit contingency;
2. the prevailing system conditions and
3. the relative distance from the nearest field maintenance centre

the load restoration criteria can be met. Therefore, no additional transmission restoration capability is
warranted at this time.
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APPENDIX H: SUPPLY TO ELMIRA TS AND RUSH MTS

Study Results:

Table H1: Station Capacity: Summer Ratings and Summer Load Forecast

October 30, 2015

Station Transformer Capacity (10-day LTR) | Year 2025 Load Forecast
Rush MTS 69 MVA* 61.3 MW/ 69.9 MVA (0.88 pf** at defined meter point, 115 kV side)
Elmira TS 58.5 MVA 33.6 MW /37.1 MVA*** (0.91 pf at defined meter point, 115 kV side)

*The limiting component is a low voltage cable; when required the limiting component will be modified and the rating to be 75 MVA

** Power factor at the defined meter point improves to 0.92 when 5.4 MVar of installed feeder capacitor banks assumed lumped at the LV bus and results in 66.8 MV A loading

**% A 9.2 MVar @ 27.6 kV shunt capacitor bank is installed at Elmira TS not in-service; when in-service power factor improves and loading through the transformers decrease.

Table H2: Transmission Capacity of circuits D8S and D10H
Year Contingency D10H — Detweiler TS x Waterloo Jct. D8S — Detweiler TS x Leong Jct.
590 A Continuous 590 A Continuous
640 A Long-Term Emergency (LTE) 640 A Long-Term Emergency (LTE)
660 A Short-Term Emergency (15-min.) 660 A Short-Term Emergency (15-min.)
2016 Pre 287 A 285 A
Loss of D8S 454 A --
Loss of D10H -- 459 A
2025 Pre 319 A/ 302 A
Loss of D8S 511 -
Loss of D10H -- 500 A

-assume all St. Mary’s TS load is supplied by D8S (as this is more conservative for the study), assume Conestogo Wind Farm not-service (as it would displace load on D10H) and
the normally-open point on D10H is between Elmira TS and Palmerston TS
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Table H3: Voltage Profile at Rush MTS and Elmira TS

October 30, 2015

Year | Contingency | Rush MTS 115kV | Rush MTS 115kV | Rush MTS 13.8 kV Elmira TS 115 kV Elmira TS 27.6 kV
D8S D10H
2016 | Pre 122.2 122.2 14.4 120.8 27.2
Loss of D8S -- 121.8 13.7 120.6 27.1
Loss of DIOH | 121.5 -- 13.7 -- --
2025 | Pre 123.2 123.1 14.2 121.6 27.3
Loss of D8S -- 122.6 13.6 121.1 27.2
Loss of DIOH | 122.4 -- 13.6 - -

-assume all St. Mary’s TS load is supplied by D8S (as this is more conservative for the study), assume Conestogo Wind Farm not-service (as it would displace load on D10H) and
the normally-open point on D10H is between Elmira TS and Palmerston TS

Analysis:
D8S

Circuit D8S has a normally open point at St. Mary’s TS separating the circuit from circuit L7S. D8S normally supplies half the load at Rush MTS
and half the load at St. Mary’s TS. The other half of the load at Rush MTS is normally supplied by circuit D10H and the other half of the load at
St. Mary’s TS is normally supplied by L7S. Referring to Table H2, for the loss of circuit D10H, circuit D8S has sufficient capacity to supply all
load at Rush MTS and St. Mary’s TS for year 2025 and beyond.

DIOH

Circuit D10H runs between Detweiler TS and Hanover TS and has a normally open point between Elmira TS and Palmerston TS. Elmira TS is
normally supplied from Detweiler TS while Palmerston TS is normally supplied from Hanover TS. Referring to Table H2, D10H has sufficient
capacity to supply all load at Elmira TS for year 2025 and beyond. When circuit D8S is out of service, D10H has sufficient capacity to supply all
load at Elmira TS and Rush MTS (while St. Mary’s TS is supplied by circuit L7S).

Rush MTS

Since this station is a Municipal owned station, Waterloo North Hydro is to ensure there is sufficient transformation capacity to accommodate load
growth. According to load forecasts and referring to Table H1, over the next 10-years load will fluctuate above and below the year 2025 forecast
but will be remain within the station’s Limited Time Rating (LTR). Waterloo North Hydro is to inform Hydro One if the connection requires
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modification and/or if a new station connection is required in order to accommodate load growth. Waterloo North Hydro has already incorporated
their future Snider MTS and Bradley MTS into the KWCG regional plan to cater for load growth.

Rush MTS is supplied by two 115 kV circuits, D8S and D10H. Referring to Tables H2 and H3, when one of these circuits is out of service, the
voltage profile at Rush MTS is healthy and the other circuit has sufficient capacity to supply all load to Rush MTS.

Elmira TS
According to the forecast and referring to Table H1, transformers at Elmira TS have sufficient capacity for year 2025 loading and beyond.

Elmira TS is supplied by one 115 kV circuit, DI0OH. Referring to Tables H2 and H3, the voltage profile at Elmira TS is healthy and the circuit has
sufficient capacity to supply load to Elmira TS for year 2025 loading and beyond.

When circuit DIOH out of Detweiler TS is unavailable, Elmira TS may also be supplied by D10H out of Hanover TS (by closing the normally
open point between Palmerston TS and Elmira TS). Assuming Palmerston TS is at its forecasted year 2025 normal weather peak load,
approximately 25 MW of load at Elmira TS may be supplied out of Hanover TS. The limiting factor being the 115 kV voltage profile on D10H as
Elmira TS is nearly 80 circuit km from Hanover TS.
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